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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
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Introduction

When a constant strain is applied to rubber, the force necessary to maintain that strain is not constant but
decreases with time; this behaviour is called “stress relaxation”. Conversely, when rubber is subjected to a
constant stress, an increase in the deformation takes place with time; this behaviour is called “creep”.
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itions both types of process will occur simultaneously. However, at normal or low temperg
times, stress relaxation is dominated by physical processes whilst at high temperatures
5 chemical processes are dominant.

lifetime of a material is to be investigated, it can be determined using the air even ageing te
D 11346 (see the Bibliography).

dition to the need to specify the temperatures and time intervals in a stress relaxation test, it
nce the measured stress relaxation, particularly in rubbers containing'fillers.

most important factor in achieving good repeatability and reproducibility when making stre
is to keep the temperature and compression constant duringall measurements.

tures and/or
and/or long
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S necessary

ecify the initial stress and the previous mechanical history of the test piece since thes¢ might also

5s relaxation
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Rubber, vulcanized or thermoplastic — Determination of stress
relaxation in compression —

Part 1:
Testing at constant temperature

WAH
This
use.
ensu

IMP(

INING — Persons using this part of ISO 3384 should be familiar with normal‘laboratg

It is the responsibility of the user to establish appropriate safety and-health pract
re compliance with any national regulatory conditions.

DRTANT — Certain procedures specified in this part of 1SO'3384 might involve

gengration of substances, or the generation of waste, that could,constitute a local en

haza
use.

1

This

Scope

piec¢ of vulcanized or thermoplastic rubber which”has been compressed to a constant defg

main
aco

Two

tained thus at a predetermined test temperature. The counterforce can be determined either
htinuous-measurement system or by a discontinuous-measurement one.

forms of test piece are permitted: ¢ylindrical test pieces and rings. Different shapes and

piece¢ give different results, and comparison of results should be limited to test pieces of sim

shap

The

e.

use of ring test pieces-is particularly suitable for the determination of stress relaxat

envijonments.

This
temg

part of ISO 3384~“deals only with testing at constant ambiant or elevated temperature
eratures below-'standard laboratory temperature is not specified. The methods have be

low-femperature'\testing, but their reliability under these conditions is not proven.

2

Normative references

ry practice.

part of ISO 3384 does not purport to address all of the safety problems, if,any, associated with its

ces and to

the use or
vironmental

rd. Reference should be made to appropriate documentation on safe handling and disposal after

part of ISO 3384 specifies two methods for detérmining the decrease in counterforce exerfed by a test

rmation and
by means of

sizes of test
lar size and

on in liquid

. Testing at
en used for

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
document (including any amendments) applies.

ISO 37:2011, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

ISO 188:2011, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

ISO 1817, Rubber, vulcanized or thermoplastic — Determination of the effect of liquids

ISO 3601-1:2008, Fluid power systems — O-rings — Part 1: Inside diameters, cross-sections, tolerances and
designation codes
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004, Rubber — Guide to the calibration of test equipment

I1ISO 23529:2010, Rubber — General procedures for preparing and conditioning test pieces for physical test

methods

3 Terms

and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

compressidn stress relaxation

reduction in
application @

4 Princi

A test piece
a predeterm

In method
temperature

In method
laboratory te

The test can

The two methods, A and B, of carrying out the measurement do not give the same values of stress relaxa

and compar
depends on
elevated ten
cycling from

NOTE O
temperature g

5 Appar

51 Comg
plated or std
compressed

A, the compression is applied and all counterforce measurements are made at the

compressive force, expressed as a percentage of the initial force, which occurs with time aftg
f a constant compressive strain

ble

of vulcanized or thermoplastic rubber is compressed to a constant defermation and maintain
ned test temperature. The decrease in counterforce is then measured.

B, the compression is applied and all counterforce measurements are made at a stan
mperature. The test pieces are stored at the test temperature.

be conducted in a gaseous or a liquid environment.

son of values obtained from the two methods should be avoided. The method selected fo
the purpose of the test. Thus, for_fundamental studies and in applications where sealir
hperatures is a problem, method A ;might be preferred, and in applications where temper
normal to an elevated temperatureis a problem, method B might be preferred.

ther methods can be used fof, specific purposes, such as applying the compression at standard labo
nd making all counterforce measurements at a different temperature.

atus
ression deyice, consisting of two parallel, flat, highly polished plates made from chrom

nless steel'or another corrosion-resistant material, between the faces of which the test piece
Flatness, surface roughness, parallelism and rigidity of the plates are all important.

r the

bd at

test

dard

tion,

use

g at
hture

atory

ium-
5 are

The surface

5 of the compression plates shall be ground and palished Compression plates shall he fla

and

parallel and shall not undergo any distortion when the test load is applied.

NOTE

to be suitable.

Such a roughness profile Ra can be obtained by grinding or polishing.

A finish to the surface giving a roughness profile Ra (see ISO 4287) of not worse than 0,4 um has been found

When the apparatus is assembled without a test piece, the gap between the plates shall not vary by more
than £0,01 mm.

When the test assembly is subjected to the test load with a test piece between the plates, neither compression
plate shall bend by more than 0,01 mm.

The plates shall be of sufficient size to ensure that the whole of the compressed test piece is within the area of
the plates and can expand freely laterally.

© 1S0O 2011 — All rights reserved
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For ring test pieces, the plates shall have holes of at least 2 mm diameter drilled through their centre portions

to all

ow equalization of pressure and circulation of fluid inside the ring-shaped test piece.

It shall be possible to connect the compression device to suitable equipment for compressing the test piece to
the specified compression at the specified speed and for measuring the counterforce exerted by the
compressed test piece with an accuracy of 1 % of the measured value.

The device shall be capable of setting the compression and maintaining it during the whole duration of the
test, and it shall be possible to keep the device in an oven at the specified test temperature. Care shall be
taken to ensure that there is no loss of heat from the test piece, for example by conduction through metal
parts which are connected with the outside of the oven.

5.2
ana

The
dura
basis

Alten
inten
mea
TNf
withd
actg
one

5.3

5.3.1
oven
reco

NOT
agein
stear

5.3.2
vess
com
and

withi

5.4
sens

Counterforce-measuring device, capable of measuring compression forces in the desire
ccuracy of 1 % of the measured value.

device may be a continuous-measurement system which monitors the test piece durin
. The deformation of the test piece shall be kept within +0,01 mm for the duration of the test.

hatively, a compression-testing machine may be used to measure the-counterforce at pre
als. In this case, the force necessary to cause a slight increase inithe compression of the

or balance-type machines, or greater than 0,05 mm for stress/strain-type machines, applied i
ut overshoot. The whole of the force exerted by the test pieCevas a result of the extra comp
n the force-measuring device. It shall also be possible to repeat the compression to within +0
measurement to another.

Test environment

For tests in gaseous media, an air oven complying with the requirements of ISO 188 shall
meeting the requirements specified for, one of the ovens used in ISO 188:2011, n
mmended.

E If the testing is done in nitrogen, oxidative ageing will be eliminated and the result will be d
g only. This may be used to simulate conditions where the product is not exposed to air, such as sealq
N.

For tests in liquids, the compression device shall be totally immersed in a liquid in a bath
el for volatile or toxic fluids, such that free circulation of the liquid can take place through the
pression plates. The-liquid shall be maintained at the specified temperature by proper contrg

circulation of the“liquid in the bath or, alternatively, by placing the liquid bath and compre
h an air oven as.specified above.

ng element shall be fitted in such a way that it accurately measures the temperature of the tej

d range with

j the whole

ion of the test, making it possible to measure the change in the counterforce@ijth time on a continuous

scribed time
test piece is

sured. This additional compression shall be as small as possible and in no case greater than a force of

h either case
ression shall
01 mm from

be used. An
hethod A, is

ue to thermal
used in oil or

| or a closed
holes in the
| of a heater
5sion device

Temperature-measuring equipment, with a sensing element of suitable precision. The {emperature-

st piece.

6 Test piece

6.1

6.1.1

Test piece type and test piece preparation

General

Test pieces shall be prepared either by moulding or in accordance with ISO 23529, by cutting from moulded
sheets or products.

NOTE

The results obtained from test pieces of different sizes are not comparable.

© 1SO 2011 — All rights reserved


https://standardsiso.com/api/?name=189a426ba985a2f95141758d0184efe6

ISO 3384-1

:2011(E)

6.1.2 Cylindrical test pieces

The test piece shall be a cylindrical disc of diameter 13 mm + 0,5 mm and thickness 6,3 mm + 0,3 mm.

6.1.3 Ring

test pieces

The preferred ring test piece is a ring of square cross-section cut from a flat sheet of the test material by
means of rotary cutters. For a suitable machine for the preparation of small ring test pieces, see Annex A of

ISO 37:2011

The dimensions of test pieces shall be:

thickneg

radial w

s:2,0mm+ 0,2 mm

inner digmeter: 15,0 mm + 0,2 mm

dth: 2,0 mm £+ 0,2 mm

The sheets may be prepared by moulding or from finished articles by cutting and buffing.

Alternatively|
diameter 14

O-rings of 0
standard tes|
NOTE M
to stops. This

required com
8.3.4 and 8.4.

6.2 Meas

The dimensi

an O-ring, size code ISO 3601-1-14 x 2,65-G-N, as specified (i ISO 3601-1:2008 (int
mm and diameter of the cross-section 2,65 mm), may be used,ds’the standard test piece.

ther dimensions, together with seals or gaskets of other\configurations, may be used as
t pieces where appropriate.

ost test machines have jigs in which the test piece is compressed by screwing a compression plate doy
gives a fixed strained thickness. Test pieces within the\tolerances given above will not necessarily hav
bression strain when tested in such jigs. It is important that a compression strain within the limits giv
3 be achieved by careful matching of jig and test piece.

urement of dimensions of test pieces

bns of test pieces shall be measured as specified in ISO 23529.

6.3 Number of test pieces

The preferrgd number of test pieces is three, but for routine and screening tests two test pieces

acceptable.

6.4 Time

The interval

interval between forming and testing

between forming and testing shall be in accordance with ISO 23529.

6.5 Conditioning of test pieces

6.5.1

detailed in 6.

ernal

non-

vn on
e the
en in

are

5.2 and 6.5.3.

Prior to testing, the test pieces shall undergo first a thermal and then a mechanical conditioning as

6.5.2 Thermal conditioning shall be carried out by heating the test pieces at 70 °C for 3 h. Following thermal
conditioning, the test pieces shall be allowed to stand for a period of not less than 16 h and not more than
48 h at standard laboratory temperature prior to mechanical conditioning or testing.

6.5.3

in ISO 23529, as follows:

Mechanical conditioning shall be carried out at one of the standard laboratory temperatures specified

© 1S0O 2011 — All rights reserved
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Compress the test pieces to the same compression that will be used during the rest of the test and then
immediately return them to zero stress; repeat this procedure to give a total of five cycles of deformation and
immediate return.

Following mechanical conditioning, the test pieces shall be allowed to stand for a period of not less than 16 h
and not more than 48 h at standard laboratory temperature prior to testing.

Mechanical conditioning has been found to improve test reproducibility, particularly for compounds containing
substantial proportions of filler, but is not always appropriate for finished products and might therefore lead to
results that are not typical of service. Such conditioning may be omitted provided thermal conditioning is still
undertaken. This omission shall be mentioned in the test report.

7 Puration, temperature and test liquid

7.1 | Duration of test

Unleps otherwise specified, the duration of the test shall be (168 _2 ) h.
If infermediate times are used, 3h_9) min, 6 h_J min, (24 _J;)h and\(72_?)h are preferrgd. The test
perigqd begins after the initial compression. If longer test times are used, a logarithmic time-sgale shall be
employed.
In method B, when compression is carried out at standard labaratory temperature, a conditioning period of 2 h

(not jncluded in the time of test) shall be allowed each time:the' test piece is conditioned for megsurement at
that femperature.

7.2 | Temperature of exposure

The [temperature of exposure shall be chosen from the list of standard temperatures in| ISO 23529.
Temperatures of exposure which cause rapid degradation or evaporation of the test liquid shall bel avoided.

7.3 | Immersion liquids

The test liquid shall be chosen @ccording to the particular application, but should preferably be pne of those
listed in ISO 1817.

8 Procedure

8.1 | Preparation

Cargfully clean the operating surfaces of the compression device. When testing in a gaseous medium, apply a
thin ¢eating of a lubricant having substantially no action on the rubber.

NOTE A silicone or fluorosilicone fluid (having a kinematic viscosity of about 0,01 m2/s) and molybdenum disulfide
have been found to be suitable lubricants.

8.2 Thickness measurement

8.2.1 Cylindrical test pieces
Measure the thickness of each test piece at the central portion with an accuracy of 0,01 mm, after thermal

conditioning and before mechanical conditioning, at the chosen standard laboratory temperature, as specified
in 1ISO 23529:2010, method A.

© 1SO 2011 — All rights reserved 5
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8.2.2 Ring test pieces

Measure the axial thickness of each test piece with an accuracy of 0,01 mm at four points approximately 90°
apart around the ring after thermal conditioning and before mechanical conditioning, at the chosen standard
laboratory temperature, as specified in 1ISO 23529. Use the average of the measurements to calculate the
necessary compression. Individual measurements, on a single test piece, shall not differ by more than
0,05 mm. If they do, discard the test piece.

8.3 Method A

8.3.1 Bring the compression device and the test environment to the test temperature.

8.3.2 Wh¢n testing in a liquid, the test piece and the operating surfaces of the compression device shill be
gently lubricpted with the test liquid. When testing in a gaseous medium, a thin coating of a lubricant having
substantially| no action on the rubber shall be applied (see 8.1).

8.3.3 Im
ISO 23529.
times are n

diately after lubrication, condition the test piece at the test temperaturecin-accordance|with
onditioning for at least 30 min is recommended. For temperatures upwards of 150 °C, Ignger
essary in accordance with 1ISO 23529.

8.3.4 Pla
done in the

the conditioned test piece in the preheated compression device(5.1) or, if the preheating is
ompression device, place the test piece in the device and thengreheat. Compress the test piece
by (25 £ 2) % in the compression device at the test temperature or, if.@ compression of 25 % canngt be
obtained, uge a compression of (15 +2) % or lower, in steps of 5 %.<“Compress the test piece in a|time
between 30 b and 120 s. When reached, the final compression shall be\fixed and maintained during the gntire
test period (ppart from the further small compression which is usedfor measurement of the counterforge as
mentioned in the alternative method in 5.2).

8.3.5 Measure the initial counterforce F; with an aceuracy of 1 % of the measured value, at thel test
temperature| 30 min + 1 min after completing the compression.

Y%

8.3.6 Reppat the measurement of the counterforce F, after the times specified in 7.1. Take all

measurements at the test temperature.

After the last measurement at the test temperature, the test piece may be allowed to cool down to stardard
laboratory tgmperature and a further measurement of the counterforce made.

shown that the amount of recovery (at the test temperature) is a measure of the permanent chemical reactions occlirring

8.4 Method B

8.4.1 Bring the test environment to the test temperature.

8.4.2 Whgn-testing in a liquid, the test piece and the operating surfaces of the compression device shall be
gently lubricated with the test liquid. When testing in a gaseous medium, a thin coating of a lubricant having
substantially no action on the rubber shall be applied (see 8.1).

8.4.3 Compress the test piece by (25+2)% in the compression device at a standard laboratory
temperature or, if a compression of 25 % cannot be obtained, use a compression of (15 +2) % or lower, in
steps of 5 %. Compress the test piece in a time between 30s and 120 s. When reached, the final
compression shall be fixed and maintained during the entire test period (apart from the further small
compression which is used for measurement of the counterforce as mentioned in the alternative method
in 5.2).

8.4.4 Measure the initial counterforce F; with an accuracy of 1 % of the measured value, at standard
laboratory temperature, 30 min = 1 min after completing the compression.

6 © 1SO 2011 — All rights reserved
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8.4.5 Immediately after measuring the counterforce, store the compressed test piece
environment (see 5.3) at the specified test temperature.

in the test

8.4.6 When making measurements of the counterforce F, after each of the times specified (see 7.1),
remove the apparatus from the test environment, maintain it at the standard laboratory temperature for 2 h,
determine the counterforce and then return it to the test environment until next specified time. It is important
that the apparatus and test piece reach thermal equilibrium within 2 h, and forced cooling can be necessary.
The temperature shall be checked with the temperature sensor specified in 5.4.

9 Expression of results
The compression stress relaxation R(r), after a specified duration of test ¢, expressed as a_percs
initia] counterforce, is given by the equation

Rty =0 =F1 100

Fo

wheie

f'y is the initial counterforce, measured after 30 min;

i, is the counterforce measured after the specified duration oftest 7.
The median value of the results for the test pieces shall be*Chosen. The individual values for the
shalljagree to within 10 % of the median value. If they do n@t, the test shall be repeated.
Stregs relaxation values measured after different times* of exposure shall be plotted as a function
logafithmic scale to facilitate the interpretation of‘the test data. For some applications, it is mg
calcylate compression stress ratio values, i.e~F,/F, after different times of exposure, rather
relaxation values. In this case, compression stress ratio values shall be presented graphically as
logafithmic time.
10 Precision
For precision data, see Annex.A.
11 [Test report
The test repoft shall include the following information:
a) pample details:

ntage of the

b test pieces

of time on a
re useful to
than stress
a function of

2)

1) a full description of the sample and its origin,

3) the compound details and cure conditions, where appropriate;

the method of preparation of the test pieces from the sample, e.g. whether moulded or cut,

b) a full reference to the test method used, i.e. the number of this International Standard and the method
utilized (A or B);

c) testdetails:

1) the type of test piece used,

© 1SO 2011 — All rights reserved
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2) the number of test pieces tested,

3) any special information concerning the apparatus, e.g. the method used for measuring the
counterforce,

4) the standard laboratory temperature used,
5) the duration and temperature of conditioning of the test pieces prior to testing,

6) the test duration and temperatures used,

7) the[compression used: Z5 % or other (give details),

8) if ah oven was used, details of the type of oven,

9) if anpother test environment was used, details of the type of test environment,

10) thellubricant used,

11) any deviation, by agreement or otherwise, from the specified test procedure;
d) the indiyidual test results and their median value;

e) the datq of the test.

8 © 1SO 2011 — All rights reserved
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Anngx B gives guidance on the use of repeatability and reproducibility results.

A.2

A.2.

ISO 3384-1:2011(E)

Annex A
(informative)

Precision

General

enclature.

Precision details

hterlaboratory test programme (ITP) and the precision calculations to express the repeptability and
repraducibility were performed in accordance with ISO/TR 9272. Consult this for precision c

bncepts and

The ITP was conducted in 1998. One material, an IR/SBR blendfubber compound, was ysed. Testing

using method A was conducted at 23 °C and 100 °C and using method B at 100 °C. The test resylt was taken

as the average value, for two test pieces, of the percent decréase in the initial counterforce a
relax

100

C testing using method A and seven laboratories in the 100 °C testing using method B.

fter 168 h of

ation. Twelve laboratories participated in the 23 °C testing using method A, eleven laboratories in the

A.2.2 The precision determined is a type 1 precision: fully prepared test pieces were submitted to the

labo
repli
is in

A.2.3 Analysis of the data from all the laberatories (all three tests) resulted in

Thege results wereyrejected and the final analysis was conducted on the remaining data, viz:

distinction to the more usual day 1/day 2 éplication with a few days between replications.

he results from three laboratories ‘being declared outliers for method A at 23 °C;
he results from two laboratories being declared outliers for method A at 100 °C;

he result from onelaboratory being declared an outlier for method B at 100 °C.

or method A at 23 °C: the results from nine laboratories;

ormethod A at 100 °C: the results from nine laboratories;

atories. The precision is also an intermediate-term precision with a span of 2 or 3 weeks between the two
tations. This is required due to the relaxationsageing period of 168 h for each replication of the test. This

— for method B at 100 °C: the results from six laboratories.

The revised database represents those laboratories that had good within-laboratory control of the testing (the
results are in relatively good agreement).

A3

Precision results

The precision data obtained from the final database are given in Table A.1. The precision (both repeatability
and reproducibility) of method B at 100 °C is substantially worse than that for method A. No relative precision,
() and (R), is given for this part of ISO 3384.
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The symbols used in Table A.1 are as follows:

s, is the repeatability standard deviation, in measurement units;
r s the repeatability, in measurement units (i.e. % relaxation);
sp is the reproducibility standard deviation, in measured units;

R is the reproducibility, in measurement units (i.e. % relaxation).

Table A1 — Precisi It

Method A, 168 h at 23 °C
. Mean
Material % relaxation s, r Sp R
A 10,9 0,795 2,22 1,21 3,40
Method A, 168 h at 100 °C
. Mean
Material % relaxation s, r Sp R
A 50,5 0,845 2,37 2A5 6,03
Method B, 168 h at 100 °C
. Mean
Material % relaxation s, r Sp R
A 67,5 2,07 5,8 8,66 24,3
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