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Course Content 

Bearings are designed to support and locate rotating shafts or parts in machines. Rolling-element 
bearings use rolling elements (either balls or rollers) interposed between two raceways, and relative 
motion is permitted by the rotation of these elements with very little rolling resistance and with little 
sliding. Raceways that conform closely to the shape of the rolling elements are normally used to 
house the elements.  The rolling elements are usually positioned within the bearing by a retainer, cage 
or separator; in ball bearings of the filling-slot type and in needle bearings, they occupy the available 
space, locating themselves by contact with each other. Rolling bearings are also sometimes referred 
to as antifriction bearings. A variety of bearings are manufactured with seals on one or both sides. 
When the seals are on both sides, the bearings are lubricated at the factory. Although a sealed 
bearing is supposed to be lubricated for life, a method of re-lubrication is sometimes provided. 

Rolling-element bearings have the advantage of a good tradeoff between cost, size, weight, carrying 
capacity, durability, accuracy, friction, and so on. Other bearing designs are often better on one 
specific attribute, but worse in most other attributes, although fluid bearings can sometimes 
simultaneously outperform on carrying capacity, durability, accuracy, friction, rotation rate and 
sometimes cost. Only plain bearings are used as widely as rolling-element bearings. There are five 
types of rolling-elements that are used in rolling element bearings: balls, cylindrical rollers, tapered 
rollers, spherical rollers, and needles. 

 

TYPES OF ROLLING ELEMENTS 

Bearings are manufactured to take pure radial loads, pure thrust loads, or a combination of these two. 
A particularly common kind of rolling-element bearing is the ball bearing. The bearing has inner and 
outer races and a set of balls. Each race is a ring with a groove where the balls rest. The groove is 
usually shaped so the ball is a slightly loose fit in the groove. Thus, in principle, the ball contacts each 
race at a single point. However, a load on an infinitely small point would cause infinitely high contact 
pressure. In practice, the ball deforms (flattens) slightly where it contacts each race, much as a tire 
flattens where it touches the road. The race also dents slightly where each ball presses on it. Thus, 
the contact between ball and race is of finite size and has finite pressure. Note also that the deformed 
ball and race do not roll entirely smoothly because different parts of the ball are moving at different 
speeds as it rolls. Thus, there are opposing forces and sliding motions at each ball/race contact. 
Overall, these cause bearing drag. Most rolling element bearings use cages to keep the balls 
separate. This reduces wear and friction, since it prevents the balls from rubbing against each other 
as they roll, and precludes them from jamming.  Ball bearings can be divided into three categories: 
radial contact, angular contact, and thrust. Radial-contact ball bearings are designed for applications 
in which loading is primarily radial with only low axial (thrust) loads. Angular-contact bearings are used 
in applications that involve combinations of radial loads and high axial loads and require precise axial 
positioning of shafts. Thrust bearings are used primarily applications involving axial loads. For lightly 
loaded bearings, balls offer lower friction than rollers. Ball bearings can operate when the bearing 
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Needle roller bearings have cylindrical rollers with greater length-to-diameter ratios (approximately 4:1 
to 8:1). Often the ends of the rollers taper to points, and these are used to keep the rollers captive, or 
they may be hemispherical and not captive but held by the shaft itself or a similar arrangement. Since 
the rollers are thin, the outside diameter of the bearing is only slightly larger than the hole in the 
middle. However, the small-diameter rollers must bend sharply where they contact the races, and thus 
the bearing experiences fatigue failure relatively quickly. 
 
 

 
Needle bearing 

 
The rolling elements of tapered roller bearings are truncated cones. Tapered roller bearings use 
conical rollers that run on conical races. Most roller bearings only take radial or axial loads, but 
tapered roller bearings support both radial and axial loads, and generally can carry higher loads than 
ball bearings due to greater contact area. Taper roller bearings are used, for example, as the wheel 
bearings of most wheeled land vehicles. The downsides to this bearing is that due to manufacturing 
complexities, tapered roller bearings are usually more expensive than ball bearings; and additionally 
under heavy loads the tapered roller is like a wedge and bearing loads tend to try to eject the roller; 
the force from the collar which keeps the roller in the bearing adds to bearing friction compared to ball 
bearings.  The nomenclature for a tapered roller bearing differs in some respects from that of ball and 
straight roller bearings. The inner ring is called the cone, and the outer ring is called the cup. 
 
 

 
Tapered roller bearing 
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Types of Bearings and Nomenclature: 

 

  
1. Inner Ring       16. Outer Ring Face 
2. Inner Ring Corner Radius     17. Cylindrical Roller 
3. Inner Ring Land       18. Outer Ring Face 
4. Outer Ring Land       19. Cone Front Face 
5. Outer Ring       20. Cup Race 
6. Ball        21. Cup (Outer Ring) 
7. Counter Bore       22. Tapered Roller 
8. Thrust Face       23. Cone Large Rib 
9. Outer Ring Race      24. Cone Back Face 
10. Inner Ring Race      25. Cone (Inner Ring) 
11. Outer Ring Corner Radius    26. Cone Race 
12. Spherical Roller      27. Cage 
13. Lubrication Feature (Holes and Groove)   28. Spherical Inner Ring race 
14. Spherical Outer Ring Race    29. Needle Roller 
15. Inner Ring Face 
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only to temperatures of approximately 150°C (300°F). Although ball bearings made of high-
temperature materials, such as M50 (Fe-Cr-V-Mo alloy), or roller bearings made of CBS1000M (Cr-Ni-
Mo-V alloy) are usable upto approximately 315°C (600°F), the practical limit is actually determined by 
the breakdown temperature of the lubricant, which is 205 to 230°C (400-450°F) for the synthetic 
lubricants that are widely used at elevated temperatures. 

Molybdenum high-speed tool steels, such as M1, M2 and M10 are suitable for use to about 425°C 
(800°F) in oxidizing environments. Grades M1 and M2 maintain satisfactory hardnesses to about 
480°C (900°F), but the oxidation resistance of these steels becomes marginal after a long exposure at 
this temperature. Also, regardless of operating temperature, bearings require adequate lubrication for 
satisfactory operation. 

For bearings that operate in moderately corrosive environments, AISI type 440C stainless steel should 
be considered. Its maximum obtainable hardness is about 62 HRC, and it is recommended for use at 
temperatures below 175°C (350°F). However, the dynamic load capacity of bearings made from type 
440C stainless steel is not expected to be comparable to that of bearings made from 52100 steel. The 
carbide structure of 440C is coarser and the fracture toughness is about half of 52100 steel. 

Cages, sometimes called separators or retainers are used to space the rolling elements from each 
other. Cages are furnished ina wide variety of materials and construction. Most common types are 
steel, nylon or bronze. 

BEARING SERVICE LIFE 
 
Even when bearings are used under ideal conditions failures can be caused by deterioration of the 
material due to rolling fatigue. Unless operating conditions are ideal and the fatigue load limit is not 
reached, sooner or later material fatigue will occur. The period until the first sign of fatigue appears is 
a function of the number of revolutions performed by the bearing and the magnitude of the load.  
 
Fatigue is the result of shear stresses cyclically appearing immediately below the load carrying 
surface. After a time these stresses cause cracks, which gradually extend up to the surface. As the 
rolling elements pass over the cracks fragments of material break away and this is known as flaking or 
spalling. The flaking progressively increases in extent as shown below and eventually makes the 
bearing unserviceable. 
 

 

 
 
 

Generally, the service life of a bearing is expressed as the number of revolutions, or the number of 
hours at a given speed, a bearing will complete before developing fatigue spalling in the inner ring, 
outer ring or the rolling element. Life may vary from bearing to bearing, but conforms to a statistically 
predictable pattern for large numbers of bearings of the same size and type operating under the same 
conditions. The L10 rating life of a group of such bearings is defined as the number of revolutions at 
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which at least 90% of the tested bearings will survive. Similarly, the life reached or exceeded by 50% 
of the tested bearings is called the L50 life, or median life. The L50 life is about 3.5 to 5 times the L10 
life. 
 

 
Typical curve of bearing life expectancy 

Formulas used by most manufacturers to calculate basic load ratings of rolling-element bearings are 
given in Anti-Friction Bearing Manufacturers Association (AFBMA) standards. The basic load-rating 
life may be modified by life-adjustment factors, such as reliability, material, lubrication, alignment, 
temperature, and other environmental factors.  

Experimental data have provided a simple relationship between load and bearing life. The bearing life, 
L10, in millions of revolutions equals the ratio of bearing rating, C, to applications load, P, raised to an 
exponent, y, expressed as L10=(C/P)y, where y=3 for ball bearings and y=3.33 for roller bearings. The 
exponential character of this relationship between basic load and bearing life indicates that, for any 
given speed, a change in load may have a substantial effect on life in hours. 

Bearing service life is dependent on many factors. Depending on the application requirements, the 
actual service life can vary greatly. For example, a machine tool spindle bearing may be unfit for 
further service due to minor wear that affects spindle accuracy. In contrast, a rolling mill roll neck 
bearing may provide satisfactory service life even if the bearing has developed spalling damage, 
provided the spalls are properly repaired in a timely fashion. 

Reduced service life (premature failures) can be caused either individually or by any combination of: 

• Faulty mounting 
• Improper adjustment 
• Insufficient lubrication 
• Contamination 
• Improper or abusive handling 
• Poor housing support 
• High-static misalignment or shaft and housing deflection 
• Poor or inconsistent maintenance practices 

The life of a bearing is dependent on the load zone obtained under operating conditions. Generally 
speaking, the greater the load zone, the longer the life of the bearing under stabilized operating 
conditions. Figure below illustrates this relationship for tapered roller bearings; other roller bearings 
with radial loads would have a similar performance relationship. 
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Bearing Life vs. Bearing Operating Setting 

 
 

Bearing Loading Patterns 
 
Damage to bearings usually results from subjection to loads or conditions other than those for which 
the bearings were designed. For example, misalignment or improper fit can result in loading that 
differs considerably, both in magnitude and direction, from that anticipated by the designer. 
Determination of such abnormal conditions by inspection of the location and distribution of damage on 
bearing components is often helpful. Most types of damage to ball bearings will be located on the path 
of ball travel. Because each type of loading produces its own characteristic ball path, the conditions of 
loading under which the damage occurs can be determined from an inspection of this ball path. 
Similar observations can be made on roller bearings. 

Satisfactory operation of a bearing that has functioned under radial loads can be easily recognized.  In 
radial ball bearings that have been properly mounted, operated under good load conditions, and kept 
clean and adequately lubricated, the paths of the balls on the highly polished raceways appear as 
dulled surfaces on which microscopic grinding scratches have been smoothed out. No appreciable 
amount of material has been removed from the surface of the raceways or balls, as indicated by the 
fact that there is no measurable decrease in the diameter of the balls, although the entire surface has 
been dulled. Other indications of satisfactory operation are uniformity; exact parallelism with the side 
of the raceway, which indicates correct alignment; and centering of the ball path in the raceway, which 
indicates that loading of the bearing has been purely radial. 
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Normal loading 
 
When the bearings are installed properly, with the correct bearing pre-load, the load pattern will be 
symmetrical (blue area). 

 

 
 
Under this condition, with proper sealing and lubrication, the bearing should easily run for the life of 
the main component. 

Improper loading 
 
Overtightening the adjusting nut, or not seating the bearing properly, causes a shift in the load pattern 
on the bearing surfaces. 

 

 
 
 

Wear becomes uneven on the roller surfaces -- roller, inner ring flange and race -- because the 
pressures on the surfaces are very distorted (blue area). In this situation the bearing fails prematurely. 
 
Lubrication 
 
Rolling-contact bearings need a fluid lubricant to obtain or exceed their rated life. In the absence of 
high-temperature environment, only a small amount of lubricant is required for excellent performance. 
Excess lubricant will cause heating of the bearing and accelerate deterioration of the lubricant. 
Optimum lubrication can be predicted since it has been shown that film thickness is sensitive to 
bearing speed of operation and lubricant viscosity properties and, moreover, that the film thickness is 
virtually insensitive to load. 
 
Grease is commonly used for lubrication also because of its convenience and minimum maintenance. 
A high quality lithium-based grease should be used for temperatures up to 180°F (82°C), or polyurea- 
based grease for temperatures up to 300°F (150°C). In applications involving high speed, oil 
lubrication is often necessary.  
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EXAMINATION of FAILED BEARINGS 

If a bearing fails to meet its predicted life requirement, the analyst must discover the cause of damage 
that led to failure and recommend measures that will eliminate or control this damage. The influenece 
of uncontrolled or unknown factors that can overshadow the effect of the controlled variable in tests 
must be determined. 

For an accurate and complete analysis, not only the bearing but also the shaft, housing and the 
lubricant used with the bearing should be investigated and the following steps taken in order to 
determine the cause of the bearing damage and system breakdowns.  

• Obtain operating data from bearing monitoring devices; analyze service and maintenance records 
and charts; and secure application diagrams, graphics or engineering drawings.  

• Prepare an inspection sheet to capture all observations. Take photographs throughout the 
procedure to assist documentation or description of damaged components.  

• Extract used lubricant samples from bearings, housing and seal areas to determine lubricant 
conditions. Package separately and label properly.  

• Secure a sample of new, unused lubricant. Record�any specification or batch information from 
the container. Obtain technical specifications and any related material �safety data (handling, 
disposal, toxicological) documentation to accompany lubricant shipments.  

• Check bearing environment for external influences, including other equipment problems that 
preceded or were occurring at the time bearing damage was reported.  

• Disassemble equipment (either partially or completely). Record an assessment of the mounted 
bearing condition.  

• Inspect other machine elements; in particular the position and condition of components adjacent 
to the bearing, including locknuts, adapters, seals and seal wear rings.  

• Mark and record the mounted position of bearings and components prior to removal. 
• Measure and verify shaft and housing size, roundness and taper using certified gauges. 
• Following removal, but before cleaning, record observations of lubricant distribution and condition. 
• Clean parts and record manufacturer’s information from marking on the bearing rings (part 

number, serial number, date code). 
• Analyze condition of the internal rolling contact surfaces, load zones and the corresponding 

external surfaces. 
• Apply preservative oil and repackage bearings to avoid corrosion. 

Not all of this information may be needed for every analysis, but it is desirable because the necessary 
data cannot be established until considerable analytical work has been done. Later acquisition of 
pertinent data is frequently difficult of impossible. Information regarding overheating, excessive noise, 
frequency of replacement, vibration, looseness and resistance to shaft rotation should also be sought 
from the bearing user. If you are a bearing user and you are concerned that your bearing is deteriorating 
then you should look for the following signs: Vibrations – whether felt by hand or measured with a 
frequency analyzer; Abnormal noises; Displacement of rotational centerline; Running temperature 
increase; Odd smells; Lubricant deterioration; Lubricant leakage, and any other abnormalities during 
routine visual maintenance check. A brief summary of typical failures and their causes is given in the 
following table. 

 

 

 

 



www.PDHcenter.com                        PDHonline Course M422                    www.PDHonline.org 
 

©Semih Genculu 2012  Page 13 of 38 

 

 



 

©Sem

TY

Be
thi
ne
ha

W
 
On
for
cir

Ab
 

Fin
gr
ra
Th
res
the
Im
all

www.PDHce

mih Genculu 2

YPES of BE

earing damag
is section are
eedle, tapered
andling practic

Wear – Foreig

ne of the mos
reign particles
rcumferential 

brasive Wear

ne foreign ma
inding or mac
ces. In tapere

his wear will r
sultin misalig
e bearings ar

mproper initial 
low abrasive 

nter.com       

2012 

EARING DAM

ge can occur a
e the most com
d and ball des
ces are critica

ign Material

st common so
s. Foreign pa
lining or debr

r 

A

Fine particle

aterial in the b
chining, and f
ed bearings, t
esult in increa
nment in the 
re used. The f
cleaning of h
particles to ac

                 PD

MAGE 

as a result of 
mmonly found
signs. It is imp
al to ensure o

l 

ources of trou
rticle contam
ris contamina

Abrasive wear

e abrasive we

bearing can c
fine metal or c
the roller ends
ased endplay
bearing. Abra
foreign particl

housings and 
ccumulate. 

DHonline Cou

a number of 
d for anti-fricti
portant to rem
optimum perfo

ble in anti-fric
ination can ca

ation. 

r due to fine p
 

ar on inner ra
 

cause excessi
carbides from
s and cone rib

y or internal cl
asive wear als
les may get in
parts, ineffec

urse M422     

different oper
ion bearings, 

member that p
ormance. 

ction bearings
ause abrasive

particle conta

ace, common

ive abrasive w
m gears will we

b will wear to 
learance, whi
so can affect 
n through bad
ctive filtration 

               ww

rating conditio
including cyl

proper bearing

s is wear, and
e wear, bruisi

 
mination 

 
ly known as f

wear. Sand, f
ear or lap the
a greater deg
ch can reduc
other parts o

dly worn or de
or improper f

ww.PDHonline

Page

ons. Those lis
indrical, sphe
g maintenanc

d damage cau
ng and groov

frosting 

ine metal from
 rolling eleme
gree than the

ce fatigue life 
f the machine
efective seals
ilter maintena

e.org 

e 14 of 38 

sted in 
erical, 
ce and 

used by 
ving, 

m 
ents and 
e races. 
and 
e in which 
s. 
ance can 



 

©Sem

Appe

Caus

Actio

 

Pi
 
 

Ha
ra
Me
da
 
Gr
 
 

Gr
be
co

 

www.PDHce

mih Genculu 2

earance 

e 

on 

tting and Bru

ard particles r
ces. The sou
etal chips or l
amage. 

rooving 

rooving is cau
ecome wedge
ondition result

nter.com       

2012 

Small indent
Grease disc
Lack of clea
contaminate
Do not unpa
use clean to
lubricant. Wi

uising 

rolling through
rce may be d
large particles

used by extre
ed in the soft c
ts in improper

                 PD

tations around
olored green.
nliness before

ed by worn pa
ack bearing un
ols. Check an
ipe the greas

Bruising: d
inadequat

h the bearing 
ebris from oth
s of dirt rema

Grooving du
embed

mely heavy w
cage material
r rolling conta

DHonline Cou

d the raceway
.  
e and during 

articles from b
ntil just before
nd possibly im
e nipples. Filt

debris from ot
te sealing or p

 
 

may cause p
her fatigued p
ining in impro

ue to large pa
dding into soft

 
 

wear from chip
l and cause c

act geometry a

urse M422     

ys and rolling

mounting ope
brass cage.  
e it is to be m
mprove the se
ter the oil.  

her fatigued p
poor maintena

pitting and bru
parts, inadequ
operly cleaned

article contam
t cage materia

ps or metal p
cut grooves in
and can redu

               ww

g elements. D

eration. Ineffe

ounted. Keep
ealing. Always

 
parts,  
ance 

uising of the r
uate sealing o
d housings ca

 
ination  
al 

articles. Thes
n the rolling el
ce service life

ww.PDHonline

Page

ull, worn surfa

ective seals. L

p workshop cl
s use fresh, c

rolling elemen
or poor mainte
an initiate ear

se contamina
ements. This

e. 

e.org 

e 15 of 38 

aces. 

Lubricant 

lean and 
clean 

nts and 
enance. 
rly fatigue 

nts 
s 



 

©Sem

De
 
 

Co
Co
br
pa
Ra
be

Co
 
Co
of 
mo

Co
ch
Im
co
sh
us
co

www.PDHce

mih Genculu 2

ebris Contam

ommon cause
ommon cause
akes, joints, h

articles travel 
aised metal a
earing life. 

orrosion 

orrosion is on
surface finish
oisture and w

orrosion is mo
hanges. The m
mproper wash
onsiderable da
hould be coate
sed, should al
orrosion appe

nter.com       

2012 

mination 

es of external
es of internal 
housings not 
within the lub
round the den

ne of the most
h on races an

water if not ad

ost often caus
moisture or w
ing and dryin
amage. After 
ed with oil or 
lways be stor
aring before m

Lu

                 PD

Gross cont
operating

l debris conta
debris contam
properly clea

brication, thro
nts that act as

t serious prob
nd rolling elem
equately prot

sed by conde
ater oftentime
g of bearings
cleaning and
another prese
ed in a dry ar
mounting. 

ubrication gre

DHonline Cou

tamination re
g conditions a

 
amination inclu
mination inclu
ned, and dam
ugh the beari
s surface-stre

blems encoun
ments makes 
tected. 

nsate collecti
es gets in thro
 when they a

d drying or wh
ervative and w
rea and kept i

ease comprom

urse M422     

sulting from h
and/or seal fai

ude dirt, sand
ude wear from
maged or spa
ing and event
ess risers cau

ntered in anti-f
them suscep

ing in the bea
ough damage
re removed fo

henever bearin
wrapped in pr
in original pac

mised by wate

               ww

 
harsh  
lure 

d and environ
m gears, splin
lled compone
tually bruise (

use premature

friction bearin
tible to corros

aring housing 
ed, worn or in
or inspection 
ngs are put in
rotective pape
ckaging to red

 
er ingress 

ww.PDHonline

Page

mental partic
es, seals, clu

ents. These h
(dent) the sur
e spalling and

ngs. The high
sion damage 

due to tempe
adequate sea
also can cau

nto storage, th
er. Bearings, 
duce risk of s

e.org 

e 16 of 38 

cles. 
tches, 
ard 

rfaces. 
d reduced 

 degree 
from 

erature 
als. 
se 
hey 
new or 
tatic 



 

©Sem

 

Appe

Caus

Actio

 

In
 
Ina
lub
du
an
his
co
ex
 
Th
De
loc

www.PDHce

mih Genculu 2

Chemical re
corrosion

earance 

e 

on 

nadequate L

adequate lub
bricant intend
uring service.I
nd additives b
story, loading
onsideration o
xpected. 

he damage ca
epending on t
ckup with extr

nter.com       

2012 

eaction of gre
n as evidence

Rusting

Greyish
element
bearing
Presenc
period o
Improve

Lubrication 

rication can c
ded for a bear
It is very impo

be properly en
g, speeds, sea
of these factor

aused by inad
the level of da
reme metal fl

                 PD

ease and mois
ed by witness 

g with pitting: 

 black streaks
t spacing. At a
.  
ce of water, m
of time.  
e sealing. Use

create a wide 
ring is not suff
ortant that the
ngineered for 
aling systems
rs, less than a

dequate lubric
amage, it may
ow. 

DHonline Cou

sture in a pro
marks gener

 

corrosion fro
 
 

s across the r
a later stage, 

moisture or co

e lubricant wit
 

range of dam
fficient to sepa
e right lubrica
each bearing

s, service con
adequate bea

cation varies g
y range from 

urse M422     

longed static 
ated at each 

om moisture/w

raceways, mo
pitting of rac

orrosive subst

th better rust 

mage conditio
arate the rolli
nt amount, ty

g system. The
ditions and ex

aring and app

greatly in bot
very light hea

               ww

condition res
ball location o

 
water exposur

ostly coincidin
eways and ot

tances in the 

inhibiting pro

ns. Damage 
ng and sliding
pe, grade, su

e correct selec
xpected life. W

plication perfo

h appearance
at discoloratio

ww.PDHonline

Page

sulting in pittin
on the inner r

re 

ng with the ro
ther surfaces 

bearing over 

perties.  

happens whe
g contact surf
upply system, 
ction is based
Without prope
rmance may 

e and perform
on to total bea

e.org 

e 17 of 38 

ng and 
race 

lling 
of the 

a long 

en the 
faces 
viscosity 

d upon 
er 
be 

mance. 
aring 



www.PDHcenter.com                        PDHonline Course M422                    www.PDHonline.org 
 

©Semih Genculu 2012  Page 18 of 38 

 
The section below demonstrates the progressive levels of bearing damage caused by 
inadequate lubrication: 

Level 1 – Discoloration 

• Metal-to-metal contact results in excessive bearing temperature 
• High temperatures result in discoloration of the races and the roller 
• In mild cases, the discoloration is from the lubricant staining the bearing surfaces. In severe cases, 
the metal itself is discolored from high heat. 
 
 

 
Heat discoloration on race 

 
Level 2 – Scoring and Peeling 
 
• Insufficient or complete lack of lubricant 
• Selecting the wrong lubricant or lubrication type 
• Temperature changes 
• Sudden changes in running conditions. 
 
 

 
Roller end scoring due to metal-to-metal contact  

from breakdown of lubricant film 
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Total bearing lock-up due to skewed rollers 

 
 

Appearance Worn, frequently mirror-like, surfaces; at a later stage blue to brown discoloration.  
Cause Lubricant has gradually been used up or has lost its lubricating properties.  
Action Check that the lubricant reaches the bearing. More frequent relubrication.  

 
 
Fatigue Spalling 
 
Spalling is simply defined as the pitting or flaking away of bearing material. Spalling primarily occurs 
on the races and the rolling elements, and the cracks typically initiate subsurface where contact 
stresses are the highest. They then propagate and reach the surface causing spalling. 
 

 
Cross section showing subsurface cracking  

 
It is important to realize that there are many types of “primary” bearing damage shown throughout this 
course, and they will eventually deteriorate into a secondary damage mode of spalling. This is a 
progressive failure mode and once initiated will spread as a result of further operation. It will always be 
accompanied by a marked increase in vibration. There are three distinct spalling damage modes that 
are classified by bearing manufacturers: 

 
Geometric Stress Concentration (GSC) Spalling 
 
Spalling from misalignment or heavy loading. This mode typically leads to deflection or edge loading 
that initiates high stress at localized regions of the bearing. The damage occurs at the extreme edges 
of the race/roller paths. It also can be the end result of machining errors with the shaft or the housing. 
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Damage from shock or impact 

 
 

False Brinelling/Vibration 
 
False brinelling is, as the name implies, not true brinelling or denting. False brinelling is actually 
fretting wear. It is caused by slight axial movement of the rolling elements while the bearing is 
stationary. A groove is worn into the race by the sliding of the rolling element back and forth across 
the race. Vibration causes the sliding movement.There are times when this cannot be prevented, such 
as when automobiles or other types of equipment are shipped by rail or truck for relatively long 
distances. It also can occur during shipment by ocean freight. The vibration present may cause 
enough movement to produce some of this false brinelling. It can be greatly reduced or eliminated by 
reducing the potential for relative movement and decreasing the static weight present during shipment 
or storage. 
 
Rolling element bearings also exhibit false brinelling when used in positions that encounter very small 
reversing angular oscillation (less than one complete rotation of the rolling element). False brinelling 
can be distinguished from true brinelling by examining the depression or wear area. False brinelling 
will actually wear away the surface texture whereas the original surface texture will remain in the 
depression of a true brinell. 
 
The following factors influence the rate at which false brinelling occurs: 

  Slip- False brinelling cannot occur unless relative motion is sufficient to produce slip between the 
surfaces. 

  Frequency - Frictional wear rates increase at lower frequencies and become almost constant as 
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frequency increases. 
  Normal Load - Frictional wear generally increases with applied load. 
  Duration - False brinelling increases almost linearly with the number of cycles. 
  Temperature - Generally, false brinelling tends to increase with decreasing temperatures. 
  Environment- False brinelling is more severe in an air or oxygen atmosphere than in an inert 

atmosphere. 
  Surface Finish - False brinelling is generally more serious when the surfaces are smooth because a 

smooth finish has smaller and fewer lubricant pockets. 
  Lubricant - Lubricants that restrict the access of oxygen reduce frictional wear. 
  Hardness - Generally increased hardness reduces frictional wear. 
  

The primary way to prevent false brinelling is to eliminate the source of vibration. In addition, steps 
can be taken to remove the relative displacement between parts by: 
• Decreasing internal clearances if it does not adversely affect bearing operation 
• Locking bearings with a light thrust load (not double-row bearings) 
• Keeping all surfaces lubricated by periodically rotating stationary equipment 
• Pumping grease into the bearing while rotating it if this is a grease application 
• Reducing lubricant viscosity so that the lubricant can wet and separate contact surfaces better 
 
 

 

 
Wear caused by vibration or relative axial movement between rollers and races 

 

Appearance 
Depressions in the raceways. These depressions are rectangular in roller bearings 
and circular in ball bearings. The bottom of these depressions may be bright or dull 
and oxidised.  

Cause The bearing has been exposed to vibration while stationary.  

Action 
Secure the bearing during transport by radial preloading. Provide a vibration-damping 
base. Where possible, use ball bearings instead of roller bearings. Employ oil bath 
lubrication, where possible.  
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Burns from Electric Current 
 
Arcing, which produces high temperatures at localized points, results when an electric current that 
passes through a bearing is broken at the contact surfaces between the races and rolling elements. 
Each time the current is broken while passing between the ball or roller and race, a partially melted 
zone (pit) is produced on both parts. Eventually fluting develops. As it becomes deeper, noise and 
vibration result. A high-amperage current, such as a partial short circuit, will cause a rough, granular 
appearance. Heavy jolts of high-amperage charges will cause more severe damage, resulting in the 
welding of metal from the race to the ball or roller. These protrusions of metal on the roller will, in turn, 
cause a crater effect in the race, resulting in bearing noise and vibration. 
 
Causes of arcing include static electricity from charged belts or processes that use calendar rolls, 
faulty wiring, improper grounding, welding, inadequate or defective insulation, loose rotor windings on 
an electric motor and short circuits. 
 

 
Electric arc pitting: small burns created by arcs from improper  

electric grounding while the bearing is stationary 
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Fluting shows up as a series of small axial burns caused by  

current passing through the bearing while it is rotating 
 

Appearance 
Dark brown or greyish black fluting (corrugation) or craters in raceways and rollers. 
Balls have dark discolouration only. Sometimes zigzag burns in ball bearings 
raceways. Localised burns in raceways and on rolling elements.  

Cause Passage of electric current through the bearing. 

Action Re-route the current to by-pass the bearing. When welding, arrange earthing to 
prevent current passing through the bearing. Use insulated bearings.  

 
 
Fractures, cracks and other failures 
 
Cracks may form in bearing rings for various reasons. The most common cause is rough treatment 
when the bearings are being mounted or dismounted. Hammer blows, applied directly against the ring 
or via a hardened chisel, may cause fine cracks to form, resulting in pieces of the ring to break off 
when the bearing is put into service. Excessive drive up on a tapered seating or sleeve is another 
cause of ring cracking. The tensile stresses, arising in the rings as a result of the excessive drive-up, 
produce cracks when the bearing is put into operation. The same result may be obtained when 
bearings are heated and then mounted on shafts manufactured to the wrong tolerances. 
 
 

 
Fractured outer ring of a self-aligning ball bearing. The indentations visible at the bottom edge of  
the ring were caused by rough treatment and the crack originated at one of these indentations. 

 
 
Cam Fracture: Wide Inner Ring Ball Bearings 
 
An undersized shaft or an outer ring that cannot be aligned due to the housing may cause a broken 
cam, a misaligned travel path or bearing wobble.This type of bearing damage may be prevented by 
using the correct size shaft and by using a self-aligning featured bearing with a spherical outer ring to 
compensate for initial misalignment and correctly mount bearings. 
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Bearing Cage Damage 
 

If, on examination of a failed bearing, the cage is found to be damaged, it may in many cases prove 
difficult to ascertain the cause. Usually other components of the bearing are damaged too and this 
makes it even more difficult to discover the reason for the trouble. However, there are certain main 
causes of cage failure, such as vibration, excessive speed, wear and blockage. 
 
Vibration 
 
When a bearing is exposed to vibration, the forces of inertia may be so great as to cause fatigue 
cracks to form in the cage material after a time. Sooner or later these cracks lead to cage fracture.  
 
Excessive speed 
 
If the bearing is run at speeds in excess of that for which the cage is designed, the cage is subjected 
to heavy forces of inertia that may lead to fractures. Frequently, where very high speeds are involved, 
it is possible to select bearings with cages of special design. 
 
Wear 
 
Cage wear may be caused by inadequate lubrication or by abrasive particles. The idea with rolling 
bearings is of course to avoid sliding friction. However, where the cage is concerned, sliding cannot be 
eliminated in the contacts with the other components of the bearing. This explains why the cage is the 
first component to be affected when the lubrication becomes inadequate. The cage is always made of 
softer material than the other components of the bearing and consequently it wears comparatively 
quickly. As the cage pockets increase in size, due to wear, the rolling element guidance deteriorates 
and this also applies to the cage in cases where the cage is centered on the rolling elements. The 
resultant forces may lead to cage failure within a short period of time.  
 
Blockage 
 
Fragments of flaked material or other hard particles may become wedged between the cage and a 
rolling element, preventing the latter from rotating around its own axis. This leads to cage failure.  
 
Other causes of cage damage 
 
If the rings of a deep groove ball bearing are fitted out of alignment with each other, the path of the 
balls has an oval configuration. If the cage is centered on the balls, it has to change shape for every 
revolution it performs. Fatigue cracks then form in the material and sooner or later they lead to 
fractures. There is a similar case when a thrust ball bearing is fitted together with radial plain bearings. 
If clearance arises in the plain bearings, the washers of the thrust bearing become displaced in 
relation to each other. Then the balls do not follow their normal path and heavy stresses may arise in 
the cage. Cages in bearings subject to severe acceleration and retardation, in conjunction with 
fluctuations in speed, are affected by forces of inertia. These give rise to considerable pressure 
between the contacting surfaces, and consequently lead to heavy wear. 

 
FACTORS THAT IMPACT LUBRICATION PERFORMANCE 
 
As noted on earlier in the course, the life of a bearing depends to a great extent on the proper 
lubrication of the bearing. The contacting surfaces in rolling bearings have a relative motion that is 
both rolling and sliding, and so it is difficulty to understand exactly what happens. If the relative 
velocity of the sliding surfaces is high enough, then the lubricant action is hydrodynamic (load carrying 
surfaces are separated by a relatively thick film of lubricant so as to prevent metal-to-metal contact). 
Elastohydrodynamic lubrication (EHL) is the phenomenon that occurs when a lubricant is introduced 
between surfaces that are in pure rolling contact. When a lubricant is trapped between such surfaces, 
a tremendous increase in the pressure within the lubricant film occurs. But viscosity is exponentially 
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related to pressure and so a very large increase in viscosity occurs in the lubricant that is trapped 
between the surfaces.  
 
The purposes of a bearing lubricant may be summarized as follows: 
 

• To provide a film of lubricant between the sliding and rolling surfaces 
• To help distribute and dissipate heat 
• To prevent corrosion of the bearing surfaces 
• To protect the parts from the entrance of foreign matter 

 
Common oils used in bearing applications are synthetic or mineral. Mineral oil is derived from refining 
crude petroleum and can contain unstable compounds such as nitrogen, oxygen or sulfur, which can 
affect service life. Synthetic oils are free of impurities and are designed for use in special 
circumstances where normal petroleum products can’t cope with temperatures. In most cases, 
additives are used in the oils to resist oxidation, reduce foaming and improve lubricity. 

Although lubricating oils are uniform in many characteristics, knowing and understanding the viscosity 
of oil is critical in determining its operating limits. Viscosity is the measure of the flowability of a liquid 
at a definite temperature. The faster the flow, the lower the viscosity, and vice versa. The oil viscosity 
must be high enough to provide a continuous film but not too high to generate excessive heat. 
 
Either oil or grease may be employed as a lubricant. The following basic rules may help in deciding 
between them: 
Use grease when: The temperature is not over 200°F, the speed is low, unusual protection is required 
from the entrance of foreign matter, simple bearing enclosures are desired, operation for long periods 
without attention is desired. 
Use oil when: Speeds are high, temperatures are high, oil-tight seals are readily employed, bearing 
type is not suitable for grease lubrication, the bearing is lubricated from a central supply which is also 
used for other machine parts. 
When bearings must be operated at extreme temperatures, a solid-film lubricant such as graphite or 
molybdenum disulfide must be used because the ordinary mineral oils are not satisfactory. 
 
Re-greasing Intervals 
 
Certain applications, such as electric motors utilizing double shielded or double sealed bearings, 
which are typically of the lubricated-for-life design, usually do not require re-greasing. On the other 
hand, all others, those being open or single shielded or sealed bearings, should be re-lubricated 
periodically to replace grease that has deteriorated, leaked away, or become contaminated. Generally, 
operating conditions will dictate the re-lubrication interval required. All greases deteriorate at some 
rate, even under moderate operating conditions. The principal causes are oxidation, excessive oil 
bleeding, and mechanical working. At high temperatures, oil evaporation may also be a factor. 
Oxidation eventually increases the oil viscosity and hardens the soap. Some oil bleeding is desirable, 
but too much reduces the ability of the grease to maintain an effective lubrication film. Mechanical 
working, or shearing, may change grease properties such as consistency, making the grease less 
suited to the application. Excessive oil evaporation may harden the grease. Deterioration often ends in 
hard, dry, deposits that can neither lubricate bearings nor protect them against contaminants.  
 
Operating and other factors that influence re-lubrication frequency include: temperature, continuity of 
service, quantity of grease in housing, size and speed of bearing, vibration, exposure to contaminants, 
effectiveness of seals, and the grease’s suitability for the particular service. The re-lubrication process 
typically requires scheduled machine downtime, which increases maintenance costs and causes loss 
in production. In addition, re-lubrication maintenance practices often fall short. While some processes 
are automated, the majority of re-lubrication is performed manually using a grease gun. This 
seemingly simple task actually involves a number of critical steps, including correct amount of lube, 
the right grease gun, proper cleaning, and careful storage and handling conditions, just to name a few. 
In addition, it is critical to use the same grease for the entire lifespan of a bearing. 
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As mentioned earlier, lubricants aid in protecting bearing surfaces from corrosion and reducing friction. 
A very high percentage of all bearing damage can be attributed to inadequate lubrication. Although a 
very broad term, inadequate lubrication can be classified into eight basic categories: 
 
 

• Overfilling  
• Underfilling 
• Incorrect grease  
• Mixing greases 
• Incorrect lubrication systems and intervals  
• Worn-out grease  
• Water contamination  
• Debris contamination  

 
 
Overfilling 
 
Overfilling a bearing with too much grease can cause excess churning during operation and high 
temperatures, resulting in overheating and excess grease purging (leaking). Overheating occurs 
because the heat generated cannot dissipate correctly, continually building until damage occurs. As 
the operating temperature of the bearing rises, the oxidation (breakdown) rate of the grease sharply 
increases – doubling every 10° C (18° F). 
 
During initial start-up, it is common for a properly greased bearing to purge a small amount of grease. 
A slight grease purge is often recommended by original equipment manufacturers, as it acts as a 
barrier seal to help keep out external debris contamination. Always follow original equipment 
manufacturers’ recommendations regarding grease purging and correct replenishment amounts. An 
overfilled bearing may also purge grease during initial start-up. However, over time and as 
temperature rises, excess grease will continue to purge from an overfilled bearing and have a 
darkened color. 
 
 

 
 
 

Underfilling 
 
Underfilling a bearing with grease also can have adverse consequences. As in overfilling, heat can be 
generated but for different reasons. When the grease amount is low, a grease starvation condition 
may be created, causing heat generation or excessive metal wear during operation. If�a bearing 
suddenly becomes noisy and/or the temperature increases, excessive wear may be taking place. 
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Incorrect Grease 
 
The base oil in a particular grease may have a different thickness (viscosity) than what is 
recommended for your application. If the base oil viscosity is too heavy, the rolling elements may have 
difficulty in pushing through the grease and begin to skid. If this occurs, excessive grease oxidation 
(breakdown) may cause premature grease degeneration and excessive wear of bearing components. 
If the viscosity is too light, peeling (micro-spalling) and wear may result due to thin lubricant film from 
elevated temperatures. In addition, the additives contained in a particular grease may be inappropriate 
or even incompatible with surrounding components in your system. 
 
PREDICTING FAILURE 
 
There are many predictive technologies with varying levels of sophistication that can spot the 
degeneration of a bearing before it fails. Some common ones are outlined below. 
 
Vibration analysis can detect and analyze the condition of various components, including rolling-
element bearings. By analyzing vibration signatures produced by bearing components, a vibration 
analyst can pinpoint bearing damage caused during operation. Any unusual pattern generated at one 
of these suspected frequencies is cause for immediate concern. 
 
Today's vibration analysis tools include handheld data logger/analyzers with features to facilitate the 
detection, analysis, and correction of machine problems. A frequency analysis feature can overlay 
bearing defect frequencies on collected spectra to facilitate the detection and identification of machine 
and component problems.Handheld computers support operator-based maintenance. Online systems 
can constantly monitor bearings and other components. Powerful analysis software can manage, 
manipulate, and analyze machine condition data. 
 
Lubricant analysis can reveal the condition of bearings lubricated by either a static oil sump or 
circulating oil by the amount of contamination present in the system. In addition to obtaining an 
indication of the bearing components' condition, the analysis also gives an indication of whether the oil 
in the lubrication system is degrading. 
 
Temperature monitoring, while providing insight into potential bearing problems, does not reveal the 
actual condition of bearing components as accurately as vibration monitoring and lubricant analysis. 
An elevated bearing temperature affects the lubricant's viscosity and can lead to failure. Therefore, the 
maintenance professional should attempt to find out why a bearing is overheating and try to correct 
the situation. 


