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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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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”.

Tests in compression are normally made under continuous stress conditions (i.e. the test piece remains
strained throughout the test), and are hence a measure of sealing force. Note that the terms continuous
and discontinuous used in this standard refer to whether the measure of force is made continuously of
at ingervats:
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5 to use stress relaxation in tension as a measure of ageing are given in [SO 6914,

processes responsible for stress relaxation can be physical or chemical in|sature,
ormal conditions both types of process will occur simultaneously. However, at nof
eratures and/or short times, stress relaxation is dominated by physicaljprocesses, w
ieratures and/or long times chemical processes are dominant.

e life-time of a material is to be investigated, it can be determined-using the method (
| 1346.

dldition to the need to specify the temperatures and timefintervals in a stress relaxati
ssary to specify the initial stress and the previous mechanical history of the test piece
hlso influence the measured stress relaxation, particularly in rubbers containing fillers

most important factor in achieving good repeatability and reproducibility when mg
xation tests is to keep the compression constant during all measurements.

two cycling test methods specified are designed to carry out the following:

hge the test piece by stress relaxation and determine the sealing force at low te
[method A);

ntroduce thermal stress by stress relaxation and determine the sealing force at low te
[method B).

products used in outdoorapplications where the temperature can cycle between a low t
-40 °C) and a high-temperature (e.g. 150 °C), it is important to also consider the shrij
er at low temperatures when assessing performance in the anticipated application and

polymers that crystallize at low temperature, the crystallization will add to the s
Fubber. Forrexample, for hoses and seals in automotive applications, the product
factorilyat the normal working temperature, but might leak at a low temperature.
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Rubber, vulcanized or thermoplastic — Determination of
stress relaxation in compression —

Part 2:
Testing with temperature cycling

WARNING 1 — Persons using this document should be familiar with normal laboratoi

Thi{
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of s
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1

This
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then
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tempperature for checking the sealing force at thiglow temperature.

Met

to inftroduce thermal stress in the test piece.

The

Two

resullts is valid only when made-on test pieces of similar size and shape.

The
envi

2

The
cons
und{

document does not purport to address all of the safety problems, if any, associat
Itis the responsibility of the user to establish appropriate safety and health/pract
rmine the applicability of any other restrictions.

NING 2 — Certain procedures specified in this document might involve the use or
bstances, or the generation of waste, that could constitute a local environmen
rence should be made to appropriate documentation on safe handling and disposg

Scope

document specifies two methods for determining the décrease in counterforce exert
e of vulcanized or thermoplastic rubber which has beencompressed to a constant defoq
undergoes temperature cycling.

hod A: The temperature is cycled at intervals between a high temperature for agein

hod B: The temperature is cycled continuously between a high temperature and a low t

counterforce is determined by means of a continuous-measurement system.

forms of test pieces are spetified in this document: cylindrical test pieces and rings. Co

use of ring test pieces’is particularly suitable for the determination of stress relaxati
Fonments.

Normative references

'y practice.
ed with its
ices and to

generation
tal hazard.
11 after use.

ed by a test

mation and

b and a low

emperature

mparison of

on in liquid

following documents are referred to in the text in such a way that some or all of their content

titutes requirements of this document. For dated references, only the edition cited

hpplies. For

ited references, the latest edition of the referenced document (including any amendments) applies.

[SO 37:2017, Rubber, vulcanized or thermoplastic — Determination of tensile stress-strain properties

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

ISO 18899:2013, Rubber — Guide to the calibration of test equipment

ISO 23529:2016, 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.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

ISO Onl

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

— IEC Electropedia: available at http://www.electropedia.org/

31

compression stress relaxation
reduction in compressive force, expressed as a percentage of the initial force, which occurs with time
after the application of a constant compressive strain

3.2

thermal st
mechanical
response to

4 Princi

A test piece
is maintain

The temper]
at this low
decreases t

5 Apparatus

5.1 Comy
plated steel
piece is cony

The plates §

sufficie]
than 0,

of suffi
remain

NOTE Al
be obtained

When the 3
more than A

ress
stress induced in a body when some or all of its parts are not free to expand or coentra
changes in temperature

ple

of vulcanized or thermoplastic rubber is compressed to a constant deformation at wh
bd. The decrease in counterforce is then measured.

temperature. The shrinkage of the rubber in going from<the high to the low temperd
he counterforce.

ression device, consisting of two parallel, flat, highly polished plates made of chrom
or stainless-steel or any corrosion-resistant material, between the faces of which the
pressed.

hall be:

ntly rigid to ensure that, with a'test piece under load, no compression plate bends by 1
1 mm;

Cient size to ensure that the whole of the test piece, when compressed between the pl
5 within the area ofthe plates and can expand freely laterally.

surface finish notyjworse than Ra 0,4 pm (see ISO 4287) has been found to be suitable. Such an R
by a grinding‘et-polishing operation.

pparatus\is assembled without a test piece, the gap between the plates shall not var
0,1 mym.

ct in

ch it

pature is cycled between a high temperature and a low temperature to check the sealing florce

ture

um-

test

nore

ates,

[1 can

y by

For ring teg

t pieces, the plates shall have holes of at least 2 mm diameter drilled through their cd

ntre

portions to allow 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 temperatures. 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.
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5.2 Counterforce-measuring device, capable of measuring compression forces in the desired range

with an accuracy of 1 % of the measured value.

The continuous-measurement system monitors the test piece during the whole duration of the test, thus
making continuous measurement of the change in counterforce with time possible. The deformation of

the test piece shall be kept within 0,01 mm for the duration of the test. If it is not possible

to keep the

deformation constant within this tolerance due to the spring effect in load cells, a correction may be

done mechanically or mathematically.

5.3 Test environment

5.3. For tests in gaseous media, an air oven in accordance with the requirements of 1S@
used. An oven meeting the requirements specified for one of the ovens used in ISO 188:2011
is recommended.

For ¢ycling the temperature, the oven shall have a cooling and heating capability’and be ab
the temperature at a rate of 1,0 °C/min + 0,5 °C/min.

testing is done in nitrogen, oxidative ageing will be eliminated_ and the result wi
thermal ageing only. This can be used to simulate conditions where, the product is not exp
such as seals used in oil or steam.

5.3. For tests in liquids, the compression device shall be €atdlly immersed in a liquid in
clos¢d vessel for volatile or toxic fluids, such that free circulation of the liquid can take place
holep in the compression plates. The liquid shall be maintained at the specified temperatun
contyol of a heater and circulation of the liquid in the bath or, alternatively, by placing the liqu
compression device within an air oven as specified above.

5.3.3 It is recommended that the air used for air exchange be passed through an air dry
a dew point not higher than -40 °C in ordétto avoid ice formation which can introduce fri
meapuring system.

5.4 | Temperature-measuring «equipment, with a sensing element of appropriate prg
temperature-sensing element shall be installed in such a way that it accurately measures the t
e test piece.

n
»

A Pt100 sensor:has been found to be suitable for temperature measurement.

Calibration

requirements for calibration of the test apparatus are given in Annex A.

1 88 shall be
, method A,

e to change

I be due to
osed to air,

a bath, or a
through the
e by proper
lid bath and

er to give it
ction in the

cision. The
emperature

Test piece

7.1 Type and preparation of test pieces

7.1.1 General

Test pieces shall be prepared either by moulding or by cutting from moulded sheets or products, in

accordance with ISO 23529.

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

7.1.2 Cylindrical test pieces

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

© IS0 2019 - All rights reserved
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7.1.3 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 [SO 37:2017.

The dimensions of test pieces shall be:

inner d
— radial ¢

The sheets

Alternative
diameter 14

O-rings of
non-standa

7.2 Meas

The dimeng

7.3 Num

The preferty
acceptable.

7.4 Timgdg

The intervall between forming and testing shaill be in accordance with ISO 235209.

7.5 Cond

7.5.1 Pric
detailed in 7
not be requ

7.5.2 The
thermal cor
more than 4

thickness: 2,0 mm + 0,2 mm;

iameter: 15,0 mm * 0,2 mm;

vidth: 2,0 mm £ 0,2 mm.
may be prepared by moulding or from finished articles by cutting and buffing.

y, an O-ring, size code ISO 3601-1-14 x 2,65-G-N, as specified in 1SO 3601-1:2012 (intg
mm and diameter of the cross-section 2,65 mm), may be used as the standard test pie

dther dimensions, together with seals or gaskets of other configurations, may be use
Fd test pieces, where appropriate.

urement of dimensions of test pieces

ions of test pieces shall be measured as specified in ISQ 23529.

ber of test pieces

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

interval between forming and testing

itioning of test pieces

rnal
e.

d as

are

r to testing, the test pieces shall undergo first thermal and then mechanical condition
.5.2 and 7.5.3. When-ising method A at elevated temperature, the thermal conditioning
red, as the preheating of the test piece before compression acts as thermal conditioning

rmal conditioning shall be carried out by heating the test pieces at 70 °C for 3 h. Follo}
ditioning,the test pieces shall be allowed to stand for a period of not less than 16 h ang
8 haat’standard laboratory temperature prior to mechanical conditioning or testing.

£ b ara oo

i

g as
ight

ving
| not

NOTE S

PRe + +coainl Q. all locis loctoaar RS- rbkadia ool dio o oo
e cC S t—SamPre S CS Pt ttary— ot o prast et trastom eSS g tofrtat— ottt g —STreSSesS

thermal conditioning to relieve these stresses might improve the reproducibility of the results.

and

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

specified in

ISO 23529, as follows.

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 no

t more than 48 h at standard laboratory temperature prior to testing.

© ISO 2019 - All rights reserved
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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 can,
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.

8 Duration, temperature and test liquid

8.1

Duration of test

Unless otherwise specified, the duration of test shall be at least one week (168 h + 2 h).

The

8.2

The
Tem
avoi
ISO

For
be c

8.3

The
thos

Som
time

Lest period begins after the initial compression.

Temperature of exposure

temperature of exposure shall be chosen from the list of test temperatures in
peratures of exposure which cause rapid degradation or evaporation-of the test liqy
led. The temperature shall be kept as constant as possible during-the test in accor
p3529.

he cyclic tests specified in this document, one high tempetature and one low tempe
nosen.

Immersion liquids

test liquid shall be chosen according to the particular application, but should preferab)
e listed in ISO 1817.

e liquids which are ageing faster than the'rubber might need to be replaced during {
for changing the liquid should not be in¢luded in the test time and the change should bé

in thle test report.

9

9.1

Carse
appl

NOT

Procedure

Preparation

fully clean the opérating surfaces of the compression device. When testing in a gaseo
y a thin coating ofa lubricant having substantially no action on the rubber.

-

J A sjlicone or fluorosilicone fluid (having a kinematic viscosity of about 0,01 m?2/s) and

disulfide have been found to be suitable lubricants.

9.2

Thickness measurement

ISO 23529.
hid shall be
dance with

rature shall

ly be one of

esting. The
mentioned

us medium,

mnolybdenum

9.2.1 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 ISO 23529:2016, method A.

Use this measurement to calculate the necessary compression.

9.2.2 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 ISO 23529. Use the average of the measurements to

© IS0 2019 - All rights reserved
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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.

9.3 Method A

9.3.1

In this method, the test piece is aged at a high temperature, and the temperature is lowered once

a week to a low temperature, at which the remaining counterforce is measured. A material or product
specification can specify the temperatures and the minimum remaining counterforce (or the minimum
value of F,,/F) (see Clause 10) required at each temperature.

An exampl
9.3.2 Briy

9.3.3 Wh
be gently lu
having subg

9.3.4 Plag
is reached.

9.3.5 Conppress the test piece by (25 * 2) % in the compression _device at the test temperature

a compress
Compress tl
fixed and m

9.3.6 Med
temperatur

9.3.7 Aftd
Keep the lo
min to the

at the low t
included.

pricated with the test liquid. When testing in a gaseous medium, a thin cdating of a lubr

of atemperaturecycte s showmim Figure +-
g the compression device and the oven to the high test temperature.

bn testing in a liquid, the test piece and the operating surfaces of the compression device

tantially no action on the rubber shall be applied (see 9.1).

e the test piece in the preheated compression device (5.1) and wait until the test temperd

on of 25 % cannot be obtained, use a compression of (15 * 2) % or lower, in steps of
1e test piece in a time between 30 s and 120 s. When reached, the final compression shg
hintained during the entire test period.

sure the initial counterforce F;, with an acttiracy of 1 % of the measured value, at the
b, 30 min * 1 min after completing the compression.

r 168 h, lower the temperature ataTate of 1 °C/min * 0,5 °C/min to the low tempera
v temperature steady for 1 h. Then increase the temperature at a rate of 1 °C/min + 0,]
high temperature again. Repeat this cycle weekly. The time for cooling down and the
emperature are not included'in the ageing time, but the time to increase the temperatu

shall
cant

ture

test

fure.

OC/
time
re is
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9.3.8 Measure the counterforce F,, continuously, starting with a measurement interval of e.g. 1 min on
the first day and continuing with an interval of e.g. 10 min.

Y\
150

125

100

75

50

25

-25
3 =S A N N I N I N N R

LN LA LN L LA UL LN s

Key
X  fimeh
Y femperature, °C

Figure 1 — Example of a temperature cycle used in method A

9.4 | Method B

9.4.1 In this method, temperatire cycling is used to introduce thermal stress, starting jat standard
labofatory temperature and-eycling between a high and a low temperature. A material|or product
spedification can specify.the number of cycles, the temperatures and the minimum| remaining
courfterforce (or the minimum value of F,,/F,) required at each temperature.

An example of a temperature cycle is shown in Figure 2.
9.4.2 Bringthe compression device and the oven to standard laboratory temperature.

9.4.3 “When 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 9.1).

9.4.4 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 30 s and 120 s. When reached, the final
compression shall be fixed and maintained during the entire test period.

9.4.5 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.

9.4.6 Increase the temperature at a rate of 1,0 °C/min #* 0,5 °C/min to the high temperature. Keep the
test piece at this temperature for 1 h. Then decrease the temperature at a rate of 1,0 °C/min #* 0,5 °C/min

© IS0 2019 - All rights reserved 7
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to the sub-zero temperature and keep the test piece at this temperature for 1 h. Repeat this cycle 2 to
4 times daily, giving a total of 3 to 5 cycles. The precise number of cycles carried out per day will depend
on the high and the low temperature used, and of the rate of increase and decrease of the temperature.

9.4.7 Measure the counterforce F,, continuously, with a measurement interval of 5 min maximum.

Fy,
t, t

YA
150

125

100

TTTTTTITTITTT]

75

50

25(F
]| =
-25|=
ol B L Lt o Ly L T |
0 6 12 18 24 X
Key
X time h
Y temperdture, °C
Figure 2 — Example\of'a temperature cycle used in method B
10 Expression of results
NOTE The rubber industry“uses the term equation for the relationships herein termed formula. The fterm

formula is uded to describéthé table of ingredients in a rubber compound.

The comprgssion stiess relaxation R(tx) after a specified duration of test ¢, expressed as a percentage of
the initial cpuntezforce, is given by Formula (1):

R(tx):%x TO0 (1)
0

where

F, isthe initial counterforce, measured after 30 min;

F,

+x 1s the counterforce measured after the specified duration of test ¢;

x isreplaced by h for the high temperature and by I for the low temperature.

The median value of the results for the test pieces shall be taken. The individual values for the test
pieces shall agree to within 10 % of the median value. If they do not, the test shall be repeated.

8 © IS0 2019 - All rights reserved
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The counterforce at the high temperature, F,;, is determined after the specified time, e.g. 168 h, and the
counterforce at the low temperature is determined, during the following low-temperature part of the
cycle, after 1 h at the low temperature.

Stress relaxation values measured after different times of exposure can be plotted as a function of time
on a logarithmic or linear scale to facilitate the interpretation of test data. For some applications, it is
more useful to calculate compression stress ratio values, i.e. F,,/F,, after different times of exposure,
rather than stress relaxation values. In this case, compression stress ratio values shall be presented
graphically as a function of logarithmic or linear time. See Figure 3.

o

Key
X  fimeh
Y ptx/FO

Figure 3 — Force curve shown as F,,/F, recorded during a method A test
11 Precision
An interlaboratory(test programme has not yet been conducted.

12 [lest report

The test report shall include the following information:

a) sample details:
1) afull description of the sample and its origin;
2) the method of preparation of the test pieces from the sample, e.g. whether moulded or cut;
3) the compound details and cure conditions, where appropriate;

b) test method:

1) a full reference to the test method used, i.e. the number of this document and the method
utilized;

2) the test procedure used;
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d)

e)

10

3) the type of test piece used;

test details:

1y
2)

3)
4)
5)
6)
7)
8)
9)

10) any

the ind
the low
shall bd

the dat

the

number of test pieces tested;

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

the

the

standard laboratory temperature used;

duration and temperature of conditioning of the test pieces prior to testing;

the
the
the
the

the

test duration and the high and low temperatures used;

number of cycles used;

compression used: 25 % or other (give details);

type of oven used;

lubricant used;

r deviation, by agreement or otherwise, from the specified test procedure;

vidual test results and the median value for both the high/témperature, i.e. for R(th), anf for
temperature, i.e. for R(tl). Also, the remaining absolute force in N at the low temperdture
reported;

bs of the test, when it was started and finished.
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Annex A
(normative)

Calibration schedule

A.1 _Inspection

Before any calibration is undertaken, the condition of the items to be calibrated shall be*asc
inspection and recorded on any calibration report or certificate. It shall be reported whethet

is carried out in the “as-received” condition or after rectification of any abnormality or fault.

It shall be ascertained that the apparatus is generally fit for the intendedtpurpose, in
parameters specified as approximate and for which the apparatus doe§*not therefore
fornjally calibrated. If such parameters are liable to change, then the need for periodic che
written into the detailed calibration procedures.

A.2| Schedule

Verification/calibration of the test apparatus is a mandatory part of this document. H
freqpency of calibration and the procedures used are, unless otherwise stated, at the discy
indiyidual laboratory, using ISO 18899 for guidance,

The [alibration schedule given in Table A.1 has been compiled by listing all of the paramete

in the test method for the apparatus, together with the specified requirement. A par
requirement can relate to the main test apparatus, to part of that apparatus or to an ancillar
necgssary for the test.

For [each parameter, a calibration (procedure is indicated by reference to ISO 18899,

publiication or to a procedure particular to the test method which is detailed (whenever 4
prodedure which is more specifi¢ or detailed than that in ISO 18899 is available, it shall

prefgrence).

The [verification frequency’ for each parameter is given by a code-letter. The code-letters
calibration schedule are:

C  requirement to be confirmed but no measurement;

N initial*verification only;

2]

ertained by
calibration

Cluding any
need to be
cks shall be

bwever, the
etion of the

rs specified
hmeter and
y apparatus

to another
calibration
be used in

used in the

standard interval as given in ISO 18899;

U inuse.
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