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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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tee responsible for this document is ISO/TC 4,%Rolling bearings.

edition cancels and replaces the first edition (ISO 15243:2004), which has been technically
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Introduction

In practice, damage and/or failure of a rolling bearing can often be the result of several mechanisms
operating simultaneously. The failure can result from improper transport, handling, mounting or
maintenance or from faulty manufacture of the bearing or its adjacent parts. In some instances, failure
is due to a design compromise made in the interests of economy or from unforeseen operating and
environmental conditions. It is the complex combination of design, manufacture, mounting, operation
and maintenance that often causes difficulty in establishing the root cause of failure.

NOTE Be aware that counterfeit bearings are circulated in the market. They might look as original bearings,

but tknir useoften loaad tavarv aarly damaago ar failurg
J J [s]

In thie event of extensive damage to or catastrophic failure of the bearing, the evidence iq likely to be
lost and it will then be impossible to identify the root cause of failure. It is thereforéjimpointant to stop

equipment in time to enable appropriate bearing damage analysis (see Figure 1). Il caseq, knowledge
of the¢ actual operating conditions of the assembly and the maintenance histor%f@o utmostfimportance.

N

.\@
NOTH The spall started just behind the dent !rﬂhe raceway [a)]. Over a period of time, the spalling becomes

more|severe [b) and c)]. If not stopped in time,

e O |
Figure fj— Progression of bearing damage
The ¢lassification of bearingd‘;(g]h%e established in this document is based primarily upon [the features
visible on rolling contact_surfaces and other functional surfaces. Consideration of each feature is
requfred for reliable d%@;ﬁnation of the root cause of bearing failure. Since more thar one failure
mechanism may ca imilar effects to these surfaces, a description of appearance alpne is often
inad¢quate for det&ing the cause of the failure. In such cases, the operating conditions need to be
consjdered. In so@e cases, the analysed damage is too advanced, and can be originated from different
primjary cau ?I‘n these cases, it is interesting to look for simultaneous presence of indications to
determine ﬁrimary cause of the failure.

roof of the root cause disappears [d)].

This|d é&&gnt covers rolling bearings having steel rings and rolling elements. Damage to[the rings of
bearings with ceramic rolling elements shows similar failure modes

In this document, bearing life is as described in ISO 281[1], which provides formulae to calculate bearing
life taking a number of factors into consideration, such as bearing load carrying capacity, bearing load,
type of bearing, material, bearing fatigue load limit, lubrication conditions and degree of contamination.

© IS0 2017 - All rights reserved v
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Rolling bearings — Damage and failures — Terms,
characteristics and causes

1 Scope

This document classifies different modes of failure occurring in service for rolling bearings made of

stan ; ; ;
and [possible root causes of failure. It will assist in the identification of failure modsé
apperance.

For the purposes of this document, the following terms are explained:

ailure of a rolling bearing: the result of a damage that prevents the bearing meeting t
esign performance or marks the end of service life;

service: as soon as the bearing has left the manufacturer’s factory;

\

risible features: those thatare possible to observe directly or-with magnifiers or optical 1
1Iso those from pictures, but only with the use of non-destructive methods.

q

Cons
defin
The {
are i

ideration is restricted to characteristic forms of change in appearance and failure thg
ed appearance and which can be attributed to papticular causes with a high degree
eatures of particular interest for explaining changes and failures are described. The v3
lustrated with photographs and the most frequent causes are indicated.

If th
featy
Thes|
poss
micrpscopes, chemical and spectrographic analysis. These specialized methods are outside
this locument.

e root cause cannot be reliably assesséd by the examination and characterizati
res against the information in this document, then additional investigations are to be
e methods are summarized in A.3-and may involve, for example, the use of invasi

The

appr
expls

failure mode terms shown in the subclause titles are recommended for general
bpriate, alternative. lexpressions or synonyms used to describe the submodes ar¢
lined in A.4.

Examples of rolling'bearing failures are given in A.2, together with a description of the caus
and proposed corrective actions.

2 Normative references

appearance
s based on

he intended

hicroscopes,

t have well-
of certainty.
irious forms

n of visual
considered.
ve methods

bly including taking of cross sections, metallurgical structural analysis by visual and electronic

the scope of

use. Where
e given and

es of failure

The foltfowingdocumentsare Teferred to i the text T such @ way that SoIme or ait of t
constitutes requirements of this document. For dated references, only the edition cited

eir content
applies. For

undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 5593, Rolling bearings — Vocabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5593 and the following apply.

NOTE Explanations for terms for damage and failures are listed in A.4.

© IS0 2017 - All rights reserved
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

31

characteristics
visual appearance that results from service performance

Note 1 to entry: Surface defects and types of geometrical change are defined in ISO 8785[3] and partly in
ISO 660112] (related to abrasive wear).

3.2
damage
any visible d

3.3
event sequg
sequence of

Note 1 to ent
the initial da
often leads td
modes of fail

3.4
failure
any conditid

eterioration of the bearing operating surfaces or structures

PCesS
events leading to bearing failure (3.4) starting with initial damage (3.2) to the bearing

ry: At an early stage, this damage can result in loss of function or failure. In many cases, hoy
mage does not result in failure and the bearing continues to operate. Fhis continued operation
secondary damage which eventually results in failure. Secondary,damage can introduce comp
ire, which can make root cause analysis difficult.

n where the bearing can no longer deliver its designed function

Note 1 to e

r
more extensZEre or complete failure, but may not be so advanced as to prevent rotation or support of the sy

machine ele

Note 2 to ent
the applicati
Applications
continue to d

3.5
failure mod
manner in W

4 Classif

Preferably,
it is often n

one would classify rolling bearing damage and failures according to the root cause. How

y: This will include degradation of importan® rotational properties and warning of imm

ents.
'y: The extent of damage (3.2) required to cause a declaration of operational failure will depe
n. Applications requiring accurate smooth rotation will tolerate only very minor loss of propd

not sensitive to increased vibratioh, increased noise or reduced rotational accuracy may be a
eliver their performance foryavestricted period.

le
rhich a bearing fails

ication-of failure modes occurring in rolling bearings

bt-easy to distinguish between causes and characteristics (symptoms) or, in other wj

jever,
most
eting

inent
bject

nd on
rties.
ble to

ever,
ords,

between fails

uromachanicme and failiira madoc Thao larao nuymbor aof articloc and hanlee writton o

the

O C I C CITI IO T O Tor IO oL © IO CUT T ITC IO SO IO ol O Of tICICo oitct O OTro— vy T TeeoTt

subject confirms this (see Bibliography). Therefore, in thls document, failure modes are classified in
six main groups and various sub-groups (see Figure 2), based on their visible distinctive characteristic

appearance

in service.

© ISO 2017 - All rights reserved
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5
Failure modes

5.1

5.1.2
Subsurface initiated fatigue

Rolling contact fatigue

5.1.3
Surface initiated fatigue

ISO 15243:2017(E)

Electrical erosion

55

5.2 5.2.2
Wear Abrasive wear
—T523
Adhesive wear
5.3 5.3.2
Corrosion Moisture corrosion £330
533 Fretting corrpsion
Frictional corrosion
5.3.3.3
False brinelling
5.4 5.4.2

Excessive current erosion

5.4.3
Current leaka@e erosion

Plastic deformation

5.6

5.5.2
Overload deformation

5.5.3
Indentations from particles

5.6.2
Forced fracture

I s A I I B B

Cracking andvfracture

5.6.3
Fatigue fracture

5.6.4
Thermal cracking

Figure 2 — Classification of failure modes

5 Failure modes

5.1 Rolling contact fatigue

5.1.1 General description of rolling contact fatigue

Rolling contact fatigue is caused by the repeated stresses developed in the contacts between the rolling
elements and the raceways. Fatigue is manifested visibly as a change in the structure (microstructure)

© IS0 2017 - All rights reserved
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and as spalling of material from the surface (macrostructure) that, in most of the cases, could be
consequential to a change in microstructure.

NOTE Spalling and flaking are synonyms (see A.4).

5.1.2 Subsurface initiated fatigue

Under the influence of cyclic loading in the rolling contacts described by the Hertzian theory,
stresses and material structural changes occur and microcracks are initiated at a location and depth
which depend on the applied load, the operating temperature, the material and its cleanliness and
microstructure. The initiation of the microcracks is often caused by inclusions in the bearing steel.

The change$ might appear at metallurgical investigation (see A.3). These cracks propagate a,t@\when
they come t¢ the surface, spalling occurs (see Figures 3 and 4). (]/Q

Figure 3 — Initial subsurface spalling in a deep gr@ve ball bearing — Rotating inner ring

Figure 4 +— A{?A‘nced subsurface spalling in a tapered roller bearing — Stationary inner ring

)

5.1.3 Surface initiated fatigue

Fatigue initiated from the surface is typically caused by surface distress.

Surface distress is damage initiated at the rolling contact surfaces due to plastic deformation of the
surface asperities (smoothing, burnishing, glazing). Contact between the asperities of the rolling
element and bearing raceway is most often the result of inadequate lubrication conditions (insufficient
lubricant film thickness). This contact may be caused by insufficient lubrication flow/availability,
improper lubricant for the application, operating temperatures beyond the expected level or rough
surface finishes. Contact and plastic deformation of the surface asperities can lead to

— asperity microcracks (see Figure 5),
— asperity microspalls (see Figure 6), and

4 © IS0 2017 - All rights reserved
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— microspalled areas (grey stained) (see Figure 7).
Sliding motion under low lubricant film conditions can significantly accelerate the surface damage.

For cases where film thickness is sufficient for normal operating conditions, surface-initiated fatigue
may still occur. This can happen when particles are introduced into the contact area (see 5.5.3),
extreme loads plastically deform the surface or handling nicks are present. All three conditions result
in indentations in the raceways. Protrusions around the indentation exceed the height of the oil film,
resulting in deformation of surface asperities. Surface initiated fatigue caused by indentation arising
from plastic deformation is shown in A.2.6.2.

ing life such as material, lubrication, environment, contamination particles and bearing load'\

% Figure 6 — Surface initiated microspalls on a raceway

© IS0 2017 - All rights reserved 5
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5.2 Wear

5.2.1 Gen

Wear is the

sliding or ralling/sliding contacting surfaces durin

5.2.2 Abr

Abrasive we
of hard part
througha cy

varies accorldi

gradually in
cage (see Fig

Although th

eral description of wear

progressive removal of material from tl'ré\surface, resulting from the interaction of
rvice.
QY
asive wear (')\\
ar (particle wear, three-b@v‘vear) is the removal of material due to sliding in preg
icles. It is the result of @d surface or particle removing material from another su
tting or ploughing action-when sliding across it. The surfaces become dull to a degree, v
and nature of the abrasive particles (see Figure 8). These par

material is worn away from the running surfaces and, possibly
wear becomes an accelerating process that results in a failed beari

crease in numb

pure 9). Finall

fine, a polis

NOTE

The %{{Yﬁing-in” of a rolling bearing is a natural short process after which the running beha
e.g. noise or p%ating temperature, stabilizes or even improves. As a consequence, the running path or rul

e surface ?o mally become dull to a certain extent, when the abrasive particles are
ing ef@night occur, resulting in very shiny surfaces (see Figure 10).

track becomes visible; however this is not indicating that the bearing is damaged.

;, the
hg.

two

ence

rface
rhich

icles

very

riour,
hning
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A
Q’\

Figure 8 — Abrasive wear on the inner ring of a spherical rollerd&q{'ing

2
Figlire 10 —0 rasive wear on the raceway of the large rib surface of the inner ring aind on the
@ large end face of rollers in a tapered roller bearing

)

5.2. Adhesive wear

Adhesive wear is characterized by a transfer of material from one surface to another with frictional heat
and, sometimes, tempering or rehardening of the surface. This produces localized stress concentrations
with the potential for cracking or spalling of the contact areas.

Smearing (skidding, galling, scoring, frosting) occurs because of inadequate lubrication conditions
when sliding occurs and localized temperature rises from friction cause adhesion of the contacting
surfaces, resulting in material transfer. This typically happens between rolling elements and raceways
if the rolling elements are too lightly loaded and subjected to severe acceleration on their re-entry
into the load zone (see Figures 11 and 12). In severe cases of smearing, seizing may result. Smearing is
usually a sudden occurrence as opposed to an accumulated wear process.

© IS0 2017 - All rights reserved 7
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Smearing can also occur on the rib faces and on the ends of the rollers due to inadequate lubrication (see
Figure 13). In full complement (cageless) bearings, smearing can also occur in the contacts between
rolling elements, depending on lubrication and rotation conditions.

If a bearing ring moves (creeps) relative to its seat because of inadequate retention on the shaft or in
the housing, then smearing (also called scuffing) can occur in the bearing bore, the outside diameter
or on the shaft or in the housing seat. Because of the minute difference in the diameters of the two
components, they will have a minute difference in their circumferences and, consequently, when
brought into contact at successive points by the radial load rotating with respect to the ring, will rotate
at minutely different speeds. This rolling motion of the ring against its seating with a minute difference
in the rotational speeds is termed “creep”.

When creep
surface of t
always, accd
score marks
interference

Furthermor
abutment. Ij
ring (see 5.9

Fig

he ring to take on a shiny appearance. The over-rolling during creeping is of
mpanied by sliding in the ring/seat contact, and then other damage will alsobe visiblg
, fretting corrosion and wear. Under certain loading conditions and when thering/se

fit is insufficiently tight, fretting corrosion will predominate (see A.2.4'.\§élaand A.2.4.]

e, with a loose radial fit, creep can also occur between the face ©f)a ring and its
1 severe cases, this can lead to transverse thermal cracks and fir@r cause cracking d
.4).

&

pure 11 — Smearing on the ou;g{‘ ring raceway of a cylindrical roller bearing

occurs, the asperities in the ring/seat contact region are over-rolled, which can q%‘sjii the

not
P, e.8.
ating
.2).

axial
f the

Figure 12 — Smearing on the outer ring raceways of a spherical roller bearing

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7a2549667fd85d78e411f48f4dead47a

ISO 15243:2017(E)

Figure 13 — Smearing on the side face of rollers of a cylindrical roller bearing

5.3

5.3.1

Corrpsion is the result of a chemical reaction on metal surfaces.

5.3.2

Whehn bearing components are in contact with moisture or aggressive media (e.g. wat

Corrosion

General description of corrosion

Moisture corrosion

br or acids),

oxidqtion or corrosion (rust) of surfaces takes place (see Figure 14). Subsequently, the formation of

corrgsion pits occurs and finally spalling of the surface occurs (see Figure 15).

A specific form of moisture corrosion can be observed/in the contact areas between rolli
and bearing rings where the water content in the lubricant or the degraded lubricant rea

surfd
discq

evenfually producing corrosion pits.

ng elements
cts with the

ces of the adjacent bearing elements. During:sStatic periods, the advanced stage will r¢sult in dark

louration of the contact areas at intervals corresponding to the ball/roller pitch (see

Figure 16);

Figure 15 — Moisture corrosion on the outer ring raceway of a cylindrical roller bearing

© ISO

2017 - All rights reserved
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Figure 16 —

5.3.3

5.3.3.1 G

Frictional ¢
micromover
micromovei
rust and/or

5.3.3.2 Fr

Fretting coz
oscillating
versa; powd
blackish red
the radial cl
shaft and ha

Figure 18).

NOTE1 Sd
oxide) and m

NOTE2 In|
classified as {

Fridtional corrosion

- Contact corrosion at roller pitch on the inner ring raceway of a tapered rollér\beg

bneral description of frictional corrosion

prrosion (tribo-corrosion, tribo-oxidation) is a chemical reaction activated by rel
hents between mating surfaces under certain frictionéand load conditions. T
hents lead to oxidation of the surfaces and released material becoming visible as pow
loss of material from one or both mating surfaces.

etting corrosion

rosion occurs in fit interfaces between comiponents that are transmitting loads y
ontact surface micromovements. Surfaceasperities oxidize and are rubbed off and
lery rust develops (fretting rust, iron coxide). The bearing surface becomes discold
(see Figure 17). Typically, the damage develops when loads and/or vibrations over
hmping given by the mounting fits; Excessively rough and/or wavy surface finish of beg
using surfaces can also reduce the effective mounting fit and induce fretting corrosior

me abrasive wear might oecur as a resultant effect of the presence of the corrosion products
cromovements.

this document, fretting corrosion is classified under corrosion. In other documents, it is some
retting wear.

ring

ative
hese
dery

nder
vice
ured
rome
ring,
(see

(iron

fimes

Figure 17 — Fretting corrosion in the inner ring bore of a deep groove ball bearing

10
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5.3.3

Falsd
of no
vibra
are f
resu

In tH
discd

Falsd
vibra
resu
and |
depr
depr
fact

NOT]H
class

A

Figure 18 — Fretting corrosion on the outer diameter of a roller b thg
Nl
.3 False brinelling <O‘1/

brinelling (vibration corrosion) most commonly occurs in rolling e@1ent/raceway c
n-rotating bearings due to micromovements and/or resilience o thie elastic contacts

tions. Depending on the intensity of the vibrations, the load an rication conditions,
prmed on the raceways, mostly also leading to corrosion (d@ lack of protective lu
tantly abrasive wear. Q

e case of a stationary bearing, the depressions ?\@31‘ at rolling element pitch
loured reddish or shiny (see Figures 19 and 20).

tions from nearby operating equipment ar ernated with rather short running seg

brinelling occurring in stand-by equipmen§,’®hen long stopped periods in the
t in closely spaced flutes. These should not be mistaken for electrically caused flutj

bntact areas
under cyclic
depressions
bricant) and

ind may be

presence of
sions, could
s (see 5.4.3
toms to the

Figures 23, 24 and 25). The fluting re@ing from vibration has bright or fretted bof
essions compared to fluting produced-by the passage of electric current, where the bo

pssions are dark greyish in colom e damage caused by electric current is distinguis
hat the rolling elements show corresponding marks, but normally in a less advanced s

In this document, fal@'nelling is classified under corrosion. In other documents, it
fied as wear. C)

© ISO

()

toms of the
hable by the
age.

is sometimes

a) Outer ring of a tapered roller bearing b) Washer raceways of a needle roller

thrust bearing

Figure 19 — False brinelling
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Figur

5.4 Elect

5.4.1 Genleral description of electrical erosion

Electrical e
surfaces cay

5.4.2 Exc

When an ¢
breakdown
rolling elem|
a concentraf
that the con

This damag

Figures 21
typically in

ents and their lubricant f

O

e 20 — False brinelling on the outer ring raceway of a self-a ig%ng ball bearing

o)

rical erosion

sed by the passage of damaging electric cur, .
K\
xO

lectric voltage between beari ‘\?’Ings and rolling element(s) exceeds the insul
threshold value, an electrical cuari\nt passes from one bearing ring to the other throug

ilm&.In the contact areas between raceways and rolling elem
ed discharge takes place&ting in localized heating within very short time interva
fact areas melt and weld together.

<
rosion is the localized microstructural chang’é&nd removal of material at the co

pssive current erosion

b (electrical pitti ay appear as a series of craters with diameters of up to 500 umn
ind 22). The cr are duplicated on the rolling element and raceway contact surf
bead-like pr@@ion in the rolling direction (see Figure 21).

ntact

htion
h the
ents,

[ls, so

(see
aces,

Figure 21 — Roller of a spherical roller bearing — Craters formed by the passage of excessive

12

electric current
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[==

Figure 22 — Enlargement of Figure 21 showing craterg molten materig

_ N
5.4.3 Currentleakage erosion QQ

Wheh a damaging (capacitive or inductive) electric curren@comes continually established) the erosion
takes on a different appearance as to 5.4.2. Initially, thessurface damage may take the shape of shallow
cratgrs, which are closely positioned to one another 8‘\@ very small in size, in the order of njicrometres.
This|happens even if the intensity of the curren relatively low. Flutes may develop dEL to current
passing through the whole contact ellipse (bal rlng) or line (roller bearing), as shown in Figures 23,
24 and 25 (electrical fluting). Flutes can b d on roller and ring raceway contact surfjces, but not
on balls, which have dark colouration o e Vlsual appearance of balls is mostly dull varying from
light|to dark grey (see Figure 24). Insp{%{)%n on microscale usually shows craters.

Additionally, the lubricant can also deteriorate by the electric current passage. The dampged grease
exhibits black discolouring and ened consistency.

Figure 23 — Fluting (washboarding) as a result of current leakage on the inner ring raceway of
a tapered roller bearing

© IS0 2017 - All rights reserved 13
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Figure 24 — Fluting on the inner ring raceway and matt dark grey coloured balls of a'deep
groove ball bearing

e |

igure 25 — Fluting on the outer ring raceway of a deep groove ball bearing

5.5 Plastjc deformation

5.5.1 Genleral description of plastic\deformation
This is a perjmanent deformation/that occurs whenever the yield strength of the material is exceeded.
Typically, thiis can occur in twe different ways:

— onamagroscale, wherethe contact load between a rolling element and the raceway causes yielding
over a spibstantiahportion of the contact footprint;

— onamidroscale;where a foreign object is over-rolled between a rolling element and the raceway and
yielding o€curs over only a small part of the contact footprint.

5.5.2 Overload deformation

Overload deformation can occur while the bearing is stationary (most common), or while rotating
(uncommon).

Overloading of a stationary bearing by static load or shock load leads to plastic deformation at the
rolling element/raceway contacts (true brinelling), i.e. the formation of shallow depressions or flutes
on the bearing raceways in positions corresponding to the pitch of the rolling elements (see Figures 26
and 27).

Overload can be distinguished from false brinelling or electrical fluting by the visibility of surface
finish or residual machining marks at the bottom of the depression or flute. Furthermore, overloading
can occur by excessive preloading or due to incorrect handling during mounting (see Figure 26).

14 © IS0 2017 - All rights reserved
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Inappropriate handling can also cause overloading and deformation of other bearing components, e.g.
shields, washers and cages (see Figure 28). Raceways and rolling elements can incur indentations and
nicks caused by hard, possibly sharp objects or by incorrect assembly (see Figure 29).

Overload of a rotating bearing can take different aspects depending on the type of overload.

— Instantaneous overload can lead to fluting (washboarding) with individual, non-symmetrical marks
that are more or less extended.

— Instantaneous overload can lead to depressions at rolling element pitch.

— Permanent overload can result in lamination and macroscopic plastic deformation of the whole
¢ircumference of the overloaded part of the raceway.

Figure 26 — Overload on a stationary inner ring of an angular contact ball bedring

Figure 27/— Spalling as a result of shock load deformation on the inner ring raceway of
n angular contact ball bearing, resulting from impacts in radial direction, which further
developed in spalling

[<¥]
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Figure 28

X
Figure 29 — Indentations on the inner ring racewa a cylindrical roller bearing caused
incorrect as ly
xO
5.5.3 Indentations from particles ‘\(\}‘

When partifles are over-rolled, indentatiogg are formed on raceways of rings (see Figure 30)
rolling elements (see Figure 31). The si d shape of the indentations will depend on the nature g
particles. Figure 32 depicts the follo types of indentation:

a) from soft particles, e.g. fibré:)@l’astomers, plastics and wood [see Figure 32 a)];

b) fromh

c¢) fromh

handling (]/Q

:|rdened steel p NIes, e.g. from gears and bearings [see Figure 32 b)];
rd mineral&icles, e.g. from sand particles (silica) in the oil [see Figure 32 c)].

S
?\
2 -

1 Cage deformation of an angular contact ball bearing caused by a shock load\ﬁulring

by

and
fthe

Figure 30 — Indentations from particles on the inner ring raceway of a tapered roller bearing

16
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A
N
>

Figure 31 — Indentations from particles on tapered rollers

[T§]
(-

—_— 1 mm

a \b\o b C
.\0

Figure 32 — Enlargements (&fldentations on raceways resulting from over-rolled particles

QO
5.6 | Cracking and frae}lre

o

5.6.1 General d(éﬁ\ption of cracking and fracture

Cracksare initi§21~ and propagate when the ultimate tensile strength of the material is local[l: exceeded.

Fracture 'Q\the result of a crack propagating completely through a section of the component or
prop aga('{%such that a portion of the component is completely separated from the originallcomponent.

5.6.2 Forced fracture

Forced fracture is due to a stress concentration in excess of the material (tensile) strength and is
caused by local over-stressing, e.g. from impact (see Figure 33), or by over-stressing due to an excessive
interference fit, e.g. too high hoop stress (see Figure 34).

© IS0 2017 - All rights reserved 17
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X\

QO
Figure 33 — Forced fracture of a tapered roller bearing inner ring shoulder, ca Ql'by an
impact load during assembly procedures ‘Lb‘
N

NOTE Fijacture caused by an excessive int nce fit during mounting, for example, by driving a tapered

bore inner rifig too far up the shaft taper. .
Figure 34 — Forcet@cture of a spherical roller bearing inner ring
5.6.3 Fatigue fracture %\

Frequent exjceeding of atigue strength limit under bending, tension or torsion conditions results
in fatigue cracking. ack is initiated at a stress raiser and propagates in steps over a part df the
component £ross- on, ultimately resulting in a forced fracture. Fatigue fracture occurs mainly on
rings (see Fj and cages (see Figure 36).

NOTE The origination of fracture is near the right raceway, centred in the characteristic sea shell signature
left by a progressing fatigue crack (the damage above the outside surface is secondary and occurred when the
ring fractured).

Figure 35 — Section of fatigue fracture of a cam roller outer ring caused by bending

18 © IS0 2017 - All rights reserved
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5.6.4 Thermal cracking

generally sensitive to thermal cracking due to local rehardenin
development of high residual tensile stress. Q

Q
Figure 36 — Fatigue fracture of cage bars of a needle roller thrub‘sbé(],éring

X\

'\<oq/

. Hardened steel conj
the surfaces in combinat]

Figure 37 — Ther(ﬁé)cracks on the small end of the inner ring of a tapered roller|bearing

© IS0 2017 - All rights reserved

Therimal cracking (heat cracking) is caused by high frictional hea if}gﬁue to sliding moftion. Cracks

usually appear at right angles to the direction of sliding (see Figure ponents are

ion with the
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Annex A
(informative)

Failure analysis — Illustrations of damage — Other investigations

— Explanation of terms used

A.1 Failu

A.1.1 Gen

— The pur
failure 4

— Careful
to devel

— Targete

— Anopern

A.1.2 Sec

A1.2.1 Im

— Whena
of the c{

— An impa

A1.2.2 Co

re analysis

eral

pose of this document is to promote and assist in a logical objective investigation of be
o identify possible causes.

identification of the most probable causes and modes of a failure canbe an important
opment of a long term preventive solution.

d countermeasures can be devised to guard against the identified causes.

iring evidence before and after removal

portant points

bearing fails, it is vital to collect as mueli evidence as possible before attempting a diag
AuSes.

irtial enquiring approach is requived.

nserving evidence

— Equipm£nt operator/owner to'disturb as little evidence as possible prior to investigation.

— The dif
— Avoidd

— Gather 4
and per

rent interestedcparties need to devise a logical investigation procedure.

bstroying or‘eompromising some evidence before it can be assessed and recorded.

Sons.

— Instant

diagnoses and conclusions should be treated as preliminary.

hring

nput

objective approach by all participants is essential to su¢cessful application of this documnent.

nosis

s much'recent operational data as possible from operator and other involved organizations

— Note these initial possible diagnoses, but put them to one side until evidence has been gathered and
assessed.

— When a plan has been devised and agreed, dismantling of the equipment to reach the bearing can
commence.

The matrix in Table A.1 provides a guide to making a plan.

A.1.2.3 Gathering evidence

— Ateach

— pho

20

stage, be sure to make the following:

tographs and/or sketches;

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=7a2549667fd85d78e411f48f4dead47a

ISO 15243:2017(E)

— notes of the condition and positions of components.

— Related parts should be kept together:
— label, mark and put in clean plastic containers where possible.

— Besure to obtain all evidence that needs a complete assembly or component before:
— dismantling which is difficult or impossible to reverse;

— cleaning including disturbing lubricant or contaminant;

especiatty cutting thatdestroysacircutarsurface:

— The bearing will contain the evidences of its own failure:

+ when removed, it would be incapable of further acceptable running;
1+ itmay have “failed” more than once already;

1+ it may, or may not, contain the original cause;

1+ other components may have important evidence:

— investigate them in parallel as far as possible;

+ record any available design, system, service and operational history;
1+ bearing designation and manufacturer to be re€orded:

— if still visible or deducible from physical features;

— check manufacturer’s specification‘if possible;

1+ the bearing may be unsuitable:

— inappropriate service replacement for an originally installed bearing;
— notavalid equivalent;

— does not meet.the'equipment manufacturer’s specification.

NOTH Lubricants and contaminants are to be considered as parts just as much as the solid me
polyreric or rubber cemponents.

A.1.2.4 Interpreting the evidence

the damage can be more or less advanced when the mechanical system is dismounted and i

rallic and any

[s detection,
nspected.

It isj{nportant to bear in mind that, depending on the time between damage initiation and i

If the detection of the damage occurred comparatively late after its initiation, the clues on the initial
cause may have been suppressed, hidden or worn off, so that it can be difficult to determine the real

cause for damage or failure.

[tis very important that to observe and analyse all indications on the bearing(s) and surrou
to establish the probable sequence of damage.

For example, propagated spalling can be originated from a surface spall initiated on a dent t

nding parts,

hat resulted

from lubricant contamination, but also by surface defects such as nicks produced by plastic deformation

during mounting, corrosion, craters formed by excessive electric current, etc.

© IS0 2017 - All rights reserved
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If in this case spalling is observed in conjunction with another initial damage indication on other areas
of a bearing component, all these indications worked out together can lead to a plausible scenario of

damage and

Do nota

original cause.

Complete the agreed structured examination plan.

Now, apply value judgement to all evidence.

pproach conclusions yet.

Strong evidence will be readily categorized.

Any evi
treated

The ass
Trial th

mal

— rep

It is vitd
— Ifthe cq

see
Table A1 is

Once the st
detailed ma
condition aif

Table A.2 is

If, at the coy
further sped

bories about the cause can be developed and tested against the evidence:
ke trial estimates of sequences causes and effects;

pat the iteration until a convincing match is achieved:

bssed evidence may then be studied to try to establish a most likely sequence-of eventg.

no verified evidence elements can be left in conflict;

list doubtful evidence and rank it for possible irrelevance.

1 not to reverse the process and attempt to force the evidence to fit a theory.
uses of failure cannot be reliably determined:

k further specialist help as described in A.3:

provided to help the logical collection ofinitial information.

arting point for a comprehensjvevanalysis of visible features has been established
rices and illustrations which fellow are to be used in assessing and categorizing the be
d hence, to deduce the mostprobable cause or causes of failure.

provided to give a general view of possible modes and causes, based on the assessmen

iclusion of this vis@ral assessment, the cause of failure cannot be reliably determined,
ialist tests, possibly requiring cutting of parts, may be necessary. See A.3 for further ac

22

Hence that cannot be confidently matched against the examples in this document shoulld be
(with caution and labelled “probable”.

, the
hring

then
vice.
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A.1.3 Contact traces

A.1.3.1 General

The interpretation of contact traces and, in particular, the running path patterns on the raceways for
given applications is very important for the practical analysis of a failure. The types of load, operating
clearance and possible misalignment may be clearly revealed. In Figures A.1 to A.11, typical running
path patterns for the most common applications and bearing types are shown.

In the illustrations, point contact refers to ball bearings and line contact to roller bearings.

A.1.3.2 Radial bearings

'“%?&is,m

Ry

s

Inner ring: Running path pattern uniform in width, pogitioned in the middle of the raceway and extending around

its enftire circumference.
Outef ring: Running path pattern widest at the pgdint of the applied load and tapers circumferentially depending on
the Idad zone, positioned in the middle of the raceway. With normal fits and normal internal clearancg, the running
path pattern extends to less than half of the eircumference of the raceway.

NOTH Normal running path.

Figure A.1 — Uni-directional radial load — Rotating inner ring — Stationary outer ring
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the load zone

e,

MR

Inner ring: Running path pattern widest at the point of the applied load and tapers circumferentially depending on

path pattern

Outer ring: H
its entire circ

NOTE N

Figure

N

unning path pattern uniform in width, positioned in the middle of the raceway and extending af
imference.

funning path'pattern positioned in the middle of the raceway and may, or may not, extend arou
entire circumfference<-The running path pattern is widest at the point of the applied load.

NOTE pmalrunning path.

positioned in the middle of the raceway. With normal fits and normal internal clearance, the ru
bxtends to less than half of the circumference of the raceway.

unning path pattern uniform in width, positioned in the middle of the raceway and extending ai
imference.

rmal running path.

A.2 — Uni-directional radial load — Stationary inner ring — Rotating outer ring

hning

ound

ound

nd its

Figure A.3 — Radial preloading with uni-directional radial load — Rotating inner ring —

Stationary outer ring
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Innel
arouf

NOTH

Innel
axialll

Oute
The 1

NOTH

" and outer rings: Running path pattern uniform in width, axially displaced and may, ot ‘'ma
d the entire circumference of the raceways of both rings.

Normal running path.

Figure A.4 — Uni-directional axial load — Rotating inner ringjyand/or outer r

R

QR

R

F22S

3“’
|

" ring: Running path pattern uniform in width, extending around the entire circumference of thg
 displaced.

I ring: Running path pattern-axially displaced and may, or may not, extend around the entire c
unning path pattern is widest at the point of the applied radial load.

Normal runpingpath.

Figure A.5 <,Combination of uni-directional radial and axial load — Rotating inne

Stationary outer ring

y not, extend

ing

raceway and

rcumference.

rring —
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Inner ring: Running path pattern uniform in width, wider than in Figure A.1, positioned in the middle of the rageway
and extending around its entire circumference.

Outer ring: Qunning path pattern varying in width and in two diametrically opposed sections, displaced diaggnally
in relation to feach other.

NOTE Fqulty running path.

Figure A.6 — Outer ring misaligned in the housing — Rotating innérring — Stationary outerfring

mﬁmmmwm,é%

A

s
R SR T

& e,

Inner ring: Running path pattern/varying in width and in two diametrically opposed sections, displaced diaggnally
in relation to feach other.

Outer ring: Running path'pattern uniform in width, wider than in Figure A.2, positioned in the middle of the rageway
and extending aroundits/entire circumference.

NOTE Fqultyrunning path.

Figure A.7 — Inner ring misaligned on the shaft — Stationary inner ring — Rotating outer ring
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A.1.3.3 Thrust bearings

Key

1  dhaft washer
2 RQousingwasher

extending around the entire circumference of the raceways

NOTE

ring: Running path pattern uniform in width, wider than in Figure A.1, positioned in the‘middle qf the raceway
and extending around its entire circumference.

Outer ring: Running path pattern widest where the compression has occurred and positioned in two
bed sections of the raceway. The length of the pattern depends upon the maghitude of the compreg

initia] radial internal clearance in the bearing.

diametrically
ssion and the

Faulty running path.

Figure A.8 — Oval compression of outer ring — Rotating inner ring — Stationary outer ring

DW

Normal running path.

Figure A.9 — Uni-directional axial load — Rotating shaft washer — Stationary housing washer
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Key
1
2 housing

Shaft washe
raceway and

shaft wa

Housing washer: Running path pattern varying in width, extending around the entire circumference of the rag

and eccentrig

NOTE F3

Figure A.10 — Uni-directional axial load on eccentrically positioned housing washer relatiy

Key
1
2 housing

Shaft washe
around its en

shaft wa

Housing was

:2017(E)

bher
ivasher

: Running path pattern uniform in width, wider than in Figure A.9, positioned¢n (the middle
pxtending around its entire circumference.

to the raceway.

ulty running path.

shaft washer — Rotating shaft washer — Stationary housing washer

ther
(vasher

: Running path pattern uniform in width, positioned in the middle of the raceway and exte
Lire circimference.

her: Running path pattern in the middle of the raceway, but varying in width and may, or ma

bf the

eway

re to

hding

y not,

extend aroun

NOTE

d the entire circumierence or the raceway.

Faulty running path.

Figure A.11 — Misaligned housing washer — Rotating shaft washer — Stationary housing washer
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A.2 Illustrated failures compendium — Cause of failure and countermeasures

A.2.1 General
Each bearing failure is the result of a primary cause that in practice is often hidden by subsequent damage.

The order of the following illustrations follows the classification of failure modes shown in Figure 2.
The classification of the failures is based on the observed appearance.

Each illustration is provided with an explanation of the failure in a paragraph that is given the heading
“Cause of failure”. The explanation can include a description of the failure, probable (primary) cause of
the fiilul (S dllb‘l COIIIITICTILS.

For pach illustration, there are also proposed countermeasures or corrective @ctions to avoid
reoc¢urrence of failures, given in the paragraph headed “Countermeasure”.

A.2.2 Rolling contact fatigue
A.2.2.1 Subsurface initiated fatigue

A.2.2.1.1 Cracks resulting from subsurface initiated fatigue in the early stage, before|spalling,
on the outer ring raceway of an angular contact ball bearing

7

Causge of failure

— Hatigue cracks due to heavy load in
combination with accumulation of load
cyclds.

Countermeasure

— Use a bearing with higher load-carrying
capafity.

A.2.2.1.2 Spalling inatvearly stage on the outer ring raceway of an angular contact ball bearing

Cauge of failure
— Hatigue craeks and initial spalling due to:

—|{ heawvyload in combination with
accumwlation of load cycles;

cracks started.
Countermeasure

— Use a bearing with higher load-carrying
capacity.
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A.2.2.1.3 Spalling in a more advanced stage on an outer ring raceway of an angular contact
ball bearing
Cause of failure

— Fatigue cracks and propagated
spalling due to:

— heavy load in combination with
accumulation of load cycles;

— further operation after fatigue
cracks at th raceway surface

Countermepsure

— Use a befaring with higher load-carrying
capacity.

A.2.2.1.4 $palling resulting from subsurface initiated fatigue at two diametrically opposite
locations — On the outer ring raceways of a self-aligning ball bearing

Cause of faflure

— Ovality pf the housing, resulting in
localized higher stresses.

— Similar lamage can occur if split
housings ar¢ wrongly assembled or if
particles ar¢ embedded in the housing
seating.

Countermepsure

— Check fgrm accuracy of adjacent parts
and improv¢ them, if necessary.

— Assemble split housings properly.

— Ensure fitmost cleanliness during
mounting.

NOTE Owter ring placed against a mirror to see diametrically opposed area.

A.2.2.2 Surface initiated fatigue

A.2.2.2.1 icrospalling on the inner ring raceway of a spherical roller bearing

Cause of failure

— Increased surface roughness of the
rolling contacts due to:

— inadequate lubrication;

— particles entering the bearing.
Countermeasure
— Protect the surface finish by:

— correct lubrication;

— improved sealing;

— ensure system cleanliness.
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A.2.2.2.2 Surface initiated fatigue on the inner ring raceway of a tapered roller bearing

Cause of failure

— Grey stains and microspalls at the
raceway due to:

— insufficient lubrication;
— sliding motion;
— insufficient preload;

— misalignment

Countermeasure
— Improve lubrication.

— Apply correct preload.

— Hnsure alignment.

O

A.2.2.2.3 Surface initiated fatigue on roller raceways of a needlg\?%er bearing
o)

Causge of failure

— (rey stains and microspalls on rollers
due tjo:

—| insufficient lubrication;
—| sliding motion;

— misalignment of the shaft. A’\Q
Countermeasure \O
— Improve lubrication. \\C\)J‘~
— Healign the shaft and/or housin.gg)

A.2.2.2.4 Surface initiate igue on the inner ring raceways of a double row angular contact
ball pearing — Oblique @ming path pattern

Cauge of failure ('O\

— Misalignmen ing operation due to:

—|{ ab

out-d f@

Countermeasure

nt faces on mating part(s)
are.

— Eliminate misalignment.

— Select a bearing type suitable to
accommodate the misalignment.

— Reduce shaft deflection.

— Check the squareness of the abutment
faces on mating part(s).
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A.2.2.2.5 Spalling on the inner ring raceway of an angular contact ball bearing

Cause of failure

— Entry of foreign particles.
— Water ingress.

— Inadequate lubrication.
Countermeasure

— Improve the sealing.

— Review
operating cq

A2.2.2.6

Cause of fai
— Thin lub
— heavy
— low s
— elevat
Counterme

— Select p}
lubricant fil
conditions.

— Improve
system.

A.2.3 Wear .
O@

A.2.3.1 Ah

A.2.3.1.1 Abrasive wear Qg}}%a inner ring raceways of a spherical roller bearing non-rotatin

inner ring

Cause of fai

— Ingress
heavy abrag

e Tubrication for the
nditions.

ppalling (peeling) on the inner ring raceways of a tapered roller bearégg,b‘
N

lure

ricant film resulting from:
loads;

heed;

ed temperatures.

asure

‘oper lubricant to increase
m thickness under operating

maintenance on lubrication

rasive wear C)

QO
lure 0?9‘

Df cox@ination, causing very
ivé( ar on raceways.

Counterme

d>SuiI

— Improve the sealing arrangement.

— Improve the lubrication intervals and/
or grease.

— Use a sealed bearing if operating
conditions permit.
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A.2.3.1.2 Abrasive wear on the end face of a cylindrical roller

Cause of failure

— Contaminated or insufficient lubricant
causing abrasive wear of the roller end face
contact.

Countermeasure
— Ensure system cleanliness.

— Improve lubrication.

A.2.3

Caus
— H
sour
—

— K
mate

Countermeasure $

— B
cont

— K
arral

— H

— N
clear

A.2.3

bearji

X\

-

™

.1.3 Abrasive wear on the inner ring raceway and roller of a tapene\%)roller bear

e of failure

article contamination from external
Ces.

Vorn out or ineffective seals.

articles embedded into soft cage
rial.

liminate or minimize source of A\Q
hmination.
xO

leplace seals or upgrade sealing . C\)j“
1gement. C)\\

leplace lubricant more often.y " -

lake sure the bearing iserly

ed before assembly.
(.OO
2
QO
Q~

1.4 @rasive wear on the cage pockets of a solid metal cage of an angular conta
i

ing

ct ball

Cause of failure

— Inadequate lubrication.
— Entrance of contaminants.
Countermeasure

— Improve lubrication.

— Review the sealing arrangement.
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A.2.3.1.5 Abrasive wear, polishing of the inner and outer ring raceways of a spherical roller

bearing

Cause of failure

— Ingress of very fine contaminants,
resulting in shiny (heavily) worn
raceways of rings and rolling elements.

— Inadequate sealing arrangement and/or

lubrication.

Counterme

slire

— Improve

— Improve

lubricant and/or relubrication interval.

— Conside

A.2.3.2 Ad

A.2.3.2.1

Cause of fai

— Smearin
and inner ri

— too lig
— high 4
— insuff

Counterme

sealing arrangement.

lubrication: select proper

" to use a sealed bearing.

hesive wear

pmearing on the inner ring raceway of a cylindrical r(Qe bearing
N\
lure ‘\0

g (skidding) between rollers
hg raceway due to:

rht load;
cceleration;
icient lubrication.

asure

— Reduce ficceleration. §
— Increas¢d load. Q
— Use coatling on surfaces. \C_)

— Improveq lubrication. OJ

Q.

A.2.3.2.2 Smear@n the large end face of a tapered roller

i
— Inadequ i

metal-to-metal contact, plastic deforma-
tion, and heat damage.

Cause of fai

Countermeasure

— Use and maintain proper lubricant to
provide adequate quantity, quality, and film
thickness.

— Ensure lubrication and delivery system
can support the specific application’s speed
and loads together with environmental
requirements.
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A.2.4 Corrosion
A.2.4.1 Moisture corrosion

A.2.4.1.1 Corrosion on sub-assemblies from improper storage

Cause of failure

— Rust on unused sub-assemblies,
caused by:

—| insufficient preservation.
Countermeasure

— Store sub-assemblies and bearings in
dry places with constant temperature and
low humidity.

— If possible, avoid mounting bearings
on sub-assemblies, which are then left
unprjotected.

A.2.4.1.2 Corrosion, hand perspiration (fingerprint) \0\\

Causge of failure \"QQ
— Haulty handling, bearing in the $
unpreserved condition touched with per- A\Q
spiring hands. \O
Countermeasure N

— Avoid touching bearings with mo@

perspiring hands. @ .

— Use gloves or a barrier cream:

— (lean surfaces, apply 6igc?tropic agent
and fepack properly. S
N\

S

A241.3 Cont@orrosion on the inner ring raceway of an angular contact ball bearjing

Causge of fai

— Hearing operated with lubricant
contaminated by water.

Countermeasure

— Change the bearing and contaminated
lubricant.

— Check that sealing is not damaged
during assembling operations.

— Replace seals, or optimize sealing
arrangement, or optimize relubrication
interval.
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A.2.4.1.4 Contact corrosion on the inner ring raceway of a tapered roller bearing, spacing
equivalent to roller pitch

Cause of failure

— Ingress of water or corrosive material
(such as acid).

— Condensation of moisture contained in

the air.

— Poor packaging and storing conditions.

Counterme]
— Improve

— Take ms
not operatirn

A2.4.2 Fr

asure
the sealing effect.

asures to prevent rust when
g for along period of time.

ptting corrosion

A.2.4.2.1

roller bearjing

Cause of faflure

— Insuffic
inner ring a

Counterme

— Specify
the load.

— Conside

roughness df the shaft seating.

N
r% &e of a cylindrical

retting corrosion on the entire surface of the inner ri

ent interference fit between the
nd the shaft.

asure

hdequate fit with attention to

- the influence of surface

A.2.4.2.2

Cause of failure
— Fretting corrosion due td’g\
— insufficient interf@e ce fit;

— repedted sli
ring and shdft.

Counterme

retting corrosion on t&}@mer ring bore of a ball bearing

o

dé@?gtween the inner
?\

— Increasethe shaft fit.

— Apply coating to the surfaces.
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A.2.4.2.3 Fretting corrosion on the outside diameter of a spherical roller bearing

Cause of failure

— Heavily loaded, micromovements under
load led to fretting corrosion.

Countermeasure

— Use special antifretting paste on the
seats.

— Use a special coating.

A.2.4.2.4 Fretting corrosion on the outside diameter of a deep groove ball bearing

Cauge of failure

— Heavy loads and deflections.

— Worn out housing bore.
Countermeasure

— HReduce loads or stiffen housing or
system.

— Rerform regular maintenance on
houslings.

— Hepair or replace housing - follow
bearjng manufacturer’s advice.

— Improve fitting practice.

A.2.4.2.5 Fretting corrosion on the face of a deep groove ball bearing

Causge of failure

— Micromovements between/the inner
ring and its counterpart (fixéd,on the shaft)
duripg operation, due to vibrations.

Countermeasure
— Tighten axial elamping.

— Use anti-fretting paste.
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A.2.4.3 False brinelling

A.2.4.3.1 False brinelling on the inner ring raceway of an angular contact ball bearing

Cause of failure

— Vibrations during bearing
transportation causing relative movement
of inner ring and outer ring.

Countermeasure

— During* a JOT tatioT, preve a

relative moyement between inner and

outer ring.

— Preload bearings (if possible). b‘;b :

A.2.4.3.2 False brinelling on the inner ring raceway of a deep groove ball b@lt}hg

Cause of fajlure

— Vibrations during standstill.
Countermepsure

— Reduce yibration.

— Apply preload.

— Apply caating.

xO
A.2.4.3.3 False brinelling on the inner ring\,&eway of a needle roller bearing — Standby
equipment
Cause of faflure @ ’

— False brijnelling at the raceway @
rolling elemgnt pitch due to vibratipns dur-

ing standsti]l. (O\
Countermegsure Q~Q
— Rotate sometimes.v

— Reduce vibrati@;Q

— Apply pre
— Useaco atlus.
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A.2.4.3.4 False brinelling on the outer ring raceway of a cylindrical roller bearing

Cause of failure

— Frequent vibrations on stand-by
equipment, marks at roller pitch, several
sets because of stop/go.

Countermeasure

— Counter vibrations by taking
adequate design.

— Adaptlubrication.

— (onsider another bearing type.

A.2.5 Electrical erosion

A.2.3.1 Excessive current erosion

A.2.3.1.1 Craters in the outer ring raceway of a deep groove ba%‘bearing

Cauge of failure

— Hassage of an electric current causing
cratgrs on raceways and balls.

Countermeasure

— Verify and apply correct electrical ) ®$
insulation of the machine or the bearing. K\

— Hrovide proper earthing of the \,O
machine for example during electric wel
ing operations. C)\\

A.2.3.1.2 Electrical erosionﬁering on a tapered roller

Cauge of failure

— Improper electri<@&hing while the
bearjng is stationa@

Countermeas
— Hrovid per earthing during
weldlin ectric source.

— 1h&alate the bearing from the welding
or electric source.
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A.2.5.2 Current leakage erosion

A.2.5.2.1 Fluting (washboarding) on the inner and outer ring raceways of a deep groove ball

bearing

Cause of failure

— Fluting on raceway running path
caused by passage of electric current of
comparatively low intensity through

rotating bearmg, dark dlscolouratlon of the

bottoms of {
coloured du|

Counterme
— Checkin
— Provide

— Use elec
hybrid bear

cylindrical

Cause of fai

— Arcing g
thin oil film
an inner rin
electrical pq
inner and ol

Counterme
— Checkin
— Provide

— Useelec

A.2.5.2.3 Advanced
1 roller be

a cylindricd

Cause of fai

— Progressi
erosion.

proper earthing.

roller bearing

proper earthing.

trically insulated be@n%

>

lure %Q

om current leakage

trically insulated bearings or

nd burning occur through the
at points of contact between
b raceway and rollers due to
tential difference between

N

&

A.2.5.2.2 TFluting due to current leakage erosion on the inner r @gceway and rollers of a

s\\‘»

fluting due to current leakage erosion on the inner ring raceway of

Countermeasure
— Check insulation.

— Provide proper earthing.

— Use electrically insulated bearings.
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