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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s
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Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting’-Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 4, Rolling bearings.

© ISO 2004 — All rights reserved


https://standardsiso.com/api/?name=50bd447603cd8db9b24722198fdbbd00

ISO 15243:2004(E)

Introduction

In practice, damage or failure of a bearing can often be the result of several mechanisms operating
simultaneously. The failure can result from improper assembly 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 conditions. It is the complex combination of design,

mant

facture assembly operation and maintenance that often causes difficulty in establishing

the primary

caus

In the
it will
cond

The

featu
featu
caus
deter

b of failure.

event of extensive damage to or catastrophic failure of the bearing, the evidence ig likely t
then be impossible to identify the primary cause of failure. In all cases, knowledgg' of the act
tions of the assembly and the maintenance history is of the utmost importance.

Classification of bearing failure established in this International Standard, is based prima
res visible on rolling element contact surfaces and other functionalCsuirfaces. Considerz
re is required for reliable determination of the cause of bearing failure. Since more than one
b similar effects to these surfaces, a description of appearance @lone is occasionally in

mining the reason for the failure. In such cases, the operating cenditions must be considered.

b be lost and
ual operating

fily upon the
tion of each
process may
hdequate for
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INTERNATIONAL STANDARD

ISO 15243:2004(E)

Rolling bearings — Damage and failures — Terms,
characteristics and causes

featufes of particular interest for explaining changes and failureSyare described. The variou
illustrated with photographs and diagrams, and the most frequenticalises are indicated.

The failure mode designations shown in the subclause titles are recommended for general us
exprgssions or synonyms are given within parentheses below the titles.

Exanples of rolling bearing failures are given in Annex A, together with a description of the cau
and groposed corrective actions.

ormative references

The following referenced documents ‘are indispensable for the application of this documen
nces, only the edition cited “applies. For undated references, the latest edition of th
ment (including any amendments) applies.

593:1997, Rolling bearings — Vocabulary

Terms and definitions
For tihe purposes'of this document, the terms and definitions given in ISO 5593 and the following

3.1

cteristics

earance and
nding of the

e result of a

hich have a
ertainty. The
s forms are

2)
"

but similar

ses of failure

t. For dated
b referenced

Bpply.

chal;r
visudl appearance resulting from service performance

NOTE
defined in ISO 6601 and ISO 8785.

4 Classification of failure modes occurring in rolling bearings

Rolling bearing failures are classified strictly according to their primary causes. However, it is not
to distinguish between causes and characteristics (symptoms) or, in other words, between failure

Surface defects and types of geometrical change that occur during wear (appearance of wear) are partly

always easy
mechanisms

and failure modes. The large number of articles and books written on the subject confirms this (see

Bibliography).
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The evolution of tribological research during recent decades has led to a remarkable increase of new
knowledge describing failure mechanisms and failure modes. In this International Standard, failure modes are
classified in six main groups and various sub-groups (see Figure 1).

5
Failure modes 51.2
Subsurface initiated fatigue
|51 51.3
Eodicu, Qiirfo H=ST TP-X 3 oo o
CALIHLAU JUTTaAave Immiaaltcyu IGLISUU
L |1p-2 5.2.2
Wear Abrasive wear
5.2.3
Adhesive wear
L |1p3 5.3.2
C [ Moist i
orrosion oisture corrosion 5332
Fretting corrosion
5.3.3
Frictional i
rictional corrosion 5333
False brinelling
| | p4 5.4.2
Electrical erosion Excessive voltage
543

Current leakage

| | p5 5.5:2
Plastic deformation Oveérload
55.3

Indentation from debris

554
Indentation by handling

| p6 5.6.2
Fracture and cracking Forced fracture
5.6.3

Fatigue fracture

5.6.4
Thermal cracking

Figure 1 — Classification of failure modes
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5 Failure modes

5.1

5.1.1

Fatigue

General definition

The change in the structure, which is caused by the repeated stresses developed in the contacts between the
rolling elements and the raceways, is described as fatigue. Fatigue is manifested visibly as a flaking of
particles from the surface.

5.1.2

Subsurface initiated fatigue

Unde
occu

r the influence of loads in rolling contacts, described by the Hertzian Theory, structural |changes will
and microcracks will be initiated at a certain depth under the surface, i.e. subsurface! Thg initiation of

the microcracks is often caused by inclusions in the bearing steel (see Figure 2). The microcracks, which are

obse
surfa

NOTE
fatigu

51.3
Fatig

Surfg
regin

ved at the edge of the white etched areas (butterflies), will normally propagaté to the r¢lling contact
ce producing flaking, spalling (pitting) and then peeling (see Figure 3).

The bearing life calculation in accordance with ISO 281 and ISO 281/Amd:-2 is based on substrface initiated

W

Surface initiated fatigue
Lie initiated from the surface is, among other things, caused by surface distress.

ce distress is the damage to the rolling contact metal ‘'surface asperities under a reducgd lubrication
e and a certain percentage of sliding motion, causing'the formation of

Inder

sperity microcracks, see Figure 4;
sperity microspalls, see Figure 5;

icrospalled areas (grey stained), seedigure 6.

tations in the raceways caused -either by contaminant particles or by handling can also lead to surface

initiated fatigue (see 5.5.3 and 5:54). Surface initiated fatigue caused by indentation arising| from plastic

defor

NOTH

bearing life, such as material;-lubrication, environment, contaminant particles and bearing load.

mation is shown in A.2.6.1.and A.2.6.3.

ISO 281/Amd. 2 includes surface related calculation parameters that are known to have an influence on the

: S L g
PR P k. - k LB B e B » P

Figure 2 — Subsurface microcrack with the “butterfly phenomenon” (white etched area) (Scale 500:1)
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Figure-3—Progressionof-subsurface-fatigue

5.2 Wear

5.2.1 General definition

Wear is the progressive removal of material resulting from the interaction of the asperities of two sliding or
rolling/sliding contacting surfaces during service.

4 © 1SO 2004 — All rights reserved
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5.2.2 Abrasive wear
(particle wear; three body wear)

Abrasive wear is the result of inadequate lubrication or the ingress of foreign particles. The surfaces become
dull to a degree, which varies according to the coarseness and nature of the abrasive particles (see Figure 7).
These particles gradually increase in number as material is worn away from the running surfaces and cage.
Finally, the wear becomes an accelerating process that results in a failed bearing.

NOTE The “running-in” of a rolling bearing is a natural short process after which the running behaviour, e.g. noise or
operating temperature, stabilizes or even improves.

5.2.3 Adhesive wear
(Sn1e}|hly,o?&ddhly,ya”hly)

temppring or rehardening of the surface. This produces localized stress concentrations Wwith' thg potential for
cracKing or flaking of the contact areas. b‘;b

13494

40 um

Fi

©

ure 4 — Microcracks formi@ “fish-scale” Figure 5 — Microspalls
appearan@
.‘, ¥ %\1 5 ’,. A7 e "y ‘5,.‘2(","

y 3 A - 2""-;; P

Figure 6 — Heavy grey stained areas Figure 7 — Abrasive wear on the inner ring
(Scale 1,25:1) raceways of a double-row cylindrical roller
bearing with central rib

© 1SO 2004 — Al rights reserved 5
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Smearing (skidding) can occur between rolling elements and raceways due to the fact that the rolling
elements are lightly loaded and subjected to severe acceleration on their re-entry into the load zone (see
Figure 8). Smearing can also occur between rolling elements and raceways when the load is too light in
relation to the speed of rotation.

Smearing can occur on the guiding flange faces and on the ends of the rollers due to insufficient lubrication
(see Figure 9). In full complement bearings (cageless), smearing can also occur in the contacts between
rolling elements depending on lubrication and rotation conditions.

If a bearing ring “rotates” relative to its seating, i.e. mounting shaft or housing, then smearing can occur in the
contact between the ring end face and its axial abutment, which can also cause cracking of the ring as shown
in Figure 10.[Ti 3 orswhe adrattoado e beari iveto the
bearing ring ng is mounted with a very small clearance (loose fit)

the minute in| their
circumferende il rotate at
minutely diffgrent speeds. This rolling motion of the ring against its seating with a minute di h the

rotational spgeds is termed “creep”. <0
N

When creep|occurs, the asperities in the ring/seating contact region are over-raﬁ@i, which can causg the
surface of the ring to take on a shiny appearance (see A.2.4.7). The over-rollin s%juring creeping is often, but
not necessaIly, accompanied by sliding in the ring/seating contact, and then other damage will also be visible,
e.g. scratchgs, fretting corrosion and wear. Under certain loading conditions and when the ring/sgating
interference fit is insufficiently tight, then fretting corrosion will predomir\QQ(see A.2.4.5).

Figure §— Smearing on Figure 9 — Smearing of Figure T0— Smearing on ring
raceway surfaces roller end end face (ring is also fractured)

5.3 Corrosion

5.3.1 General definition

Corrosion is a chemical reaction on metal surfaces.

6 © ISO 2004 — All rights reserved
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5.3.2 Moisture corrosion
(oxidation; rust)

When steel, used for rolling bearing components, is in contact with moisture, e.g. water or acid, oxidation of
surfaces takes place. Subsequently the formation of corrosion pits occurs and finally flaking of the surface
(see Figure 11).

A specific form of moisture corrosion can be observed in the contact areas between rolling elements and
bearing rings where the water content in the lubricant or the degraded lubricant reacts with the surfaces of the
adjacent bearing elements. The advanced stage will result in dark discolouration of the contact areas at
intervals corresponding to the ball/roller pitch, eventually producing corrosion pits (see Figures 12 and 13).

5.3.3| Frictional corrosion
(tribokorrosion; tribo-oxidation)

5.3.3[1 General definition

Frictipnal corrosion is a chemical reaction activated by relative micromovements-bétween ma;ting surfaces
undef certain friction conditions. These micromovements lead to oxidation_of ‘the surfaces @and material,
becoming visible as powdery rust and/or loss of material from one or both mating surfaces.

Figure 11 — Corrosion on’a roller bearing Figure 12 — Contact corrosion on a ‘lLaII bearing
outer'ring inner ring and outer ring raceways

Figure 13 — Contact corrosion on a bearing raceway

© 1SO 2004 — All rights reserved 7
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(fretting rust)

2004(E)

Fretting corrosion

Fretting corrosion occurs in fit interfaces that are transmitting loads under oscillating contact surface
micromovements. Surface asperities oxidize and are rubbed off and vice versa; powdery rust develops (iron
oxide). The bearing surface becomes shiny or a discoloured blackish red (see Figure 14). Typically, the failure
develops in incorrect fits, either too light an interference fit or too high a surface roughness, in combination
with loads and/or vibrations.

5.3.3.3

False brinelling

(vibration corrosion)

False brinelli
the elastic d
conditions a
raceways.

In the case
discoloured 1

False brinell
Figure 16). T
resulting frorn
passage of €
electric curre

NOTE In
classified as W

5.4 Electnical erosion

5.4.1

Electrical ergsion is the removal of material from the contact surfaces caused by the passage of el

current.

Gendral definition

hg occurs in rolling element/raceway contact areas due to micromovements and/or resilien
ontacts under cyclic vibrations. Depending on the intensity of the vibrations, the\lubrig
hd load, a combination of corrosion and wear occurs, forming shallow depressions i

of a stationary bearing, the depressions appear at rolling element pitch.'and can oftsg
eddish or shiny (see Figure 15).

ng caused by vibrations occurring during rotation shows itself in closely spaced flutes
h vibration has bright or fretted bottoms to the depressions cémpared to fluting produced &
lectric current, where the bottoms of the depressions are dark in colour. The damage caus

It is also distinguishable by the fact that the rolling elements are also marked.

this International Standard false brinelling is classified under corrosion. In other documents it is somg
ear.

ce of
ation
n the

n be

(see

hese should not be mistakenr for electrically caused flutes (see5.4.3 and Figure 19). The fluting

y the
bd by

times

Ectric

Figure 14 — Fretting corrosion in inner ring bore
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Figure 15 — False brinelling on inner ring ‘Q*lgure 16 — False brinelling — Fluting on outer
raceway of cylindrical roller bearing $ ring of tapered roller bearing
¥
. xO

5.4.2| Excessive voltage N~

(elecfrical pitting) C)‘\\C)

When an electric current passes from. one bearing ring to the other through the rolling elemepts and their
lubrigant films, sparking will occufiin the contact areas because of insufficient or defective insylation. In the
contgct areas between rings olling elements, the flow lines of the current are condensed, resulting in

localized heating within ver@ time intervals, so that the contact areas melt and weld together.

This damage may ap;g%ﬁas a series of small craters with diameters of up to 100 ym (see Figure 17). The
cratefs are duplicat n the rolling element and raceway contact surfaces in bead-like procgssion in the

rolling direction (s?~ igure 18).

5.4.3| Cur eakage
(elec ricg{ g)

Initial g s one another
and small in size. Th|s happens even |f the |nten3|ty of the current is comparatlvely Iow FIutes will develop
from the craters in time, as shown in Figure 19. They can be found on roller and ring raceway contact surfaces,
but not on balls, which have dark colouration only (see Figure 20). The flutes are equally spaced. The
raceways are dark in the bottoms of the depressions (see Figures 20 and 21). Eroded patches, next to the
flutes on Figure 21, indicated by the pencil point, were caused by contact of the cage ribs with the inner ring.

© 1SO 2004 — Al rights reserved 9
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Figure 17 |— Craters formed by the passage of Figure 18 — Craters in bead-likée |procession

electric current ball and raceway

i

Figure 19 - Craters formed by current leakage Figure 20 — Fluting on inner ring raceway —

resulting in fluting coloured balls

Figure 21 — Fluting on a needle roller bearing inner ring

on

Dark

(Enlarged surface detail is seen behind the bearing ring and an enlarged view using scanning electron

microscopy is in the lower right corner.)
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