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REF: Service Procedures 11M

Accessing Transmission Gear Damage

Below are pics of an article from Eaton Corporation on accessing gear damage.

And from the document, although this guide relates to Eaton® Fuller® transmission gearing, much of the
information also applies to any manual transmission with spur-type gearing. There are pics in the
document that may either settle your mind on the damage you may see on your gears or make you
nervous depending on what you see on yours.

Understanding Spur Gear Life

The excerpted information below is posted as educational material with no intention of
monetary gain.
If any copyright holder of this material takes exception to the usage of their information herein,
they are asked to contact the Sportsterpedia to discuss the issue.
Click Here for contact information on the “Welcome” page of the Sportsterpedia.

Below are pics of a document from Eaton Corporation dated May, 2011. The content has not been edited
from it's original published version.

Any information in these articles, mistakes or omissions are the sole responsibility of the respective
owners.
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Introduction

Warnings and Precautions

A WARNING

Before starting a vehicle always be seated in the driver's seal, place the iransmission in neuiral, sei the parking brakes and
disengage the cluich.

Before working on a wehicle, place the transmission in neutral, set the parking brakes and block the wheels.

Before towing the vehicle. place the transmission in neutral, lift the rear wheels alf the ground, remave the axle shalts, or
diseonneet the driveling to avold damage to the transmission during towing.
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Understanding Spur Gear Life

General Information

Ofien, transmission gearing has bean unnecessarily replaced because it was thought to have faied, when in fact, it could have
been reused and provided many more miles of trouble-free service. This guide will hedp you determing if gearing should be re-
placed, what caused a fasure if one has eccurred and, if possibbe, what can be done to privent a failure from reoccurming.

To determine if a gear should be replaced during a rebuild requires a degree ol technical knowledge. Some paars must be checked
with highly sophisticaled equipment in a laboratory. This guide deals only with the typa of gearing which can ba visually checked
and evaluated in the figld,

Although this guide relates 1o Eaton® Fullen® transmission gearing, much of the information also applies to any manual trans-
mission with spur-type gearing.
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Mechanics of a Spur Gear

Tooth Nomenclature

Tio betier undersiand the foflowing sections of this guldeline, a description of tooth nomenclaiure and oparation, as well as tooth
design and manufacturing considerations. is provided.

Pitch Line
Fillat Radil

i

Addendum
Outside ———

Diameler “—-\‘\

Roat
Diamaler

Dadendum -

Tooth Surface
or Flank

Fitch Diarmatar

Tiis figure shows the basic
nomenclature of a gear footh,
This nowmanclatune will be
raferrad o throughou! the
discussion.
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Mechanics of a Spur Gear

Three Stages of Tooth Contact

The teeth of two gears during operation (or mesh) pass through three stages of conlact:

1. Coming into mesh, initial contact occurs in the cedendum (lower) portion of one tooth (on the driving gear) and in the
addendum (upper) portion of the mating looth (on the driven gear). Al this point of torque transter, tooth loading (LT) Is
relatively light, since most of it is carried by the teeth in full mesh and a porlion by the teeth going ol of mesh. Contact
betwsen the two teeth moves in a sliding action as they procesd throwsgh mesh. The sliding velocity (VS) decreazes until
it is zero whan the contact points reach the intersection of thelr common pich lines.

2. At full mesh, the twa feeth meet at their common or “operating” pitch line, there is only 2 rodling modion, no sfiding. How-
avar, this stage produces the greatest tooth loading

3. Coming out of mesh, the two mating teath also move in a sliding action, basically opposite of the initial contact stage.

Relerance
Pitch Diameter of CIS Points of
Driving Gear Contact
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Mechanics of a Spur Gear

Gear Tooth Shape

Pormissibie
Actual Tooth Farms

Toleranoe Joe —am

Permisaible Acfual
Toath Leads
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Tooth Lead

“Crowned"
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r Tolgrance

1 Zone i
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& of Tooth4—

—
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Holerance ™

Paint

S

An ideal loofh shape s designad for each gear, Since if is im-
possibhs to make a perfect part, Eaton Transmission Division
Engineering has determined manufacturing iolerances that will
not shorten a gear's life. This figure is only an example of these
tolerances, as the tooth form will change according to warious
design limitations. The actuad tooth profila can fall anywhare
with the lolerance band.

A pear tooth is also designed to be paraliel with the centerling
of the shaft. As with the toolh profile, certain accepiable toder-
ances have been delerminad, as shown in this Hgure. Thase
close folerances make it possible 1o successhully mate gears
with lead variation in opposite directions without causing cata-
strophic faillures

All Eaton® Fuller® transmission mainshall gearing s
“crowned”. This figure is an exaggerated representation af the
slight curvature machined from end to end on a mainshafl gear
tooth. Crowning prevents highly concéntrated end loads which
might cause surface damape

Under magnification, even the smoothest leoking surface has
irregular hills and valleys. This is illustrated by the heo compar-
ative photos magnified GO0 times. The 1op pholo shows the pi-
lot bearing surface of the input shall. [ 127 mm).

The battom photo shows the surface of a gear tooth. In both
phodas, the width of the surface shown is approximately D05
inches
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Tooth Surface Distress

Tooth Distress - Minor Forms

The technical use of the term “distress” in this guideling relates to any changes thal may occur on the gear tooth surface; it does
not necessarily denate a fadure

Frosting

As noted before, diring mesh specific areas of the tooth surlace
are in contact during each slage. However, variations in the tooth
form between mating teeth may prodoce a slight chanpe in the
cantact pattern. This will result in light wear as the mating gears
sk 1o ad(ust to a comman piteh ling. Since this wear & in 2 slding
2ong starting near the root of the gear, it cawses a lorm of micro-
pitting. Magnification is required to see the pits. To the eye. it looks
like a band of off-white discoloration called “frosting”. There is a
lack of shean at this stage.

A gear should not be replaced simply bacause of frosting. But if it
#so shows other signs of distress, such as tip loading, misalign-
mient, severe surface irregularities, elc., then further investigation
is needed, These signs will be discussed tater.

Dtfset Frosting

s previowsly stated, there are acceptable lolerances in tooth lead.
Mating gear teelh can successlully oparate with lead varialon in
opposite directions. However, 2 small amount of load shifting may
occur. Shght wear may take place until the load is again evenly
distributed across the entire tooth width. This may atso result in
frasting in the dedendum portion and sometimes in the adden-
dum pertion of the ooth, ofisel from the tooth center. Agaln, un-
der normal conditions, haaling will take place and gear life will not
be lost

Healing

As sean in the photo, the pitch line is generally well defined. The
batance of the frasting will take the shape of the contact area, no
matber what @ might be. Under normal conditions, the contact
zone wears away, the rate of wear decreases until the paint is
reached whene it polishes itself out and the frosting Is totally re-
placed by a very shiny area. No further wear takes place. This is
called “heading™ and absolutely no gaar life is lost at this stage.
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Tooth Surface Distress

Highly Magnified
{Approx, 0607)

There Is another surtace condition which is normal in the early life
af & gear and comman in any carburized imalule spur gear. 11 is
the result of microscopic vanations in tooth form and surlace
raterial microstructune.

Lubricant normally fills the irregularities of bodh teeth while in
mesh. Lubricant builds a film of ail and no metal-to-metal contact
takes place. Under load. oil pressures and surface stréss develop
batween the teeth. The specific cause of this stress is debatabla,
One theory is that repeated high horsepower applications may
cause oil prassures sufficient to oversiress the micToscopic areas
of the tooth surface. Small surtace fractures may starl, and fe-
peated loading may increase the fracture until the area is weak
enough to break out, larming a pit

The pit size will vary, depending on the depth of the initial fracture
and how far the pitting has progressed. The pitting will progress
uritil the toalh can carry the load without further distress This
rafely excesds “initial” pitting and the distressed areas can heal

Initial Pitting

“Initial pitting”~ is the mildest stage of pitting. It consists of defl-
nite pits from pin hole size, just larger than frosting and barsty
noticeable to 020 inches ( 762mm) in diameter.

Generally, initial pitting confinues until the tooth is able io carry
tha load without further distress. Do not replace a gear because
of initial pitting, as it will nod cause noise and in many cases will
heal gver,

Combinations

You can ses endar normal oparation, a gear can have a “combi-
nation” of ooth distress, frosting andlor initial pitting. Agan, all
are likely to heal over,
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Tooth Surface Distress

Conclusion

Sofar, we have been discussing tooth distress caused when Lhere are two gears in mesh. However, Fuller twin countershaft trans-
missions have thres gears in a sel. This can rasult in combinations of minor distrass fooms or accaleration of healing, not normathy
associated with single countershaft trangmissions

The mainshalt gear in & Fuller twin coumershalt ransmission may have 1o adjust to both countershalt gears. Any change on the
teeth of the mainshaft gear thal may occur from meshing with cne countershaft gear may also affect its eparation with the other.
If observed, the resull will be combinations of surfacs distress beyond previous discussion but still minor in Rature. Wear s
distress will, again, eventually cease and likely heal over. Further, if variations from theoretical design are of the same forms and
locations on the gearing, break-in and healing will ba accelerated. This due to the mainshalt gear being subjected fo the condition
twice each rewofution [during mesh with both countershafl gears)

Since all torque loads in a Fuller twin countershaft transmission ame distributed across two countershafts, the actual loads applied
to the gear teeth in mesh are lower. Therefore, under normal oparating conditions, break-in wear or other forms of distress are
typecally of the most minor nature, when fownd
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Tooth Surface Distress

Tooth Distress - Progressive Forms

The previous discussion on minor forms of distress Is based on gearing operation under normal conditions, which may or may
not ocour on any gear in the life of a transmission. Subtie changes in the entire systerm over the life of a transmission (as it breaks
in} can affect how the gears mesh together, which may change tooth Tarm. This is why frosting may be found at relatively high
mileage. Mo failure will occur and, after adjusiment, the distress is likely 1o heal over,

The following discussion is based on the fact thal not all ransmissions operate under normal conditicns throughout thedr Hves.
Adverse conditions may exist which can result in distress progressing beyond levels previously discussed. The severity of the
conditions, including the length of time imvalved, will determing the rate of progression

Ay breakdown of the lubricatson, or reduced ol fiim, can increase the possibility or accelaration of tooth surface distress. More
impartantly, inadequate lubrication for a sestained penod will lkely causs the distress 1o advance bo a mone Severs stage.

Common causes of inadequale lubrication are:
= Low luba lavel
*  Inadequate lube viscosity
*  Lise of incorrect lube
= Lise of oil beyond its functional life

Moderaie Pitting

This gear shows pit craters approximately 060 inches
{1.524mm) in diameter and 005 to 010 inches {127mm to
254mm) deep, sboul twice the size of craters in initial pitting. The
pits are widaly distributed across the face of the tooth. This gear
has lived about 50% of life. Tha teeth have not been significantiy
weakenad af this stage and there Is no danger of breakage. As in
the case with gears ihat show irosting and initial pating, this type
of "moderale pitiing” will not cause noise. This gear can give
many more miles of useful service

T A A s ek 2B This gear alsa has pitting on approximately 50% of the tooth sur-
face, but wnlike the previous gear shawn, ths gaar should be re-
placed, The pitting Is concentrated and at the pitch line, which
changes the imvolute form. Although the teeth have not been sig-
nificanily weakened, noise can be generaled because the imvolute
form no longer Ealls within the tolerance band discussed earlier,

Sportsterpedia - https://sportsterpedia.com/


https://sportsterpedia.com/lib/exe/fetch.php/techtalk:ref:svcproc:gears..._eaton-understanding-spur-gear-life-pic10.jpg

Last update: 2025/08/22 17:41 techtalk:ref:svcprocllm https://sportsterpedia.com/doku.php/techtalk:ref:svcprocllm

Tooth Surface Distress

Destructive Pilting

The pitting on this gear is well advanced into a “destructive™
stage. The pit craters are considerably larger and deeper than
Ithose in moderate pitling. Gears in this stage of pitting should be
replaced, or noise and fatipue iractures may Docur.

Dacision Faclors
When deciding if a particular gear should be replaced because of pitting, the loliowing vanables musst be considared:

*  How much longer is the transmission expected 1o be in service? For example, in a transmission expected to give 500,000
miles of service, you Tind moderate pitting of the main drive gear at 300,000 miles. i there is not a noise complaint and
the transmission is going back into the same operaticn, there should be Ao reason to replace the gear.

+ | ihe transmission going back into the same applicatson? H the transmission was usad previously under moderate op-
arating conditions, but in the futwre will be wsed under more severe conditions, then the questionable gearing cannot be
expected to wear at the same rale as in the past

*  Has a noise complaind been salated to a particular pear sel? If so, the gear set should be replaced, regardbass of is ap-
pearance.

*  |{the past history of the transmission is not known (application, previous noise complaint, expected life of transmission),
then a questionable gear should be replaced.
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Tooth Surface Distress

Tooth Distress - Major Factors

Mapor forms of distress are primarily caused by a severe case of the faciors given for minor and progressive forms of distress.
These forms can occur at any time in the gear's kife. Whenever they occur. all gears in the sat must be replaced
R

Spalling

“Spalling" iz sbmilar in appearance to destructive pitting except the
craters ane larger in diameter and shallower in depth. Spalling oc-
curs over a short period of time when a gear is subject to an extreme
overioad condition,

Scoring

“Scoring” i caused by an insufficient oil film between mating gear
teeth, resulting in very high surlzce temperatures. This resulis in an
aternate welding tearing of metal which is rapidly tom from the
footh surface. Insufficient ofl film can be caused by: Low oil level,

I_ excessive transmission operating angles, high oparating tempera-

tures, poar quality, incorrect viscosity oil, and by mixing types of
oil

Burned Head Set

When inspacting a transmission with a “burned head set”, it is not
unusual to find the main drive pear badly scorad, with only shight
wisible damage 1o the mating countershaft drive gears. This ocowrs
because the teeth of the main drive gear make contact almaost thres
times as often as the teeth of the mating countershaft drive gears.
When replacing a burned main drive gear, also replace the counler-
shall dirive gears, even if there is no visible damags.
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Gear Tooth Fractures

Gear Tooth Breaking

The actual breaking of a tooth Is 2 senows tallure. Not only will the broken gear tall, but serious damiage may occur to other gearing
s a result of the broken tooth ranning through the transmission.

Theere are three basic types of gear foath fractures:

#  |mpact Fractures

*  Faligue Fractures
=  “Siringers” or "Gas Pockels™

Impact Fractures

“Impact fractures” are caused by a severe shock load or a foreign
object passing through the gear mesh. They are identified by a
“bump” on the compression side of the iractured area. The more cy-
céas the gear has run after the fractura, the smaller the bump will ba.
In addition to the gear which has a tooth fracture, the other two
gears of the sef shoubd also be replacad, even though they may look
unidamaged. All gearing in the transmission should be inspected lor
possible damage caused by the broken tooth running through the

transmission

Fatipue Fractures

“Fatigua fractures™ aré caused by axtramely high stresses on a gear
toath over a periad of tima.

Possible causes of such stresses could be:

* Shock tpads causing a small crack in the tooth

= Toath damage from objects gaing thraugh the gear mesh
* An overinad condition.

* Forging imperlections, excessive machining marks, or imgproper
heat treatment

= Savere pitting or suriace latigue

Fatigue fractwres are identilied by “beach”™ marks on the fractured ar-
2a. These marks are made a3 the tooth progressivedy cracks under a
boad heavy enough to enlarge the crack but not greal enough to
braak the antire tooth off &l one tima
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Gear Tooth Fractures

Stingers or Gas Pockels

Gears made from base metal which confain “stringers™ or “gas
pockats” have weak paints at those areas, These Iractures can be
identified by the ditference in fracture shape and matal lexture in the
break surface. Again, 3 with other fractures, mspect ail gearing in
the transmission for possible damage.
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Service Assistance

User Information

Using the inlormalion presanted in this gulde along with your mechanical skiils will help to determine il gear replacement is
necessary, a3 well 35 the reason for the condition. Sometimes, variations or combinations of conditions may make determi-
nation of the primary cause difficult and confusing. In these situations, or for more information, call or write:

EATON CORPORATION
TRANSMISSION DIVISION
P.0. Box 4013
Kalamazoo, MI 43003
1-B00-826-HELP (4357)
Every effort has been made fo ensure the accuracy of all infarmation in this brochure. However, Ealon Transmission Division

makes no expressed or implied warranty of representation based on the enclosed information. Any errors or omissions may
be reported io Training and Publication, Ealon Transmission Distsion, P.0. Box 4013, Kalamaroo, Mi 49003,
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