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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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Plain bearings — Bearing fatigue —

Part 1:
Plain bearings in test rigs and in applications under
conditions of hydrodynamic lubrication
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Scope

document specifies a method of improving test result comparability by evaluating'the sti
ing layers leading to fatigue (see Annex A). A similar evaluation is required-tipractical 3
use the stresses are the result of pressure build-up in the hydrodynamic film, it is

state the conditions of operation and lubrication. In addition to dynamic loading, dime
ling characteristics, the inclusion of the following adequately defines the fatigue system:

linder conditions of dynamic loading the minimum bearing oil film thickness as a func
hnd location to ensure no excessive local overheating or shearing as a result of mixed|
when running in;

Lhe distribution of pressure circumferentially and axially with time under dynamic loa

from this the resulting stresses in the bearing layérs as a function of time and locatiof]
the maximum alternating stress.

hermore, bearing fatigue can be affected by mixed lubrication, wear, dirt, tribochemic
bther effects encountered in use thus complicating the fatigue problem. This document
[icted to fatigue under full hydrodyndmic separation of the bearing surfaces by a lubric

document applies to oil-lubricated plain cylindrical bearings, in test rigs and applicat

ings.
3 The number of practical applications with different requirements has led to the developy]
ng testrigs. If the conditions of lubrication employed on these test rigs are not defined in detai
different rigs are generally neither comparable nor applicable in practice. Different test r

M

incofpsistent rankingamong equal materials.

2
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Normative references

essesin the
pplications.
essential to
nsional and

tion of time
lubrication

ling;
|, especially
h] reactions

is therefore
ant film.

on running

nditions of full hydrodynamic lubrication. It comprises dynamic loading in bi-metal an¢l multilayer

nent of many
, test results
gs can yield

follawing documents are referred to in the text in such a way that some or all of t

cons

eir content

titlites requirements of this document. For dated references, only the edition cited ppplies. For

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

IS0 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

[SO 7902-1, Hydrodynamic plain journal bearings under steady-state conditions — Circular cylindrical
bearings — Part 1: Calculation procedure

[SO 7902-2, Hydrodynamic plain journal bearings under steady-state conditions — Circular cylindrical
bearings — Part 2: Functions used in the calculation procedure

ISO 7902-3, Hydrodynamic plain journal bearings under steady-state conditions — Circular cylindrical
bearings — Part 3: Permissible operational parameters
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3 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

4 Objec!

In this doc
hydrodyna
limit of the
presented a
limit stress

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

[EC Electropedia: available at http://www.electropedia.org/

Live of testing

ent the objective of testing with plain bearing test rigs, operating in conditions,o

m
ILiC lubrication, is to measure the dynamic load-carrying capacity e.g. the fatigue'endur

bearing layer material in terms of amplitude of stress and number of cyclesi\T'his m3
s a o,-N curve (endurance limit stress plotted against number of cycles), or-dsthe endur
for a specified number of cycles. Endurance limit is reached when cragks (greater

5 mm in lenfgth) appear in the bearing surface.

In terms of
simplificati
shall be car
shear stres;j

It should be

current understanding, the restriction to full hydrodynamic hibrication is a neceg
bn of the fatigue problem. This implies that the essential runningsin of the bearing under
efully controlled to avoid significant predamage from excesSive temperature and frictj
which may cause surface microcracks.

noted that fatigue testing of bearing materials may beconducted also by utilizing the 1

classic methods of testing. See ISO 7905-2 to ISO 7905-4.

F full
ance
y be
ance
than

sary
test
onal

nore

wing

and

5 Requirements

5.1 Testrigs

In order td define the operating and lubricating conditions, the test rig shall have the folloy

characteristics:

a) simple pnd clear mechanical consthuction;

b) easy difmantling, preferably with an in situ bearing inspection capability;

c) bearing dimensional stability under test together with resistance to deformation of housing
shaft d¢flection;

d) adequage lubricantsupply without impairing oil film pressure development;

e) be capgble of exceeding the entire range of load/stress and temperature encountered in practi

5.2 Test nrethods

The test methods shall have the following characteristics:

a)

the ability to apply specialized measuring techniques for oil film thickness, lubricant temperature,

pressure distribution and crack disintegration debris; such techniques for the latter aspect include
continuous radio nuclide measurement of wear or X-ray fluorescent analysis of intermittently
drained lubricant samples;

b)

and operating conditions indicative of hydrodynamic behaviour);

during

fatigue testing;

well-defined, experimentally verified hydrodynamic conditions (e.g the verification of viscosity

clear distinction between mixed lubrication during running-in and full hydrodynamic lubrication

© ISO 2021 - All rights reserved
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d) the stress can traverse the bearing as uniformly as possible (rotating load) in order to detect

irregularities in the bearing material;

e) simple, theoretically and experimentally reproducible hydrodynamic conditions (i.e.
load produces a hydrodynamic film and pressure distribution equal to a static load);
f) repeatable and reliable assembly of components.

6 Test procedures

a rotating

6.1 [ General

In ox

der to assure the compatibility of test results from different test rigs and their putting into practice,

all parameters controlling the hydrodynamic oil film shall be detailed, starting with test| conditions,
beaifing dimensions, lubricant and other factors influencing hydrodynamic ¢il film. The following
congtitute the essential characteristic conditions and parameters for fatigue testing.

6.2 | Characteristic conditions

6.2.1 Effective running-in procedure

This| is designed in order to avoid excessive temperature @nd frictional shear stress die to heavy
aspdrity contact. The progress of running-in may be menitored by measurements of t¢gmperature,

elect
initi
detefmined by measurement or calculation in accordance with ISO 7902-1 to ISO 7902-3, 3
Rz  gre the height of the profile irregularities in ten'points of the bearing and the shaft face n
whigh shall be determined in accordance with.JSO 4287. Polishing during running-in allows
h,tdbe reduced but during fatigue testing itShould not be less than the initial value of Rz_. T
in procedure progressively reduces thesminimum oil film thickness by a combination of
viscpsity through increases in temperature, and by stepwise increases of load. The magni
step
or ey

rical resistance, impedance or continuous radio ruelide measurement. For guidanc

cessive duration of zero electrical contact resistance.

For
elect
and
cont

electrical contact resistance control, the bearing is electrically isolated from the t
rical scheme should-provide for monitoring a 10 mV difference of potential betwes
bearing at a supply’point with 100 Q. internal resistance, which drops to 0,01 mV dur
act. Load increnténts should be adjusted so as to minimize the duration of asperity cont

NING — Radionuclides that find their way into the environment may cause harn

red

show up until years, or even decades, after exposurel16l,

5 should be controlled by minimizing temperature spikes, excessive radio nuclide wear

e h, should

hlly be greater than (Rz, + Rzy), where h; equal§ithe minimum oil film thickness and shall be

ind Rz, and
espectively,
the value of
he running-
reduced oil
fude of load
indication,

bst rig. The
n the shaft
ng asperity
act.

nful effects
sed during
tial health
amage the
from skin
exposure

can lead to cells belng damaged and in turn lead to cancer. Slgns of cancerous cells might not

6.2.2 Avoidance of deviation in the geometry of the structural elements of the plain bearing

assembly

This is to avoid results being affected and their transferability reduced. Such geometrical di

screpancies

may include housing distortion, shaft deflection or misalignment and uneven hard rub marks in the

plain bearing surface.
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6.2.3 Effective temperature of the bearing and hydrodynamic film

These values calculated and verified in accordance with ISO 7902-1, ISO 7902-2, ISO 7902-3 represent
the temperature distribution uniformity. Alternatively, the temperatures of oil inlet, outlet splash in the
main loaded area and bearing surface/subsurface are to be measured.

6.2.4 Dynamicload amplitude and direction as a function of time

These form the basis of evaluation of peripheral/axial film pressure distribution as a function of time
and position on the bearing surface. Alternatively, the measurement of pressure distribution may be
used. Either method is to be used for evaluating the dynamic stresses in the individual bearing layers in
order to finf the surface location of maximum stress in terms of the mean and alternating stress.af the

endurance

Pressure nj
be carried
beforehand

imit.
easurement not affecting hydrodynamic film development and stress byngauges

under the same conditions, but not during the fatigue testing procedure

6.2.5 Number ofload cycles required to effect the first fatigue damage

This damag
bearing lin
50 x 10° st
3 x 106, 10

endurance

and the sta
basis of staf

6.3 Char

e should be in the form of a crack or cracks (greater than 5 min in length) or breako
ng material. Normally o,-N curve testing is terminated for practical consideratioy
'ess cycles. The endurance limit stress may be quoted atya specified number of cycles
k 106, 25 x 106 or 50 x 10°. A specimen without failure.dtiring fatigue testing to a spec
should be identified in the report. Due to the scatter of test results normally experie

istical methods.

hcteristic information

6.3.1 General

If the evaluy
to £2 °C, is
information
process) th
informatior
degree of d¢

ation of the test results up to the’endurance limit stress at fixed temperatures, contr
not carried out by the inyestigator himself then it will be necessary to fully report
below. If the bearing material undergoes change during test (e.g. diffusion or a sin
is should be documented as additional information (e.g. a metallurgical report).

ptailed evaluation‘ofthe end result - the endurance limit stresses.

6.3.2 Tesftrig description

This should

including ancillaty~equipment and the measuring method and arrangements.

may

out by evaporated thin metal film techniques. The measurement shouldbe conducted

ut of
1S at
e.g.
ified
nced

fistical nature of the fatigue limit, it is recommended that the results are evaluated on the

blled
the
hilar
The

is subdivided in suc¢h a'way that the data requirements may be reduced depending on the

comprise’ the designation, construction, load principles, design limits, lubricant supply

6.3.3 Te

h ) - o | —naden
UTdAl Illg UCOSLIIPUIuUIl

This should consist of the following dimensions: bearing, including different layer thicknesses;
housing in the diametral and axial directions; clearance, especially under test conditions; surface
roughness parameters. Additionally, the material designation should be provided comprising chemical
composition, manufacturing processes with thermophysical treatment and static strength data
including Young’s modulus and Poisson’s ratio.

6.3.4 Testjournal description

This should include dimensions, surface roughness parameter, hardness, material and, if evident,
deflection and misalignment values.

© ISO 2021 - All rights reserved
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This should include amplitude and direction, as a function of time; frequency and shaft speed, both
during running-in and fatigue testing; the duration of the test.

6.3.6 Designation of lubricant and supply

This

should include:

— type of lubricant;

6.3.1

tscosity-temperature atrd C‘lcuait_y-tcxupcl aturet clatiuuahipa,
feed pressure;
Hetailed dimensions and location of supply holes (or grooves);

flow rate.

f  Test temperatures description

This
tem

presgsure development.

All

undé¢r test. If the hydrodynamic status is evaluated, then‘the information required is restr

foll

6.3.

This|{should consist of film thickness varjation with time and location in the bearing and mi
thickness related to roughness data during running-in and fatigue testing.

6.3.
This
to th
6.3.]

This
dete

The
ISO

should comprise the film temperature in bulk and inlet; outlet'splash and representat

ive bearing

erature near the damage zone as close as possible to theé/surface without disturbing the film

f the above descriptions are necessary for evaluating the hydrodynamic status of

ing, together with data on bearing material temperature.

Test film thickness description

Test film pressure description

should contain lubricantfilm pressure distribution and variation with time and locat
e bearing surface, insuch detail that pressure gradients are indicated with sufficient p

|0 Description‘ef the dynamic stresses of the test

should include the distribution with time and location relative to the bearing surface
Fmine thé position of maximum fatigue stress by mean and alternating stress at the endy

results may be compared with data from other mechanical test methods (see 1S(
7905:4) by means of the Haigh diagram in which stress amplitude is plotted against me

rhe bearing
icted to the

nimum film

ion relative
recision.

in order to
rance limit.

7905-2 to
an stress.

6.3.11 Other test results

These should comprise a description of the damage; position and extent of cracking; absence or
presence of wear or scoring; together with any findings resulting from a metallurgical examination. If
measurable wear has occurred, i.e. more than light polishing, when no breakout of lining material has
occurred, it shall be concluded that the oil film thickness is inadequate and the conditions of the test
shall be changed in order to avoid wear.

7 Evaluation of stress in bearing materials

Evaluation of the stress relevant to fatigue is simpler if the hydrodynamic conditions are easily
reproduced. The simplest dynamic load condition is one of pure rotation represented by a shaft loaded

© IS0 2021 - All rights reserved
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with out-of-balance masses to reduce shaft deflection. The hydrodynamic film condition is one of a
purely rotating pressure which is most exactly describable by a calculation model. A predetermination
at the representative mean and alternating stress at fixed Sommerfeld numbers and bearing width
ratios is possible, if the following assumptions are applied: a cylindrical bearing; no significant
misalignment or distortion; an optimum oil supply with film pressure development unimpaired; a fixed
relationship of housing dimension, Young’s modulus and Poisson’s ratio (see Annex A).

In order to cause failure by fatigue in high strength material without wear or seizure it will be necessary
to select the hydrodynamic characteristics (clearance, lubricant viscosity and very low surface
roughness) to provide sufficient minimum oil film thickness to prevent metallic contact. It may also be
possible to perform a similar determination for test rigs with a unidirectional pure sinusoidal load.

6 © IS0 2021 - All rights reserved
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Annex A
(informative)

Evaluation of stress

A.1_Evaluation of fatigue stresses

h practical experience and research, it is evident that fatigue starts with axial cracks, i
ings due to alternating tangential stresses. Whilst it is probable that the stresses-will
as well as the circumferential plane, in the absence of a full three-dimensionaksoelution
be made of the tangential stresses in the middle plane of the bearing,{i:¢. a two-¢
fion.

Fron
bear
axia
may
solu

Und
time

br dynamic load which varies not only with time, but also with position on the surface,

and location-dependent film pressures produce tangential stressés within the bearir
orddr to evaluate the stress distribution resulting from momentary pressure distribution iy
plang the bearing may be represented by a cylindrical ring including the bearing housing. L
monjentary film pressure at the inner running diameter balanced by outer diameter reactioj

The [ring model (see Figure A.1) may be treated as different material layers. On using sud
the [tangential stresses can be evaluated by several solutions. These are Airy’s stre
[Formulae (A.1) or (A.2)] and analytical methods [Formulae (A.3), (A.4), (A.5), (A.6) and (A.7
a vely exact simplification for very thin overlays, Others could be developed using strg
methods such as finite and boundary element teghniques. The stress calculation must be a
adequate increment of the bearing circumference and load cycle to evaluate the mean and
stregses in a sufficient number of circumferential locations. Their maximum amplitu
resplonsible for fatigue.

It tHerefore becomes apparent that-fatigue stress calculation under pure rotating load

cylindrical
vary in the
, evaluation
limensional

he different
1g layers. In
the middle
bading is by
1 pressures.

h a system,
5s function
)] including
bss analysis
pplied in an
alternating
les will be

is simpler

becdquse an invariable film pressure distribution rotates round the bearing circumference and the

resullting stresses likewise ratate in fixed distribution. Thus, only one pressure and resu
distribution has to be evaluated to determine the maximum compressive and tensile ampli
samg circumferential location to obtain mean and alternating stress amplitudes.

Iting stress
fudes at the
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5
Key
1 peakoilffilm pressure
2 direction of load
3 ring 1 (Housing and steel back) E;, v4
4 ring 2 (ljning/interlayer) E,, v,
5 ring 3 (qverlay) E3, v5

Figure A.1 — Bearing ring model

A.2 Symbols

Symbol Definition Unif
b bearing width mm]
d diameter of running surfdce, d=2r; mnj

dy housing diameter, dy #2r, mn]
d}*{ dimensionless buter diameter of housing, d:[ =dH /d -
dimensionless outer diameter, valid for Figure A.3, d;i,O =dy /d=1,45 —
E Young's.modulus MP3
E* diientsionless Young's modulus, E* = E, /E, —
E, Young’s modulus, housing and steel back MP3
E, Young’'s modulus, lining MPa
E; Young’s modulus, overlay MPa
Ey o Young’s modulus for Figure A.3, E; = 63 x 103 MPa
Esp Young’s modulus, overlay, E3 o = 20 x 103 MPa
hy initial minimum lubricant film thickness mm
Ky correction factor for other housing dimension, dy/d not equal to 1,45 (see Fig- —
ure A.5).
K, correction factor for other lining thickness 5;,0 =S, /d not equal to 0,004 7 -
(see Figure A.6).
N Number of cycles —
n rotational speed min1

8 © IS0 2021 - All rights reserved
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Symbol Definition Unit
p specific load MPa
Rz surface roughness (height of the profile irregularities in ten points) pum
R* stress ratio, R* = 0,;,/0max —
R; stress ratio, lining —
R; stress ratio, overlay —
ry outer radius of ring (housing and steel back) mm
ry radius of interface between bearing back and lining mm
rs radius of running surface (overlay thickness negligible) mm
So Sommerfeld number —
S, thickness of lining mm
s; dimensionless lining thickness, s; =s, /d -
5;,0 dimensionless lining thickness, valid for Figure A.3, s;O =S, /d=0,004 7 —
Neff effective dynamic viscosity Pas
|4 Poisson’s ratio —
12} Poisson’s ratio, housing and steel back —
v, Poisson’s ratio, valid for Figure A.3 (all linings, v, =0)34) —
V3 Poisson’s ratio, valid for Figure A.4 (all overlays, 3= 0,33) —
stress MPa
o mean stress MPa
o* dimensionless stress, 6* = a/p —
Oy alternating stress amplitude MPa
0%y dimensionless alternating stresssamplitude —
Ol endurance limit stress MPa
0% 2 dimensionless stress, lining —
0%a3 dimensionless stress,\overlay —
Y relative bearingclearance —
1) angular veloCity st
Subdcripts:
A pmplitude
b  pearing
H housing

R* stress ratio

s  shaft

1 housing and steel back
2 Lining / interlayer

3 overlay

© IS0 2021 - All rights reserved
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A.3 Stresses in bearing layers under rotating load

The range of tangential stress in bearing layers can be calculated for rotating load in dimensionless
terms of stress ¢* = g/p, i.e. related to specific load p as a function of Sommerfeld number:

Sosz—l//

2

Ter X @

Figures A.3 and A.4 present the alternating stress amplitude O'Z as a function of Sommerfeld number
and bearing diameter/width ratio d/b for the bearing lining (interlayer) and overlay, namely for fixed

values of th

parameter

modulus E4
symbols (s¢

For bearing
are obtaine

For lining:
* —

Op2=0

For overlay
* —

O-A,3 =0

Figures A.3
From thisr

O'ZGA>

Key

%
P diameter/ bearing width ratio d/ b, the bearing nousing parameter dy, , the [ining thicK

s; and for bearing lining material with Young’s modulus E,, = 63 x 103 MPa. Yo

for overlay material and Poisson’s ratios for both layers are fixed as given, in|the li
e A.2).

lining material with Young’s modulus E; not equal to E), ; the values of stress amplitudg
d by:

.20 (0,852+0,1430><E*)[Z

)(—0,1034+0,1010><E*)

30 (1,004 E*) 00888
and A.4 include formulae for calculating the stress ratio R* = o,,;, /0., (see Figure
htio, the mean stress o can be obtained from the following formula:
1+R*
1-R*
Y1
o
VAN A .
\ / \ t o] ©
Omin
\/ v >
)
Y2

ness
Ing’s
st of

*

Oa

[A.1)

A.2)

A.2).

A.3)

Y1 tension

Y2 compression

t time

Figure A.2 — Sinusoidal stress curve

Mean stress is normally negative (compressive stress). The stress ratio R* is nearly independent from
d/b and only a function of Sommerfeld number. However, it has to be corrected for other lining material
with modulus not equal to E; = 63 x 103 MPa:

10
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For lining

Ry =—4,410x EX(-1111) 0,023 9x Sox E*(-2542) (A4)

For overlay

Ry =-3,200x E*-061%9) + 0,0202 x Sox E *(~04071) (A.5)

For other housing diameter or lining thickness parameters Figures A.5 and A.6 give correction factors

Ky and K, in order to transfer the results from Figures A.3 and A.4 to other related bearing dimensions

by simple multiplication. These factors are different for lining and overlay for both o,, and R*.

54 =03 XPX Ky o XK, 5 (A.6)
R*= Ry XKy g XK o (A7)

A.4| Worked example

Beating fatigue of lead-based white metal lining PbSb14Sn1 iider rotating specific load 14,7 MPa
starfed after 1,8 x 10° load cycles. The bearing data were:

1 =61,4 mm

b = 24,6 mm

/b = 2,5
Relafive clearance (averaged value) Y»=1/1000
Houging outer diameter dy = 170 mm d:l =277
Linipg thickness s, = 0,5 mm s, =0,008 1
Effe¢tive dynamic viscosity'av100 °C Negg=1x 1072 Pas
Young’s modulus of lining E,=29,5x 103 MPa
Rotgting speed n,s3/000 min~1 w=314,16s"1
Sompmerfeld diynber _14,7x10%x1x107°

So =4,68

1x102 x314,16
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From Figure A.3 for So = 4,68 and d/b = 2,5 find the dimensionless alternating stress in the lining:

Opp0=0,95

To correct for the actual Young’s modulus use Formula (A.1) with E* = 29,5/63 = 0,468:

0r,=0,95%(0,852+0,1438x0,468)x2,5(~0,1034+0,1010x0,468)

=0,95%(0,852+0,0673)x2,50.056

=0,9 x0,9193%x0,9499=0,83
For stress rptio R*,, calculate from Formula (A.4) correction for Young’s modulus:

R*=-4[410x0,468"1111 +0,0239x4,68x0,4682>42
=-41410x2,323+0,0239%x4,68x6,881
=-19,24+0,77=-9,47

Correction [for housing diameter with d;/d;,o = 2,77/1,45 = 191 and extrapolating Figure A.% for
lining gives

Ky a241,30

and

Ky g+ ¥ 0,90

Correction for lining thickness with S;/S;‘O = 0,008 1/0,004-7 = 1,72 from Figure A.6 gives:

K, o2 =099

and
K; =2 30,96

With specific load 14,7 MPa and thetabove calculated corrections the actual alternating sfress
amplitude if:

0, =0 | XpXKy p o XK, 5, <0383x14,7x1,30x0,99=15,7 in MPa

The stress fatio is:

*

R*=R}

< Ky g2 5K g =—9,47%0,90%0,96=-8,2

Finally the @ct@al'mean stress from Formula (A.3) is:

G =157x %

=-12,3 in MPa

1
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