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Plain bearings — Bearing fatigue —

Part|1:
Plain

1 Scgpe

This parf of ISO 7905 describes a method of improv-
ing test fesult comparability by evaluating the stresses
in the | bearing layers leading to fatigue (see
annex Al). A similar evaluation is required in practical
applicatipns. Because the stresses are the result of
pressurd build-up in the hydrodynamic film, it is ess
sential tp fully state the conditions of operation, and
lubricatign. In addition to dynamic loading, ‘dimen-
sional and running characteristics, the inclusion’of the
following adequately defines the fatigue system:

a) undgr conditions of dynamic loading the minimum
bearjng oil film thickness as a(function of time and
Ioca;Lion to ensure no excessive local overheating
or slhearing as a result @fmixed lubrication when

runnjng in;

b) the fistribution ef\pressure circumferentially and
axially with time 'under dynamic loading;

c) from this ‘the resulting stresses in the bearing
layefs“as a function of time and location, es-

bearings in test rigs and in applications under
conditions of hydrodynamic lubrication

in conditions’of full hydrodynamic lubrig
prises dynamic loading in bi-metal a
bearings.

NOTE 1 The number of practical applicati
ent requirements has led to the develop
bearing test rigs. If the conditions of lubricd
on these test rigs are not defined in detail, tg
different rigs are generally neither comparabl
in practice. Different test rigs may yield incor
between equal materials.

2 Normative references

The following standards contain prov
through reference in this text, constity
of this part of ISO 7905. At the time of p
editions indicated were valid. All standar
to revision, and parties to agreements
part of ISO 7905 are encouraged to in
possibility of applying the most recent &
standards indicated below. Members of
maintain registers of currently valid

ation. It com-
hd multilayer

bns with differ-
ment of many
tion employed
st results from
e nor applicable
sistent ranking

sions which,
te provisions
Liblication, the
s are subject
based on this
vestigate the
ditions of the
IEC and ISO
International

Standards.

pecially the maximum alternating stress.

Furthermore, bearing fatigue may be affected by
mixed lubrication, wear, dirt, tribochemical reactions
and other effects encountered in use thus compli-
cating the fatigue problem. This part of ISO 7905 is
therefore restricted to fatigue under full hydrodynamic
separation of the bearing surfaces by a lubricant film.

This part of ISO 7905 applies to oil-lubricated plain
cylindrical bearings, in test rigs and application running

1) To be published.

ISO 468:1982, Surface roughness — Parameters,
their values and general rules for specifying require-
ments.

ISO 7902-1:—", Hydrodynamic plain journal bearings
under steady-state conditions — Circular cylindrical
bearings — Part 1: Calculation procedure.

ISO 7902-2:—", Hydrodynamic plain journal bearings
under steady-state conditions — Circular cylindrical
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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 par-
ameters.

3 Objective of testing

© ISO

4.2 Test methods

The test methods shall have the following character-
istics:

a) the ability to apply specialized measuring tech-
niques for oil film thickness, lubricant tempera-
ture, pressure distribution and crack disintegration
debris; such techniques for the latter aspect in-
clude continuous radio nuclide measurement of
wear or X-ray fluorescent analysis of intermittently

In this part of [SO 7905 the objective of testng wWith
plain bearing tlest rigs, operating in conditions of full
hydrodynamic |lubrication, is to measure the dynamic
load-carrying cppacity e.g. the fatigue indurance limit
of the bearing|layer material in terms of amplitude of
stress and nurnber of cycles. This may be presented
as a ag-N curve (endurance limit stress plotted against
number of cycles), or as the endurance limit stress for
a specified number of cycles. Endurance limit is
reached when|cracks appear in the bearing surface.

In terms of cyrrent understanding, the restriction to
full hydrodynamic lubrication is a necessary simplifi-
cation of the fatigue problem. This implies that the
essential runnipg-in of the bearing under test shall be
carefully contfolled to avoid significant predamage
from excessiye temperature and frictional shear
stress which may cause surface microcracks.

NOTE 2 It shpuld be noted that fatigue testing of bearing

materials may bp conducted also by utilizing the more clas~
sic methods of {esting. See parts 2 to 4 of ISO 7905.

4 Requirements

4.1 Test rigs

In order to define the operating and lubricating con-
ditions, the tept rig shall have the following charac-
teristics:

a) simple and clear\mechanical construction;

b) easy dismantimg—preferabty-with—amimsito-bear—5-1-1—EHectiverunning-in-procedure

ing inspection capability;

¢) bearing dimensional stability under test together
with resistance to deformation of housing and
shaft deflection;

d) adequate lubricant supply without impairing oil
film pressure development;

e) be capable of exceeding the entire range of
load/stress and temperature encountered in prac-
tice.

withdrawn lubricant samples;

b) well-defined, experimentally verified | hydro-
dynamic conditions (e.g. the verification df effec-
tive viscosity indicative <ef hydrodynamic
behaviour);

c) clear distinction between mixed lubrication during
running-in and full hydrodynamic lubricatiof during
fatigue testing;

d) the stress_can ‘traverse the bearing as ufiformly
as possiple (rotating load) in order to dgtect ir-
regularities in the bearing material;

e) simple, theoretically and experimentally reproduc-
ible hydrodynamic conditions (i.e. a rotatiphg load
produces a hydrodynamic film and pressfire dis-
tribution equal to a static load).

5 Test methods

In order to assure the compatibility of test|results
from different test rigs and their putting into dractice,
all parameters controlling the hydrodynamic [oil film
shall be detailed, starting with test conditions, |pearing
dimensions, lubricant and other factors inflliencing
hydrodynamic oil film. The following constitiite the
essential characteristic conditions and paramelters for
fatigue testing.

5.1 Characteristic conditions

This is designed in order to avoid excessive tempera-
ture and frictional shear stress due to heavy asperity
contact. The progress of running in may be monitored
by measurements of temperature, electrical resist-
ance, impedance or continuous radio nuclide
measurement. For guidance A, should initially be
greater than (R,, + R,s), where hy equals the mini-
mum oil film thickness determined by measurement
or calculation in accordance with parts 1 to 3 of
ISO 7902, and R,,, and R, ¢ are the height of the profile
irregularities in ten points of the bearing and counter-
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face respectively, in accordance with ISO 468. Pol-
ishing during running-in will allow the value of hy to
be reduced but during fatigue testing it should not be
less than the initial value of R,. The running-in pro-
cedure progressively reduces the minimum oil film
thickness by a combination of reduced oil viscosity
through increases in temperature, and by step in-
creases of load. The magnitude of load steps should
be controlled by minimizing temperature spikes, ex-
cessive radio nuclide wear indication, or excessive
duration of zero electrical contact resistance.

ISO 7905-1:1995(E)

5.1.5 The number of load cycles required to
effect the first fatigue damage

This damage should be in the form of a crack or
cracks (greater than 5 mm in length) or breakout of
bearing lining material. Normally o.-N curve testing is
terminated for practical considerations at 50 x 10°
stress cycles. The endurance limit stress may be
quoted at a specified number of cycles; e.g. 3 x 105,
10 x 105 25 x 10® or 50 x 10°. A specimen without
failure during fatigue testing to a specified endurance

NOTE 3 | For electrical contact resistance control, the
bearing if electrically isolated from the test rig. The elec-
trical scheme should provide for monitoring a 10 mV differ-
ence of gotential between the shaft and bearing at a supply
point with 100 Q internal resistance, which drops to
0,01 mV |during asperity contact. Load increments should
be adjusfed so as to minimise the duration of asperity con-
tact.

the structural elements of the plain bearing

5.1.2 ﬁvoidance of deviation in the geometry of
assembly

This is |[to avoid results being affected and their
transferability reduced. Such geometrical discrep-
ancies mhay include housing distortion, shaft deflection
or misalignment and uneven hard rub marks in the
plain begring surface.

5.1.3 The effective temperature of the bearing
and hydrodynamic film

These fepresent the temperature~distribution uni-
formity.| Alternatively the temperatdres of oil inlet,
outlet splash in the main loaded area and bearing
surface/subsurface are to hé-measured.

5.1.4 The dynamic{oad amplitude and direction
as a function of time

These form the-basis of evaluation of peripheral/axial

film prepsure distribution as a function of time and
Alfnrnnfi\/pl\/ the

position on—the honring surface

should be identified in the report. Due
of test results normally experienced-and
nature of the fatigue limit, it is recommse
results are evaluated on the basis of st
ods.

5.2 Characteristic/information

If the evaluation“of the test results up
ance limit.stfess at fixed temperatures
+ 2 °C,zs ot carried out by the inves
then itwill be necessary to fully report t
belew: If the bearing material undergoe
ing test (e.g. diffusion or a similar proce
be documented as additional informatio
allurgical report). The information is subg
a way that the data requirements ma
depending on the degree of detailed ev
end result — the endurance limit stress

5.2.1 Test rig description

This should comprise the designation,
load principles, design limits, lubricant
ing ancillary equipment and the meas|
and arrangements.

5.2.2 Test bearing description

This should consist of the following
bearing, including different layer thickne

to the scatter
the statistical
nded that the
htistical meth-

to the endur-
controlled to
gator himself
e information
s change dur-
s) this should
n (e.g. a met-
ivided in such
y be reduced
bluation of the
es.

construction,
supply includ-
uring method

dimensions:
sses; housing

in the diametral and axial directions;

clearance, es-

measurement of pressure distribution may be used.
Either method is to be used for evaluating the dy-
namic stresses in the individual bearing layers in order
to find the surface location of maximum stress in
terms of the mean and alternating stress at the en-
durance limit.

NOTE 4 Pressure measurement not affecting hydro-
dynamic film development and stress by gauges may be
carried out by evaporated thin metal film techniques. The
measurement should be conducted beforehand under the
same conditions, but not during the fatigue testing pro-
cedure.

pecially under test conditions; surface roughness par-
ameters. Additionally the material designation should
be provided comprising chemical composition, manu-
facturing processes with thermophysical treatment
and static strength data including Young's modulus
and Poisson's ratio.

5.2.3 Test journal description

This should include dimensions, surface roughness
parameter, hardness and, if evident, deflection and
misalignment values.
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5.2.4 Specific details of test load

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.

5.2.5 Designation of lubricant and supply

This should include: type of lubricant; viscosity-
temperature and density-temperature relationships;

© ISO

The results may be compared with data from other

mathnde l(aea narta 2 4+ A Of

achanical tact Pans £ SO

iounidr nuai tCotL g uiIvuo \oTCT

ISO 7905) by means of the Haigh diagram in which
stress amplitude is plotted against mean stress.

5.2.10 Other test results

These should comprise a description of the damage;
position and extent of cracking; absence or presence

+ +h +h fin Al raor
of wear or scoring: together with any findings result-

feed pressuredetaiteddimensions—andtocation of
supply holes (qr grooves); flowrate.
5.2.6 Test temperatures description

This should comprise the film temperature in bulk and

inlet; outlet s
perature near
to the surface]
development.

lash and representative bearing tem-
he damage zone as close as possible
without disturbing the film pressure

All of the abovg descriptions are necessary for evalu-
ating the hydrpdynamic status of the bearing under

test. If the hyd

rodynamic status is evaluated, then the

information refjuired is restricted to the following,
together with dlata on bearing material temperature.

5.2.7 Test film thickness description

This should cq

nsist of film thickness variation with

time and location in the bearing and minimum film
thickness relatgd to roughness data during runningsin
and fatigue tegting.

5.2.8 Test film pressure description

This should comtain lubricant film pre§sure distribution

and variation

bearing surfacq,

are indicated W

vith time and location relative to the
in such detail that pressure gradients
ith sufficient/precision.

5.2.9 Description of the dynamic stresses of the

test

This should ing

lude the distribution with time and lo-

ing from a metallurgical examination. If meadsurable
wear has occurred, i.e. more than lightJpdlishing,
when no breakout of lining material has “occyrred, it
shall be concluded that the oil film thickness [s inad-
equate and the conditions of the test shall be changed
in order to avoid wear.

6 Evaluation.of stress in bearing
materials

Evaluation of'the stress relevant to fatigue is pimpler
if the hydrodynamic conditions are easily reprgduced.
The simplest dynamic load condition is one §f pure
rotation represented by a shaft loaded with|out-of-
balance masses to reduce shaft deflection. The
hydrodynamic film condition is one of a pure [wedge
which is most exactly defined by calculation. [f some
permissible assumptions are applied, such ag: a cyl-
indrical bearing; no significant misalignment |or dis-
tortion; an optimum oil supply with film pfessure
development unimpaired; a fixed relationghip of
housing dimension, Young's modulus and Pdisson's
ratio; a predetermination at the representativg mean
and alternating stress at fixed Sommerfeld nyimbers
and bearing width ratios is possible (see anney A).

In order to cause failure by fatigue in high sfrength
material without wear or seizure it will be ne¢essary
to select the hydrodynamic characteristics (cleprance,
lubricant viscosity and very low surface roughress) to
provide sufficient minimum oil film thickness |to pre-

cation relative to the bearing surface in order to de-
termine the position of maximum fatigue stress by
mean and alternating stress at the endurance limit.

vent metallic contact. It may also be possible to per-
form a similar determination for test rigs with a
unidirectional pure sinusoidal load.
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Annex A
(normative)

Evaluation of stress

A.1 Evaluation of fatigue stresses

From practical experience and research it is evident
that fat|gue starts with axial cracks in cylindrical
bearingq due to alternating tangential stresses. Whilst
it is prolpable that the stresses will vary in the axial as
well as the circumferential plane, in the absence of a
full thrge-dimensional solution evaluation may be
made of the tangential stresses in the middle plane
of the bgaring, i.e. a two-dimensional solution.

Under dynamic load which varies not only with time,
but alsd with position on the surface, the different
time angl location-dependant film pressures produce
tangentipl stresses within the bearing layers. In order
to evalupte the stress distribution resulting from mo-
mentary| pressure dispersion in the middle plane the
bearing |[may be represented by a cylindrical ring in-
cluding 1he bearing housing. Loading is by momentary
film pregsure at the inner running diameter balanced
by outer diameter reaction pressures.

Peak oil film pressure
Direction of load

Ring 1 (housing and steel back) E;, v,
Ring 2 (lining/interlayer) E,, v,
Ring 3 (overlay) E;, v

The rind model may be treated as differentsmaterial
layers. |[On using such a system _the tangential
stresseq can be evaluated by severalssglutions. These
are Airy|s stress function [equations (1) or (2)] and . . .
analyticdl methods [equations (3);-(4), (5), (6) and (7)] Figure A.1 — Bearing ring model
including a very exact simplification for very thin
overlays| Others could be\developed using stress
analysis [methods such @s)finite and boundary element

A WN =

techniqUes. The stre$s calculation must be applied in A.2 Symbols

an adegliate subdiviSion of the bearing circumference

and load cycle<to.évaluate the mean and alternating Symbol Definition Unit

stresseq insufficient circumferential locations. Their

maximufmCamplitudes will be responsible for fatigue. b bearing width mm

It therefore becomes apparent that fatigue stress cal- d diameter of running surface, mm

culation under pure rotating load is simpler because d=2r;

an invariable film pressure distribution rotates round dy housing diameter, dy = 2r, mm

the bearing circumference and the resulting stresses a di onl . .
H imensionless outer diameter of

likewise rotate in fixed distribution. Thus only one

. L h i dy=d
pressure and resulting stress distribution has to be ousing, dy = dy/d

evaluated to determine the maximum compressive di o dimensionless outer diameter, —
and tensile amplitudes at the same circumferential valid for figure A.3,

location to obtain mean and alternating stress ampli- diyo=dyld=1,45

tudes. E Young's modulus Pa
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Symbol Definition Unit Symbol Definition Unit
E’ dimensionless Young's modulus, — T mean stress Pa

E =EpEy o dimensionless stress, o" = o/p —
E, Young's modulus, housing and Pa o alternating stress amplitude Pa
steel back o
. . el endurance limit stress Pa
E, Young's modulus, lining MPa . ) ) .
. . o dimensionless stress, lining —
E,q Young's modulus for figure A.3, MPa . ) i
Eyo =63 10° o3 dimensionless stress, overlay —
Eso Ydung's modulus, overlay, MPa 1] relative bearing clearance —
Egly =20 x 10° o) angular velocity s
ho It?wl 'il MU L R mm 1) There are different factors for lining and over-
CcKness lay for both o, and R”.
Ky coprection factor for other hous- —
ing dimension, dy/d not equal to
1,451 (see figure A.5). Subscripts:
K, cofrection factor for other lining — ]
thickness, s, 4 = s,/d not equal to A amplitude
1) i .
0,004 7 1) (see figure A.6). b bearing
p specific load Pa _
R, sufface roughness (height of the —_— H  housing
profile irregularities in ten points) R str&¥s ratio
R’ strless ratio, R® = 0min/0max —
. S s>\'shaft
R, stress ratio, lining —
R; stiless ratio, overlay — s, lining/interlayer
r outer radius of ring (housing and | mm s; overlay
steel back)
rp radlius of interface between bear- | mm
ing back and lining . .
r3 radlius of running surface (averlay | mm A3 -Stresses in bearing layers undgr
thickness negligible) rotating load
So Sgmmerfeld number - The range of tangential stress in bearing layers can
S, thickness of lining mm be calculated for rotating load in dimensionlesp terms
53 dimensionlessining thickness, _ of st(ess ¢ = o/p, i.e. related to specific loaq p as a
oL function of Sommerfeld number:
2 [ S2ld
550 dimensionless lining thickness, — 2
' . . _pxy
valid-for figure A.3, So=—-—"—-
1 Nnnoa7 Metf X @
Szl _— leu = vV, UuUT™ 7/
Neit effective viscosity Pas ) )
) . ) Figures A.3 and A.4 present the alternating stress
v Poisson's ratio - amplitude o as a function of Sommerfeld number and
v, Poisson's ratio, housing and steel | — bearing diameter/width ratio d/b for the bearing lining
back (interlayer) and overlay, and for fixed bearing pro-
v, Poisson's ratio, valid for figure A.3 | — portiprjs inclluding the bearing tjousing paramete.r dH
(all linings, v, = 0,34) the Iln_mg thlckness parameter s, and for beanng lining
) . _ ) . material with Young's modulus E,, =63 x 10° MPa.
V3 Poisson's ratio, valid for figure A.4 | — Young's modulus E; for overlay material and
(all overlays, v3 =0,33) Poisson's ratios for both layers are fixed as given in
o stress Pa the list of symbols (see A.2).
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For bearing lining material with Young's modulus E,

not equal to E, ; the values of stress ampilit

ISO 7905-1:1995(E)

For other housing diameter or lining thickness par-
ameters figures A.5 and A.6 give correction factors

obtained by: Ky and K, in order to transfer the results from figures
o A.3 and A.4 to other related bearing dimensions by
For lining: simple multiplication. These factors are different for
ohp = lining and overlay for both o, and R".
4| (-01034+0101 0 F) Op=0pX D X KypxKyp - (AB)
0 20(0,852 + 0,143 8 x E* (—)
Azol b R® = Ry x Ky g+ x Ky g AT
(A1)
For oveflay:
. 0085 8 A.4 Worked example
GA:: = O-A;3;O(1'OO4 X E‘) ' e (AZ)

Figures|A.3 and A.4 include equations for calculating
the strgss ratio R* = 0,,,/0max (S€€ figure A.2). From
this ratip, the mean stress @ can be obtained from the

following equation:

1+R"

T =0, x . ...(A3)
AT 1R
c
°
%]
c
T
—
Umux
/ ®
Umin B T ) T .
c <
2 B
n
[
U
o
a
E
5]
()

-

gure A.2 — Sinusojdal stress curve

Mean $tress is ngrmally negative (compressive
stress). [The stress.ratio R* is nearly independent from
d/b and pnly a function of Sommerfeld number. How-
ever, it |has to-be corrected for other lining material
with mqdulus hot equal to E, , = 63 x 10° MPa:

Bearing fatigue of lead-based whifemetal lining
PbSb14Sn1 under rotating “specific Ipad 14,7 MPa
started after 1,8 x 10%|6ad cycles. Thg¢ bearing data
were:

d=614 mm b=24,6 mm dlbs2,5

Relativerclearance

(averaged value) ¥ =1/1 000
Housing outer diam-

eter dy =170 mm dyy =277

Lining thickness

s, =0,5 mm s, = 0,008 1
Effective dynamic vis-

cosity at 100 °C e =1x101? Pa's
Young's modulus of

lining E, =295 x 10° MPa
Rotating speed

N =3 000 min~" w=314,16 g

Sommerfeld number

6 -6
So=14,7><10 x1x10 - 468

1% 1072 % 314,16

From figure A.3 for So =4,68 and d/b + 2,5 find the
dimensionless alternating stress in the lining:

G‘A,Z,O = 0,95

For lining:
Ry =—4,410x E'""" 10,023 9 x

x So x E*(~%%42)

For overlay:

R; = —3,200 x E"(7 %819} 0,020 2 x

x So x E*(~0407 1)

(A

...(AB)

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

a2 = 0,95 x (0,852 + 0,143 8 x 0,468) x
% 2 5( - 0,103 4 + 0,101 0 x 0,468)
= 0,95 x (0,852 + 0,067 3) x 2,5~ 05°
=0,95 x 0,919 3 x 0,949 9 = 0,83


https://standardsiso.com/api/?name=f40032d165a4202af12a3ccaf96cc0b9

ISO 7905-1:1995(E)

For stress ratio

R®, calculate from equation (A.4) cor-

rection for Young's modulus:

R = —4,410 x 0,468~ """ + 0,023 9 x 4,68 x

x 0,468~ %542

—4,410 x 2,323 + 0,023 9 x 4,68 x 6,881

=—-10,24 +0,77 = — 9,47

© |SO

K2,A,2 = 0,99

and
K2,R*,2 = 0,96

With specific load 14,7 MPa and the above calculated
corrections the actual alternating stress amplitude is:

oa=0pAXPpxKypsxKypo=083x147 x

x 1,30 x 0,99 = 15,7 MPa

Correction
dildi o= 2,77/
for lining gives

KH,A,2 = 1,:
and

Ky gx2=0
Correction

5,155 0= 0,008

for hetstng giarreter with
,45 = 1,91 and extrapolating figure A.5
The stress ratio is:
0 R* =Ry x Kiyg* o x Ky p 5
=-9,47%x0,90 x 0,96="- 8,2
90
Finally the actual mean stfe'ss from equation (4.3) is:
for lining thickness with F=157x — L2820 12.3 MPa
/0,004 7 = 1,72 from figure A.6 gives: 9,2
4
S 38 I I I l l I
kS 36 R*=-14,41+0,0239x So
g~ /09
= 34
a —
E 32 ——
0w 3 d/b = ¢
& L~ ]
4 2.8 >~
0 L~ "
& 26 v —
s 24 d/b = 4]
] |t =
g 22 - ] — — ]
g 2 / A/ 1/
d L | —d/b=3
18 —
// —
16 — t
N |_t—d/b=2
v / p / ///
1,2 —4/ 7
1 /] /] L~ L1 |__{t—d/b =1
4 ]
yd —
0.8 / 1/' | .
0.6 —
=
. —
0.2
0

01 2 3 45 6 7 8 9 10 1M 12 13 1 15 16 17 18 19 20 21 22

Sommerfeld number So

Figure A.3 — Lining/interlayer (E, , = 63 x 10° MPa; v, =0,34; 5,0 =0,004 7; g, , = 1,45)
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o 2.4 I
¥ 22 LR
o R*=-3,20+0,020 2 xSo 1%
g 2 —
Z 18 | d/b =4
g 1’6 — LT | |

, ~— —
g T 1| /5=y
v 14 7 " T — |
B o2 — —T | d/b =3
g 1I LT | T 1| /b =2
= - - — -
AP e EE=s [
2 0 g/ ——— - d/b =1

‘

5 LA -

0,4

—//
0,2
0

0 1 2 3 4& S5 6 7 8 9 10 1 12 13 1 15 16 17 18 19 20~21 22

Sommerfeldnumber So

Figure A.4 — Overlay (overlay thickness negligible) (E; , = 20-x 10° MPa; v; = 0,38)
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Figure A.5 — Correction factor for bearing housing
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Figure A.6 — Correction factor for lining thickness
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