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Bevel Gear
Development and Testing
Proeedure
The Gleason Works
Rochester, New York

The most conclusive test of bevel and hypoid gears is their
operation under nonna! running conditions in their final
mountings. Testing not only maintains quality and uniformity during manufacture, but also determines if the gears will
be satisfactory for their intended applications.
Gears are checked in the testing machine for the following
conditions: tooth size in relation to a master, or to the mating
member, mounting distance of gear and pinion, the position
of the tooth contact, the quality of the surface finish, the
amount of TOPREM:», the .amount of clearance, visual
eccentricity, tooth spacing errors, and the general running
qualities of the gear and pinion, as well as the axial displacement tolerances of the gear set. Gears are also checked for
bias and profile on the test machine.
Defirulions

It is important

that certain terms be defined before any
testing and development
procedure for bevel g.ears is
presented. (Fig. 1)
Gear - of two gears that run together, the one with the larger
number of teeth hi caned the gear. It is the driven member
of a pair of gears.
Pinion - the member with the smaller number
With miter gears it is the driving member.
Toe -

the portion
the portion

Top -

the upper portion of the tooth surface.

Bottom. Side of Tooth
Left hand spiral
- concave side of tooth.
Right hand spiral - convex side of tooth.
The terms bottom sl'de or top side would always apply to
a specific side, regardless of the hand of spiral, and also with
straight bevel gears. When the foP"TJ.tard side in the testing
machine is running, the rotation of the pinion spindle is
clockwise when: viewed from the source of power, and the
bottom side of the pinion will contact the bottom side of the
gear. When the pinion is running in the reverse direction, the
rotation is counter-clockwise, and the top side of the pinion
will contact the top side of the gear. It would, therefore, be
better t-o refer to bottom side or forward side, and top side
or reverse sjde.
\'Vhen referring to a specific side of the tooth, the terms
drive side or coast side are quite often used, but, unless a
fulTlmowledge of the application is available, these terms

of teeth.

of the tooth surface.

the ncn-contacting
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CONCAVE SIDE
OF TOOTH
FLAI''-

"
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-~;CEOR TOP

surface at the top of the

Root Land - the non-contacting surface at the bottom of
a tooth space.
Top Side and Bottom SI\1.e- in conventional machines for
producing both straight and curved tooth be-vel gears, the
cutter or cutting tools always operate on the left hand sideof the gear blank as viewed from the front. The term top
refers to the upper side of the tooth in this position, and the
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Top Side of Tooth
Left hand spiral
convex side of tooth.
Right hand spiral ~ concave side of tooth.

of the tooth surface at the outer end.

the lower portion

Top Land tooth.

refers to the lower side.

of the tooth surface at the inner end.

Heel -

Flank -

term bottom

-

---

FLANK

,

-.;-

/ ~

.--

-

CONVEX SIOf
OF TOOTH

Fig. 1
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'the design of the testing equipment
(P)

=

used.

pinionaxla1 movement. A change in the pinion axial
distance (P) can be made by moving the pinion relative
to the gear. Or, it can be made by moving the gear
relative to the pinion, depending upon the design of
the testin-8 equipment used. (P) is commonly known
as a pinion cone change or a pinion mounting distance

change.
(G) "" gear axial movement. A change in the gear axial
distance (G) can be made by moving the pinion
relative to the gear. Or, it can be made by moving
the gear relative to the pinion, depending upon the
design of the testing equipment used. (G) is cornmordy
known as a backlash change, a gear cone change or
a gear mounting distance change.
EPG Sign Conventions
The readings on all dials on testing machine E, P and G
adjustments should be considered "zero" readings, when the
gears are mounted at the mounting distances and hypoid offset specified on the Summary.

(E + ) indicates an increase in offset.
Fig. 2

would not he specific. Normally the concave side ,of the
pinion is called the drive side and the convex side of the pinion
is called the CVt:l5t side, but in many cases either side may
drive. Also, with straight bevel gears, there is no concave
or convex side, so it again would be difficult to correctly
specify by dri't'e side or coast side.
Right Hand Spiral - when viewed from the front, above
center, the spiral angle of a bevel gear curves to the right.
Left Hand Spiral - when viewed from the front, above
center. the spiral angle of a bevel gear curves to the left.
Clockwise Rotation viewed from the back

the pinion rotates clockwise when

Counter-dod:wise
Rotation - the gear rotates
clockwise when viewed from the back.

counter-

Tooth Contact - the summation of all instantaneous lines
of contact on a tooth surface. Also, the' area on a tooth surface from which marking compound is removed when the
gears are run together in a test machine.
EPC
Tooth contact of mating gear teeth can be positioned by
manipulation 01 tester machine adjustments. The directions
of these movements and their designating letters are shown
in fig. Z. This sketch is of a nypoid pair, but the directions
of the movements are equally applicable to spiral, or straight
bevel gears.
(E) :: movement perpendicular to the gear and pinion axes.
A change in offset (E) can be made by moving the
pinion relative to the gear. Or, it can be made bymoving the gear relative to the pinion. depending upon

(E - )
(P +)
(P - )
(G +)
(G -)

Indicates
indicajes
indicates
Indicates
indicates

a decrease
an increase
a decrease
an increase
a decrease

in offset.
in pinion axial distance.
in pinion axial distance.
in gear axial distance,
in gear axial distance.

V&H
The E &: P check accomplishes the same thing as the former
V & H check. "V" is equivalent to (E) and "H" is eqaivalent
to (P).
Testing Procedures

A. The E & P Check
The E &: P (offset and pinion axial) check is used as a
method of measuring the axial displacement movement required in the test machine, to move the contact from a central profile contact shading out al the toe to a central profile
contact shading out at the heel.
The following can be determined by analysis of the E &:
P check:
1. The total length of contact.
2. The amount and the direction of bias (bias in or bias out).
3. Position of the tooth contact. in relation to correct testing
machine centers.
4. By visual observation of the tooth contact, when 'the heel
and the toe E &: p checks are on the tooth at the same
time, the relative length of the heel and toe contact is determinedand the width of profile can be observed.

5. The approximate

amount

of displacement

tnat the gor

will withstand without causing load concentration.
E &P Check (Left Hand Spiral, Pinion

I

Increase the gear oHset and decrease the pinion axial
distance to move the contact to the toe on the concave side
of the pinion or tu the heel an t.hec:onvex side of the pinion.

---------------------

---_

.. _-------

When moving the contact to the heel on the concave side
of the pinion or to the toe on the convex side of the pinion,
the gear offset is decreased and the pinion axial distance is
increased.

[{ no extra pinions are available, the development must
be made on pinions which are not cut to finish tooth size.
This is done by increasing the testing machine mounting
distances on both members by moving the gear and pinion
cone out until the desired amount of backlash is obtained,

E & P Check (Right Hand Spiral Pinion)

The gel-I/"Qnd pinion cone must be moved Qut iJI proportion
to the numbers of teeth in the two members.

To move the COil tact to the toe en the CD vex side of the
pinion or to the heel on the concave. side of the pinion, the
gear offset is increased, and the pinion axial distance is increased. To move the contact to the heel on tnE:' convex side
of the pinion or toe on the concave side of the pinion, the
gear offset and the pinion axial distance are decreased.

20 X 40 combination - 90" shaft angle - Opening in proportion to the ratio being tested would give a .002" increase
on the gear cone for every .001" increase on the pinion cone.

E & P Example:

Example #2:

TOE

E +3
P -2

HEEL
E-13

TOTAt

P +12

14

16

The preceding example refers to the bottom side because
decreasing the offset of the gear in relation to the pinion {E- ~
Will always move the contact toward the battom heel position. (If the heel value was E + 13, the reference would be
to the top heel position and the offset of the gear would be
increased in relation to the pinion).
A Bias In contact is indicated in the previous E & P example because the total offset value is greater than the total
pinion axial value. In a Bias Out con tad the total offset value
is Jess than the total pinion axial value. The example also
illustrates that the contact would be near the toe, in the center
of the tooth profile, and would have a slight bias in direction.

L.H. Pinion
TOE
E(+l
P(-)

Concave Side
HEEL
TOTAL

8-)
P(+)

Convex Side
HEEL
TOrAt
E(-)
E{+)
P(+)
P(-)

TOE

R.H. Pinion
Concave Side
TOE

HEEL

E{-)
P{ -)

E(+)
P(+)

B. Adjusting

TOTAL

Convex Side

TOE

HEEL

E(+)

E(-}
P,( -)

P( +}

TOTAL

Gear Centers for Development

It is recommended
that extra pinion blanks be made
available for development purposes. One of these should have
teeth cut. to finish size for the first test. When testing the tooth
contact between the gear and the pinion teeth, the gear is
set to its correct mounting distance and held in this position
throughout the development.
1. As the pinion tooth thickness is reduced, the backlashwill
increase, without affecting the nature of the tooth contact. This holds true only if the base on the gear cutting
machine has not been adjusted during development.
2. On right-angle test mac nines, this is done by keeping thepinion cone stationary. On universal testers the gear cone
is kept in a fixed position.
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Example #1:

10 x 30 combination - 90 ~ shaft angle - Increasing the
testing machine mounting distances in proportion to the ratio
being tested would give a .003" increase on ~he gear cone for
every .001" increase on the pinion cone.
On universal test machines (arranged to test gears at any
shaft al1gle), the method for increasing the mounting distances
is controlled by the formula below.

Xc

=

amount

to increase gear axial distance (G +)

Xp

=

amount

to increase pinion axial distance (P+)

Xp

=

Xc

[

cosine of gear pitch angle
cosine of pinion
itch angle

J

Example:
21 x 25 combination, 1420 shaH 3ngle
Gear Pitch Angle"'" 85"10'; cesiaa s= 0.0843
Pinion Pitcli Angle -= 56"S0'; cosine = O.S4n
If the gear axial is moved out 0,013", the pinion axial
must be moved out 0.0l3u x 0.0843
0.5471

=

O.OO2~.

If the pitch angle exceed" 90" (internal gear), the cosine
of the gear pitch angle will be negative, causing the pinion
axial to be moved 11'1 and the gear axial to be moved out.
3. Running at Increased mounting distances, the gears will
show a contact similar to that which they will have when
cut to size, only it wHl be nearer the heel of the tooth.
The final check should be made with both the gear and

pinion at their specified mounting distances ,md backlash.

Cheddng

Baddasn

The te.nn backlash, used in these instructions, refers to normal backlash (backlash in a direction perpendicular to the
tooth surface), To obtain backlash in the plane of rotation,
the {normal) backlash must be divided by the cosine of the
spiral angle times the cosine of the pressure angle.
Bevel gears are cut to have a definite amount of backlash
wnich varies according to the pitch and operating conditions.
Thls.baeklash is necessary for the safe and proper running
of the gears. If there is insufficient backlash, the gears wiU

fig. 3

no"'.

en

be
wear excessively. and possibly -.:me the tooth
surfaces, or even break.. In production testing. bacldash
measuremeftt is used as a gage of tooth thkknese.
Backlash should be rrieasured at the tiahtest point of mesh
with the gears mounted on their correct centerS. To make
this measurement on the testing machine. hold the pinion
solidly apinst rotatfont rigidly mount a di.t Indicator aPnst
a aear tooth being sure that the indicator ...
~
to the tooth surface at the extreme heel. (See Fig. 3.) ThL
baddash wOl than bI! shown by the indicator when the star
is turned back and forth by hand,
BackIaih vllrialion is rrieasured by locating the points of
JNXimuIn and minbnum backlash in the pair gears and 0btaining the difference. For ~on
JHf'B this variation. in
general, ahoaId not exceed o.oor.
After cNckina bacldash by the above JDII!tMd QIl me finally
approved pair of gears, the production control of backlash
may be cbec:ked more easily by the following method:
The approved pair of gears (control gean) are mounted
in the testing machine on their correct centers. The gear is
then moved axially into metal-to-metal contact with the
pinion. The amount of movement from its initial position
is observed. Then, when testing the production gears, move
past the correct centers ~ this same amount.
The axial movement of the gear for 0.001" change in
backlash varies with the pressure angle approximately
as
follows:

Pressure Angle
Axial Movement

of Gear

141/2"

20°

25"

o.oar

0.001S"

o.oor

The foUowins table gives the recomme:nded backlash
fUr gun -.embled ready to run. J.ciklaIh for pitches.
other than those listed, may be obtained by Interpolation.

TABLE OF BACKLASH
Dlametral PJtch' c:
1

2
3

•
6

i,

10
1D and finer

B.cld.sh
0.020" to
0.012" to
0.008" to
0.006" to
0.004" to
0.002" to
0.001" to

0.030"
O.016~

O.01r
0.008"

0.006"
O.lJ04"
0.003"

"

In certain applications,

the backlash tolerance may have
to be altered to meet specific requirements.

Procedure fOr Chtclc1ns the Amount of TOPR£M®
TOPREM 15 a decrease in the pressure angle at the tip of
the cutter blades. This decrease in pressure angle causes more
stock to be removed in the fillet of the tooth when the blades
cut. TOPREM is usually applied to the pinion member to
prevent interferences at the top of the gear tooth during
lapping.
Use a dummy pinion that has been cut to the correct tooth
depdt. small in tooth size, and developed to a full profile contact. Run the gear and pinion together at the correct
theoretic~ mounting distances and note the distance between
the top edge of the contact and the top edge of the tooth.
This is the amount of effective TOPREM.
To measure the amount of effective TOPREM, the following sequence should be followed:
Iricrease the gear axial distance + .010" and run the gears .
.AJIy/Auguit 1986
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If the contact is not to the top edge of
gear tooth, increase the gear axial. distance + .OH)", cbeck again, and if
necessary, increase the gear axial distance at incremenrs of
.000",-untiJ the contact is just to the top edge of the gear tooth.
The amount of increase in the gear axial distance, from the
theoretical mounting distance, is the amount of eHe<:tive
TOPREM, The normal amount of effective TOPREM is between .025" and .03S".

NOTE:
If, after foO/lowingthe above procedure, the check
shows that additiona7 TOP-REM is required, use
a. cutter that has beet! ground to give a greater
amount of TOPREM. This should be done before
changing the depth of the tooth slot becaUS2 of
a possible interierence in the mot.
If less than .025~ effective TOPREM IS noted. recut the
pinion with the depth decreased by .010". Check the pinion
and gear with the gear axial distance decreased to -.03Q" or
-.035" and rotate the gear and pinion slowly. Look for interference at the pinion root radius. If no interference is noted,
the pinions may be cut at the decreased depth. This will give
the maximum amount of effective TOPREM that has been
ground onto the cutter.

they are finish cut completely to ~he ends of the teeth
(rolled out in 'Cutting).
5. Set the test machine to the Average Contact values and
note the lengthwise positioning of the contact on the tooth .
If the contact is closer to the heel, this will show that the
heel portion of the contact is longer than the toe' portion.
6. When the final positioning of the contact has been made
in cutting, the gears must be checked for the following:
a. Whole depth of both pinion and gear.

b. Fins or steps in the root of both pinion and gear.
c. Interference at radii of both pinion and gear.
d. Surface Bnish on both pinion and gear.
e. Amount of effective TOPREM.
f. Possible tooth defects and visual eccentricity.
g. length of contact at toe and heel checks.
h. Final E ok P check for length of contact and proper bias.
i. Profile adjustment and sound at toe, center, and heel.
7. When a production piece is finish cut on one side, it is
important that enough stock be left to completely dean
up the remaining side when it is finish cut to the proper
backlash at the correct mounting distances for both pinion
and gear,

Harde~g~Effed!i
Procedure

for Soft Testing

1. Have a pinion cut small enough to permit running it with
a mating gear at correct mounting distances for both the
gear and pinion.
2. With the gears properly installed in the test machine,
carefully jog the machine and apply a suitable marking
compound to the teeth. Run the machine carcefully without
any brake lead, noting the position of the tooth contact.
H the contact is too far out of position, .any further amount
of running could damage the tooth surfaces.
3. Adjust the test machine. if necessary, to obtain a central
toe contact with central profile. The amount of offset and
pinion axial movement required to properly position the
contact should be recorded. This information is used in
makmg thecorrective changes on the cutting machine.
Recut the pinion. The tooth contact should be in proper
position before making anE ,ok P check.
4. Check the gears for E & P and record the values. Observecenter, heel and toe contacts for width of profile, bias contact, fillet interference and TOPREM. Also make sure that

on the Tooth Contact

When gears are hardened, the spiral teeth have a tendency
to straighten. Since this condition applies to both the gear
and the pinion, the effect is not extreme when the two hardened members are run together. Although the pinion is likely
to change more than the gear, in hypoids, due to having a
longer face and lligher spiral angle, compensating position
changes can be allowed in cuttioo to maintain a correct position and Was after hardening.
Since bias in is introduced in hardening, it is usually
desirable to have a slight amount of bias out in soft gears.
Also due to the straightening tendency of the spiral teeth,
it is sometimes necessary to have the contact central on the
concave side of the pinion and favoring the toe on the convex side of the pinion.
The amount of change can only be determined by trial,
but generally the length of the contact will show approximately one-third less E & P movement and the profile w.ill
normally change from afuU width profile to a narrower profile. This will produce a satisfactory contact with a normal
amount of adjustment.
The contact on the convex side of the pinion will also be
higher after hardening, therefore, it may bedesirable to have
the con tad deeper on the convex side of the soft pinion to
compensate for that change.
Conditions

That Can Be Determined
by a Test Machine

1. Bias in and Blas Out
Bias In ~Fig. 4)
The Ito al offset value in the E &: P check is greater than
Fig.
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fig. 5

the total pinion axial value.
A visual check of bias in can be made as follows:
The contact is diagonal to the pitch line, and on the con-

:OW A 'N,EW HOBBER IFROiM IMIITSU'B,ISH'I,
YOU 'CAN'T 8!EAT IT!' C'OMIPARE AND SEE!

lions. Just inpullhe ;gear and hob data. Tbebuill·
in software will do aU the calculations for you!
You can also save floor space, hence money,with
our machine. It takes onJy 50 sq. rt. or floor
space! Compare it with the others. You'll be sav·
ing 112 to 3/4 of your valuable floor space!'
This is only the beginning! For further details,
call or write us NOW!

In addition to the GA-series CNC gear hobbing
machines which oovers a. range from 10 n 10 40 •
diameter gears, Mitsubishi. is now .announcing the
new high performance GAl!iGNC gear hobber,
Tile GA15CNC isa 6 n machinewitbhohrotalioD
of 1.000rpm and table rotation of 150rpm as standard where ltis an ,option with other manuraeturers, lois enables you to use multiple thread
bobs to.' get higher production rates. Our results
show that the cutting time can be reduced. 10
abellt one half of the ·conventienal machines,
Needless to say, with lhe CNG control fealure,
there are no gears to ,change. Quick change hobs
and ,quick change fLxtures all adds up to quick
cnangeoverlime. Setup, time is reduced to about
one third compared '10 ,conventional machines,
"'MENU" programming is another great featuj',e.
This relieves the operater from tedious calcula-

,
....

Main Specifications

Maximum
Maximum
Maximum
Maximum

part diameter
pilch
hob diameter

,

hob length

Hob shift
Hob speed
Hob head swivel ,
Tabkl speed .. ,

:

HEAVY INDUSTRIES.

IMitsubishj H~aavy Industries America.lnc.
873 Supreme

Drrve. Bensenville.

IL 60106 Phooe. (312) 8604220

LTID.

5-1. Marunouchi
2-chOme, Chiyoda.)(u, 1Okyo, Japan
Cable .Mdress: HISHIJU TOKYO

Mitsubishii Intar:national! Corporationl
813 Supreme Drive. 8ef1senville. IL 60106 Phone: (312) 1l6IM222

CIRCLE A.-S ON READER REPLY CARD

N

4.7"
7
S"
150 to 1000 rpm
+ 1- 45 deg.
150 rpm
N

Main motor

MI'T'SUBISIHI

6·.optionalB
60P

7.S hp

depth. This condition permits a greater variation in mounting distance, hut results in a noisier pair of gears which will
also have a tendancy to scuff or score at the concentrated
contact points.
In general. gears which have a wide profile before hardening will show a narrower profile after hardening. However r
lapping will generally widen the profile, therefore an attempt
should be made to obtain a profile width in cutting that will
result in the hardened and lapped gears having a good profile adjustment and still be quiet in operation.
Fig. 6

Fig. 7

vex side of the gear tooth it runs from the flank at the toe
to the top at the heel. On the concave side of the gear tooth
the contact runs from the top at the toe to the flank at the

heel.
Bias

()ut

(Fig. 5)

3. Interference

Along Top Edge of Teeth

This condition is caused by an insufficient amount of
backlash. It can be changed by adjusting the backlash when
testing .. Care must be taken not to decrease it too much
because TOPREM interference will be introduced. Decreasing the backlash will also move the contact to the toe on both
sides; on hypoid gears, it will cause the reverse side contact
to be slightly lower on the gear (lameness) after testing.
4. Contact Too long

Of

Too, Short on Either Side

The total offset value in the E & P check is less than the
total pinion axial value.
A visual check of bias out can be made as follows:
The contact is diagonal to the pitch line, and on the convex side of the gear tooth it runs from the top at the toe to
the Rank at the heel. On the concave side of the gear tooth,
the contact runs from the flank at the toe to the top at the

This can be corrected by changing the cutter diameter on
the pinion machine. When lapping, the value of the toe and
heel swing cam settings or E & P settings should be increased on the side that is to be corrected for a long contact. To
make a correction for a short contact the value should be
decreased. (Fig. 8 & Fig. 9)

heeL

5. Crossed Contact

Bias out is often required, in developing the tooth contact,
due to the normal. changes that take place during hardening,
and to allow for the deflections in the mountings when the
gears are in operation. A slight amount of bias in is desirable
after lapping in automotive gears to give a quieter operating
pair of gears. The line of contact as the tooth rolls into and
out of engagement on the concave side of the pinion, starts
in the flank at the heel and rolls out at the top at the toe,
therefore, bias in increases the line of contact. but it wtll also
decrease the amount of pinion mounting adjustment if the
amount of bias in is too great.
Figs. 4 and 5 illustrate bias contacts. Regardless of the hand
of spiral on the pinion, bias in will always run from the Rank
at the toe to the top at the heel on the convex side, and from
the top at the toe to the flank at the heel on the concave side.

Changing
the contact
and toward
the contact

the offset setting in the testing machine will cause
to move toward the toe on one side of the tooth
the.heel on the opposite side. At the same time
will move high or deep on the tooth profile in

2. Profile Tooth Contact
The width of the contact (tooth profile) is as important
as the length of the contact. A wide profi1e contact, Fig. 6,
shows a contact covering the full depth of the tooth. Quite
often there is a heavier concentration at the top of the tooth
and in the flank of the tooth with the center of the tooth profile showing a lighter contact.
Too wide iii profile contact is not desirable because even
a slight amount of change in mounting distance would cause
a definite concentration of load either high or deep on the
tooth and may result in noisy gears which might also scuff
or score along the area of concentration.
An extremely narrow profile contact. Fig. 7, shows a narrow concentration of contact in the center of the working
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Fig. 8- Long contact

(fullienglh)

Fig. 10 - Crossed

Fig. 9 - Shurl C ontact

Contact

(continued on page 44)

the case of spiral bevel or hypoid gears. The movement will
follow along the tooth in the bias out direction. (Fig. 10)
6. Incorrect

Shaft Angle

The tooth contact on both sides of the tooth win be concentrated at the same end of the tooth. [f the contact is concentrated at the toe the shaft angle is too large. If the contact
is coricentrated at the heel. the shaft angle is too small. It
will be necessary in either case to correct the shaft angle to
obtain the proper tooth contact. (Fig. 11, Fig. 12)
7. Incorrect

Pinion Mounting

Fig. 11- Toe Contact

Fig. 12 - He!!1Contact

Distance

Changing the pinion mounting (axial) distance will cause
the contact to move high or deep on the tooth profile. See
Figs. 13 and 14. Increasing the pinion mounting distance will
move the contact toward the flank of the pinion and high
on the gear. In the case Qf spiral bevel, or hypoid gears, the
contact may also move toward.the heel or toe.
8. Desired Tooth Contact
A localized tooth contact is desirable because it allows for
displacement of the gear under operating loads without causing concentration of the load at the ends of the teeth. It also
permits some variation in the final mountings without effecting the running qualities.
Fig. 15 shows a central toe contact. The contact extends
along approximately one-half the tooth length and is nearer
the toe of the tooth than the heel. The contact is also relieved
slightly along the top and flank of the too th. Under light loads
the contact should be in this position on the tooth.
Fig. 16 shows the same tooth with a contact as it should
be under full load. It snould show slight r-elief at the ends
and along the top and flank of the teeth with no load concentrarionat the extreme edges of the tooth.

Poor finish should not be confused with interferences,
which will also give a rough finish and noisy operation.
Visual observation will show interference as a heavy tooth
contact along the top edge of the teeth on one member and
in the flank of the teeth on the mating member.
Interference lsusually
a result of one of te following
conditions:
1. Teeth cut too shallow.
2. Blanks machmed incorrectly.
3. Fillet radius too Jarge.
4. Tooth profile not completely generated (insufficient generating roll on the cutting machine).
General Testing Information
Increasing the offset (E + ) will move the contact in the bias
out direction on all spiral bevel or hypoid gears regardless
of the hand of the spiral.
Decreasing the offset (E-) in relation to the pinion will
move the contact toward the heel on the bottom side and
toward the toe on the top side.

A. Runout
Runout is characterized by a periodic variation in sound
during each revolution and by the tooth contact shifting progressively around the gear from heel to toe and toe to heel,

B. Tooth Spacing
Too h spacing error is a cumulative error which can build
up around the gear, often causing a large error between the
first and last t.ooth cut. These are known as tooth defa:ts and
are indicated by a knocking sound or a light or heavy tooth
contact on one or more teeth.
Error in spacing and concentricity usually is the result of
faulty arbor equipmenb, improper chucking or inaccurate gear
blanks. These items should be checked before any changes
are made on the cutting machine.

'n~,

~. - ~

fig. 13 - Flank Contact

fig. 14- Top Contact

C. NoiseA poor finish usually results in vibration and increased
noise when the gears are' run together. A visual check will
show a rough or uneven tooth contact. A poor finish is
usually due to improper normalizing of the steel or to a steel
of poor machinability. Poor finish can also result from improper cutting speeds or from dull cutters.
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Fig. 15

Fig. 16
Desired Contact Under Full Load

Decreasing the pinion axial distance (P -) will move the
contact higher on the pinion tooth and lower on the gear
tooth.
Swing movement in the lapping machine wilI move the
contact along the tooth from toe to heel in the bias out direction. the same as the offset movement in the E & P check.
Counter-clockwise swing movement in the lapping machine
win move the contact toward the heel on either side;
clockwise swing movement will move the contact toward the
toe on either side.

Test Machine Adjustments

and Their Efk·ct

on Tooth Contac.ts for Bevel Gears
Movements of the offset and pinion axial settings will move
the tooth contact in the direction indicated in the foHowing
illustrations.

fig. 17-Shifting of tooth contact shows presence of runout. Sound variation also characterizes the existence of runout,
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