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eNe hardened gear finishing,
11; cost-e~JJcientIe, --nol IY
CN:C CBNI "ormfinishing
CNC form tinishing using replateable, sing'le-
layered CBN form wheels is rapidly gaining
wide' acceptance for mass production hard
g,earfinishing. Specially designed ONC form
grinders manufactured by Kappand Plauter/
Kapp make this process more productlve than
either threaded wheel eonunuous generating
grinding, orconventional'generatinQl grinding. lit
removes I'arg,eenvelopes .01stock and, since it
is free cutting" causes no burning. This process
also leaves significantly lower residual stresses
than vitrified grinding. Kappand Pfauter/Kapp
CNC CBNI form finishing machines operate on
the creep feed, deep grindingl princi,ple. They
are designed for lintemal and external spur and
helical gears, splines and non-involute shapes.
Kapp and IPfauter/Kapp machines cover the
complete range of gear sizes up to 4000 mm.

'CINC C' r:b~de!finishingl
CNC finishing of hardened gears using carbide
tools is no longer a research project The
process is beingl applied to the production of
automotive transmission 'gears of outstanding
quality, with noise and load performance
ri,valinglground 'gears ....aliiat a lower cost-per-
piece. The k.eyto achieving these remarkable
results is an ,equally remarkable GNG gear

D.. f!''''- -,..",u,,.,

finishinQlmachine.The Pfauter PF 150 is a
4-axis GNG controlled machine speciflcaUy
designed for high production. It operates on the
crossed axis principle to remove' metal from the
flanks of hardened teeth using a carbide, face
sharpened cutter that moves in a shear action,
progressive cut at extremely high speed.
GNG carnlde finishing. offers severa'i distinct
advantages. It not only corrects heat treat
distortions and provides resharpening of the
carbide tool on the machine, it also anows
higher green gear !productivity du e to a larger
stock.envelope in precu1tingl.

Th,e' 'fun spectrum 0"
gear t,echnology
GNC nardenec 'gear finishing is .onlyone facet
of our capability.-The Amsrcan Plauter family
of companies offers the comp'lete range of
modern CNC gear production technology, from
individual: hobbing,. grinding', measuring, and
finishing machines ... to customized fllexible
'gear manufacturing systems for large or small
:rotsizes. For additional information, contact
American RfauterUd., 925 lEast Estes
Avenue, Elk Grove Village, IL 60007.
Phone (312) 640-7500.
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Hob, sharpeningl problems cost your time and
money. Isn't it ,about time you take !he logicall road
to qualily and Wletime-preclsion?

You can start now by taking at close look at IKling-
,elnberg's SNC 30. AMI what you see will oonvince
yoUi.
Introducing the CNC·oontrolied SNC 30, U provides
greater accuracy and grinding lIexibllity than pre-
v,iously 8v,ailable.
Computer memory masterminds the sharpening of
any stored cutter with100P!o-safety. The operaMg
speed of Ihe SNC3D reduces grinding time in a way
thaI really saves you money while a larg,6 video
display monitors Ihe sharpening process.

LogicaLEe-atures
tf12" Video MOrlllor
• Tot.a! eNe-controlled
• Oiamel.ers up to 14'-
• Total wet machlfl!l-

51 g.al.lmlnute
• Computer Memory for

up to 120 cutters
'. rnfinitely lIariabrespeed

up to 52'irflloot

KHngelnberg's state-of-the-art SNC 30 also lea-
turesan electronic microoomputer and total weI,
grinding system.

Special accessories Ilike a third access are avail-
able 10 meet even highly sophisticated customer
needs.
This lis IKlingelnl:lerg's precision and quality: No,
,index plates-' no sin bars, total CNC equals total
,performance.
If you have not seen the SNC30, you ha,va nOlseen
"Hob sharpening by Logic" yet.
For more detailed lnformatJon or a demonstration
on Ihe SNC 30 or any ather Klingelnberg systems,
call or write ,Klingelnberg loday.

Precision is our business.

~
KUNGELNIIERG

KJingelnberg Corp.; 15200 Foltz Industrial Parkway
Strongsville, Ohio 44136; Phone 216/57.2-2100 iRepresentations in prinCipal cities,
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Leonardo Oa V,na
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COVER
Many d Leonardo s deSlQrlswere to noease
~ He to transform ancestral
opel: day and bring mem Into £he

ptme one of the fields he applied
to the textile craft As a young

he hadJeamed craft 10 Florence Later
he .sketched many deggns for improvement In
this field
The rover sketCh a design to ensure the even
wlncflflQ 01 thread onto a bobbin. The top
sketch Is an assembly vreYtI and the bottom one
s an exploded vtI!W The crank was to tum the
matn Shaft of the mechanism while the rod
moved the bobbin ax ally In and out of the
hollow shaft ThJswould enable the thread to
be wound evenly on the bobbins face
As was typIca of many eX leonardo's deSJgl1s,
once the to problem was solved. he
abanc:Icr.Ird He never realized the money that

~ alUId have brought h m
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NOW you can have
Quality-assured master gages

through our computerized
gear and spline OC system

Master gears which
remain constant for years
Now M & M Precision Systems of-
fers complete designing and manu-
facturing of master gears used in
aUtypes of gear inspection proce-
dures ....setti.ng. rolling and sizing
masters-spu-r and helical. Accu-
racy levels required for master
reference, ac inspection or pro-
duction grades are assured through
testing with our computer-con-
trolled Model 2000 ac System-
the industry standard for auto-
mated gear and spline testinq,

Shown above is the 2000 QC
system at work checking: a master
gear. The blow up at the r,ight
shows the simple system trans-
ducer scanning a master gear for
true universal gear inspection. Also
shown is a printout of an involute
check made under total computer
control.

V";p::::::~:~:11~
! DEGREES OF ROLL

Strict, automated quality control is
inherent in every manufacturing
stage and, upon part completion,
every aspect of material stability
and dimensional accuracy is
checked again so that our master
gears will give you years of con-
stant service. Before shippinq, indi-
vidual product records of every
product are reviewed and certified.
Calibration certificates, traceable to
the INational Bureau of Standards
are supplied.

CIRCLE A-6 ON READER REPLYCARD

We also make QuaJity-
assured spline gages
Our plug gages and ring!'gages
are manufactured under the same
strkt inspection procedures as
our master gears. We make set-
ting, alignment,. and GO/NO
GO masters in a variety of configu-
rations such as sector, involute,
serrated, tapered, and helical.

Other related products now avail-
able include:

e Comparators
elAotolock Arbors
• Master Worms
• Helical Spline Plugs and lAings
• Index Plates
• Broaching Rings

For quotations or applications
information, write or call M & M
Precision Systems, 300 Pmgress
Rd, West Carrollton, OH 45449.

(513) 859-8273. Ask for our QC
Master Gage brochure,

M&M PRECISIt:JN
SYSTEMS

AN ACME CLEVELAND COMPANY
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Spiral.B~vel~ars
up to 100" Diameter

11
l.D
II ..

AMAR to GEA!R. COMPANY
A Division of (he Marmon Group, line,

[8061622-1273 Cable: Amadrive TWX910-898-4128
P. 0, Box 1789, Amarillo .•Texas 791,05
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Now, for the first time, a fullY eNG 6-axis precision 'gear
'grinder is available to creep or eonvennonalqrlne inter-
nal or external spur or helical gears up to 20-in. dia, with
either vitrified or GBN wheels. Equipped with automatic
stock dividing., the new Savoir Faire can be set-up for
either single point, rotary disc or continuous form dress-
ing. AJl electronicafv-cornrolled rotary table provides the
required accuracy for lead generation and indexing,

Call or write Jim Ferrett, V,P, Marketing, for information
and detail's on this sigMicant development in gear
grinding capability, -

~
NATIIONAL IBROA.CHI&. MACHINE
A DIVISION O:FllEAR SIEGLER, INC.

17500 TWENTY-THREE MILE 'ROAD· MT. CLEMENS, MICHIGAN 48044 USA '. TELEPHONE 313/263-0100
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Type:
Cultin9 speed:

Wheel diameter:
Max drive power:
Feed rale:

Guhrlng NS 335
"'e' 6500-23500 fp m

133-120 mis'
ds' 16 in 1400 mml
P'sma)J"80 hp (60 IkVl,1
"'t" 0-108 in/min

(0-2750 mm/min I

Constant grinding parameters

Material:
Cuttingspeed':
F,ea:! rate:

Infe~':
Material rem. rale:

FI ute length:
Workpiec,e diameter:
Griinlling widl.h:
Coolant:
Coolant supply:
Coolanl flow:

M2 IS 6-5-2)64 HRC
~c:' 23500 fom 1120 mls I
"I" 39:78 inlmin

11;2 mlmin)
a • 0'. 16, lin 14. 1 mml
Q~'6, 3 :12.,6 in3fi,n min

163:136, mm31mm 51
'n • 3. 7 in (93.5 mml
'dw • 0, 4 in 110 mml
bs • 0, 2 in 15 mm I
Oil
Pressure chamber
as' 32 gallon/min

1120 IIminl



Sharpeningl
stick

Vfd

vIR

vsd'

vfSb

hSb

Q'Sbl
V'Sb

Trueing feed ra,te

Diamond roller peripheral speed
Wheel spe«l during trueing

S:harpeningl feed ra~e
Sha'liPenil'lg sUck Might

Sharpen ing stick. removali rate
Shalrpenhllg stick removal

Fig. 2-Configuration of trueing and sharpening tools

(65 Rockwell cone). The coolant supply was effected with
the aid of a pressure chamber system. The resinoid bond CBN
wheels were trued with a diamond profile roller, and then
sharpened with a corundum stick in a plunge technique. The
schematic arrangement of a grinding wheel, trueing roller and
sharpening stick is shown in Fig. 2.

Grinding Preparation of CBN Wheels
The grinding preparation of a multiple layer CBN wheel,

divided into the trueing and sharpening operations, is one
of the main problems of CBN grinding technology.

CBN wheels in resinoid bonds, permitting high grinding
speeds (vc~17,6S0 Ipm), can be trued quickly and accurately
without dismounting them from the grinding spindle, by the
means of a diamond trueing roller, or profile roller. (2.3)

After trueing with a diamond roller, the surface of the CBN
grinding wheel. has no more grit protrusion (Fig. 3,top). The
CBN grits and their bonds are cleanly cut. Additionally, there

are recesses, or holes, in the bond - this is where the grits
have been partly or completely removed from their
bondsY·4)

Thegrinding wheel is not capable of cutting when it is in
this condition. The bond material between the CBN grits must
be set back by a certain amount in order for the coolant to'
be transported to the contact zone. and also to provide
enough space for chip removaJ from the contact zone .. The
process of setting back the bond is known as sharpening ..This
is done by feeding a corundum sharpening stick into the
grinding wheel surface at a constant feed rate. Variations in
the sharpening parameters cause a considerable variation in
the wheel topography, 50 that the optimization of the
sharpening process is extremely important.

The middle row of the photos shows the wheel surface that
is generated with comparatively small sharpening stick
removal rates and removal volumes. The cutting edges of the
grits protrude from the bond, and they are supported at the

AUTHORS:
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Fig. 3- The wheel cannot grind until it has been sharpened

real' by a bond backing that helps to retain them during the
grinding process.

If the sharpening stick is fed in at a very high teed rate,
there is a, topography change due to the considerable increase
in grit protrusion. This decreases the retention of the CBN
grits in the bond with considerable grit breakout due to the
forces exerted. If the sharpening process is too long, i.e, too

1100t
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Fig. 4-0ptimization of sharpening proC€SSminimizes wear

much sharpening stick volume is removed, wheel topography
is likewise changed due to bond erosion.

The bottom row of the pictures shows part of the surface
of a grinding wheel which has been sharpened with approx-
imately double the feed rate, and three times the volume of
corundum sharpening stick. Bond removal is particularly
great in the immediate vicinity of the grit. as the corundum

,PROFITS ARE B.EING MADE
.... by advertising in GEAR
TECH NOlOGY, The Iournal of
Gear Manufacturing's classified
advertising section. Advertise
you r specialty:

• Open time on special or
unusuall machines

• Unique capabilities

• Macbine quality
• Help wanted
• Subcontract work

Your ad reaches
over 5,000 potential customers ..

Can GEAR TECHNO:LOGY for details.

(3112)437-6604
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particles pile up in front of the CBN grit and flow around
its sides.

The sharpening stick feed, or sharpening stick removal rate,
and the sharpening stick removal must thus be set in such
a way as to generate an optimum grinding wheel topography
for the subsequent grinding process, that is dependent on the
grinding wheel specificationand machine parameters.

The effect of sharpening behaviour on the grinding pro-
cess will now be illustrated by considering wheel wear, as
shown in Fig. 4. If the sharpening conditions are too hard,
this has a negative effect on wear behaviour, as can be seen
from the lower family of curves for Q'w-6.3 in3/in.min.
The bond is set back a ~ong way and the CBN grits are loos-
ened by excessively long sharpening (Q'sb-66 in3/in.min,
aSb...9.5 in), which causes a considerable increase in the
wheel wear. An optimization of the sharpening conditions
provides considerable reduction in initial radial wear.

The sharpening stick removal rate at which the specified
wheel topography, characterized by the peak-to-mean-lice
height RP5 of the wheel, is generated, can at present be
calculated by the application or a mathematical model. Fur-
ther parameters which are included in the model are the wheel
specification and the wheel peripheral speed during
sharpening:

Q'Sb
___ R....p"".__ ) R 5/2 Vp5 C
Wm qm fait

Wher,e:
qm : longitudinal stretch coefficient of the CBN grits

(Clm-l.41
Ck ; no. of grits per volume unit of grinding layer
Rps: peak-to-mean-line height of grinding wheel
w m: mean mesh width
fent: critical. grit protrusion related to grit diameter
vc: cutting speed during sharpening

The number of grits ckand the mean mesh width wmar,e
dependent on the grinding wheel specification, andean be
taken from the corresponding tables. (1)

The critical grit protrusion fait is an expression for the
amount that a grit can protrude over the bond level without
breaking out under the forces exerted during sharpening.
Tests gav'ea value of fait = 44-46 % for resinoid bond
wheels. The peak-to-mean-Hne height of the wheel Rps
describes the chip space generated by the bond removal Due
to theintegral character of this expression, its reaction to in-
dividual holes in the bond caused by grit breakout isrelatively
insensitive ..An Rps value of 25-30% of grit diameter has led

IHDa'LUNlcJ CNC GEA.R DR:E'SS,ING SY'ST,EM,
TAl-ORDINATE COAF'lQA:ATIONI

GEAR DiRESSER. MODE,LS
AVAIIlABLE FOR:

DETRO,ITS
RED RINGS
REISHAUIER
GLEASON
HOEFlER/N:llES
PERIFORMiF13:ATU RES:

1.. Menu Programming - Direct Input From Gear Print
(No Tool Path Programming Required)

2. Non Symmetrical Gear Programming
3_ Spur & Helical Software (Standard}
4. Smallest Programmable Increment (.000002")
5. Uses Single Point Diamonds Or Rotary Diamond Disc

MODELH261! GEAR DRESSING SYSHM MOUNTED ON
HOGLUND REMANUFACTURED CNC DETROIT GEAR GR,INDIER

SPECIAUSTSIN GEAR GRINDING tECHNOLOGIES
Gear griinding dressers - CBN formed gear grinding wheels

Spur & Helical gear grinder remanufacturing, & CNC upgrading

HOGLUND TRI:-OIRD.INAtE CORP, 343 SNYDER AVE, BERKELEY HTS. N.J. 07922 (20ll' 464-0200 TWX 710-984-79&5
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Single flank. testin-i goes digital.

When it cernes to' plnpointlng the causes of
gear vibration and noise~il:'s no,secret that
single flank measurement gives you the kind.
of comprehensive data you. simply can't get
with other forms of measurement. .Reliable
information about transmission enor is what

reduce process 'errors and the costly scrap
and rework that go with it

IBut the analog (graphic" results OJ
single fiaBk testers can be time cons\.UD-
Ing to an.aly.ze-even for an experienced
operator. So single flank testing hasn't
always been praettcal for production ,
environments.

Until now.

~leasQngives~ingle
flank--_.I I" .;"".'g. .u:b- -cam. ~-C!"_ esUlI'_ r __ .I!h

With Gleason's 579 G-AGE:'MAutomatic Data
AnalYSisSystem, ADAS (compatibl'ewithany
(;.,AGESlngle Flank Testerl'. test results are
generated digitally and graphically to, greatly
- reduce data interpretation time. FeaWl'-

ing'the most sophistic.ated single flank
softWiue available mday-a Gleason

TRANSIoUSSWN ERROR
ID I1iPl.J,0EII£IIT
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.lZ4.8,-------------.375D,

-74..1
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you need to,predict noise potential. of
ageaJ' set in. operation,. as well as to

C;I•• "", Work$, '1985
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excluslve- this intelligent system rapidly
and accuratel.y.:
1• 'Qu~ntiftes s~le· tooth·to-tooth compos,

ite ,error,combined pitch variation, com-
bined accumulated pitch varlal:ion, single
f1ani<.composite error and other gear
tooth var.latio.ns..

2. Reveals the noise potential of :gear sets.
And with 'our system's frequency spectrum
analysis,. the harmonies and side bands of
tooth mesh frequency can be observed to let
you establish a.cceptablepeak amplitudes
for varlou_s harmonJcs. That mea_ns you can.
be sure ef ill gear's noise potential before'
it's assembled.
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let our brain helpycu~brains be mare
productive. 'CallGleason.'s Sales Department
Iioday and arrange en in.-depth, no-obUgation
consultattcn about our new 519 ,(;,AGEAIJAS.

callthls number tady:
t716),4'19-1000

,Gleason
The Gleason Works; 1000University Avenue,
Rochester; N~" 1469.2



to satisfactory results in the investigations made so far.
Research work is at present being carried out for a precise
description of the peak-to-mean-line height Rps adapted to
the process parameters (cutting speed VC' specific material
removal rate Ow, workpiece material characteristics).

Fig. 5 shows the functional relationships with the aid of
a nomogram. This form of presentation makes it possible to
determine the specific sharpening stick removal rate for any
values of the above variables, starting from the wheel
specification, and proceeding via the critical grit protrusion
Eail' peak-to-mean-line height Rps and cutting speed vc.

The specification of the sharpening stick removal rate must
be followed by the determination of the sharpening stick
removal. The characteristic of sharpening force or grinding
power can be used for this purpose. During the sharpening
process, these two characteristics drop from high initial values
to steady state final levels. In this steady state phase, the bond
removal has practically come 'to a standstill. If the sharpen-
ing process is stopped here, this results in the favorable linear
wear behaviour of the grinding wheel, which is possible with
this sharpening stick removal volume. Further infeed of the
sharpening stick beyond this time gives no major bond
removal, but in any case it loosens the CBN grits and, thus,
causes excessive initial wear.

A further measure for the optimization of the sharpening
process would be simultaneous trueing and sharpening, (5)

This modified procedure, i.e. the infeed of a sharpening block
during the trueing process itself, not only gives a reduction
in trueing time, but also permits the achievement of con-
siderably longer dressing roller life as shown in Fig. 6.

Here the sharpening stick has the task of setting back the
bond continuously, so that the dressing roller simply removes
the protruding CBN grits, and does not come into contact
with the bond. Without the sharpening stick infeed, the dia-
mond crystals of the dressing roller would not only cut the
CBN grits, but also the tough bond mass, resulting in high
friction, high temperatures and consequently high wear of
the diamond grits ..A further advantage of simultaneous true-
ing and sharpening is that the wheel has a slightly rough sur-
face after a profiling process of this kind. This reduces the
time required 'for the subsequent sharpening process.

Influence of Gri.nding Whee~ Specification
In addition to optimization of the trueing and sharpening

parameters, careful wheel selection has also the purpose of
achieving the best possible combination of workpiece quali-
ty, machining time and tool life. A comparison is therefore
made below of the grinding behaviour of resinoid bond CBN

IIHCgL'U'NCI'
TRI·OROINATE CORPORATION

A TOTAllY RE-:ENG,IINHREO&
REMANUfACTURE:D CNC GEAR.

G,RIIND:ING SYSTEM

FEATURES:
1. PRECISIION BALLSCREWS & LINEAR SCALES

BOTH AXES
2·, CNC INDEXER
J. CNC HOGLUND GEAR DRESSING SYSTEM'"
4. CUSTOM GEAR GRINDING SUBROUTINES
S. CBN OR CREEP FEED GRINDING CAPABILITY
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Fig. 6 - Simultaneous trueing and sharpening minimizes dressing time and
increases trueing tool life

wheels of diff.erent grit size, concentration and bond
hardness ..(6) The advantages and disadvantages of elec-
troplated wheels in high-speed grinding are subsequently
discussed. en

Resinoid Bond Wheels
One of the causes of progressive wear of a grinding wheel

is a change in grit geometry during the machining process.
Thermal, chemical, or mechanical stresses result in a dulling
of the cutting edges that are engaged in the cutting process;
this is designated as grit wear lI.rk'

However, grit geometry changes are not the only reason-
wheel wear is also caused by breakout of complete grits. The
factors determining grit breakout are thecombinati.on of the
stress attacking the individual grit and the capability of the
bond material to retaln the grit under this stress. fig ..7 shows
the principle of the chain of effects leading to grit breakout,
neglecting the influences from machine parameters and grind-
ing wheel specifications,

Dulling of the grits causes greater friction w:ith the
workpiece material, increasing the individual grit force Fk.
Considering the materia] characteristics of the bond as a con-
stant for the moment, the depth of bond embedding is
decisive for whether or not the grit breaks out under the load.
The embedding depth and, thus, the grit protrusion is deter-
mined by the cuttin-8 products which set back the bond in
'the area of the grit so far that there is sufficient chip space
available. In order to maintain this space, the embedment
depth is constantly reduced with increasing grit wear lI.rb so
that the force Fk mP required for grit breakout also constant-
~y decreases. The opposite tendency of the individual grit
force FI:. and the grit bre~kout force Fk !II~a.utomatically
leads to grit breakout when theequUibrium of force is
attained.

Considering the effect of changes in machine parameters
and grinding wheel specifications, it is possible to differen-
tiate between those that affect individual grit force and those
that affect grit breakout force, Grit loading is determined by

16 Gear Technology

Fig. 7-Wear o.ngrit and bond lead to grit breakout

the number of cutting edges which, depending on the wheeJ
specifications and the machine parameters, are involved in
the ,cutting process and to which the cutting forcesare
distributed. Thus, a higher grit load might either be caused
by an increase in material removal rate or by a decrease in
cutting edge densityc!.: (number of grits per volume unit,
Fig. 8), as results from larger grit size or lower grit coneen-
tration,

The level of grit breakout force and the embedment depth
at which grit breakout occurs depends decisively on 'the bond
material and on the grit use. Larger grits are better anchored
in the bond and thus permit higher cutting edge load. Model
investigations on Ideal octahedral grits showed a load cap-
ability rising with the square of the grit diameter for cons-
tant relative embedment depth.

With all the grinding wheels examined,a. doubling of the
material removal rate resulted in a considerable decrease in
the grinding ratio, which was to be expected in view of the
higher grit load and the greater chip room requlrement.

A comparison of grU sizes shows that the smaller grit B
151 is considerably superior to B 252 for both the bond types
and removal rates as shown in. Fig.. 9.

Assuming ,that the kinematic cutting 'edge number NI<.in.

i.e. the number of grits involved in the cutting process,
changes in the same proportions as grit density, it is only 21 %
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fig. 10 - Bond wear and grit load detennine optimum grit size

for B 252 in relation to B 151. This means that the individual
grit load is 5 times as high for B 252. This is opposed by an
increase of grit breakout force of only 2.8 times. The larger
grit is, thus, subject to relatively higher load, and this results
in earlier grit breakout, i.e, faster wear. However, these con-
siderations are only applicable if bond wear caused by the
chips plays only a subsidiary role .. If the grit size is reduced,
e.g. to B 64, this brings no further improvement in the G-
ratio as shown in Fig. 10.

Although the smaller grit (8 64) has a more wear resistant
bond (hardness R), the G-ratio is only a fraction in com-
parison with larger grits, especially for a. material removal
rate Q'w = 12.6 in3/in.min.

Although chip thicknesses and grit loads continue to
decrease in accordance with the above considerations, the
long chip lengths typical of the creep-feed grinding process
are still present. As the possible grit protrusion is only small,
the abrasive attack of the chips on the bond is obviously too
great. Therefore, it requires little wear for the grits to break
out, since bond level constantly drops below the critical
embedment level, The material removal rate is well above
the limits fer this wheel.

The wear effect of Ygrit ioad" and "bond removal" are op-
posed when plotted against grit size. This means there is a
maximum G-ratio, which is in the range of grit size B :1.51
for the grinding parameters considered here. For milder grind-
ing parameters, i.e. lower material removal rates, this op-
timum will shift towards smaller grit sizes and vice versa.

A comparison of the bonds shews that in the high-speed
grinding precess considered, the 10J bond is clearly superior
to the 920 bond. In particular for high material removal rate
and coarse grit, i.e. with the parameters which make the
highest demands on bond strength, the G-ratio is about twice

1,8, 'Gear Technolog,y

as high for the 10J bond as it is for the 920 bond ..
In addition to grit size and bond hardness, the grit con-

centration, also, has a considerable influence on the work-
ing result.

Fig. 11 shows the results of investigations carried out with
two wheels of different concentration. The grit concentra-
tion was 18% and 30% by volume respectively, and the bond
hardness was further increased by selection of the bond type
RY.

If there is a lower grit concentration in the grinding layer
(V 180), there are fewer rutting edges involved in the cutting
process, which means that the load on the individual cutHng
edges is higher. This negative influence on the individual grit
forces can, however, be compensated by greater bond hard-
ness, i.e. by increase of the force necessary for grit breakout.
This means that with very hard bond and low grit concen-
tration (B 252 KSS RY A V 180) the G-ratio is already the
same as for grinding wheel with soft bond and higher grit
content (B 252 KSS 10J A V 240).

An increase in concentration to 30 % by volume increases
the wheel price, but it also permits an increase in G-ratio by
more than 100% as compared with the wheel having a con-
centration of 18% by volume.

Test results have shown that the selection of a harder bond
and a suitable grit size make it possible to reduce wheel wear
considerably. An increase in grit concentration likewise has
a positive effect on wheel wear. Thus, it might be expected
that a combination of the hard bond (RY) and the high con-
centration (V 300) would achieve the highest G-raHo.

Electroplated Bond M.eels
Electroplated bond CBN wheels have only a single layer

of CBN as an abrasive, i.e .. the layer thickness corresponds
approximately to the mean grit size used.

Fig. n-High concentration and hard bond increase life
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The production of these wheels is based on deposition of
nickel or nickel alloy on the appropriate bases, and
simultaneous inclusion of CBN grits in the bond. Single
layered wheels of this kind permit cost effective production
of complicated shapes, since profiling is effected on the base
and it is not necessary to manufacture sintering molds, which
is very expensive for small quantities.

A further advantage of electroplated bond wheels is that
they do not have to be dressed. There is no necessity for the
complicated trueing and sharpening devices or for the re-
quired technologies, which are often difficult to master unless
a very high profile quality is not needed,

The position of the CBN grits in the bond structure has
a favorable effect with respect to thermal boundary layer in-
fluence. The individual grit is not a part of a multiple grind-
ing layer, where some of the grits cutting the workpiece
material are dulled by dressing. Here the CBN grit protrudes
undamaged from the bond. Electroplated bond CBN wheels
are, therefore, always sharp and in newcondition. and per-
mit grinding without thermal problems at the usual material
removal rates.

However, there are also, disadvantages. Whereas with
multiple layer wheels, minor radial. runout can be eliminated
by trueing, time consuming adjustment is required with elec-
troplated bonds. Axial runout likewise has to be minimiz d
during this adjustment in order to ensure satisfactory work-
ing of the wheel at high cutting speeds.

A serious disadvantage of this type of bond in high speed
grinding is the fact that the grinding behavior of the wheel,
and thus, the resultof the grinding process does not remain
constant. With a new wheel only the CBN grits that protrude
the furthest from the bond level engage the workpiece. The
sharpness of the eujtingedges and their small number give
small cutting forces and large roughness heights, As the
enga-,gement time progresses the sharp grits are gradually
dulled, so that the lower lying grits come into engagement
causing the number of grits increases. The cutting forces and
the mateial removal rate increase, while the roughness height
decreases. As the grinding wheel topcgraphycarmot be
regenerated by a trueing process, electroplated bond wheels
continue to provide uneven grinding results up to the end
of their service life.

Four electroplated bond CBN wheels were used in the in-
vestigations into drill Rute grinding, these had identical GSS
bond, but differed in their grit type and grit size. Two wheels
contained CBN grit of microcrystalline structure with friable
characteristics, and thus greater self-sharpening capability
(CBN B), while the other two oontaineda conventional, more
monocrystalline CBN grit (CBN A). The grit sizes B IS:!. and
B 252 were investigated for each grit type.

The grinding tests were continued until the end of the life
of the respective wheels, which is annnounced by the
smoothing of the wheel surface, and by the progressive in-
crease in cutting forces and grinding power input. With the
wheels using the conventional CB A grit. the grinding layer
was already loose after grinding a small number of flutes.

The influence of the number of flutes, i.e .. the removal
volume, on the cutting forces is shown in Fig. 12. For all
wheels, the cutting forces increase with increasing removal
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Hg. 12- Electroplated wheels with small grit size generate higher cutting farces
and have much shorter life

volume, whereby, this increase is degressive with the coarse'
grit wheels and progessive with the fine grit wheels.

Due to smaller mean grit diameter, the CBN grits are ob-
viously not retained firmly enough in the bond with the
specification B 151, and break out when subjected to rela-
tively small loads. In addition the bond is subjected to ,3

greater load with the fine grit wheels, since the chip room
is not large enough for the chips. There is a crushing process
between chip, bond and grit. The simultaneous loading of
bond and grit increases wear and the number of grit
breakouts. The fast dulling of the grits increases the friction
area, and the number of cutting edges increases rapidly. This
causes progressive increase in forces as described above.

With the la-rger specification grit (B 252), grit abrasion and
grit breakout are slower. The bond is subject to a smaller
load due to the large chip spaces. The number of cutting edges
increases more slowly, and the force characteristic shows only
a degressive increase.

Fig. 12 also shows that the grit (CBN B) causes smaller
forces than the conventional grit (CBN A). The tendency to
friability and self-sharpening of grit type CBN B has a positive
effect in this connection. Thus, grit type B 252 gives a force
level that is 30-40% lower than grilt type CBN A.

The electroplated bond CBN wheels examined give a high
average roughnessheight, unlike corundum wheels or multi-
pie layer CBN wheels. This is mainly because the CBNgrils
protrude from the electroplated bond. Th resulting large chip
thicknesses lead to a rough workpiece surface. The average
roughness height R" which was measured in each case at the
flute flanks, was about 160 micro inches at the beginning of
the grinding process. However, due to the dulling of the sharp
edges and to the sharp corners of the CBNgrits, these high
initial values decreased 'to 80 micro inches with the increas-
ing number of flutes ground.

With the wheel .in unworn coadition, a low number of cut-
ting edges combined with the high workpiece roughnessesand
low cutting forces mean that no thermal problems should be
expected in the grinding processs. All the wheels tested per-
mitted grinding without damage at low removal volumes and
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low number of flutes ground (n, = 1 - 10').
However, the longer the grinding process continues, the

more the wheel becomes dull with consequent increase of cut-
ting forces as described above. The frictional heat and con-
tact zone temperature likewise rise, with consequent thermal
boundary layer influence in the workpiece. (Fig. 13)

Thus after grinding of 500 flutes with the wheel B 252 (CBN
B) there was already a dearly visible thermal damage zone
which becomes wider from the flute center towards its back.
Finally, after grinding of 2600 flutes the entire cross section
is affected, so that the major cutting edge of the drill is
likewise damaged.

If thermal damage is a limit criterion for workpiece qual-
ity, the tool life of the electroplated bond CBN wheel is
relatively low for the thermally critical high speed grinding
process considered ..In addition, adaptation of the tool to the
respective machining tasks is only possible by selection of
grit size and type. With resinoid bonds this adaptation can
be done much more precisely by additional optimization of
the concentration, bond hardness and trueing and sharpen-
ing parameters.

Machine Concepts
The potential performance increases possible with high

speed grinding can only be realized, if the machine design
is suited to the extreme requirements of the process. First of
all the positioning drives must be designed to handle the speed
and torque necessary for high material removal rates and
reaction forces, whereby, uniformity of the movements is
especially important for a stable process.

The large material removal rates involved necessitate grind-
ing spindJescapable of handling forces up to about 2200 lb
per inch grinding width in the speed range 6000 to 9000 rpm.
In extreme cases, motors with drive power up to 340 hp per
inch grinding width are required for the grinding spindle
drive. The high spindle speeds and large coolant flow rates
result in. extreme idling powers - e.g, for drill flute grinding
they may be up to 15 hp.

fig. ]3- Thermal .damage in workpiece increases steadily wi~h increasing
removal rate
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The high cutting speeds and forces necessitate high rigid-
ity of the machine set-up for suppression of the increased pro-
cess dynamics at high cutting speeds. and forces, and ex-
tremely low-vibration grinding spindJe motor systems ..And
balancing, which is not unproblematic at high wheel speeds,
likewise plays an important role in the production of preci-
sion workpieces. Here it is advisible for hydro-dynamic
balancing units to be built into the machine control system.

Optimization of coolant supply is necessary in order to
combat the increased thermal loads. It is essential to use grind-
ing oil as the coolant; copious amounts of coolant must be
supplied under high pressure. The only way to achieve the
high material removal rates required in the drill flute grind-
ing tests, without causing thermal damage to the workpieces,
was to enclose the grinding zone with a chamber sealed by
the grinding wheel itself and the drill blank with the coolant
forces into the chamber.

Automation of the trueing and sharpening process is 'essen-
tial, and the necessary components for this must be integrated
into the machine. The development and design oJ these
devices is particularly important, as wheel dressing is critical
both for the working result and for the economy of the pro-
cess. Fig ..14 shows some indications tor the design of profil-
ing and sharpening devices.

Economic Aspects
The economics of a CBN grinding process can only be

assessed by an overall cost calculation, setting off the higher
tool costs against the lower time costs.

The production costs per flute KN may be approximated
as follows:

KN = ksLM (V'w) + (....&.J
o, nd'id

The left-hand side of the equation describes the Jabor and
machine costs, while the right-hand side describes the tool
costs, i.e, the grinding wheel costs. The symbols are defined
as follows:
ksLM: Labor and machine cost per hour
v;
Q'",' Grinding time per flute

Ks Grinding wheel costs
nd : No. of flutes per trueing
id No .. of possible trueings per grinding wheel

Thus nd ' id is an expression for the total quantity of
flutes that could be ground with the grinding layer used.

A comparison between resinoid bond and electroplating
bond wheels shows major differences in the economics. (fig.
15)

The production costs for resinoid bond wheels are about
50% lower. This is because the set-up time required for the
electroplated bond CBN wheel is lower. and in addition, only
a relatively small number of drill flutes can be ground without
thermal damage to the workpiece. Thus, the proportional tool
costs are considerably higher than for the resinoid bond CBN
wheel.

With resinoid bond CBN wheels it is possible to reduce
the production costs by about 20% by doubling the material
removal rate from 6.3 in3/in. min. to 12.6 in3/in. min.; here



Criteria, for Trueing and Sharpening Devices

Criteria for Trueing Devices Criteria for Sharpening Devices

High rigidity:
Dri:ve:

1High rigidity: F~d·110 - mill/m (20 - 50Nlmm)
Drive motor: 1)( motor
IDrive power: P smin ·13, b hp/m (0.4 klf;lmm)
IIlirect:ion reversal: uruorrecnmal &

coun tsrd iree tiona I
Speed range: 0- 15000 rpm
Infea:ll drj,ye : DC servo motor
Inleoo rate: 40-1000 pints. U-25 ~mls)
IMew spindle: roller Ibeari,ng spindl:e
Axial toilieradjustabiliity
length measurement
system: resolutiOil 39 lJin Ii pm)

F~Sbmax ..• 550 Illli,n noo Nlmml
pneumatic, hydraulic
or electric

Constant inleed: V,Sb" 0, 02-0, 8 inls W, ;-20 mmlsl
Adjustable, max. normalsnarpening lorce
Adjustlble Sharpen,ing: infeed
PreventiOil or sharpening slick breakage
by precise guidance and support close
to wheel

fig. 14- Design of trueing and sharpening devices

labor and machine cost per hour only plays a minor role.
(fig. 16)

At material removal rate of Q'w = 12.6 in3/in. min. it
was only possible to grind 536 f1ut·esbefore the tolerance
limits were reached (2000 in). Since the wear was S times as
high, but the production time was cut in half, and labor and
machine costs were reduced, this became the dominant fac-
tors in production cost.

Fig. 15 - Resinoid bond wheels are more economical than electroplatedwheels
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The results described above can be seen in the chart as
shown on Fig.. 17, which compares the best. CBN grinding
wheel with a typical corundum wheel. The higher cutting
speed with CBN permits doubling of the material removal
rates, whereby, the surface quality of the workpieces is even
somewhat better than in corundum grinding. The grinding
ration with CBN is about 20 times as high as with corundum.

This results in the time and tool costs shown; 'togetherwith

(continued on page 48)

Fig. 16-Doubling material removal rate reduced production cost by 20%
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Optimum Number of Teeth
for Span Measurement

by
J.. R. Colbourne

University of Alberta
Edmonton, Alberta, Canada

Abstract
An expression is derived, giving the optimum number of teeth

over which the span measurement should be made, for profile-shifted
spur and helical gears.

Introduction
The span measurement is widely accepted as an accurate

method for measuring gear tooth thickness. Once the span
has been measured, for either spur or helical gears, the tooth
thickness can be calculated without difficulty.(1) However,
there is no simple expression, except in the case of spur gears
with zero profile shift, giving the optimum number of teeth
N' over which the span should be measured.

When the span measurement is made, the contact between
the tooth faces and the caliper jaws should be near the mid-
dle of the tooth profile. For gears with no profile shift, this
means that the contact should he near the standard pitch cir-
cle. And for gears with profile shift e, the radius of the tip
circle is generally extended by approximately the same
amount e, so the contact should take place at distance e above
the standard pitch circle. It is not possible to choose N' so
that the contact is always close to the required radius, For
certain gears, one value of N' may give contact points near
the tips of the teeth, whi.le, if N' is reduced by 1, the contact
points may be down near the fillets. However, it is obvious-
ly essential that the contact should always take place below
the tooth tips and above the fillets, preferably with an ade-
quate margin,
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Fig. 1- A base tangent section

Relation Between the Span Measurement
and the Tooth Thickness

fig. 1shows a base tangent section through the gear, touch-
ing the base cylinder along line AA'. The sections through
each tooth are indicated by the shaded areas in the diagram,
The upper edge of each tooth coincides with a generator
above line AA' and is, therefore, a straight line; while below
line AN, the tooth edge in the section is slightly curved.
Similarly, the lower edge of each tooth is curved above line
AA',and it is straight below the line. Since the curved edges
are very nearly straight, they are shown in the diagram as
straight dotted lines. The span measurement is made between
two points such as Band B', on opposite sides of line .AA',
and because Band B' each lie on a straight tooth edge, the
exact shape of the curved edges is of no significance. With
the curved edges drawn as straight lines, the tooth edges all



Rg. 2- Transverse section through a contact point

appear as parallel straight lines, making an angle with the
gear axis equal to the base helix anglefb, and the base
tangent section is then identical with the developed base
cylinder.

The length BB' is made up of one tooth thickness measure-
ment ee,. which crosses line M', and a number of pitch
measurements such as BC Since the base tangent section is
the same as ,the developed base cylinder, at least as far as
the solid lines are cencemed, the length CC is equal to t"b,
the normal tooth thickness at the base cylinder , and the length
BC is equal to the normal base pitch Pnb' Hence, if the span
S is measured over N' teeth, there are (N' -1) lengths such
as Be., and the span length is given by the following
expression:

S - (N' -l)Pnb + tnb (1)

This equation gives the value of tmb immediately. The tooth
thickness at the standard pitch cylinder can be found by con-
verting first to the transverse tooth thickness at the base
cylinder, and then to that at the standard pitch cylinder, in
the usual. manner.

(2)

_~b
.cos'tb

(3)

tt = Rs (ttb - 2 inv 05)

Rb
(4)

(5)

In these equations, all quantitites with the subscript bare
defined on the base cylinder, while the others are defined on
the standard pitch cylinder, whose radius Rs is defined as
follows:

(6)

where mn is the normal module. The equations in this arti-
cle are all given in terms of the norma! and transverse modules
m"and mt, but for those who. prefer to use the carr pond-
ing diametral pitches, the final expression for the number of
teeth to be spanned is given in both Forms.

Optimum Span Length
The component of the span measurement perpendicular

to the gear axis is (Scos 'tb), as we can see in Fig.!. The
transverse section through one of the measurement contact
points is shown in Fig. 2, and the radius R of this poLnt is
found by Pythagoras' rule:

(7)

The profile shift e is related to 'the tooth thickness by the
following two equations:

(8)

(9)

where 05 and 0c are the transverse and normal pressure
angles of the gear at its standard pitch cylinder. For a gear
with zero profile shift, the radius of the tip cirdeis generally
approximateJy equaJto (R~ + mn}, whiJle in a gear with pro-
file shifte, this radius is usuallyincreased by approximately
e. Hence, if we want the contact to take place at a distance
m, below the tip circle, the radius R should be as close as
possible to the radius of the standard pitch cylinder, plus the
profile shift e.

(10)

We substitute this expression for R into Equation (7), and
replace the base cylinder radius Rb by (Rs cos ,11)5)' in order
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~ to diamond. the
hardest abraaive known and hae extremely
high thermal strength compared to diamond.
Successful CBN technique demands a stiff,
rigid machine tool and Intensive coolant
flooding of the grinding zone. The Star
Borazon- Hob Sharpener meets both these
conditions due to Its precise, rugged design

"iI1.iiilJO:1~1eprogramming fea-~~~~~=-BWi!dtlJ'iia tool, a Star exclusive,
~;~ alf manual functions except for

loading and unloading the hob. The machine
18 also very quiet (72 dba In cycle with
approximately 68 dba background noise).

A number of CNC Borazon- Hob Sharpeners
have been operating in automotive plants for
some time with outstanding results. We offer
fast delivery. Our machines are competi-
tively priced. Service and engineering assis-
tance is Included. If interested, please write
or phone for details.
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Operator's console has a grinding spindle
load meter, a CRT screen and a keyboard for
entering hob diameter, number of flutes,
stock removal per rough and finish pass and
number of passes, feed rate and right and left
stroke limits. A CNC programmable con-
troller is employed fer sequence logic,
feeding the grinding spindle slide, and posi-
tioning the hob spindle.

Complete Turnkey Applications

Planning & Engineering
Flexible Machining Systems

Jiij927
STARCUT SALES, INC.
23461 Industrial Park Drive
Farmington Hills, Mil 48024

313/474-8200 Telex 230-411



to obtain an expression for the optimum span measurement.

This equation is simplified by expanding the righthand side
asa power series in (e/R). and retaining only the first two
terms ..

VzS cos i'b = R, sin 0s + ~
Sin 0.5

(12)

Nu_mber of Teeth to be Spanned
An expression for S was given in Equation (1). Before we

make use of the expression, we put it in a more convenient
form. The normal base pitch is expressed in terms of, first
the transverse base pitch, then the transverse pitch at the stan-
dard pitch cylinder,. and final1y the transverse module. In a
similar way, the tooth thickness tnb is expressed in terms of
ttb, and then by means of Equations (4 and 8), in terms of
the transverse module and the profile shift. We then obtain
the following expression for S:

s = cos i'b cos 0. [(N' - 1) nnt + VZ'KIl\t

(13)

We substitute this expression into Equation (12), and solve
for N', the optimum number of teeth over which the span
should be measured.

N' = Vz + N0. + N tan 05 tan2 i'b + __ 2_e__ (14)

The term. (N0/1I') is derived from the function inv 0's in
theexpression for S,and the angle 0. must, therefore, be ex-
pressed in radians. Since it is common practice to use degrees
in equations of this sort, the term can be replaced by
(N0~/18O),

In general, the value of N' given by Equation(14) is not an
integer. It is, obvious that the span measurement can only
be made over an integer number of teeth, so i.n order to keep
the measurement contact radius as dose as possible to (R,
+ e), we choose N' as the integer closest to the value given
by Equation. (14) Since the real value of N' may, therefore,
differ by as much as 0..5 from the ideal value, it is important
to determine whether the contact radius is still satisfactory.

For any particular gear, we can calculate the contact radius
R by first finding the integer value N, then substituting this
into Equation (13) to obtain the span length 5, and finalJy
using Equatlon(7) to find the corresponding value of R. We
can, therefore, verify the validity of the expression for N' by
calculatingthe 'contact radius R for a large number of gears.
To be satisfactory, the radius R must always be less than the
tip circle radius RT, and greater thanR, the radius of the
true involute form circle which passes through the tops of
the fillets.

The tip circle radius is chosen by the designer, but is
generally dose to the following value:

(15)
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Fig. 3 - Normal section through the cutter

The radius of the true involute form circle depends on the
type of cutter, and the dimensions of i'ts 'teeth. For the pre-
sent purpose, we wiU assume that the gear is cut by a rack
cutter, with the normal tooth section shown in Fig .. 3, The
normal pitch is 1imn, and the normal pressure angle is 0c•

The reference line is the line along which the tooth thickness
is 0.5 'IrDln' the addendum measured from this line is an and
the tooth tip radius is rrT. If A. is the end point of the
straight section of the tooth profile, the distance h of point
Ar from the reference line is given by the toUowm8
expression:

(16)

Fig. 4 shows the transverse section through the gear and

Cutter rerere nee IIne

c

Jig. 4- Transverse section through the gearand cutler



cutter during the cutting process. If the gear has a pJ10Hle shilt
e. the cutter is oHset by 'the same amount e, and the path
followed by point Ar of the cutter is, therefore, a distance
(h-e) from the pitch point. On the gear tooth, the end point
of the fillet is cut by point At of the cutter, when A. reaches
the line of action. The radius R, of the true involute form
circle on the gear can til -n be found from the dimensions
shown in fig. 4:

For the calculations described later in thisartide, it is assumed
that Ithe length h is equal to the normal module mn.

If we simply wanted to be sure 'that we have a suitable
va)ue of N' for one particular gear, we could ealculate the
vaJue of the contact radius R, and check R is less Rr and
greater than ~. In order to v,erify the general expression for
N', we must carry out the same check for a very large number
of gears, and it is essential to include all the worst possible
cases. We define a measure aR of the error in N,. as the dif-
ference between theactual and the ideal 'contact radii:

(18)

h is clear that the contact is only close to the tip circle or
,the true involute form, circle in cases where the magnitude
of .:loR is large.

We will. consider gears with prome shift values between
-0.5 m"and 1.01mn' ~iwe choose particular values for '0c-
t.and N, and calculate theerror 4R for various values of
e, we obtain a function such as the one shown in F~g..s. The
discontinuities occur each time there is a change in the value
of N'. Since N' is the integer closest in value Ito the expres-
sion in Equa'tion (14). the discontinuities in 4R occur
wheneve:r this expressien is exactly midway between two in-
tegers. The magniitude of dR reaches its largest values just
before and just after each discontinuity,SQ"theseare 'the values
of eat which the error must be calculated .. In additlon, it
shouldaIso be calcol a ted. at e = -O.Smn and ,e .... 1.0 mn.

The cal.culations just described have been carried out for
various values of 0'0 "+5 and N. with the following results,

1.0mn e

fig. 5 - Contact posilion error a. Ifunction of profile shifl

LeC'OUN'T
EXPAIN!D'ING, IMIANDRELS

SIINCE 1847

Theoontact radius is satisfactory in all gI!arS with smaJ] valu
of e, but for g~ with laJgeam.ountsof p:rofi1eShifi Ithe value
of N' given by Equation (14) is sometimes too large, and 'tn
contact points are then too, close ltD' the tooth tips. This oc-
curs particularly in gears with a small number of teeth. In,
a few cases, the value of R is actually larger than. Ri.

The reason for this large error is ,that the power series ex-
pansion used to derive Equation (12) is onJy aceurate when,
(e/Rs) is small. The addition of a. Ithird term in. Ithe expan-
sion makes the expression for N' very much more com-
plicated, and does not sign:ificand.y improve the accuracy.
We. therefore, altertheexpressinnin a manner that reduces
the value of N' whenever ,e ls large. We muhiply the coeffi-
cient of e by the fad or 10.75 - (2IN)]', which. has Ithe effect
of halving the coefficient when N is S,and reducing it by
about 2:5% when N is large ..

The number N' is then the integer closest to the following
expressiore

N' ljz + N0: + !:!tan. "I tan 2."i'b + .2e[O.7S-(21N)I (19)
180 "I" Dln Itan 0c

Since a. span measurement over one tooth is impossible, the
minimum. value to be used for N' is 2. even in cases wher,e
the vaJue of the expression in Equation (19) is less than 1.S.
The equation can also be expressed in 'terms of the normal
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diametral pitch Pnd, if the ratio (e/mn) is replaced by the
quantity (ePnd).

There is no theoretical basis For the modification made to
the coefficient ofe . However, the new expression for N' has
been tested in the manner described earlier, and has been
found to work very well. The calculations were carried out
for norma] pressure angles of 14.5",15",17.5°,20°, 22.5"
and 25°, helix angles of all integers from a" to 45°, and all
tooth numbers from 8 to 160.

In the cases considered, the minimum distance between the
contact point and the tooth tip was 0.383 mn, while the
minimum distance between the contact point and the top of
the fillet was 0.272 mn• With the ranges of Qlc' N ande
values that were studied, it is dear that some of the gears
would be undercut. In order to avoid making calculations
for gears that would never exist in practice, the calculation
was discontinued in cases where the ideal contact radius (R.
+ e) was less then ~. For the remaining undercut gears, the
radius of the contact point was compared with the undercut
cirde radius, which can be found by tria] and error. (2) The
minimum distance between the two circles was found to be
0.133 mn•

We have shown that, for gears with standard length teeth,
there is always adequate clearance between the measurement
contact point and the tooth tip. Equation (19) can, therefore,
also be used to calculate the optimum value of N' for stub-
toothed gears .. In addition, the clearance is generally suffi-
cient to allow the span. measurement of gears with tip relief.
The contact takes place either 00 the involute part of the tooth
face, or on a part where the tooth thickness is not significantly
altered by the tip relief. The only exceptions occur in gears
with a very small number of teeth, for which the span
measurement is made over only two teeth. In some of these
gears, the contact point may lie well within the tip-relieved
part of the tooth face. It is, therefore, advisable for gears with
N' equal to 2, to check the value of R at which the measure-
ment contact is made. If the tooth thickness at this radius
is seriously reduced by the tip relief, then the span measure-
ment should not be used.

Examples
The first example deals with the inspection measurement

of a typical helical gear, and shows how Equations (19, 13
and 7) are used to calculate the number of teeth to be spann-
ed, the corresponding span length, and the radius of the
measurement contact point.

e = 3.000 mm

Then: R, = Nmn = 202.073
2 cos Vs

rn, mn = 11.547
cos Vs

tan 0c

cos Vs
22.796°

28 Gear Techno'iogy

186.289

tan Vb = Rb tan Vs
R.

i'b = 28.024°

N' Integer closest to (6.6225) = 7

S 201.312 mm

R 206.394 mm

R (R. + e) = 1.322 mm

The second example deals with a spur gear, and was chosen
to illustrate that we obtain a suitable measurement radius
when N' is calculated from Equation (19),but that the earlier
expression given by Equation (14) sometimes gives an im-
practical measurement radius.

Given: m, = 10 mm, N =, ,Qlc = 14.5°,
ii, = O,e 9.000 mm;

Then: Rs - Nm" = 60.000
2

m, = m,,, 0s =0c' i'b = 0
Rb = R.. cos e, = 58.089

Using Eq, (19), N' = Integer closest to (2.7590) - 3
S = 81.189 mm
R = 70.868 mm
R - (R, + e) = 1.868 mm

Using Eq, (14), N' = Integer closest to (3.6821) - 4
S = 111.604 mm
R = 80.549 mm
R - (I(. + e) = 11.549 mm

RT = R. + e + m, = 79.000 mrn
i.e, R> RT
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Effe,ct 01£ Shot Peening on Surface
Fatigue Life of Carburized and

Hardened AI'SI '93,10 'Spur Gears

Su:mmary
Gear surface fatigue endurance tests

were conducted on ,two groups of 10
gears each of carburizedand hardened
Al:SI 9310 spur gears manufactured from
the same heat of material, Both groups
were manulactued with standard ground
tooth surfaces. The second group was
subjected Ito an additional shot-peening
process on the gear tooth surfaces and
root radius, to produce a residual surface
compressive stress. The gear pitch di-
ameter was 8.89 em (3.5 in.). Test con-
ditions were a gear temperature of 350
K (170°F), a maximum Hertz stress of
1.71 X 109 N/m2 (248000 psi)' and a
speed of 10000 rpm,

The shot-peened gears exhibited pit-

by
Dennis P. Townsend and ,Erwin V. Zaretsky

NASA Lewis Research Center
Cleveland, Ohio

ting fatigue lives 1.6 times the life of the
standard gears without shot peening. Re-
sidual stress measurements and analysis
indicate that. the longer fatigue life is the
result. of the higher compressive stress
produced by the shot peening. The life
to,r the shot-peened gear was calculated
to be 1.5 times that for the plain gear by
using the measured residual stress dif~
lerenoe for the standard and shot-peened
gears, The measured residual stress for
the shot-peened gears was much higher
than that for the standard gears,

Introduction
Shot peening has long been used as a

method. for improving the bending
strength of gear teeth.n·ll However, shot
peening has not been considered as a
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means o.f extending the surface fatigu
life of gears. In essence .•shot. peening in-
duces a residual compressive 'Stress below
the surface of the gear tooth, Studies of
residual stresses in rolling-element bear-
ings haveshown that increased residual
compressive stress will increase rolling-
element (surface) fatigue life.!4-S1There is
always a need. to impmve th urfao fa-
tigue life of aircraft gears, especially in
helicopter and V ISTOLaircraft.

The objectives of the research reported
herein were (1) to investigate the eHects
of shot peening ofgearteeth on. the sur-
face fatigue life of standard ground, ease-
earburized, and hardened A[SI 9310 spur
gears. (2) to compare the lif . of shot-
peened gears to that of non-shot-peened
gears manufactured with the am ma-
terial and specifications. and (3) to deter-
mine the residual stress produced by sh t

peening and its effect on the surface
f.atigue life.

TO' accomplish these objectives, 20
spur gears were manufactured from a
consumable-electrode~va,cuum~melt d
sing} heat of AlSI 9310' material. Tenot
these gears were shot peened after finish
grinding. The gear pitch diameter was
8.89 em (3,5 in.). Both th shot-peened
and non-shot-peened gears were then
tested to fatigue by surface pitting under
identical test conditions. These test con-
ditions included a gear temperature of
350 K (170°F), a maximum Hertz stress
of 1.71 XIOQ N/m2 (248 000 psi). and a
speed of 10 000 rpm.

.Apparatus, Specimens. and Proudure
Geu Test Appuatus

The gear fat:igue tests were performed
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Fig, 1- NASA Lewis Research Center's gear fatigue test apparatus.

in the NASA Lewis Research Center's
gea:rtest apparatus (Fig. 1). This test rig
uses the four-square principle of apply-
ing the test gear load, so that the input
drive only needs to overcome the fric-
tional losses in the system.

A schematic of the test rig is shown in
Fig. l(b), Oil pressure and leakage flow
we supplied to the load vanes through
a. shaft seal. As the oil pressure is in-
creased on the load vanes inside the slave
gear, torque is applied to the shaft. This
torque is transmitted through the test
gears back to the slave gear, where an
equal, but opposite torque is maintained
by the oil pressure. This torque on the
test gears, which depends on the hydrau-
lic pressure applied to the load vanes,
loads the gear teeth to the desired stress
level. The two identical test gears can be
started under no load, and the load can
be applied gradually. without changing
the running track on the gear teeth.

Separate lubrication systems are pro-
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vided for the test gears and the main
gearbox. The two lubrication systems are
separated at the gearbox shafts by pres-
surized labyrinth seals. Nitrogen is the
seal gas, The test gear lubricant is filtered
through a 5-,um-nominal fiberglass filter.
The test lubricant Can be heated electric-
ally with an immersion heater. The tem-
perature of the heater skin is controlled
to prevent overheating the test lubricant

A vibration transducer mounted on
the gearbox is used to automatically shut
off the test rig when a gear surface fatigue
occurs, The gearbox is also automatically
shut off if there is a loss of oil flow to
either the main gearbox or the test gears,
if the test gear oil overheats, or if there
isa loss of seal gas pressurization.

The belt-driven test rig can be operated
at several fixed speeds by changing
pulleys, The operating speed for the tests
reported herein was 10000 rpm.
Test Materials

The test gears were manufactured

TABLE I!.
SHOT-PEENING,
SPECI!FICATIION

r Shot-peened
/ area

/

Specification ... , .. , .. , ... MIL·S·131658

IBPS FW 4409

Shot size .........•... , , .. , ..... , .070

Shot type ' Ca.sl steel
Intensity (height of Almen .. ,0.18 to 0.23

strip, type Al, mm(in.) (0.007 to 0.009)

Coverage (sides and root ... , .. , .. , .200
only), percent

TABLE III.
NOMINAL CH'EMICAL

COMPOSITION OF CVM AISI
9310 G'EAR MATERIAL

iElement Composition,
wtOfo

C
Mn

Si
Ni

Cr

Mo

Cu
p

S

0.10
.63
.27

3.22
1.21'

.112

.13

.005

.005

from consumable-electrode-vacuum-
melted (CVM) AISI 9310 steel from the
same heat of material. Both sets of gears
were case hardened to a case hardness of
Rockwell CSB and a case depth of 0.97
mm (0.038 in.). The nomina] core hard-
ness was Rockwell C40. One set of the
gears was shot peened, after finish grind-
ing, on the tooth root and the tooth pro-
file according to the specifications given
in Table 1. The chemical composition of
the material is given in Table II. Both sets
of gears were case carburized and heat
treated in accordance with the heat treat-



Fig. l-Photomicrographs of case and core for standard and shot-peened spur gears.
:Re

.. .. ..
I' '.r. .• ~'. '

re IShot-peened gear case.

Fig" J - Surface finish of standard ground and
shot-peened. gears.

61
:61
'flO
58

57

S6

(bl St!ndilrd gear core.

1!l1 SM!-peened gea.r core.

ment schedule of Table III. Fig. 2 is a
photomicrograph of an etched and pol-
ished gear tooth surface showing the ease
microstructure of the AJSI 9310 material.

TABLE ill. .HEAT TREATIiIU :FOiI i\JSJ 9310

Step P"o-cess T"""lture Hilt,
Ihr

K, Of

'Preheat In &11"

I

~... -'"'
2 CnbYl'he 1112 16SO 8

'-I. (001 to 'I"OCIii
I

U.'pcrlty.·e
4 tQPPfI" pllte In 0'11',1"

S Reheat 922 lZOO' 2.~
6 Air cool te rr~

t""rltur,
I1 Austcnlt.he 1117 15SO 2.5

a I 011 quench
9 Subzero cool 19:) .120 3.5

10 , Double ttllOtr
I

4SO 3SO 2 IKh

11 II F1nhh g"lnd .... _- ··----1I. St...n rll'l¥e ,4SO 350 2 I

TAkE I¥. - SPUlI Iil:AR DAtA

[GeAr tolerance per A'sw, clln 12.]

~est Gears

Dimenions of the test gears are given
in Table IV. All gears have a nominal
surface finish on the tooth face of 0 ..406
jUm (16 jUin.) rms and a standard 20° in-
volute profile with tip relief. Tipl'elief
was 0.0013 em. (0.0005 in.), starting at
the highest point of single-tooth contact.
Surface traces of the standard gear and
the shot-peened gear ar-eshown in Fig. 3.

Test Lubricant

AI] gears were lubricated with a single

N"'er of teeth • • .• • • • • • • • • • • • • 28
DI_trll pl·tch ••••••••••••• , •• B
ClrcuW' pitch, 01( (In.' ••• , 0.9975 (0.3927)
Whole depL~.cl!! (In.) •• • • 0.7'62 [0.300)
Addendum, cm (In.) ••••• 0.318 [0 •.125)
Chordal tooth thickness. 0.485 (0.'190

(refen~e). ao (In.)
PressUl'e Ingle., deg ••••••••••.••• zo
Pitch' dl_t". ClIo ,[In.) •••• 8,.m (l.!.OO,)
Outside dl_ttr •. CII (In.) ••• 9.525 (3.1501
Root 11,lht. ell (In., •••• , • 0.102 to 0.152

(O.OCto 0.06)
Heuurem.mt over pIns, • ,.••.• 9.60] to 9.630

ell [I.d (3.19:)7 to 3.7915)
,PI.di_ter. til (In., ••••• D.549 (0.216)
hc·klash refe,.enee. til (In.) •• 0.02S4 10.01DI
TIp rillef, til [In.) ••••• , 0.001 to 0.0015

[0.0004 to Q.OIlO6)
Tooth width, til (In.) •• , ..... 0.635 (0.25)

Ti\III.E V•. - PROPERTIES Of S'~THETI C

PAlWFI Nle 01 L

Addlthe • • • • • • • • • • •• '\ubrhol 5002
K'lneotatlc viscosity, uJ.1r..K (es) tt-

244 K (·ZO· F) • • • • • • • 2500110-2 (2500)
311 K (100· f) •••.•••• 3I,61IO,2,(ll.6)
372 , (210' F) • _ • • • • •• S.•7dO-2 (5,,7J;
417 ,K (·400· F) • •• • • • •• 2,0010-2 (2.0)

FlunpQlnt. K (OF J • • • 5{)8 (.55)
Fire pQl(1t, K (OF) ...... '.... " ,. 533 :(500):
POUT pOint. ~ (On ••.• " •• '. " •• 219 (-65):
SpKltic gravity' ••• ,. • • • • • • •• 0'.8285
¥ apor ,preuure It HI K (tOO· f I" ••.•• •. O. I

'... ~9 [or torr)
Specific ".at I,t 311 ~ [100· fI, • " 676 (0.521)

JI kg K (Btullb·F)

'AddH he. lubrho 1 5002 (5 '011.).;, content,
sr od<l''II •• : pl>osl>-l>orus. 0.6 wU; 5ul,'u.,
18.5 wtl.

batch of synthetic par.aff.inic oil. The
physical properties of this lubricant are
summarized in Table V. Five percent of
an extreme-pressure additive, designated
Lubriznl 5002 (partial chemical analysis
given in Table V)" was added 'to the
lubricant.

Test Procedure

After the test gears were cleaned to
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T~au .1 •• Fm;1/E IlESI.US "!TH ~ISI 9310 STAIIlIOlID

IHD SHllT.FW.EC TEST ;!/,RS

remove the preservative, they were
assembled on the test rig ..The 0.635 em
(0.25 in.) wide test gears were run in an
offset condition with a 0.30 em (O.U in.)
tooth-surface overlap to give a load sur-
face on the gear Iace of 0.28 cm (0.11
in.), thereby, allowing for the edge radius
of the gear teeth. If both faces oE the
gears were tested. four fatigue tests could

"Ifr, ID-Pell'(.ffIt 5O·P't'i"Ctftt :S'lope hil .....' CDftUCltI'lCI
111,_ Hit,,, .nat;]l1 'i!i~,,1b

[,J'C. '11 etc1it1i plf'cnt

n •..r...o 19.~ Ol.~ 1.1 11'/11
~""l _nod JO 61 l.l· Itnt l).

Ill'IdtCltft n..., .. g' ".t h!""i OI!!~, ~of't01;., it..,.r' of w;;tli.
trprDhll,-tllt7. u",",u'" ,U I poet'Citlll.llI. tl'ilt tlIt 1iQ...Mf'C!lftt

11,. .1\- eM .15.111_ ,li.1U 1)10 IIIit'S. 11 .1t:Jwto lnl tlwlt

OJ' vut.1"r !tn'"1 tlHt • ., tM, ,..tit1ill.ar' tot 01 11_$ Mtllc.,~dIIrtd.. -
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fig. 4 - Comparison of surface (pi tring) fal igue
lives of standard ground and shot-peened car-
burized and hardened C\IM: AlSI 9310 steel spur
gears. Speed, 10 000 rpm; lubricant. sYl1thetic
paraffinic oil: gear temperature, 350 K (170° F);
maximum Hertz stress, 1.7 X 10Q N/ml (248
000 psi).

be run for each set of gears ..All tests were
run in ata pitch-line load of 1225 N/crn
('700 lb/in.) for 1 hour, which gave a
maximum Hertz stress of 0.756 X 109

N/m2 (111 000 psi). The load was then
increased to 5784 N/cm (3305 lb/tn.),
which gave a pitch-line maximum Hertz
stress oJ 1.71 X 109 N/m2 (248 000 psi).
At this pitch-line load the tooth root
bending stress would be 0.21 X 109

N/m2 (30 000 psi), if plain bending were
assumed. However, because there was an
offset load, an additional stress was im-
posed on the tooth bending stress. Com-
bining the bending and torsional mo-
ments gave a maximum stress of 0.26 X
109 N/m2 (37 000 psi). This bending
stress does not include the effects of tip
relief. which woulda1so increase the
bending stress.

Operating the test gears at 10000 rpm
gave a pitch-line velocity of 46.55 mlsec
(9163 It/min). Lubricant was supplied to
the inlet mesh at 800 cm3/min at 319 ±
6 K (116" ± 10"F). The lubricant outlet
temperature was nearly constant at 350
±3 K (170° ±5°P). The tests ran con-
tinuously (24 hr Iday) until they were
automatically shut down by the vibra-
tion detection transducer, located. on the
gearbox adjacent to the test gears. The
lubricant circulated through a 5-l"m fiber-
glass filter to remove wear particles.
Aftereach test, the lubricant and the fil-
terelement were discarded. Wet and out-
let oil temperatures were continuously
recorded on a strip-chart recorder.

The pi.tch-lineelastohydrodynamic



(EHD) film thickness was calculated by
the m.ethod ,of Reference 6. It was as-
sumed, for this film thickness calculation.
that the gear temperature at the pitch line
was equal to the ,outlet oil temperanire
and that the inlet oil, temperature to the
contact zone was equal to the gear Item-
perature, even though the inlet oil
tempera'tu:re was considerably lower. It
is possible that the gear surface 'temper-
ature was even higher than the outlet oil
temperature, especially a't the end points
,.of sliding contact, The EHD film
thickness for 'these conditions was com-
puted to be 0.33 lID' (131lin.)', which gave
an initial ratio 01 film thickness to com-
posite surface roughness. hi oof 0.55 at
~he 1.71 X 109 N/m2 (248 000 psi)
pitch-line maximum Hertz stress.

Results and Discussion
Gears manufactured from ,~ AlSI

9310 material were tested in pairs until
failure or for 500 hours ..,One-half of the
gears were shot peened on the tooth root
and profile. Nineteen tests were run with
standard-f:inish ground test gears, and 24
Itests were run with standard-finish
ground gears that had been shot peened.
Test resuUs were analyzed by consider-
ing the life of each pair of gears as a
system.

Surface (pitting) fatigue results for 'the
standard-finish AlSI 9310 gears are
shown in Fig. 4(a). These data were ana-
lyzed by the method of Relerence Z The
10- and SO-pe::rcentfatigue lives were 18.8
X 106 and 46.1 X 100 stress cycles (31,3
and 76.8 hr), respecti.veJy. These results
are summarized in Table VI. The :failure
index (i.e., the number of fatigue failures
out of the number of sets tested) was 18
out of 18. A typical fatigue spall is shown
in Fig. 5(b). A cross section of a typica]
fatigue span is shown in :Fig. 5(a)'. The
surface pitting failure occurs slightly
below the pitch line in the area of highest
Hertz stress and is of subsurface origin.

Pi.tting fatigue life results for the gears
that were shot peened are shown in :Fig.
4(b). The failure index was 24 out of 24.
A typical fatigue spall for the shot-
peened gears is shown in Fig. 6(a), A
cross section of a. typical fatigu.e spall for
'the shot-peened gears is shown in. fig.
6(b). The 10- and 5O-percentsurface pit-
ting fatig-ue lives were 30.1 X Hi'and
67.S X lei' stress cycles (50.3 and 112.6

hr), respectively. These resultsare sum-
marized in Table VI. The shot-peened
gears exhibited a 10-percent fatigue life
of 1..6 times that of the standard ground
AJS19310 gears ..The confidence number
for the difference in life was 83 percent.
The mean life ratio tor the shot-peened
over the standard A1SI 9310 gears was
1.5, with a confidence number of 98 per-
cent. The conlidenee number ilndica'~es
'the percentage of time the re]ative lives
of the material win occur in the same
order. T:he '90-percent confidence bands

.... '1:031. ,NILES BEAIR' BRINDER
___,~DEL· ,ZSTZ 63IJC3 INIsroCK!

SPECIFICATIONS:
om. de 'dl mete. ,Imax. • .." n. 29.5
IRool'clrcle dlam t r, rnA. .n. 2
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IDlmutnI IPHcn.mIn~ " •• ,," D'.R 11.2.7
ID:I.metnll pHch, Imx~". "." ID.P.: .2.12

for the standard ground and hot-peened
AlSI 931!Otest gears are shown in Fig. 41.
A confidence number of 95 percent is
equival:enlt to a 2u ,conJidence level.

It is well known that shot peening pro-
duoes residual subsurface stresses in,' teel
in. addition to Ithe residual stresses pre-
duced by case carburiziag, hard rung.
and grinding. It was theorized Ithat. the
additional residual stresses induced by
shot peening should account for the in-
creased Me of the shot-peened gears.
Therefore. two shot-peened and untested
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Fig. 5 - Fatigue spall for standard ground gear.

Fig. 6 - Fatigue spall for shot-peened gear.

gear teeth and two standard ground and untested gear teeth
were subjected to X-ray diffraction residual stress measure-
ments 'to determine the magnitude of these residual stresses.
Residual stress measurements were made near the pitch point
at the surface and at nominal subsurface depths of 5, 13,25,
76, 127, and 254 ftm (0.2, 0.5, 1.0, 3, 5, and 10 mil).

Material was removed for subsurface measurement by elec-
tropolishing in a sulphuric-phosphoric-chromic acid elec-
trolyte in order to minimize possible alteration of the sub-
surface residual stress distribution as a result of material
removal. All data obtained as a function of depth were COf-

rected for the effects of the penetration of the radiation
employed for residual stress measurement into the subsur-
face stress gradient and for stress relaxation, which occurred
as a result of materia] removal. The method used for the
X-ray stress measurements and the calibration procedures
used are described in References 8 and 9.

Fig. 7(a) shows two corrected X-ray diffraction residual
stress measurements as a function of depth below the sur-
face for the standard ground AISI 9310 gear teeth that had
not been shot peened or tested. The high compressive stress
on the surface of the gear tooth is the result of grinding and
has a very shallow depth that has very little effect on the sur-
face durability of the gear. The lower compressive stress,
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Fig. 7 - Principal residual stress as a function of depth below the surface of
carburtzed. hardened, ground and untested AIS19310 steel spur gear teeth.

which has much greater depth, is from the case carburizing
and hardening of the gear tooth surface. This compressive
residual stress has a definite beneficial effect on surface fatigue
and bending fatigue life.

Fig. 7(b) contains two plots of corrected X-ray diffraction
residua! stress measurements as a function of depth below
the surface in the ground and shot-peened AISI 9310 gear
teeth that had not been tested. The high grinding compressive
stress on the surface was reduced. A hook in the curve shows
a high compressive stress 1.3 ftm (0.5 mil) below the surface
asa result of the shot peening. The compressive stress at



greater depths below the surface was also increased as a result
of the shot peening. It is the increased compressive stress at
the greater depths that has the major effect on the surface
fa.tigue life. The depth to the maximum shear stress for the
load conditions reported herein. was 1'78 ~m (7 mil).

Fig. 7(c) contain plots of the average of the two X-ray
residual stress measurements as ill function of depth below
the surface for both the standard ground and shotpeened
gears. This fig. shows the average increase .in the residual
compressive stress due to shot peening. At the maximum
shear stress depth of 1781-1m(7 mil) the average residual com-
pressive stress was increased from 0.186 X 109 N/m2
,(27 (100 psi) in the standard ground AlSI 9310 gear to 10.26 X
109 N/m2 (37 700 psi) In the ground and shot-peened A[5I
931.0 gear. From equation (All), taken Irom the analysis
given In the appendix for maximum shear stress and residual
stress,

(TmaJ,;;;;; - 3. 15)( 106 (LS:uR) - ~ s.;

where

R ;;;;;;7.62 mm (0.3 in.)

Smax = L 71 x [09 N/m2 (248 000 psi)

i..'" = $78 375 N/m (3,305 lb/in)

Therefore for peened gears, in SI units,

I _ '. '9 578 3·75
(Tmax),- -.21.74)( to 0.00762)( 1.71 x 109

- ; (0.26 x 109) = -.0.835 X ]09

in U.S. customary units.

3105 1-
(1max),= -3.15x 106 0.3)(248000 -2(-37 000)

;;;;;;- 121 08.0

And for standard gears, in 51 units,

9 578 375
'('max), = - 21. 74)( W 0.00762)( L 71 X 1.09

- ~ (0.186 x 109) = - 0.8.72)( 109'

in U.S. customary units,

_ -·06 nos
(1mu), = - 3d5)( L 0.3,x 248000

- ~ (- 27 (00) = - 126 430

The surface fatigue [ifeUO) for gears is inversely proportional
to the maximum. shear stress to the ninth power. The

calculated life ratio from measured residual stress is therefore

~;; [(Tmax)r.s]9 = (0.872)( l(9). 9= 1 S
LlOs . (Tmax)rp .. 0.835)( 109 . •

This calculated ratio of the fatigue life of the shot-peened gears
to that of the standard gear compares favorably with the ex-
perimental fatigue life ratio of 1.6.

Summa.ry of Results
Gear surface fatigue endurance tests were conducted on

two groups of carburized and hardened A]S] 9310 steel. spur
gears manufactured from the same heat ,of material. Both
groups were manufactured with a standard ground tooth sur-
Iace. One group was subjected to an additional shot-peening
process on the gear tooth suriace and roo'! radius to produce
a residual compressive surface stress. The gear pitch diameter
was 8.89 em (3.5 in.]. Test conditions were a gear temperature
of 350 K (170" F), a maximum Hertzstres of 1..71 x 109

N/m2 (248000 psi), and a speed of 10000 rpm. The lubri-
cant was a synthetic paraffinic oil with an additive package.

The following results were obtained:
1. The IO-percent surface (pitting) fatigue life of the shot-

peened gears was 1.6 times that for the standard test
gears that were not shot peened. This was shown to
be statistically significant.

2. The calculated 100percent surface (pining) fatigue life
for the shot-peened gears determined :from measured
residual subsurface stress was 1.5 times that for the stan-
dard gears that were not shot peen d.

3. Measu» d residual stresses for the standard and shot-
peened gears show an increase of 40 percent for the shot-
peened gears over the standard gears at the depth of
maximum shear stress in addition to a 350 percen] in-
crease at a depth of 13.0 ILm (0.5 mil).

Appendix - Deri.vation of Residual Stfess
Effect on Maximum Shear Stress

It is weU known that classical rolling-element faHgue begins
in the subsurface zone of maximum shear stress.II1-IZ1

Therefore, to determine the ·effect of residua] stress on rolling-
element fa.tigue in gears, it is necessary toanalyze the effect
of residua] stress on the maximum. shear stress below the sur-
face. The maximum shear stress at any point in a stressed
volume below a rolling line-contact load i

( 1
, Tmaxl', = r(S~- Sy) (AI)

I
(Tmax)x= i(S<:-Sx)

where 5z is the principal compressive stress in a direction
normal 'to the contact area, Sy is the prineipal comprehen-
sive parallel stress to the direction of Jlolling}131and S.r is 'the
pnncipal stress normal.

For rollers or gear teeth loaded statically, the maximum
theoretical shear stress occurs in the y-z plane since the stress
in the)/. or rolling, direction is less than the stress in the x

(A2)
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direction. Therefore, the maximum shear stress is
]

Tmax= r(SZ-Sy) (A3)

If the residual stresses are equal in the x and y directions,
for the Hne contact in the y-z plane the maximum shear stress
including the residual stress is

(A4)

where 5ry is the residual stress in the y direction and is
positive for tensile stress and negative for compressive stress.
From Reference 13 for line contact of rollers

b
Tmax = -0.30025 A (AS)

where b is the haU width of the Hertzian contact,

2Pb=_...,,-N_._
1rLSmax (A6)

and A for a contact of two rollers of the same material is

(A7)

If the rollers are of the same radius,

A=2RC~(2) (AS)

Where

PN normal load, N (lb)
5max maximum Hertz stress, N/m2 (psi)
RIRz radius of curvature of the two rollers, m (in.)
o Poisson's ratio
E Young's Modulus, N/m2 (psi)

Substituting equations (A6) and (AS) into equation (AS) for
'"max results in

P [ E ]-1
Tmax = -0.30025 vri~ax RO -02) (A9)

If equation (A9) is substituted into equation (A4),

PN [~ E ]1 I(Tmax),,,,-0.30025,rLSmax R(I. -02)1 - 2Sry (AIO)

For steel gears .E=207x 109 N/m2 (30 X lot' psi) and 0=0.30;
therefore, equation (Ala) becomes for Slunits

(AlIa)
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and for U.S. customary units

(Allb)

where Sry can be either compressive or tensile .. When gears
are shot peened, the residual. stress is compressive and,
therefore, reduces the maximum shear stress.

Since the rolling-element fatigue life of gears is inversely
proportional to the maximum shear stress to the ninth
power,(14)

. (1)9L- -.- 1

Tmax

(Al2)or

[
1 ] 9L- ---

(Tmax), _

From equation (A4), where (Tm;uo)r =:Tmax -112 (5....)'

[
1 ]9L-

_ Tmax - [12 I(Sry) (A13)

using a life ratio of Ll and Lz

(A14)

When the residual. stress developed by the shot peening of
the gear teeth is known, the change in life produced by shot
peening can be determined from equation (AU),
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ERRATA.:

Correction: we wishl to apologize to Yefim KotJyar for in-
advertently omitting his biography on the article Hob Length
Effects. .$eptember IOctober 1985 .

.Author:
MR.YEFrM IKO'TLYAR ispresently an Application Engineer

with American Pfauter Limited. He received a M.5. in
Mechanical Engineering from Odessa Marine Institute in
Odessa, U.S.5.R. i.n 1972. After graduation. he was employed
as a Mechanical Engineer at TashkentAgricultural Machinery
Institute from f 973,to '979. Current research interests induae
,developing mathematics for computer programs for various
gear cutting applications.

The Editors wish to make the ~ollowing correction to Hob
length Effects, September-October 1985:

Formula page 18, col. 2 should read:

B = X = - b + "b2 - 4 Xa X c
2 Xa

Formula page 48, top, should read:

For first approximation. Y can be set equal to POll so Y1

= P012
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BA'CK T'O BAS,)CS ...
- ----

by
John P. Dugas

National Broach & Machine
A Division of Lear Siegler, Inc.

Mt. Clemens, Michigan

Gear shaving is a free-cutting gear finishing operation
which removes small. amounts of metal from the working sur-
faces of the gear teeth. Its purpose is to correct errors in in-
dex, helical angle, tooth profile and eccentricity. The pro-
cess can also improve tooth surface finish and eliminate, by
crowned tooth forms, the danger of tooth end load concen-
trations in service. Shaving provides for form modifications
that reduce gear noise. These modifications can also increase
the gear's load carrying capacity, its factor of safety and its
service lire.

Gear finishing (shaving) is not to be confused with gear
cutting, (roughing). They are essentially different. Any
machine designed primarily for one cannot be expected to
do both with equal effectiveness, or equal economy.

Gear shaving is the logical remedy for the inaccuracies in-
herent in gear cutting. It is equally effective as a control for
these troublesome distortions caused by heat treatment.

The form of the shaving cutters can be re-ground to make
crown and profile alJowance for different heat treatment
movements due to varying heats of steel. The gear shaving
machine can also be reset to make allowance for lead change
in heat treatment.

The gear shaving process can be performed at a high pro-
duction rate. Machines are available to shave external spur
or helical gears up to 180" in diameter. Other machines are
also available for internal spur or helical gears.

For best results of shaving, the hardness of the gear should
not exceed 30-32 Rc scale. When stock removal is kept to
the recommended limits, and gears are properly qualified,
the shaving process will finish gear teeth in the 7 to 10 pitch
range to the following accuracies: involute profile .0002;
tooth-to-tooth spacing.0003; lead or parallelism .0002. ]n
any event, it should be remembered that gear shaving can
remove 65 to 80% of the errors in the nabbed or shaped gear.
It will make Q good gear better. The quality of tile shaved
gear ls dependent to a large degree upon havillg good hobbed
OT shaped gear teeth.

The Process of

Gear Shaving

Basic Principll!S of Gear Shaving
The rotary gear shaving process uses a gashed rotary cut-

ter, (Fig. 1), in the form of a helical gear having a helix angle
different from that of the gear to be shaved.

When the cutter and work gear are thus rotated in dose
mesh, the edge of each gash, as 1t moves over the surface

AUTHOR;

MR. JOHN P. DUGAS is the Cllie! Gear Tool EPlgineer at Na-
tional Broach [;, Machine Diu. Lear Sieglu, lnc., Mt. Clemens,
Michigan. His experience encompasses 20 yeurs of desiJpI. allalysis
and development of gltar finis/ling tools. He has attended Ohio State
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several AGMA commiHees and Ql'lnlltllly partidpafes in the SME Gear
Manufacturing Symposium.
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of a work gear tooth, shaves a fine hair-like chip, somewhat
like that produced by a diamond boring tool.

The finer the cut, the less the pressure required between
tool and work, eliminating the tendency to cold-work the
surface metal of the work gear teeth.

This process is utilized in a shaving machine, (Fig. 2), which
has a motor-driven cutter head and a reciprocating work
table. The cutter head is adjustable to obtain the desired cross-
ed axes relationship with the work. The work, carried bet-
ween live centers, is driven by the cutter.

During the shaving cycle, the work is reciprocated parallel
to its axis across the face of the cutter and up-fed an incre-
ment into the cutter with each stroke of the table. This shav-
ing cycle (axial) is one of several methods.

The Crossed Axes Principle
To visualize the crossed axes principle, consider two

parallel cylinders of the same length and diameter (Fig. 3).
VVhenbrought together under pressure, their common con-

tact surface is a rectangle having the length of a cylinder and
width which varies with contact pressure and cylinder
dia:meter.

When one of these cylinders is swung around, so that the
angle between its axis and that of the other cylinder is in-
creased up to 90 degress, their common contact plane remains

m~AR-1-

fig. 1-Work gear m crossed axes mesh with rotary shay ing cutter rnoumed
above.

__ ---CUTiER !-lEAD
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ANGLESETTING

AlfI"OMATIC
DIFFERENTIAL

UPFEED

Fig. 2-Operating components of a knee-and-column type shaving machine.
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PARALLEL DIAMETER CONTACT

CROSSED-AXES CONTher

RIGHT ANGLE CONTACT

Fig. 3 - How the contact between cylinders changes as the angle between
their axes is varied.

a parallelogram, but its area steadily decreases as the axial
angle increases.

The same conditions prevail when, instead of the two plain
cylinders, a shaving cutter and a work gear are meshed
together. When the angle between their axes is from 10 to
15 , tooth surface contact is reduced and pressure required
for cutting is small.

For shaving, the cutter and work gear axes are crossed at
an angle usually in the range of 10 to 15 or approximately
equal to the difference of their helical angles.

Crossing of the axes produces reasonable uniform diagonal
sliding action from the tip of the teeth to the root. This not
only compensates for the non-uniform action typical of gears'
in mesh on parallel axes, but also provides the necessary
shearing action for metal removal.

Relation Between Cutting and Guiding Action
Increasing the angle between the cutter and work gear axes

increases cutting action but, as this reduces the width of the
contact zone, guiding action is sacrificed. Conversely, guiding
action can be increased by reducing the angle of crossed axes,
but at the expense of cutting action. At zero angle, there is
no cutting.

The spur and helical gears at the left in (Fig. 4), were shaved
without table reciprocation. They show the band of cutter
contact less than gear face width; and also a deeper cut in
the middle of the gear than on either side.

The gears in the center of (Fig. 4), were shaved with only
about 114 in. table reciprocation. The profiles of these teeth
are perfect over the distance of reciprocation. but they fade
out at each end. The chordal thickness along this 114 in.
length is less than that at the ends.

Fig. 4- The cut developed with varying amounts uf cutter reciprocation in shaving spur gears, top, and helical ~ars. bottom.
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Gears at the right in (Fig. 4), were shaved with full
reciprocation and, therefore, have been finished to the full
depth over the entire face. Tooth thickness may be decrea$.
ed by increasing the up-feed of work toward the cu_.

Shaving cutten are high precision, hardened and ground.
high speed steel generating tools, held to Class A or AA
tolerances in all principle elements. The sashes in the shav-
ing cutter extend the full length of the profile. termination
in the clearance space or oil hole at the bottom. Theae
clearance spaces provide unretricted channels for a constant
flow of coolant to promptly dispose of chips. They also per-
mit wUfonn depth oflll!l1'ation penetration and increased life
of the cutter. The shaving cutter is rotated at hiah speeds,
up to 400 and DKft surface feet per minute. Feed is fine and
the tool contact zone is restricted. Cutter life depends on
several factors; operatin& speed, feed, material and hardness
of the work gear, its required tolerances, type of coolant, and
size ratio of the cutter to work. Rotary tbavins cutters ate
available in tooth size I'aI1B!S from uo diametnI pitch to 1
cliametral pitch, with outside diameters up to 16·, and widths
up to 40/, in.

ShavIna MethodI
There are four basic methods of gear shavirt&:

1) Axial 01' conventional method
2) Diagonal method
3) Tangential or undeJpass method
4) P1unae

Axial shaving (FJa. 6) is widely used in law and medimrl
production opentionI. It is the most ~ method for
shaving wide face width pan. In thia IRIIdtad. tile trP_
path is aIona the ail of the work
crcaed axes. ...... theentile
number of Itlobs may vary due to the __
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Fig. 8 Tangential shaving (underpass}

the diagonal traverse to a small angle. Increasing the cutter
face width permits an increase in the diagonal angle. Crown-
ing the gear teeth can be accomplished by rocking the
machine table providing the sum of the traverse angle and
crossed axes angle does not exceed S5 . When using high
diagonal angles. it is preferable to grind a reverse crown
(hollow) in the lead of the cutter.

In tangential (underpass) shaving (Fig. 8). the traverse path
of the work is perpendicular to its axis. Tangential shaving
is used primarily in high production operations and is ideal-
ly suited for shaving gears with restricting shoulders. This
method of shaving has restriction. First, the serration on the
cutter must be of a special differential type. Second, the face
width of the cutter must be larger than that of the work gear.

Diagonal shaving has some built-in advantages over axial
shaving. In most cases, it is much faster than axial. In many
cases, up to 50% faster. With diagonal traverse. the cutting
is not restricted to a small zone of the cutter as it is in axial
shaving, but is migrated across the cutter face. Consequent-
ly, cutter life is extended.

Plunge shaving (Fig. 9) is used in high production opera-
tions. In this method, the work gear is fed into the shaving
cutter with no table traverse. The shaving cutter must have
special differential type serrations or tracking will occur. To
obtain a crowned lead on the work, it is necessary to grind
into the shaving cutter lead a reverse crown or hollow. In
all cases of plunge shaving, the face width of the tool must
be greater than that of the work. The advantage of plunge
shaving is very short cycle times. The disadvantage is lower
tool life due to the speed stock being removed.

Mounting the Work Gear
The work gear should be shaved from the same locating
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OVERLAP

CROSS!ED-·
AXES

Fig. 9- Plunge shaving

points or surfaces used in the preshaving operation. Locating
faces should be clean, parallel and square with the gear hole.
Gears with splined holes may be located from the major dia-
meter, side of the splined teeth or minor diameter. When
shaved from the centers, the true center angle should be
qualified and surfaces should be free of nicks, scale and burrs.

Locating points on the work arbors and fixtures should be
held within a tolerance or 0.0002 in. The arbor should fit the
gear hone snugly. Head and tails tack centers should run
within 0.0002 in.

For the most dependable results, gears should be shaved
from their own centers whenever possible. If this is not possi-
ble, rigid, hardened and ground arbors (Fig. 10), having large
safety centers would be used. Locating faces should be the
same as those used in habbing or shaper cutting.

Integral tooling is another method which is becoming
popular, especially in high production shops. This consists
of hardened and ground plugs instead of centers, on the head
and tailstocks. These plugs are easily detached and replaced
when necessary. They locate in the bore and against the faces
of the work gear.

Coolants
It is very important to use the proper cutting oil or coolant

for gear shaving, the basic essential of which will be found
in the following:

For steels, use a sulphur base oil. having a sulphur content
of 3 to 3.5%.

For bronze, cast iron 'and aluminum use a mixture of eight
parts of kerosene and one part or light machine oil. Some
types of quenching and honing oils are also satisfactory.

For plastics, use a water-soluble oil mixture of approx-
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fig. 10- Typical gear shaving arbors lor externalgears,

imately one part oil and twenty parts water.
The type of coolant and the degree of its contamination

directly affect cutter service life and the finish of the shaving
tooth surfaces. Avoid the use of a cutting oil that is too thin
as this will cause chip scratch on the gear teeth faces. Chip
baskets should be cleaned periodically if a supplementary
filter is not used.

The cutting oil should have a viscosity of about 135 S.S.U.
at 100 F. A magnetic chip separator in the coolant circuit
will help reduce contamination.

feeds and Speeds
The following are formulas for determining shaving cut-

ter and work gear speeds (rpm):

Cutter Rpm = Desired surface Ft. Per Minute
Cutter Diameter (In.) X. T

12

Gear Rpm = Cutter Rpm x. No. of Teeth in Cutter
No. of Teeth in Gear

For conventional shaving, about 0.010 in. per revolution of

gear is considered a good starting point and becomes a fac-
tor in the following formula:

Table Feed (ipm) 0.010 X Gear Rpm

For diagonal shaving, an "Effective Feed Rate" of approximate-
ly 0.040 in. per revolution of gear is considered a good star-
ting point. Effective feed rate is the speed at which the point
of crossed axes migrates across the face of the gear and cut-
ter. The following is the formula for determining the table
travese rate (iprn) to produce 0.040 in. effective feed rate;

Sine .Traverse Angle + C . T An glR - . oSlI1e raverse e
f Tangent Crossed Axes Angle

Table Traverse Rate (ipm) = 0.040 xGear Rpm
Rt

The maximum theoretical diagonal traverse angle is deter-
mined by:

Cutter Face Width X
Sine Crossed Axes AngleTangent Max.

Traverse Angle Gear Face - (Cutter Face X
Cosine Crossed Axes Angle)

Supplementary 1

Approximate Stroke for Tangential and Diagonal Shaving
for Machine with Upfeed

~(Tr:;n + cr - (2 5FS'
___ --::-:----::- +. In X ... FRONT STROKE

Sin a Sin (x + a) .

Rear Stroke Same As Front Stroke

For Machine Without Upfeed'

(
.0005+ .5 5 + CJ Z - (Z

Tan 0n .
.5 F Sin X = FRONT STROKE

Sin (X + J)Sin J +

C

Rear Stroke Same As Above (with upfeed)

(Approx.) Pitch Oia. Cutter + Pitch Dia. Gear
2

a = Diagonal Traverse An-&le
X = Cross Axis Angle

0n = Normal Pressure Angle
F = Gear Face Width
S = Shaving Stock on Gear Tooth Thickness (Approx,)

Supplementary 2

(continued on next page)
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10' .DP 3)' PA 110,'TEET'B SPUR

MATERIAL: ,863) lal~23.) BBN.

l8l-aID BD.

~'1"""'II---"---""'"
T ';1

.::00 FACE WIDTH ClEAR

I METHOD MIN. C. FACE I
I AXIAL 1.10 1.000

IIIDIAJONAL 1.0~ 1.000

i TANGENTIAL .84 1.000 II
PLUNGE I .0(1 1.000 I

1iofoI---11
1 ~II----' ---1...1--111I}

I"..------- J7.000 ------- ...·-1:1
DIAGONAL 1. 47 I I 20(1
TAN3ENTIAI I.O~ Ill. ~50
PLUNGE 70 I 1.1:>0

AXlA.L SHAVING

J.OOO FACE WIDTH GEAR

I 8" FACE METHon .MIN. C. FACE

AXIAL 5.52 1.QQIl
DIAGONAL 2..10 ~.750
TANGENTIA 1.'68 3.20(1

PI.UNG£ 1.50 3.200

II '8" FACE

Supplementary 3 Supplementary 4

16 OP 3)' PA '10 TEETH SPUR m::I3). DUX

MATERlAL: 863) 100-23) BHN.

NETBOD TIllE c. FACE

AXJAL I t7 SEC. .750

IDItoOONAI.
I

185EC. 1.000I

TANGENTIAL 14 SEC. 1.150

PLUNGE 1.10 SEC. I 1.10(1
i

METHOO TIME C.FACE

A.XlAL 47 SEC. .750 I

DIAGONAl" 'l8SEC .. I 1.000

TANGENTIAL ltsEC. 1.150

PI.,;UNGE 110 SEC. ), 100 SHAVING CUTTER - J" PIA. ~ .7!() FACE

Supplementary 5 Supplementary 6 (continued Or! page 48)
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Rat ... : Classified Display-$100 per inch,
(minimum 38

) Type will be ,set to, advertisers
layout or 'Gear Technology willi set!y,pe at no,
extra charge. 'Word Counl: 3S cl'laracters
per line', 1 [jnes per incll.

P-yment: Full payment must accompany
classified ads. lMail copy to ,Gear Technology,
P.O. BOK 1426. Elk Grove Village, IL 60007.
Agency CommJsslon: No .agency commls·
sion on classifieds.

HELP WANTED

DIRECTOR
IENGINEERIN!G,

NEW YORK BASED" SMALL
GROWING AEROSPACE CO.:
EQUITY INCENTIVE; MILI'-
TARY, (3IEA_RINGI, AC-rUATOR
EXPERIENCE HELPFUL.

CALL (718)1 932~500
FRANK SUOZZI

:5u-perior Electr,o Mechanical
Component Serv;ice, Inc.

3&007 20th Ave.
Long Island City, NY 11105

FOR'SALE

-""- P,EREZ MACHINE,
~ TOO:L

11 Ginger Court, East Amhers1,
New York 1405,1 • (71:S,)688-6982

Exclusive' U.S.A. distributor for the
,okamoto SHG-360~ 400" 600

Gear Grinders

Designed to meet the Irequirementsfor
,precision economical grinding of spur

I and helical gears, . . .
For aircraft, automotive and machinery
applications.

CIRClE A-25 ON READER AEPlY CARD

IHOBBEiR REIBUILDING
SIPEC;IAUSTS

Having trouble meeting today's de-
mand quality control tol'erances?'
Let our factory tr,ainedl and ex-
perienced staff return your machine
to optimum o,perating condition.
We speclallze in repairing,
rebuilding and modern izingall
makes ,of Ihobbers ..

• CI'ev,aland'Rigidhobbers
• Gould & Eberhardt
• Barber Colman

PIlESSMIATIONI INC ..
522 Cottage Grove Road,
Bloomfield, Conn. 06002

(203) 242-8525

'OI'oalng'd'te: Ads must be' received by the
25th (If Ihe month, two :months prior to,
publicaMn. Aceeplanee: Publisher reserves
Ihe righl 10 acceplOl rej8Clelasslliee! slNer-
lisementsal hiS ,discrel!ion.

SUBCONT,RACT WORK

SPIRAL BEVEL
GEA.RS

'T,ELL 'OUR'
ADVERTIS,ER'S ... '

Y;OU SAW lIT IN
,GEAR

TECHNQ.LOGY

Conifl'ex bevels to 34" ,diameter
Prototype or production up to 60"

,diameter
Breakdown work - fast lunnaround

Comp'lete machining. heat treat,
lapping andlesting

CALL USI

There's still time . . .
,ol:osiog ,date f.or a. classified ad
in the March/Apr,il1 is January
25th.

e&FI MACHINING
PO Box 536

Sharon, TN 38255
1-800-238-0651

OIRCLE A-I,7 ON READER REPLY CARD

GEAR TOOTH ,GRINDING
& HONING ,QNLV

Product,ion :Quantities
3J4!" P.ID. to 27.5" IP.IID.:
3.5 D.P. and 111" Face

We have no turning, ho.bblng or
shaping capa~mty

AllLE.GHE:NY IGEAIR CORP.
23 Dick Road

Depew, NY 14043
71:6-684-38111

CIRCLE A-IS ON READER REPLY CARD
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THE PROCESS Of GEAR SHAVING ...
(continued from p.age 46)

Supplementary 7

E-5 ON READER REPLYCARD

LOWER GRINDING COST .
(continued from page 21)

the trueing costs (not included here) these constitute the pro-
duction costs per flute. This shows thatcorundum grinding
is about 30% more expensive than CBN grinding. The
superioity of CBN is likely to increase still further, assuming
a rise in the labor and machine casts which determine pro-

Fig..17-CBN grinds more economically than corundum and gives better
quality

48 Gear Technology

duction casts .. Moreover, further developments may be ex-
pected in the relatively young CBN technology, on the basis
of ongoing progress in fundamental knowledge.

Summary
One of the main problems in the application of CBN wheels

is the correct economical and technological design of the
dressing process, i.e. trueing and sharpening. This paper
presents methods for optimizing the dressing process, and in
particular, the sharpening process. A process mode] far
sharpening with a corundum sharpening stick is presented.
The chip space of the grinding wheel is described as a Iunc-
tian of wheel specification, setting parameters and duration
of the sharpening process. The model far description of
sharpening results can be used directly in practiealapplica-
tion, since it includes only variables that can be regarded as
known when the process design is made.

The technological advantages offered by the use of CBN
must be offset against the main disadvantage of high grind-
ing wheel. cost. As the tool casts per workpiece are mainly
influenced by wheel wear, the result of the present investiga-
tions show possibilities of improving wear behavior by adap-
tation of the grinding wheel specification. Possible measures
might be the selection of suitable grit size, the use of a harder
bond and an increase in grit concentration. An increase in
grit concentration makes the grinding wheel more expensive,
but in return it gives a clear improvement in the length .of
service life.

The machine concepts were also discussed as the prere-
quisite for economic application of this process. The fallow-
ing must be particularly stressed: high rigidity of the machine,
high cutting speeds and drive powers and automated true-
ing and sharpening systems.

If the process is properly designed, it is at present possible
to reduce the production costs per drill flute by approximately
30 % as compared with corundum grinding.

IE-l ON READER REP,L V CARD,

EffECT OF SHOT PEENING ....
(continued from page 36)
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CII YIIIIT CIIIIITEIT IVEIPII DIIMETEI
IF 1.111i!" FRIM COLDITIRT?

You can, with Mltsubishl's new GA-Series Gear Hobbers!
Here's the reason why you can get

such a consistent KCUracy over houn
of continuous runlling. To maintain
the thermal stability of the machine,
the hydraulic oil is maintained to a
constant temperature by a refrigerat.
ing unit and the unit is isolated from
the machine. The 36" wide 3·runway
bed and heavy duty ball screws also
plays a big role in maintaining high
accuracy.

Not only is the machine accurate
but also can withstand heavy duty cuts
due to the robust construction of the
macbiDe and an AC servo motor
driven direct hob drive mechanism. A
hydraulically controlled backlasb
elimioator on the indexing table per-

mits "reverse hand conventional cut-
ling" which gives 4 to 5 times more
cutter life on your tools.

Another prominent feature of the
machine is the conversational
"MENU" programming. Just key in
the gear and hob data and select the
type of material you are going to cut.
The computer of the CNC will do the

s: !!!T.'.!f'.'-'!tf!
~1,~nouchI2~.Oh~u, Tokyo,Japan

Cable Add-= HISHUU TOKYO

rest for you. No calculation of cutter
path or selection of cutting
parameters.

Needless to say, with a full CNC
machine, the changeover time can be
reduced to a maximum of 90".

These are only a part of what our
GA·series can do for you. For more
information, write to our Bensenville
office below or call, area code
312·860·4220 NOW!

SPECIFICATIONS

M8lIImum PIlI dlamelll
MplmumOP
Mlllmum rldlal _
Maximum ax~ IrrieI
WoMIbIt~
Hob~r~
Hob dri>e mol«

GA2!iONC
10'
4

8.26'
ID.S'
8.e'

200-6OOIpm
liJlp

Mltsublshl Heavy Industries America, Inc.
873 Supreme Drive, Bensenville, IL 80106 Phone: (312) BI!().422O
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