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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of nationa

| 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

of ISO document should be noted. This document was drafted in accordance with the editorial

rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve‘t

e
patent(s). I$O takes no position concerning the evidence, validity or applicability of any claitn

rights in regpect thereof. As of the date of publication of this document, ISO had notyeceived

patent(s) which may be required to implement this document. However, implementers are cay
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade

constitute gn endorsement.

For an expl
related to
Organizatig

hnation of the voluntary nature of standards, the meaning of ISO specific terms and
conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

pxXpressions
Yorld Trade
pword.html.

This docunpent was prepared by Technical Committee JSO/TC 123, Plain bearings, Subcomn

Materials af

d lubricants, their properties, characteristicsitest methods and testing conditions.

This secongl edition cancels and replaces the first)edition (ISO 4385:1981), which has been
revised.

The main clpanges compared to the previous.edition are as follows:

change|of scope;

restrudture of the document;
implementation of Clause\Z;
revision of Clause 3,/7erms and definition;
implemlentation{of Clause 4;

revisiof and'of Clause 4 and 5, and implementation of Figures 1, 2, 3, 4, 5 and 6;

nittee SC 2,

technically

revisiop-efClause 6.

Any feedback or questions on this document should be directed to the user’s national standa
complete listing of these bodies can be found at www.iso.org/members.html.
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Plain bearings — Compression testing of bearing materials

1 Scope

This document specifies a method for compression testing of bearing materials. It is applicable for both bulk
materials and coatings.

Compressio
bearing ma
For this pu
Ay, is loade
recorded.

2 Norm

The followi
requiremen
the last edif

ISO 1101,
orientation,

ISO 7500-1
Tension/c

ISO 9513,

ISO 21920-
surface text

[SO 21920-
and surface

3 Terms

e S~ e-mea 0 e setrvesto e-crete attotro e
ferials under uniaxial compression loading which is uniformly distributed over the cr
Fpose, a cylindrical specimen or a setup of two such specimen, with an origifial“cr
1 at constant crosshead speed and the resulting compressive stress and compressiv

htive references

ng documents are referred to in the text in such a way that someor all of their content]

ts of this document. For dated references, only the edition,cited applies. For undated
ion of the referenced document (including any amendments) applies.
(Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerand

location and run-out

Metallic materials — Calibration and verification of static uniaxial testing machine

OJ
etallic materials — Calibration of extensometer systems used in uniaxial testing

|, Geometrical product specifications (GPS) — Surface texture: Profile — Part 1: I
Lire

P, Geometrical product specifications (GPS) — Surface texture: Profile — Part 2: Terms
texture parameters

and definitions

No terms and definition{@r€ listed in this document.

ISO and IEC

maintaih terminology databases for use in standardization at the following address

ISO On

ine‘browsing platform: available at https://www.iso.org/obp

pression testing machines — Calibration andaerification of the force-measuring system

ehaviour of
pss-section.
pss-section,
e strain are

constitutes
references,

es of form,

s — Part 1:

ndication of

, definitions

ES:

IEC Electropedia: available at Nttps:// WWW.EleCtropedia.org/

4 Symbols

For the purposes of this document, the symbols and definitions as listed in Table 1 apply.

© IS0 2024 - All rights reserved
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Table 1 — Symbols description and units

Symbol Description Unit
Ay Original cross-sectional area of a specimen prior to loading. 4 is calculated using the original mm?2
diameter as A, = w/4-d?.
A, Final cross-sectional area of a specimen after loading. 4, is calculated using the final diam- mm?
eteras A, = m/4-d 2.
d, Original diameter, diameter of a compression specimen prior loading, calculated as the mean mm
of two measurements taken at the specimen centre at right angles to each other.
NOTE 1 The original cross-sectional area of the specimen prior to loading, 4,, is calculated
using this diameter (4, = /4 - dy?).
d, Final diameter, diameter of a compression specimen after loading, calculated as the mean of mm
twe-reastrements-talkenat-the-axial specimencentre-atrightanglesto-eachother
NOTE 2 The final cross-sectional area of the specimen, 4, is calculated using this diameter
(A,=1/4-d2).
d Compression plate diameter mm
Ey Elastic modulus of specimen base material MPa
e. Compressive strain; percentage change in gauge length (L, or L) as given-in”Formulae (1) %
and (2):
_ AL (determined directly at the specimen using an
e = -100 €8]
. extensometer)
or
o = Al 1100 (determined via displacementof the compres- )
¢ Ly sion dies)
NOTE 3 The compressive strain e_ is the sum of elastic and plastic strain.
€ce Elastic compressive strain of the original gaugeilength section; reversible component of %
compressive strain
€c off Calculated change rate of strain %
ecr Compressive strain at fracture, percentage change in gauge length (L, or L) at fracture of %
the specimen, as given in Formulage™(3) and (4):
_ AL (determined directly at the specimen using an
e,g=—--100 3)
L, extensometer)
or
_ ALyg 100 (determined via the displacement of the compres- @)
cF ™ Ly sion dies)
€cp Plastic comptessive strain of the original gauge length section, total compressive strain minus %
the elastic component at any moment of the test
é. Change-rate of strain along gauge length L, or L, sl
S Sampling frequency Hz
F, Compressive force at any moment of the test N
hg Height of a specimen prior loading mm
L Original gauge length on which strain measurements are based mm
L, Base gauge length for the extensometer used for continuously measuring the change in length mm
of the specimen during the test, as measured directly at the specimen.
Ly Initial length of the specimen prior loading mm
L = hy, for non coated specimen
Ly=2 - hy, for coated specimen
Is only applicable, if the measurement is carried out without a measurement gauge
AL Change in gauge length due to specimen loading mm
AL Change in extensometer gauge length, change in L, at any moment during the extensometer mm

test, as measured directly at the specimen

© IS0 2024 - All rights reserved
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Table 1 (continued)
Symbol Description Unit
AL.p Change in extensometer gauge length at fracture, total (elastic and plastic) change in length mm
at specimen fracture, as measured directly at the specimen.
AL, Change in gauge length of the specimen, change in Ly at any moment during the extensometer mm
test, as measured via the displacement of the compression plates
ALgg Change in gauge length of the specimen at fracture, total (elastic and plastic) change in length mm
at specimen fracture, as measured via the displacement of the compression plates.
Mgye Slope of the elastic part of the stress-strain-curve MPa
R, Compressive stress; ratio of compressive force F to the original cross-sectional area of the MPa
specimen A, at any moment of the test, as given in Formula (5):
Ro=t ©)
=G
4
Rien Upper compressive yield strength, maximum compressive stress at the end of the elastic MPa
range prior to a measured decrease in force
NOTE 4 See Figure 4.
Reop Lower compressive yield strength; minimum compressive stress during plastic deformation MPa
following a rise of stress in the elastic range, disregarding the initial transient effects
NOTE 5 See Figure 4.

R.r Compressive strength, compressive stress at the point of fractureof the specimen MPa
R. Compressive stress at a specified maximum strain; ratio of theg’'compressive force F_ and the MPa
original cross-sectional area of the specimen A, when a specified strain has been reached

at the end of testing
NOTE 6 The level of the specified maximum strain.is€xpressed by adding a subscript. So,
R.,10 denotes a compressive stress resulting in a specified compressive strain of 10 %, which
is the sum of the elastic and the plastic strain.
Rep Compressive stress at a specified relative plastic strain, e.g. R , for a compressive stress MPa
resulting in a plastic strain of 0,2 %
T Specimen temperature K
to Specimen coating thickness prior loading mm
Ve Crosshead speed, crosshead displacement per unit time mm/s
Y Bulging; maximum relative change in cross-sectional area of an unloaded specimen after %
the test
Maximum percentage(change in cross-sectional area of the compression specimen after the
test, with the speciaen unloaded, as given in Formula (6):
A —
Y= (A —4) 100 (6)
Ay
NOTE 7 Iq cases where the specimen is broken or unevenly deformed, bulging is not determined.
5 Test equipment

The test shall be carried out using a class 1 compression testing machine as specified in ISO 7500-1 and
a compression test fixture, e.g. as shown in Figure 1. The compression plates shall be ground so as to be
flat and even with a surface roughness of Rz < 1,6 pm in accordance with ISO 21920-1 and ISO 21920-2.
Their contact faces shall have a greater hardness than the specimen material in order to avoid their plastic
deformation.

© IS0 2024 - All rights reserved
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Hing axis of
be checked
nm per mm
ces shall be

tensometer

8

Key
1  thrust plate (with spherical cup between plate and upper compressien plate)
2 upper cpmpression plate (with contact face hardened and polished)
3 guide bearing
4  extensometer (attached to the compression plates)
5 extensometer (attached to specimen)
6  specimgn
7  lower cgmpression plate (with contact face hrardened and polished)
8  Dbase pldte

Figure 1 -— Example of a compression test fixture
The compre¢ssion plates shall'be aligned so that their longitudinal axis coincides with the loa
the testing|machine. For<igid compression plates, parallelism of the two contact faces shall
and corrected prior testing. Any deviation of parallelism shall not exceed 0,02 mm or 0,000 5 1
of specimen diameter;'whichever is greater. The requirement for parallelism of the contact fa
deemed ad¢quate-only if the specimens do not show signs of bending or buckling during the test
For the det¢rymination of the strain limit up to plastic strains of less than or equal to 2 %, the ex
Shall, in thC ralouant vranagn hao atlaact Afolace 1 ac cnn i find i ICA QE12 Bavnlactic ctvaing grnat

TCIC v ot o gt ot IiCast or troso T oo opt ot oo OTOT T UT proastcoStrarito groaut

er than 2 %,

the extensometer in the relevant range may be of class 2 as specified in ISO 9513. Length may be measured
with the extensometer either

attache

a)
b) attache

d to the specimen, or

d to the compression plates.

In case a), gauge length L, shall be determined using the extensometer and should be at least equal to 50 %
of the specimen height h,.

In case b), gauge length shall be equal to the specimen height hj, and the extensometer should be fixed as
close as possible to the contact faces of the compression plates in order to minimize the effects of elastic
deformation of the compression plates.

© IS0 2024 - All rights reserved
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In cases where the test is performed at any other temperature than room temperature, a heating or cooling
device is to be installed at least around the specimen and the pressure plates. Throughout the duration of
the test, temperature of specimen and pressure plates T is to be kept constant to within 1 K and specimen
temperature is to be measured throughout the testing process to an accuracy of 1 K.

6 Specimen shape and preparation

Cylindrical specimens are to be used. For coated specimen, the compressive stress at a plastic strain of
0,2 % of the base material shall be at least 120 % of the compressive stress at a plastic strain of 0,2 % of the

coating.

Unless otherwise agreed upon, specimen shall be completely machined with parallel end faces and surface

roughness

Z <
7

roughness
cylindricity]
or 0,000 5 n
height h ar
1< 4

do

For coated

Formula (8]:

hy

0,5<—

a

After specinen manufacturing, diameter and height of each-specimen shall be measured to an

0,2 %. The
right angles
specimen, t

7 Test procedure

After assen|
train open.
end of the t

The faces o
molybdenu
the coated s

TTIr—orctcotrorrir

bf Rz < 3,2 um according to 1SO 21920-1 and ISO 21920-2. The deviation of the end
and angularity relative to the specimen axis as described in ISO 1101 shall notexte
hm per mm of specimen diameter, whichever is greater. For bulk specimen, the ratio |
d the diameter d,, of a specimen shall be as given in Formula (7):

bpecimen, the ratio between the height hy and the diameter d,, ‘of a specimen shall bg

<1

priginal diameter d,, shall be calculated as thie mean of two orthogonal measureme
to each other, the original height hy may be*determined using a single measurement]
he measurement is to be taken at the cofitact face, otherwise at the axial centre of thq

bly of the specimen in thefesting machine, the point of zero force shall be set with
After the force was set to zero, no changes shall be made to the force-measuring syst
st

m disulphide (MgS,), before each test. For coated specimen, two specimens shall be
urfaces facifg-€ach other as indicated in Figure 2, with the contact surface slightly g

faces from
ed 0,02 mm
etween the

(7)

as given in

(8)

accuracy of
hts made at
. For coated
e specimen.

the loading
bm until the

f the compression plates in contact with specimen shall be slightly greased with a lupricant, e.g.

placed with
reased.

© IS0 2024 - All rights reserved
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: L

dy

to

Ly

ho

Figure 2 — Test setup for coated specimen

The specimlen shall be centred using a suitable fixture so that the distance between the specinjen axis and
the verticall axis of the compression plate does not exceed 0,2 mm. Please-see Figure 3 for an example of a
centring fixjture.

dO d0+0,1

;\?/ 2
3 D"

d.+0,1

| dS
Key
1  specimgn
2 semi-ci]cular shell
3 groove fortenstonspring
4  lower compression plate

Figure 3 — Example of a centering fixture

After initial placement, the specimen should be held in place through application of a compressive stress
of 1 MPa. In this condition, the centring fixture shall be removed and the extensometer fixed to either the
sample or the pressure plates. The compression offset due to the preload is to be taken into account in the
evaluation.

The change rate of strain shall be é. = 0,005 s'1, with a relative tolerance of +20 %.

© IS0 2024 - All rights reserved
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For bulk specimen crosshead speed shall be v, = hy- é.
For coated specimen crosshead speed shallbev =t,-2- €,

The compression test shall be continued until specimen fracture or until a specified maximum compressive
strain e, is reached. During loading, time, crosshead displacement, change in length AL and compressive
force F_ shall be recorded continuously, with a sampling frequency f,, at least equal to the value obtained in

Formula (9):
fm = éc'mde/RceH'loo 9)

NOTE The factor 100 is chosen as to ensure sampling frequency to be significantly higher than the characteristic
frequency of the test procedure.

When testing materials with no marked compressive yield point, R

Formula (9].

p0,2 shall be used insteafl of R, in

8 Test eyaluation

8.1 Gendral

Compressign testing in accordance with this document enables determination of the beloW} described
parameterd. All force-related values are treated as absolute values, without sign.

8.2 Determination of the upper compressive yield stress

The upper fompressive yield stress, R..;, is the maximuni‘Stress at the end of the elastic range, prior to
the first mgasured decrease in force. It is calculated as the ratio of the force effective at said time and the
original spgcimen cross-section A,. R..;; can be read difectly from the compressive stress-strajin diagram,
see Figure 4. It can only be determined if the tested miaterial has a distinctive compressive yield|stress.

R

C

R ceH

R cel

Figure 4 <<~ Example of a compressive stress-strain diagram with upper and lower yie1d point

8.3 Determination of the lower compressive yield stress

The lower compressive yield point, R, is the minimum stress during plastic deformation following a rise
of stress in the elastic range, without taking into account initial transient effects. It is calculated as the ratio
of the minimum force effective in this range and the original specimen cross-section 4,. R, can be read
directly from the compressive stress-strain diagram, see Figure 4.

© IS0 2024 - All rights reserved
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8.4 Determination of compressive strain limits

8.4.1 Det

ermination of strain for coated specimen

For coated specimen, coating strain is determined using Formula (10):

Ly F,

eC c _Zto

€ceff =

2-t,

= 11 1100
100 Ay-E, Ly

All stress-strain diagrams shall be corrected accordingly before evaluation.

(10)

8.4.2 Determination of compressive strain limits for existing linear part of the stress strain curve

The comprg
R po,2 for th
strain diagt

A first
interse

strain
the co
2 in Fig

The cor
line wit

This proced

ssive strain limit R, is the stress at a specified plastic strain which is added to the sy
e compressive strain limit at a plastic strain of 0,2 %. It is derived from the compres
am through the following procedure:

line shall be drawn through the linear part of the compressive stress<train diagn
Ction with the strain axis shall be determined (item 1 in Figure 5).

om the intersection of the first line with the strain axis. The intersection of the seco
pressive-stress-strain diagram shall be determined. This is¢he accounting for the p1
ure 5).

A secoirrd line shall be drawn which is parallel to the first linear in a distance of the spec

npressive strain limit for the specified plastic strain is<the stress at the intersection o
h the compressive stress-strain diagram

ure is indicated in Figure 5.

R&

hrt of Compressive strain curve and intersection with the strain axis

bscript, e.g.
sive stress-

am and the

fied plastic
nd line with
eload (item

f the second

Key
1 linearp
2 parallel

line,to 2, with a distance of €ep

Figure 5 — Determination of compressive strain limit R_, at a specified plastic strain e

preload (example)

cp? with

8.4.3 Determination of compressive strain limits for non-existing linear part of the stress strain curve

If it is not possible to determine a linear part of the stress-strain curve, a hysteresis loop may be used for
this purpose. In this case, the compressive strain limit is derived through the following procedure:

stress shall be reduced to a value of 10 % of the stress obtained at the specified strain limit.

© IS0 2024 - All rights reserved
8

During the measurement, once the specified compressive strain limitis exceeded by 5 %, the compressive


https://standardsiso.com/api/?name=0208cd12733d823328e463d8ccbed0dd

	Foreword 
	1 Scope 
	2 Normative references 
	3 Terms and definitions 
	4 Symbols 
	5 Test equipment 
	6 Specimen shape and preparation 
	7 Test procedure 
	8 Test evaluation 
	8.1 General 
	8.2 Determination of the upper compressive yield stress 
	8.3 Determination of the lower compressive yield stress 
	8.4 Determination of compressive strain limits 
	8.4.1 Determination of strain for coated specimen 
	8.4.2 Determination of compressive strain limits for existing linear part of the stress strain curve 
	8.4.3 Determination of compressive strain limits for non-existing linear part of the stress strain curve 

	8.5 Determination of compressive stress at a specified maximum strain 
	8.6 Determination of compressive strength 
	8.7 Determination of compressive strain at fracture 
	8.8 Bulging 

	9 Test report 

