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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

One major consequence of the internal heat generation of rubber under a flexing compression is the
development of an elevated temperature in the rubber. This International Standard provides for the
measurement of the temperature rise.

Und

oarticalarhy v g a ard peratd S - a he test piece
may |occur with fatigue failure. Provision is also made for the measurement of resistance to this'ty

pe of fatigue.

The [test is conducted under conditions of a selected static pre-stress or compression_and-a sellected cyclic
straifp of constant maximum amplitude imposed upon the pre-stressed test piece.

© 1SO 2010 — All rights reserved Vv


https://standardsiso.com/api/?name=29950043cd0f140f4365616ab9cb36cf



https://standardsiso.com/api/?name=29950043cd0f140f4365616ab9cb36cf

INTERNATIONAL STANDARD

ISO 4666-3:2010(E)

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

Part 3:
Compression flexometer (constant-strain type)

WARNING — Persons using this International Standard should be familiar with) horma
ice. This standard does not purport to address all of the safety problems,\ifl any, ass¢ciated with

pra
its

e. It is the responsibility of the user to establish appropriate safety and-health prac

ensyre compliance with any national regulatory conditions.

CAl

ION — Certain procedures specified in this International Standard may involve

generation of substances, or the generation of waste, that could,constitute a local en
hazgrd. Reference should be made to appropriate documentation on safe handling and disposal after

use.
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Scope

part of ISO 4666 specifies the flexometer test with constant-strain amplitude for the determi
erature rise and resistance to fatigue of vulcanized rubber. The flexometer specified is k
irich flexometer, but any other apparatus _giving equivalent performance can be used.

part of 1SO 4666 gives directions:for carrying out measurements which make possible
rding the durability of rubbers in (finished articles subject to dynamic flexing in service su
ngs, supports, V-belts, and cable-pulley insert rings. However, owing to the wide variation

hational Standard and service performance can be assumed.

Mmethod is not recommended for rubber having a hardness greater than 85 IRHD.

Normative'‘references

encesy only the edition cited applies. For undated references, the latest edition of theg
ment (including any amendments) applies.

following» referenced documents are indispensable for the application of this document.

laboratory

ices and to

the use or
vironmental

nation of the
hown as the

predictions
ch as tyres,
s in service

itions, no simple correlation:-between the accelerated tests described in the various parts of this

For dated
referenced

ISO 48, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between 10 IRHD and
100 IRHD)

ISO 4666-1, Rubber, vulcanized — Determination of temperature rise and resistance to fatigue in flexometer
testing — Part 1: Basic principles

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test
methods

ISO

18899:2004, Rubber — Guide to the calibration of test equipment
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 4666-1 apply.

4 Principle

A specified compressive load is applied to a test piece through a lever system having high inertia, while
imposing on the test piece an additional high-frequency cyclic compression of specified amplitude.
Measurements are made of the increase in temperature at the base of the test piece with a thermocouple
which provide
which produfes fatlgue breakdown.

With the tedt piece subject to a constant applied load or to a constant initial compression during the|test,
continuous nmeasurement is made of the change in height of the test piece. The compression‘set of the test
piece is megsured after testing.

5 Apparatus
5.1 Flexdmeter

5.1.1 Genéral description
The essentigl parts of the apparatus are shown in Figure 1.

The test pieg¢e is placed between anvils faced with a thermal.iasulating material. The top anvil is connectgd to
an adjustable eccentric usually driven at an oscillation rate.6030 Hz + 0,2 Hz.

An anvil is spmetimes called a “plate”. However, do nét:.confuse “anvil” with the plate described in Clause 7.

The load is @pplied by means of a lever resting-on a knife edge. The moment of inertia of the lever systg¢m is
increased a:I:d its natural frequency reduced by suspending masses of 24 kg at each end of the lever sygtem.
The lower anvil can be raised or lowered relative to the lever by means of a calibrated micrometer device.| This
device permiits the lever system to be maintained in a horizontal position during the test as determined|by a
pointer and a reference mark on the end of the bar.

The increas¢ in temperature at the’base of the test piece is determined by means of a thermocouple placed at
the centre of the bottom anvil.

5.1.2 Detajled description

The apparatyus (see-Figure 1) consists of a balance beam (6) which can be locked in its horizontal position by
means of a steel\pin. The beam is provided with masses of 24 kg (8) at both ends. The distance betweep the
knife edge supporting the beam and the edges supporting the masses is 288 mm + 0 5 mm An equivialent
inertial system can be used.

The test piece (2) is placed upon an anvil (3) on one arm of the balance beam. The distance of the test piece
support (10) from the fulcrum is 127 mm = 0,5 mm. On the other side of the balance beam, additional
masses (7) are placed in order to apply a load to the test piece. The desired weights are 11 kgf or 22 kgf
which correspond to a pre-stress of 1,0 MPa + 0,03 MPa or 2,0 MPa * 0,06 MPa, respectively.

The test piece (2) is placed between the anvils (1 and 3), which are made of a thermal insulating material
having a thermal conductivity of not more than 0,28 W/(m-K) or, equivalently, 0,24 kcal/(h-m °C). Phenolic
hardpaper can be used for this purpose. In the centre of the lower anvil, a thermocouple, e.g. iron-constantan,
is attached for temperature measurement. The sensing point of the thermocouple shall be in contact with the
test piece. The sensitivity of the thermocouple shall be +0,5 °C.

2 © 1SO 2010 — All rights reserved
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Dimensions in millimetres
288 +05

10

(0}

Key

1 Jpper anvil 5 pointer 9 screw

2 test piece 6 balance beam 10 test piece support
3 Ipwer anvil 7 additional masses

4 rpicrometer screw 8 masses

Figure 1 — Compression flexometer (constant-strain type) — General arrangement

Meaps shall be provided.for measuring the decrease in height of the test piece, as the test procdeds, with an
accuracy of 0,1 mm~For this purpose, the distance between the lower and upper anvils can Ipe varied by
meaps of a calibrated micrometer device until it returns to the horizontal position, which can be rgcognized by
a mark on the balance beam and a pointer (5) on the casing. The adjustment device consists of a micrometer
screy (4) which, by means of a chain and sprocket-wheel drive, moves the screw (9) up or down without
rotat|ng the,lower anvil (3). The degree of adjustment is read from the micrometer screw (4). The|centre point
of the upper anvil (1) remains in the same position. The upper anvil (1) is connected through a guide bearing
to an_eecentric which can be set to the desired stroke in a range from 4,45 mm to 6,35 mm and i$ driven by a
motor at 30 Hz + 0,2 Hz.

Figure 2 shows a heating chamber. The test piece (7) with the supporting anvils is located in the chamber, the
temperature of which can be maintained to within £1 °C of a test temperature generally in the range 40 °C to
100 °C. The chamber shall have the following dimensions:

— width 100 mm;

— depth 130 mm,;

— height 230 mm.

The bottom of the chamber shall be situated 25 mm + 2 mm above the balance beam (9).

© 1SO 2010 — All rights reserved 3
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A thermocouple of the same type as that used in the lower anvil (8) shall be used for measurement of the
temperature in the chamber. The thermocouple shall be positioned at a distance of 6 mm to 9 mm towards the
right-hand side behind the rear edge of the anvil and at a height midway between the anvils. A length of at
least 100 mm of the thermocouple wire shall be within the chamber.

The air circulation within the chamber is provided by a radial fan (4) of 75 mm diameter, operating at a
rotational frequency of 25 Hz to 28 Hz. The air intake shall have a diameter of 60 mm. The air outlet (5) shall
measure 40 mm x 45 mm. The grid shelf for supporting the test piece during conditioning (2) shall be fitted
10 mm £+ 2 mm above the bottom of the chamber.

Dimensions in millim
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for supporting test pieces during’conditioning

S8 i l I

crossbar with lifting rods and upper anvil
test piece

lower anvil with thermocouple

balance beam

= © 0 N O

0 motor of radial fan

Figure 2 — Example of a heating chamber

etres

The gauge for measuring the height and diameter of test pieces shall conform to the requirements of

2 .
™~
\Z
N
+I
[+
>|/
I .
8 i
I
Key
1 heating chamber with door
2 grid shelf
3 heating elements
4 radial fan
5 air outlet
5.2 Measuringgauge
ISO 23529.
5.3 Timer

A stopwatch or other similar device shall be used.
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6 Calibration

The test apparatus shall be calibrated in accordance with the schedule given in Annex C.

7 Test piece

The test piece shall be cylindrical in shape, having a diameter of 17,8 mm + 0,15 mm and
25 mm £ 0,25 mm.

a height of

is suggested,

of the mould
,06 mm and
with two end

d thickness.

The pircular die used for cutting the test piece shall have an inside diameter-of 17,8 mm + 0,03 mm. In cutting
the test piece, the die shall be suitably rotated in a drill press or similar-device and lubricated by means of a
soag solution. A minimum distance of 13 mm shall be maintained between the cutting edge of thg die and the

edgq of the slab. The cutting pressure shall be as light as possible to minimize cupping or
diameter of the test piece.

It shpuld be recognized that equal time and temperature ysed for both moulded and slab test p
prodpce an equivalent state of vulcanization in the two types of test piece. A higher degree of vul

taper in the

eces do not
canization is

obtajned in the moulded test piece. Adjustments, preferably in the time of cure, should b¢ taken into

consjderation if comparisons between the two typesof test piece are to be considered valid.

8 [Test conditions

The ponditions specified in Table 1 @are.normally employed in flexometer tests with constant-strain

Table 1 — Test conditions

Conditions Nominal value
Chamber temperature 55°C+1°Cor100°C+1°C
Stroke (double amplitude) 4,45 mm, 5,71 mm or 6,35 mm
Pre-stress on test piece? 1,0 MPa or 2,0 MPa
@ A pre-stress of 1,0 MPa is equivalent to a weight on the balance beam of
11 kgdf; a pre-stress of 2,0 MPa is equivalent to a weight of 22 kgdf.

amplitude.

Tests with the heating chamber removed are referred to as “room temperature” tests, or tests
laboratory temperature. The standard laboratory temperature used shall be specified in the test re

For the measurement of temperature rise, a chamber temperature of either 55 °C or 100 °C shall
with a stroke of 4,45 mm or 5,71 mm. Any of these choices of temperature and stroke can be use

at standard
port.

be selected
d with a pre-

stress of either 1,0 MPa or 2,0 MPa on the test piece. These choices ordinarily give a temperature rise that is
essentially at equilibrium after the normal test duration of 25 min. However, test times longer than 25 min can

be selected, if desired, for special test purposes.
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For measurement of the fatigue properties of rubber, more severe test conditions are needed. Specifically,
strokes of 5,71 mm and 6,35 mm are recommended with the higher pre-stress on the balance beam.
Selection of the more severe conditions avoids excessive test durations for each test piece.

In general, for medium hardness rubbers that have ordinary temperature rise characteristics, a pre-stress of
1,0 MPa, a stroke of 5,71 mm and a chamber temperature of 55 °C or 100 °C is recommended.

The same test conditions shall be maintained throughout a series of tests intended for comparison of a group

of compounds.

9 Proce

9.1

Locate the 1
level positio
lever locked

Adjust the e
by means o

attached to the loading arm of the eccentric.

The 4,45 mn
are to be us
height abovg

Raise the t
250 mm £ 0

A suitable b
anvil should

Raise the arf
67 mm = 3 n

Adjust the cllossbar of the upper anvil;maintaining a parallel setting with the lower anvil and a firm contac

the calibratir
train nearest

Remove the
pointer on th

Remove the

Preparation of flexometer

pure

nachine on a firm foundation. Adjust the leveling screw in the base to bring thée-machine i
n in all directions at a point just to the rear of the fulcrum of the loading lever."With the loa
in place with the pin, place a level on the lever bar and verify the level setting.

ccentric to give a stroke or a double amplitude of 4,45 mm £ 0,03 mm»\This is best accompli
f a dial micrometer resting on either the crossbar of the upper anyvil or by means of ada

h stroke is selected as the standard for calibration purposes: When strokes other than 4,45
ed, the displacement of the lower anvil should be maintained within the tolerance specified f|
the loading lever.

pp anvil as far as the eccentric permits by its\ rotation. Place a calibrating block of h
,01 mm on the lower anvil.

ock may be made from brass having a diameter of 17,8 mm. The end to be placed on the |
be counter-bored for clearance of the thermocouple disc.

vil by means of the micrometer until the bottom side of the metal cup holding the thermocou
m above the top of the loading\lever. The loading lever shall be in the locked position.
g block. The micrometer shall now be set at zero. This could require disengagement of the

the vernier scale of the micrometer.

calibrating block and recheck the stroke or double amplitude for the 4,45 mm setting. Se
e mark at the-end of the lever bar. This establishes the level position.

rest. If the b
release. If

locking pin from the loading lever and gently oscillate the lever system to determine the po
r.does not come to rest in approximately the level position, slowly return it to its level positior

hto a
ding

shed
pters

mm
Or its

eight

pwer

ble is

with
gear

t the

nt of
and

ovement from the level position is observed, add or remove a mass to or from the required ir}

ertia

mass to obtain a balance.

9.2 Test procedure

9.21

General

Check the machine for proper adjustment (see 9.1) and the required test conditions (see Clause 8). Place the
necessary masses on the rear hanger to give the desired load.

If a stroke other than 4,45 mm is desired, a new zero setting is required on the micrometer after adjusting the
eccentric to the new stroke. Proceed as outlined in 9.1 to obtain the zero setting.
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For elevated temperatures requiring the use of the heating chamber, allow a minimum of 2 h for preheating of
the apparatus and the attainment of equilibrium prior to the start of test. Maintain the lower anvil at the zero
setting, that is, 67 mm above the loading lever during the conditioning period.

Measure and record the height of the test piece. Then measure its hardness in accordance with ISO 48.

When the heating chamber is to be used, place the test piece in the chamber on the grid shelf and condition
for a minimum of 30 min before the start of test.

Before starting the test, the lower anvil temperature and the ambient test temperature shall be in equilibrium.
With the upper anvil or crossbar in its highest position, lower the bottom anvil and quickly position the test

an ambient
S measured.
Raisgp the lower anvil by means of the micrometer until a firm contact is established with the |upper anvil.
Rempove the locking pin and apply the load. Then advance the micrometer until the beam is agaip restored to

If the
corrg

If the
micr:
micr:

For

threq
resta
to th

If the initial running deflection is less than’one half of the impressed stroke or does not exces

withi
shall

If ar
asu

9.2.2

Tod
25 m

iginal level position as determined by the indicator.

test piece had an original height of exactly 25,0 mm, then the micrometer reading shall be
ction for the compression height.

original height of the test piece is less than 25,0 mm, then(the difference shall be subtrac
bmeter reading. For a test piece of height greater than 25,0 mm, the difference shall be 3
bmeter reading.

h smooth start, restore the pin to the locked position of the loading lever, and back off theg

to four turns. Then loosen the pin, start theemachine, and remove the pin completely.
re the beam to the level position by means ofithe micrometer and record the reading. Subjec
P same corrections as used for the static measurements.

h 1 min or 2 min of the start, an unreliable and misleading temperature rise is obtained. The
be maintained in a level position throughout the test.

bcorder is not used to obtain-a continuous temperature rise curve, obtain a series of measurs
table potentiometer. Plot the readings and draw the temperature rise curve.

Determination.of temperature rise and of compression set

etermine the temperature rise and the compression set, continue the test for the normal tes
in, provided that no premature failure occurs in the test piece. Longer test durations can b

sed without

ted from the
dded to the

micrometer
Immediately
this reading

d this value
oading lever

ments using

t duration of
e required if

steagly-state-conditions are always to be attained. At the end of the test, remove the test pigce from the
appdratus‘and after storage for 1 h to cool to standard laboratory temperature, measure the height, #,.
9.2.3~ Determination of fatigue resistance

To determine the fatigue life, continue the test until breakdown occurs. Incipient breakdown is revealed by an
irregularity in the temperature curve (sudden temperature rise) or by a marked increase in creep. After ending
the test, cut the test piece horizontally midway in the height direction and visually confirm damage in the form
of initial porosity, softening or other changes.

If no breakdown occurs, more severe testing conditions shall be selected (see Clause 8).

9.2.4 Determination of creep

Determine creep by measuring the test piece height 6 s after the start of the cyclic loading and then after a
specified test duration.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=29950043cd0f140f4365616ab9cb36cf

ISO 4666-3:2010(E)

10 Expression of results

10.1 Temperature rise

The temperature rise, Ag, expressed in degrees Celsius, is given by the equation:

AH = 925 —60

where

925 is t

Gy ist

10.2 Creep

The creep, A

hg ist
The test pie
position afte
be used, sin

NOTE E
deformation:

4 & H ol £ olet fodle o it ot £ ook PR | '
IT ITITTPTTAUrc, 1 Utyylitto UTISIUS, UT'UIT ITOL PITULT Altlt] T tcolt UUTatiult,

ne temperature, in degrees Celsius, of the test piece at the beginning of the test.

[, expressed as a percentage, after the test duration, ¢, is defined by the equation:

_h[

0

x100

ne test piece height, in millimetres, determined 6 s after the start of cyclic loading;
ne test piece height, in millimetres, determined afterthe test duration, ¢
he original height, in millimetres, of the test piece in the unloaded condition.

ce height shall be measured as previpusly described. The balance beam shall be set to its
[ not more than 6 s of running time=For the original height, 4, the nominal value /g = 25 mm
Ce it is a requirement that the differences be within the tolerance range of £0,2 mm.

Huation (2) differs from the ustal) definition of creep. In other cases, creep is expressed relative to the

_hl
_h6

(1)

)

zero
shall

initial

®)

Equation (2) has the advantage that there is no need to recalculate with reference to the height /g in the loaded condlition.

The quantity
original heigh

he — hy)/hgican also be easily read on the micrometer or recorded by an automatic compensator, sing
hq is considered to be constant (within the tolerance range of £0,2 mm).

10.3 Compression set

The compression set, S, expressed as a percentage, is given by the equation:

e the

(4)

5=l 400
ho
where
ho is the original height, in millimetres, of the test piece in the unloaded condition;
h, is the final height, in millimetres, of the test piece after conditioning for 1 h in the unloaded condition.
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10.4 Fatigue life

The fatigue life is expressed as the number of cycles, N, to breakdown or failure of the test piece. Breakdown
or the failure criterion shall be clearly defined and the definition cited.

11 Test report

The test report shall include at least the following information:

a)

sample details:

1) full description of the sample and its origin,

P)  method of preparation of test piece from the sample, e.g. whether moulded “or cut o
finished products;

est method:

1) test method used, i.e. a reference to this part of ISO 4666 (ISO 4666-3:2010),
P) test procedure used,

B) original height of test piece and, in case of deviation frontstandard dimensions, the diam
1) hardness of test piece;

est details:

1) standard laboratory temperature,

P) time and temperature of conditioning prior to test,

B) pre-stress,

1) stroke,

b) heating chamber.temperature,

5) any departures/from the procedures specified in this part of ISO 4666;

est results:

1) number of test pieces used,

P) -/ for the measurement of temperature rise: the test duration. the individual values and the

taken from

cter,

mnean value,

3) for the measurement of creep: the test duration, the individual values and the mean value, expressed

as a percentage,

4) for the measurement of compression set: the test duration, the individual values and the
expressed as a percentage,

mean value,

5) for the measurement of fatigue resistance: the criterion of fatigue failure, and the number of cycles to

this selected failure point, expressed as individual values and mean values;

date of test.
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A.1 General

A type1 i

repeatability|

on the use o
NOTE Tl
time.

A.2 Preci

A.21 The
using three
test was car

Chamber temperature:

Pre-stress:
Stroke:
Frequency:

Test duratio

A2.2 The

Annex A
(informative)

Precision

h:nrlahnrnfr\r\l test programme (ITD\ and the enhennunnf nrnmmnn calculations—to—express

sion details

1,0 MPa
4,45 mm
30 Hz

N 25 min

55 °C (condition for a minimum 30 min)

and reproducrbrllty were performed |n accordance W|th ISO/TR 9272[11. Annex B gives glidance
f repeatability and reproducibility results.

ne ITP was also organized for constant-stress flexometer testing in accordance with ISO 4666+4 at the same

ITP was organized in 2001. Prepared test pieces were sent out torall participating laboratpries
compounds (of types NR, SBR and CR), the formulations of which are shown in Table A.1] The
ied out under the following test conditions (see Clause 8).

tests were conducted on two test pieces of each rubber on each of two days, separated by one

week. Temperature rise, in degrees Celsius;-creep, expressed as a percentage, and compression| set,

expressed a

A23 Ato

5 a percentage, were measured,

al of eight laboratories participated in this ITP.

Table A.1 — Formulation of rubber compounds

10

Substance NR SBR CR
NR (RSS#1) 100 — —
SBR1502 — 100 —
CR-(sulfur-modified type) — — 100
HAF carbon black (N330) 35 50 25
Zine-exide 5 3 5
Magnesium oxide — — 4
Stearic acid 2 1 0,5
Antioxidant 6PPD? 2 2 2
Antioxidant TMQP 2 2 —
Wax 1 1 —
Accelerator TBBS® 0,7 1 —
Sulfur 2,25 1,75 —
Total 149,95 161,75 136,5
@ N-(1,3-Dimethylbutyl)-N'-phenyl-p-phenylenediamine.
b Polymerized 2,2,4-trimethyl-1,2-dihydroquinoline.
€ N-tert-Butyl-2-benzothiazolesulfenamide.
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A.3 Precision results
The calculation of precision was made, in accordance with the decision tree diagram for ITP data analysis of

ISO/TR 9272:20051'], Figure 1, by eliminating abnormal values for Option 1. The precision results are given in
Table A.2.

Table A.2 — Constant-strain flexometer testing

Property Test rubber | Mean value Within laboratory Between laboratories
r () R (R)
NR 12,41 1,12 9,73 4,86 39,15
Temperature rise, °C SBR 27,59 1,42 5,15 10,12 36,68
CR 20,58 2,38 11,58 14;69 71,38
NR 7,13 0,52 7,28 20,41 286,1
Credp, % SBR 0,55 0,51 92,38 0,77 140,6
CR 0,38 0,28 73,13 1,86 4845
NR 2,48 0,25 10,10 1,33 53,7
Conmpression set, % SBR 3,27 0.45 13,73 2,33 71,2
CR 1,16 0,24 20,49 0,77 66,5

r s the repeatability, in measurement units;
(r) Js the repeatability, expressed as a percentage (relative);

R }s the reproducibility, in measurement units;

(R) Js the reproducibility, expressed as a percentage\(relative).
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