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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.

The proce
described i}
different ty
editorial ru

Attention i
patent righ
any patent |
on the ISO 1

Any trade 1
constitute g

For an ex

are

1 the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof the
pes of ISO documents should be noted. This document was drafted in accordanee with the
les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may be' the subject of
s. ISO shall not be held responsible for identifying any or all such patént-rights. Detafls of
ights identified during the development of the document will be in the Introduction and/or
st of patent declarations received (see www.iso.org/patents).

ame used in this document is information given for the convehience of users and does not
n endorsement.

anation of the voluntary nature of standards, the.meaning of ISO specific terms|and

expressiong related to conformity assessment, as well as information about ISO's adherence tq the

World Tra

.org/iso/forleword.html.

Organization (WTO) principles in the Technical,Barriers to Trade (TBT) see wwyv.iso

This document was prepared by Technical Committee.}SO/TC 123, Plain bearings, Subcommittee 5C 2,

Materials and lubricants, their properties, characteristics, test methods and testing conditions.

This second edition cancels and replaces the first edition (ISO 7146-2:2008), of which it constitutes a

minor revision. The changes compared to the previous edition are as follows:

— Adj

—

Alist of all §

Any feedba
complete lig

parts in the ISO 7146 series’can be found on the ISO website.

e

stment to the ISO Directivespyincluding the replacement of "may" with "can" throughoul

'k or questions on this“document should be directed to the user’s national standards bofly. A

ting of these bodiescan be found at www.iso.org/members.html.

© ISO 2019 - All rights reserved


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=58404f3dae6912876efc2b87f476946b

ISO 7146-2:2019(E)

Introduction

In practice, damage to a bearing can often be the result of several mechanisms operating simultaneously.
The damage can result from improper assembly or maintenance or from faulty manufacture of the
bearing, its housing or the counterface against which it operates. In some instances, damage can be
caused by a design compromise made in the interests of economy or from unforeseen operating
conditions. It is the complex combination of design, manufacture, assembly, operation, maintenance
and possible reconditioning which often causes difficulty in establishing the primary cause of damage.

In the event of extensive damage or destruction of the bearing, the evidence is likely to be lost, in which
case[itisimpossible toidentify how the darmage came about:

In alll cases, knowledge of the actual operating conditions of the assembly and the maintendnce history
is ofthe utmost importance.

The [lassification of bearing damage established in this document is based primarily upon the features
visijle on the running surfaces and elsewhere, and consideration of each aspect is needed|for reliable
determination of the cause of bearing damage.

Sincg more than one process can cause similar effects on the running surface, a degcription of
appdarance alone is occasionally inadequate in determining the caitse of damage. In such cases, the
opetjating conditions need to be considered.

Cavikation erosion dealt with in ISO 7146-1 is treated in this document in more detail.
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1378-1, Plain bearings — Terms, definitions, classification and symbols — Part 1: Des
rials and their properties

1378-2, Plain bearings — Terms, definitions, classification and symbols — Part 2: Friction
1378-3, Plain bearings — Terms, definitions, classification and symbols — Part 3: Lubricat]

7146-1, Plain bearings =~ _Appearance and characterization of damage to metallic hy
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Terms and definitions
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4.1

SO-Omtime browsing platformmavaitable at https// wwwiiso-org/obp

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

Cavitation erosion

Mechanism of cavitation erosion

Cavitation erosion is a form of damage to the surface of a solid body in liquid caused by implosion (violent
inward collapse) of cavities or vapour bubbles. When the static pressure in the liquid is decreased under
the vapour pressure of the liquid at a given temperature, evaporation occurs and bubbles of vapour
are generated in the liquid. This phenomenon is called “cavitation”. When these cavities encounter
higher pressure, because they have flowed to a place of higher pressure or the pressure at the place of
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1


https://www.iso.org/obp
http://www.electropedia.org/
https://standardsiso.com/api/?name=58404f3dae6912876efc2b87f476946b

ISO 7146-2:2019(E)

cavitation has increased in the meantime, they condense instantaneously and implode, causing a very
high and local pressure and high temperature in the liquid. It can lead, after repeated implosion, to
“cavitation erosion” of the surface of the solid body near the place of implosion.

Because of the high intensity of cavity implosion, a chemical reaction called “cavitation corrosion”
can take place. The damage can also occur together with “fluid erosion” and “cavitation erosion”. A
phenomenon known as the “micro-Diesel effect”, where the imploding cavities release electrical charge,
is also detected in plain bearing oil.

When a bearing surface is eroded by cavitation, the colour of the surface changes slightly due to
roughening. Then small pores form and cracks initiate on the surface espec1ally at grain boundarles
These crack i ' i ' i the
properties ¢f the underlymg materlal (see Flgure ) The cracks are ]01ned together 1ead1ng to bréak-out
and wash-away of small particles of bearing materials.

When the damage is caused solely by collapsing cavities, the attacked areas show a-rough texture.
Metallurgicpl section often shows signs of local work-hardening and fatigue cracking.due to hammer
blows caus¢d by cavity collapse. But if particles are trapped in the damage pockets, the surfacg can
be eroded 3nd exhibits a smooth and polished appearance. The place of cavitation erosion is ustyially
limited locglly and spreads seldom to a broader region. The cavitation erosiémusually appears in the
unloaded afgeas of the bearing.

The occurrence of cavitation erosion depends on many factors as-f0llows: journal speed, spdcific
bearing load, dynamic load pattern (especially time rate of load variation), motion of journal center,
bearing vilpration, bearing clearance, size and geometry of bearing clearance space, edge form
and locatioh of oil hole, groove and pocket, existence and position of the drilling in journal, begring
material, especially its hardness, elastic modulus, toughness fatigue strength and corrosion resistgnce,
oil supply piressure, oil constituent and its vapor pressure, 0il viscosity, oil temperature, air and water
content and contamination of oil, etc.

2 © IS0 2019 - All rights reserved
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b) Cross-section under magnification
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Figure 1 — Sliding surface with cavitation erosion

ification of cavitation eragsion

itation erosion occurs inyplain bearings of various machines, that in bearings of intg
engines has been stddjed most intensively and has attracted increasing attention as en
e has increased. Eorjengine bearings, cavitation erosion has been classified into types
chanism of cayity)creation. However, this classification may also be applied to other K
5, provided that/the characteristic flow conditions are similar. Examples of character
s and mechanisms of four types of cavitation erosion in journal bearings are givg

Figures 2 and 3. Besides these four types, there are some kinds of cavitation erosion which arg

always easy

to identify. These are classified as type 5, miscellaneous. (See Table 1.)
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Table 1 — Cavitation erosion classification
Type number | Cavitation erosion classification
1 Flow
2 Impact
3 Suction
4 Discharge
5 Miscellaneous

Types 1 and 2 take place under both static and dynamic bearing loads, whereas types 3 and 4 only
under dynamic bearing load.
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Hirection of journal rotation

Figure 2 — Examples of the characteristic appearance of four types

@)
a) Cavitation erosion type 1: flow b). ‘€avitation erosion type 2: imjpact
Uu— Uu—
@) 0 0
0] [0}
c) Cavitation erosion type 3: suction d) Cavitation erosion type 4: disgharge

of cavitation erosion in journal bearings
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a) Cgvitation erosion type 1: flow

c) Cavjtation erosion type 3: suction

Key

1  cavities |n oil

2 partial dil groove

3 oil coluthn

U direction of journal rotation
v velocity|of journal center

4.3 Generalecountermeasuresagainsteavitation-erosion

Figure 3 >=Mechanisms of four types of cavitation erosion in journal bearings

b) Cavitation erosion type 2 impact
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0il flow.

Continuous oil flow.

0il flow abruptly stopped.
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4.3.1 As general countermeasures against cavitation erosion, some of the following steps can be
recommended, depending on the type or mechanism of cavitation erosion that has taken place.

4.3.2 Modify the oil flow in bearing and passage by:

a) making the oil flow as continuously and smoothly as possible, with minimal interruption;

b) avoiding sharp edges and discontinuous surfaces and providing a larger chamfer or radius at the

edge of oil holes, grooves and pockets;

c) avoiding or reducing projection and relief on the bearing surface.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=58404f3dae6912876efc2b87f476946b

ISO 7146-2:2019(E)

4.3.3 Increase the oil supply pressure.
4.3.4 Reduce the bearing clearance.

4.3.5 Select appropriate bearing material with increased:

a) resistance — tin is more resistant than lead, tin-based alloys are more resistant than lead-based
alloys, and aluminium alloy (with less tin content) is more resistant than lead bronze;

b) hardness, toughness and fatigue strength;

c) homogeneity, freedom from slag and soft material, etc.
4.3.6 Make the bearing surface smooth and free of pores and crevices.
4.3.7 Maintain the oil free from water, dust and dirt, which act as nuclei for cayitation.

4.3.8 Minimize oil temperature and/or maximize oil viscosity, which measures are usually favourable
to minimizing erosion.

4.3.9 Inclusion of air bubbles in oil reduces cavitation eresion, but this countermealsure is not
recommended, as it promotes oil degradation and viscosity reduction.

4.3.10 If steps 4.3.2 to 4.3.9 do not help, relax the operating conditions, by:
a) reducing the journal speed;

b) Feducing the specific bearing load;

c) fhanging the dynamic load pattern;

d) Feducing the vibration of bearing housing.

5 Five types of cavitation erosion

5.1 | General

For |four types ofy-Cavitation erosion, typical damage appearance, possible causes, possible
counptermeasures/and typical examples are given in the following (see Figures 2 and |3). General
counftermeasures are specified in 4.3. This clause gives some possible additional concrete
cournptermeasures. In addition, some examples for miscellaneous cavitation erosion are given.

5.2 | Flow cavitation erosion

5.2.1 Typical damage appearance

The bearing surface material has been removed or eroded locally. The depth of damage is often limited
to the alloy layer or the overlay. In extreme cases, however, the damage can penetrate deeply into the
bearing material. Flow cavitation erosion has been encountered, among other places:

e) atthe edge of oil holes (see Figure 4);
f) atthe downstream end of partial oil grooves in big-end bearings (see Figure 5);
g) on the side faces and adjacent bearing surface of circumferential oil grooves (see Figure 6);

h) adjacent to the joint face relief of a big-end bearing and a main bearing (see Figures 7 and 8);

© IS0 2019 - All rights reserved 7
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i) in deep scores and indentation in bearing surfaces.

5.2.2 Possible causes

When the oil flows over discontinuous surfaces as shown in Figure 3 a) at high speed, it cannot follow
the discontinuities smoothly and breaks away from the bearing surface, producing high flow velocity
and turbulence and consequently local pressure fluctuation. Therefore, high depression and cavitation
occur and erosion follows upon implosion. Flow cavitation erosion is different from fluid erosion, as the
latter takes place without cavitation.

5.2.3 PM
&)
Make chamffers smoother, provide a radius on the edges of partial circumferential oil grog&'}n(ls or

face relief and the depth of scores on sliding surfaces.

reduce joint

5.24 Tyy

Figure 4 —

ical examples (see Figures 4 to 8)

R\

i
,\'\
O

Flow cavitation erosion at the oil he@of arod half big-end bearing in a petrol engine

(matq\r\@F

: steel/Al-Sn)

Figure 5 — Flow cavitation erosion at the downstream end of a partial groove in a big-end bearing
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P
igure 6 — Flow cavitation erosion on both groove sides of the lower lg‘]fof a center main
bearing in a turbo charged 6-cylinder diesel engine

ey

Figure 7 — Fl@ cavitation erosion at the joint face relief in a big-end bearing

%\%
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for supplying oil to a big-end beag’g in a high-speed engine. Figure 10 depicts the damage at

tially different sp
also been experiem@ near the end of an oil bleed slot in the rod half of a big-end be3
(see Figure|11
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e continuous oil flow [see Figure 3 b), footnote a] is stopped instantaneously v

in the oil di
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dg‘ée oil drilling passes the groove end [see Figure 3 b), footnote b]. However, the oil column
"H_ﬂ_m_m_rt_mﬁw—ll Ing 11OWs Still further due to Its inertia [see Figure , footnote ¢] an

hen

epression and
cavitation take place in the drilling, thus causing erosion by implosion downstream of the oil groove end.

5.3.3 Possible countermeasures

Smooth the sharp cut-off edges of oil groove end and holes.

10
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5.3.4 Typical examples (see Figures 9 to 11)

ing

Figure 10 — Impact cavitation erosion behind the end of a 180° main bearing groove
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Figure 11 — Impact cavitation erosion near the end of an oil bleéé\lot
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5.4.4 Typical examples (see Figures 12 to 14)

Figure 13 — Suction cavi@ n erosion in the relatively unloaded upper half of a main bearing
O : in a high-speed diesel engine

&

NOTE The overlay was attacked on both lands of the upper half of a main bearing in a diesel engine.

Figure 14 — Suction cavitation erosion (material: steel/lead bronze/electroplated overlay)
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5.5 Discharge cavitation erosion

5.5.1 Typical damage appearance

This erosion occurs only in dynamically loaded bearings with a circumferential oil groove. Mild erosion
appears in the lower half main bearing groove of a petrol engine, in the form of a long spear (see
Figure 15). Severe erosion appears on both bearing lands in the lower half main bearing of a diesel
engine, originating from the edges of the groove and progressing in the form of a V against the journal

rotation direction (see Figure 16).
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burnal, in a dynamically loaded journal bearing with a circumferential oil groo@'\a]
the bearing surface, the oil is squeezed out (discharged) from both sides of -
rcumferential oil groove, where it rushes circumferentially in both directions [see
re 3 d)]. Both flows, due to their inertia, do not cease at the moment at
ction reverses and no further oil is discharged into the groove. This le
rosion upon implosion [see right side of Figure 3 d)].

decrease the oil discharge velocity and so the depressi
s from the eroded bearing region. For this purpose, in

ove, or provide a suitable escape hole in the shaft or
R

®®

a«g\to depression

@<<increase the area of the
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bidly
ring
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rnal
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flow

Figure 15 — Discharge cavitation erosion in a groove of the lower half main bearing of a

14

petrol engine
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