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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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Introduction

Long years of experience with bond tests led to an adaptation of this document. The test apparatus has
been modified to reduce the negative local bending stress influence on the specimen. The geometry
of the test specimen has been modified to avoid negative influence due to tolerances. A description of
the specimen machining sequence has been added to get a more uniform specimen. A subclause on the
application for quality control has been added.
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INTERNATIONAL STANDARD ISO 4386-2:2019(E)

Plain bearings — Metallic multilayer plain bearings —

Part 2:
Destructive testing of bond for bearing metal layer
thicknesses greater than or equal to 2 mm

1 Bcope

This| document specifies a tensile test method for determination of the bond stiength between the
beaifing metal and the backing. The test can be applied to multilayer plain bearings with bedring metals
basdd on lead, tin, copper or aluminium. For tested layer thicknesses = 2 mmfayraw lining thickness of a
minimum additional 1 mm is necessary.

The [backings are from steel, cast steel or copper alloys. The bond\strength test does rjot apply to
beaijings with cast iron backing.

The festapplies to all thrust bearings and to journal bearings with an inner diameter of backihg 2 90 mm.

The ftest can be used for comparative investigations intg the influence on the bond strength of various
prodesses and types of material. In addition, the test is suitable for production control and|for process
qualfification of bearing production.

For hon-destructive ultrasonic testing of the hend between bearing metal and backing [for bearing
metal layer thicknesses = 2 mm, see SO 4386-1\
2 Normative references

Thete are no normative referencesin this document.

3 [Terms and definitions
No terms and definitionis/are listed in this document.
ISO @nd IEC maintain terminological databases for use in standardization at the following addresses:

— [SO Onlixeybrowsing platform: available at https://www.iso.org/obp

— |ECEléctropedia: available at http://www.electropedia.org/

4 Principle

During the tensile testing carried out vertically to the bond surface, the bond strength, Rcp, in newtons
per square millimetre, is the quotient of the maximum force, Fax, in newtons and the bond surface, 4,
in square millimetres, of the specimen (see Table 2), as given by Formula (1).

NOTE The subscript "Ch" refers to the test method proposed by Chalmers.

Finax
1
y (1)

Ren =

© IS0 2019 - All rights reserved 1
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5 Test equipment

5.1 General
A calibrated tensile testing machine shall be used with apparatus in accordance with Table 1.

By means of careful adjustment of the apparatus, it shall be ensured that the force is acting vertically to
the bond surface in order to avoid incorrect measurements.

5.2 Testing apparatus
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1 distarjce tube
2 nut
Figure 1 — Main dimensions of apparatus
NOTE Dltails notsindicated in this document are expected to be chosen accordingly.
Table 1 — Dimensions and tolerances for test apparatus
Dimensions in millimletres
Type of spec-
imen Apparatus geometry data
dy dg d7 dg dy tog
o o 0 NA NA NA
-0,1
T 100 8,1 19,8 15,9 M8 19 4
T 200 12,1 29,1 23,9 M 12 28 4
NA: not applicable

2 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=369d7a21b0815dc862140c89800c95fa

6 Specimen

6.1 General

ISO 4386-

Tin casting alloys for multilayer plain bearings are specified in ISO 4381.

2:2019(E)

For selection of the type of specimen in the case of journal bearings, the inner diameter, di, of the
bearing has to be considered.

Specimen T 100 is valid from the minimum diameter d; = 90 mm up to d; = 200 mm.

Spec 1men 1 200 1s valid tor all diameters dq1 > 200 mm.

For the thrust bearing specimens, T 100 and T 200 may be used. Whenever possiblef.'T 20

preferred.

Both bearing metal faces shall be machined as a precondition for fixing the)bearing me
the test apparatus to avoid bending deformation of the bearing metal duringtest procedyre. Use test
appdratus in accordance with Table 1.

Spedimens shall be manufactured in accordance with Table 2, Figure 2sand 5.1.

Table 2 — Dimensions and tolerances for specimens (see Figure 2)

Dimensions i

|0 should be

tal layer on

h millimetres

Type of Inner diameter
s e(l:)imen Bond surface of the backing of Specimen geometry data
P journal bearing
d d d d
4 . 2 3 4 5
mm? ! h8 H8 +01
T 100 100 90,-200 19,60 16 8,1 29
T 200 200 >200 28,85 24 12,1 38

© IS0 2019 - All rights reserved
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Key
backihg
bearipg metal
bond surface equal to test surface

Figure 2 — Specimen (from a journal bearing) for bond testing

6.2 Specimen machining sequence

Table 3 — Specimen machining sequence

Step 1: S a
a) Tighterl raw "\
specimgn with "\
bearing metal i
towardp chuck. e
e _T|+ T 100 T 200
b) Maching ds, / / ey
¢) Maching backing / /
front plane tg
thickngss-Z. a b
V4
Key
a Before machining. ds = 29 ds =38
b After machining. Z=8-10 Z=10-12
Figure 3 — Step 1

4 © IS0 2019 - All rights reserved
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Table 3 (continued)

ISO 4386-2:2019(E)

Step 2:

chuck.
b) Drill ds.

c¢) Machine ds.

a) Reverse specimen
and tighten with
backing towards

a

Machine d».
Machine the
reference plane

to the deepest

0,1 mm deep into

the steel, referred

Key

b After machining.

Figure 5 — Step 3

poirflt of bond 1 reference plane
surface.
a Before machining. 101 +01
) : d,=8,1"," d=12,17
d) |Machine bearing |, - 4790 4 0
metal front face After machmlr-lg. ds =29 ds =38
plane. Figure 4 — Step 2 dz = 19,60 h8 dy | 28,85 h8
The raw lining
thickness shall be
min. 3 mm.
Stey 3: Z
a) |Reverse specimen Q&Lg
and tighten with N, .
bearing metal
towards chuck.
. . A= — -
b) |Machine d3 with 4 7?\ o ©
depth Z;. ;
Radius g
R=0,1mm. ,T§\ b
.
7777
Z;
Key
a Before machining. d3 =16,0 H8 d3= 24,0 H8
Zy' 0 =2+0,9 | Z,73 =2+0,9

7 Procedure

The apparatus, as shown in Figure 1, is mounted on the calibrated tensile testing machine. Subsequently,
the specimen is locked into the apparatus, whereas the bearing metal surfaces are fixed to avoid local

bending. For that purpose, hand tighten the nut (see Figure 1).

The force is steadily increased until the specimen fractures.

The increase in stress should be at about 10 N/mm?2 per second.

The force of the specimen fracture is read from the testing machine.

© IS0 2019 - All rights reserved
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8 Evaluation

8.1 General

With the aid of the force of failure, Fax, found necessary to tear the bearing metal away from the
backing in the region of the bond surface, the bond strength, Rcp, is to be determined according to
Formula (1). Previous existing local bond defects on the surface of failure shall be noted.

The characteristic limiting value of layer thickness for the absolute bond strength is a property of
the bearing metal. It is 6 mm for Pb and Sn alloys. For other than Pb and Sn alloys, the value shall be

determine

in a series of tests with different thicknesses of the hearing material layers Ahave the |

imit,

the results

Absolute bd
limiting val

Relative bo
of thicknes
experiment]

The evaluaf]

hire independent of the layer thickness.

nd strength is given when the layer thickness is greater than or equal to the character
lie of thickness. The result is independent of the layer thickness of the bearing metal.

nd strength is given when the layer thickness is less than the characteristic limiting v
5. For layer thicknesses below the limiting value of thickness, it has“been establi
ally that the relative bond strength drops linearly to the value zero.(see Figure 6).

ion procedure is as follows:

ickness greater than or equal to characteristic limiting valde of thickness: the value f
bsolute bond strength value;

ickness less than characteristic limiting value of thickness: the value found is the rel
rength value and has to be converted into the valu€of the absolute bond strength as sh
'e 6 (as an example).

of absolute bond strength shall be limitéd to the tensile strength, Ry, of the te
tal.

istic

alue

shed

und

htive
own

sted

a) layer th
is the a
b) layer th
bond st
in Figu
All results
bearing me
6
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)/ Reny
%\ Ry

X
Key
X thickness of bearing metal layer
Y bond strength
a Relative bond strength.
b Limiting value.
c Absolute bond strength.

Rchi measured value in the range of the relative bond strength
Rchz| value of the absolute bond strength determinedsgraphically

Figure 6 — Principle curve of the bond Strength as a function of the thickness of the¢ bearing
metal layer

8.2 | Designation
With reference to this document, the tensile test (represented by T) shall be indicated as follows:

Test|ISO 4386-2 followed-by "T" and test surface
EXAMPLE A testsurface of 200 mm?2 is designated as follows: Test ISO 4386-2 - T 200

8.3 | Testreport

A tegt report on the result of the test shall be drawn up (by agreement).

In thetést rnpnr‘f’ the Fn]]nuring shallbe indicated:

a) reference to this document, i.e. ISO 4386-2:2019;

b) reference to the tested plain bearing;

c) dimensions, layer thickness and materials of the plain bearing;
d) type of specimen, for example T 200;

e) number of specimens;

f) for each specimen:

— maximum force applied until fracture of the specimen;

© IS0 2019 - All rights reserved 7
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— relative and absolute bond strength determined;

porosities;

g) summa

ry of a test series:

— mean value of absolute bond strength;

— maximum absolute bond strength;

— minimum absolute bond strength;

description of the condition of the fractured surface inclusive of detected local bond defects or

h) test pel

9 Applig

9.1 Gense

The bond s
backing mj
backing ter
test proced

Because of
tested serig

A sufficient
from the cq
accordingly

A test with
series of teg

9.2 Qual

Through thiis test procedure, the bearing is usually destroyed. Therefore, this test procedure is

applicable t
In single-p
produced i
bearing. O

A mean val

plain bearings,

i
r:liy this approach ensures comparable bond conditions on both bearings.

sonnel and date of test.

ration for quality control and process qualification

ral

trength depends on many influences, such as backing material quality, heat treatme
iterial, preparation of bond surface, bearing metal composition, casting tempera
hperature, backing geometry, cooling conditions, specimen/machining tolerances ang
ire itself.

11 these influences, in practice, bond strength results €an vary. Less variation of result
s is an indication for high uniformity in processing.

number of specimens shall be taken from the-test bearing. Specimens should be t
ntre area of the bearing as well as from thée“area near the border and should be ma

a single specimen gives no quality indication. For a quality indication, the mean valug
ts shall be taken.

ity control
b continuous quality ¢ontrol. In mass production, a single bearing can be immolated each {
irt production, @~Separate bearing of the same materials and same geometry sha

sequence with) the original bearing, and specimens are to be taken from this sep4

e of absolute bond = 0,6 Ry, (tensile strength) of the bearing metal is a sufficient bon

ht of
fure,
the

ofa

hken
rked

of a

not
ime.

I be
rate

d for

9.3 Process qualification

A process qualification can be carried out on a typical bearing of the production range.

The mean value of an absolute bond = 0,8 Ry, (tensile strength) of the bearing metal is a desirable bond

for process

qualification.

The associated processing data shall be documented and shall be used in the future for the tested
bearing type. When dimensions, geometry or materials are to be modified, the process qualification

shall be rep

NOTE
losses.

eated under the new conditions.
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