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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
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Introduction

All rubbers show viscoelastic behaviour. When subjected to cyclic deformation, they absorb a part of the
deformation energy and convert this into heat. The heat generated leads to a temperature rise, which can be
considerable in the interior of relatively thick components because of the low thermal conductivity of rubbers.
In cases where the cyclic deformation is large or the temperature reaches high values, it is possible for
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Libber, spreads outwards, and can finally lead to the complete breakdown of the component.

fests specified in the various parts of this International Standard yield either temperature risg
e life of the rubber under given test conditions. Measurement of fatigue life over,a range

be used to determine the limiting fatigue deformability or limiting fatigue stress of the

iments used, commonly called flexometers, subject test pieces to cycles)of either co
itude or constant-strain amplitude.

stinction should be made between flexometer tests and fatigue tests” conducted on thin
rgoing tensile deformation or bending. In the fatigue tests, the temperature rise is genera
p to the rapid dissipation of heat generated, and failure results«from the initiation and grow
h ultimately sever the test piece. 1ISO 132[1] specifies tests forthe determination of flex crac
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INTERNATIONAL STANDARD ISO 4666-1:2010(E)

Rubber, vulcanized — Determination of temperature rise and
resistance to fatigue in flexometer testing —

Part 1:
Basic principles

1 Scope
This|part of ISO 4666 establishes general principles for flexometer testing and defines the terms used.

Flexpmeter testing makes possible predictions regarding the durability of rublbers in finished articles subject to
dyngmic flexing in service such as tyres, bearings, supports, V-belts, and cable-pulley insert rings. However,

owing to the wide variations in service conditions, no simple correlation between the accelerated tests
spedified in the various parts of this International Standard and service performance can be assuned.

2 Normative references
The |following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
docyment (including any amendments) applies.

ISO #664-1:—1), Rubber, vulcanized or thermoplastic — Determination of dynamic properti¢s — Part 1:
General guidance

ISO P3529, Rubber — General procedures for preparing and conditioning test pieces for physical test
methods
3 [Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4664-1 and the following apply.

3.1

loadjng
subj%ction of the test piece to a predetermined stress or strain, either static or cyclic

3.2
pre-stress

%

constant static stress to which the test piece is subjected during the test

NOTE 1 Pre-stress is expressed in pascals.
NOTE 2  Pre-stress can be used to simulate product requirements or simply to hold the test piece in the apparatus.

NOTE 3  The term “mean stress” (ISO 4664-1:—) is equivalent or near equivalent to “pre-stress”.

1) To be published. (Revision of ISO 4664-1:2005)
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3.3
pre-strain
%

constant static strain to which the test piece is subjected during the test

NOTE 1 Pre-strain can be used to simulate product requirements or simply to hold the test piece in the apparatus.
NOTE 2  The term “mean strain” (ISO 4664-1:—) is equivalent or near equivalent to “pre-strain”.

3.4

cyclic stress amplitude
O-a
Ta

ratio of the force amplitude (cyclic force) superimposed upon the pre-strain or pre-stress to the approgriate
cross-sectiopal area of the unstressed test piece

NOTE 1 Clyclic stress amplitude is expressed in pascals.

NOTE 2 The term “maximum stress amplitude” (ISO 4664-1:—) is equivalent or near equivalent to “cyclic $tress
amplitude”.

3.5
cyclic strain amplitude

&

Ya
deformation [amplitude (cyclic deformation) superimposed upon the présstrain or pre-stress

NOTE 1 For certain flexometers, the cyclic strain is smaller than the pre-strain.

NOTE 2 I a compression flexometer, the pre-stress, op, acts irthe same direction as the cyclic strain amplitude, (&,. In
a rotary flexometer, a cyclic shear strain, y, or cyclic shear stress, z,, acts at right angles to an axial compression pre-
strain, &, Or gxial compression pre-stress, Op-

NOTE 3 The term “maximum strain amplitude” (ISO 4664-1:—) is equivalent or near equivalent to “cyclic ktrain
amplitude”.

3.6
heat generdtion
total heat genherated in the test piece by energy absorption during the test

NOTE “Heat generation” should be distinguished from the deprecated, but sometimes used, expression |‘heat
build-up”, whigh is normally associated with the temperature rise in the test piece.

3.7
temperature rise
increase in temperature of the test piece

NOTE The temperature rise is taken as the difference between the temperature measured at a given point in the test
piece at a given time during the test and either the temperature at the beginning of the test or the ambient temperature.

3.8

fatigue breakdown

change in chemical structure, physical structure or composition of the test piece under the simultaneous
action of stress and temperature

3.9

fatigue life

N

number of cycles required to produce failure or breakdown under a given static and cyclic loading

2 © 1SO 2010 — All rights reserved
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ue deformability

cyclic strain amplitude corresponding to a given fatigue life

3.1
fatig

ue stress

cyclic stress amplitude corresponding to a given fatigue life
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C strain amplitude at which the fatigue life curve becomes essentially parallel to the log N axis

Figure 1.
ng fatigue stress

C stress amplitude at which the fatigue life curve becomes essentially.parallel to the log N axis

Figure 1.

Test conditions

relative ratings of rubbers having different moduli. depend upon the type of loading used to ev
o, and o, or 7, constant;

O, and &, or y, constant;

£, and o, or 7, constant;

£, and &, or y, constant.

the type and magnitdde ‘of loading should be governed by the intended use of the rubber

generation, the magnitude should be high enough to generate a temperature rise that is su
iminating, but not‘high enough to cause breakdown.

E Itis*also possible to conduct tests under constant-strain energy conditions.

hluate them:

L In tests for
fficient to be

5ts for fatigue life, choose the loading that yields results capable of discriminating between materials.

5

5.1

est pieces

Form and dimensions

Test pieces for flexometer testing shall be cylindrical. Dimensions differ according to the test method used.

5.2

Preparation

Test pieces shall be prepared and stored in accordance with ISO 23529. Test pieces may be prepared by
vulcanization in moulds, or from slabs or finished parts by cutting, boring, and buffing. If test pieces are cut

from

a finished part, this shall be mentioned in the test report.

© 1SO 2010 — All rights reserved
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interval between vulcanization and testing

See ISO 23529.

For all test p

urposes, the minimum time between vulcanization and testing shall be 16 h.

For non-product tests, the maximum time between vulcanization and testing shall be 4 weeks and for
evaluations intended to be comparable, the tests, as far as possible, should be carried out after the same time

interval.

For product tests, whenever possible, the time between vulcanization and testing should not exceed 3 months.

In other cas¢s, tests shall be made within Z months of the date of receipt of the product by the customer.

5.4 Condijtioning

Before testin
specified in

SO 23529.

5.5 Number

Two test pie
loading or th
established.

Ces of each rubber shall be used for measurement of either the temperature rise under a spe
e fatigue life under a specified loading. More test pieces are needed if confidence limits are
For plotting fatigue life curves, at least five and preferably 1Qtest pieces should be provided.

g, test pieces shall be conditioned for at least 3 h at one of the standard laboratony temperajures

cified
0 be

6 Apparatus

6.1 General

Only general requirements for test machines (flexemeters) are considered here. Typical machineq are
described in ISO 4666-2, 1SO 4666-3 and 1SO 4666=4, but other machines may be used provided that|they
fulfil the bas|c requirements of this part of ISO 4666 and provided that all comparative tests are carried opt on
the same typge of machine.

Constructior] shall be sturdy and precise) The imposed test conditions shall be constant for any singlg test
series, but agjustments shall be possiblé from one series to the next.

Readings or|recordings, whether-by mechanical, optical or electrical means, shall have adequate sensitivity.
6.2 Temperature-controlled cabinet

For tests ¢onductedvat elevated temperature, an adequately thermostated enclosure meeting| the

requirement

5 of 1S©-23529 shall be provided.

6.3 Meas

.
urementof temperature

For measurement of the temperature rise, heat losses by conduction into the test apparatus should be kept
low, e.g. by insulation of the surfaces in contact with the test pieces.

Two methods of measuring the temperature of the test piece are available. The permissible error in the
temperature measurement is +1 °C. The method to be used is specified in the relevant part of this
International Standard.

The temperature in the interior of the test piece may be measured. Temperature can be measured by the
insertion of a fine needle probe temperature sensor, or the probe may be inserted at particular times during
the test when the test piece is free from stress so that the temperature sensor is closely surrounded by the
rubber. It may also be embedded continuously in the test piece.

© 1SO 2010 — All rights reserved
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Alternatively, the temperature may be measured at the test piece surface (or on a surface in contact with the
test piece).

These two methods of temperature measurement differ fundamentally in that the thermal conductivity and
surface emissivity of the rubber enter into the measured values in a different manner.

7 Procedure

7.1 General

The |exact procedures depend on the particular test method used: the rotary flexometer, is\fescribed in
ISO #666-2; the compression flexometer is described in 1SO 4666-3; and the constant-stress flexometer is
desgribed in ISO 4666-4. The basic principles in 7.2 to 7.7 are applicable to all test methods,

7.2 | Temperature of test

The fests shall normally be carried out at one of the temperatures specified indSO 23529.

7.3 | Measurement of temperature rise

The |nitial temperature of all test pieces to be compared shall be ihe test temperature. The temperature rise of
a specific point in the test piece shall be determined after a.rtinning time that is long enough to produce
thermal equilibrium.

7.4 | Determination of fatigue life

Test|pieces shall be subjected to the type and magnitude of loading specified (see Clause 4) and the number
of cycles to breakdown shall be recorded in each case. A suitable means of assessing the onset df breakdown
shalll be used and shall be the same for all comparative tests. In all cases, after the termination pf the test, a
chedk shall be made by a visual examinationof the sectioned test pieces to ensure that the level ¢f damage is
comparable.

Test| conditions shall not be altered*during the course of the test and shall be the same whep comparing
several rubbers. If fatigue life.is_to be determined under one set of test conditions only, the imposed cyclic
strain amplitude or stress amplitude shall normally be greater than the limiting fatigue deformabilfty or limiting
fatiglie stress of the rubber.

7.5 | Determinationof limiting fatigue deformability and limiting fatigue stress

For the estimation of the limiting fatigue deformability or limiting fatigue stress of the rubber, thge fatigue life
shalll be determined over a range of cyclic strain amplitudes or cyclic stress amplitudes, including that region
in whichy it"becomes very long and virtually indefinite. To accomplish this, several test pieg¢es shall be
subjetcted to suitably spaced loadings and the corresponding numbers of cycles to breakdown shall be
measufed-

The fatigue lives so obtained shall be plotted as a function of the cyclic strain amplitude, &, or cyclic stress

amplitude, o, (see Figure 1). The limiting fatigue deformability and the limiting fatigue stress shall be taken as,
respectively, the cyclic strain amplitude and the cyclic stress amplitude at which the fatigue life curve becomes
essentially parallel to the fatigue life axis.

If required, a plot of fatigue life against cyclic strain amplitude or cyclic stress amplitude can be used to

calculate the fatigue deformability or fatigue stress for a given fatigue life. In this case, it is not necessary to
undertake tests at cyclic strain amplitudes or cyclic stress amplitudes where the fatigue life approaches infinity.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=6a3aa039534da2303aceca38dc49c7b5

ISO 4666-1:2010(E)

7.6 Determination of creep

When it is appropriate and when it is required, creep shall be measured or registered by a recorder as the
change in height of the test piece or the movement of a contact platen during the test, recorded at suitable
intervals of time. The creep is calculated relative to the initial height of the undeformed or unstressed test
piece.

7.7 Determination of set

When it is appropriate and when it is required, set shall be calculated from the difference between the initial
height of the test piece in the undeformed or unstressed condition and the height of the test piece at the end
of the test after a specified recovery period; it shall be reported as a percentage of the initial height| The
recovery pelliod chosen shall be sufficiently long for the recovery to reach substantially its asymptotic. valu

®

8 Testreport

The results $hall be reported as specified in the relevant part of this International Standard.

a O'a“
A
E(A), Pol(A)
B
€.(B), p(B)
log N
Key
& limiting fatigue deformabtiity [e fmitmg fatigue stress
&-(A) limiting fatigue deformability of rubber A O(A) limiting fatigue stress of rubber A
&(B) limiting fatigue deformability of rubber B 0(B) limiting fatigue stress of rubber B
A rubber A B rubber B

N fatigue life

Figure 1 — Fatigue life curves for two rubbers, A and B
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