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Foreword 

ISO (the International Organization for Standardization) is a wer-llfwide 
federation of national Standards bodies (ISO member bodies). The work 
of preparing International Standards is normally carried out through ISO 
technical committees. Esch 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, govern- 
mental and non-governmental, in Liaison with ISO, also take part in the 
work. ISO collaborates closely with the International Electr-otechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the mernber bodies for voting. Publication as an lnter- 
national Standard requires approval by at least 75 % of the member 
bodies casting a vote. \ 

International Standard ISO 3384 was prepared by Technical Committee 
ISO/TC 45, Rubber and rubber producfs, Sub-Committee SC 2, Physical 
and degrada fion fests. 

This third edition cancels and replaces the second edition 
(ISO 3384:1986), of which it constitutes a technical revision. 

0 ISO 1991 
All rights reserved. NO part of this publication may be reproduced or utilized in any fort71 
or by any means, electronie or mechanical, including photocopying and micrcfil111, wi{/jqrlt 
Permission in writing from the publisher. 

international Orga nization for Standardization 
Case Postale 56 + CH-121 1 Geneve 20 * Switzerland 

Printed in Switzer-land 
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Introduction 

When a constant strain is applied to rubber, the forte necessary to 
maintain that strain is not constant but decreases with time; this be- 
haviour is called “stress relaxation”. Conversely, when rubber is sub- 
jected to a constant stress, an increase in the deformation takes place 
with time; this behaviour is called “creep”. 

The processes responsible for stress relaxation may be physical or 
chemical in nature, and under all normal conditions both types of proc- 
ess will occur simultaneously. However, at normal or low temperatures 
and/or short times, stress relaxation is dominated by physical processes 
whilst at high temperatures and/or long times Chemical processes at-e 
dominant. Hence it is neither safe to extrapolate time/stress relaxation 
curves in Order to predict stress relaxation after periods considerably 
lonqer than those covered by the test, nor to use tests at higher tem- 
peritures as accelerated tests to give information on stress relaxation 
at lower temperatures. 

In addition to the need to specify the temperatures and time intervals in 
a stress relaxation test, it is also necessary to specify the initial stress 
and the previous mechanical history of the test piece since these may 
also influence the measured stress relaxation, particularly in rubbers 
containing fillers. 
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INTERNATIONAL STANDARD ISO 3384:1991 (E) 

Rubber, vulcanized or thermoplastic - Retermination of 
stress relaxation in compression at ambient and at elevated 
temperatures 

1 Scope 

This International Standard specifies threc methods 
for determining the decrease in counterforce ex- 
er-ted by a test piece of vulcanized or thermoplastic 
rubber which has been compressed to a constant 
deformation and maintained thus at a pre- 
determined test temperature. 

Two forms of test piece arc permitted: cylindrical 
test. pieces and rings. Different shapes and sizes of 
test piece give different results, and comparison of 
results shkuld be lirnited to test pieces of similar 
size and shape. 

The use of rinq test pieces is particularly suitable fof 
the determina’iion of str-ess relaxation in liquid envi- 
ronments. 

Testing at temperatures below Standard temper- 
ature is not specified. 

The methods have been used for low-temperature 
testinq, but their reliability under these conditions is 
not pt’oven. 

2 Normative references 

The followinq Standards contain provisions which, 
through refe;ence in this text, constitute provisions 
of this International Standard. At the tirne of publi- 
cation, the editions indicated wer-e valid. All stan- 
dards are subject to revision, and Parties to 
agreements based on this International Standard 
ar-e encouraged to investigate the possibility of ap- 
plying the most recent editions of the Standards in- 
dicated below. Members of IEC and ISO maintain 
registers of currently valid International Standards. 

ISO 37: 1977, Rubber, vuicanized --- Determination of 
tensile stress-strah properfies. 

ISO 468: 1982, Surface rotrghness --- Parameters, their 

values and general rules for sp ecifying 
requirements. 

ISO 471:1983, Rubber - Standard t erzjpera h-es, hu- 
midities ar,d times for the conditionirig and testing 
of fest pieces. 

ISO 1817: 1985, Rubber-, vulcanized -- Determination 
of the effec t of hquids. 

ISO 1826:1981, Rubber, vulcanized - Time-intervaI 
between vulcanization and tesfinq -- S~ecifkation. c 

ISO 3383:1985, Rubber - Genera/ directions for 
achieving elevated or subnormai temperatures for 
test purposes. 

ISO 3601-1:1988, Fluid Systems - Sealing devices - 
0-rinqs --- Part 1: Inside diameters, Cross-sec tions, 
tolerantes and size identification Code. 

ISO 4648:1991, Rubber, vulcanized or thermoplastic 
- Determination of dimensions of test pieces and 
products for test purposes. 

ISO 4661-1:1986, Rubber, vrrlcanized -- Preparation 
of samples and test pieces -- Part 1: Physical tests. 

3 Definition 

For the purposes of this International Standard, the 
following definition applies. 

3.1 compression stress relaxation: The reduction in 
compressive forte, expressed as a percentage of 
the initial forte, which occurs with time after the 
application sf a constant compressive strain. 

4 Principle 

A test piece of vulcanized or thermoplastic rubber 
is compressed to a constant deformation and main- 
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tained at a pre-determined test temperature. The 
decrease in counterforce that is exerted is then 
measured. 

In method A, the compression is applied and all 
counterforce measurements are made at the test 
temperature. 

In method B, the compression is applied and all 
counterforce measurements are made at Standard 
temperature. The test pieces are stored at the test 
temperature. 

In method C, the compression is applied at Standard 
temperature and all counterforce measurements are 
made at the test temperature. 

NOTE 1 The three methods A, B and C of carrying out 
the measurement do not give the Same values of stress 
relaxation, and comparison of values obtained from the 
three methods should be avoided. The method selected 
for use depends on the pur-pose of the test. Thus, for fun- 
damental studies and in applications where sealing at el- 
evated temperatures is a Problem, method A or C may 
be preferred, and in applications where temperature cy- 
cling from normal to an elevated temperature is a prob- 
lem, method B may he preferred. 

5 Apparatus 

5.1 Compression device, consisting of two parallel, 
flat, highly polished plates made frorn chromium- 
plated or stainless steel or other corrosion-resistant 
material, between the faces of which the test pieces 
are compressed. 

Flatne SS, sur ,face roughness, parallelism and rigidity 
of the plates are all important. 

When the apparatus is disassembled, the com- 
Pression plates shall be flat to within 0,Ol mm. The 
finish of the surface shall not be worse than 
0,4 kirn Ra (See ISO 468). When the apparatus is as- 
sembled without a specimen test piece, the gap be- 
tween the plates shall not varv by more than , 
+ 0,Ol rnm. - 

When the test assembly is subjected to the test Ioad 
with a test piece between the plates, neither com- 
Pression plate shall bend by more than 0,Ol 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. 

For ring test piec:es, the plates shall have holes of 
at least 2 mm diameter drilled through their centre 
portions to allow equalization of pressure and cir- 
culation of fluid inside the ring-shaped test piece. 

It shall he possible to connect the compression de- 
vice to suitable equipment for compressing thc test 
piece to the specified compression at the specified 

Speed and for rneasuring the counterforce exerted 
by the compressed test piece with an accuracy of 
1 % of the measured value. 

The device shall be capable of setting and main- 
taining the compression during the whole duration 
of the test and it shall be possible to keep it 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 at-e connected with the outside of 
the oven. 

5.2 Counterforce-measuring device, capable of 
measuring compression forces in the desired range 
with an accuracy of 1 % of the measured value. The 
device may be one that monitors the test piece dur- 
ing the whole duration of test, in which case a con- 
tinuous measurement of the Change of counlerforce 
with time is possible. The stiffness of the counter- 
forte measuring device shall be sufficient for the 
Change in compression of the test piece due to the 
relaxation of the load to he less than 0,02 mm. 

Alternatively, a compression testing machine may 
be used to measure the counterforce at prescribed 
time intervals. In this case, the forte necessar-y to 
Cause a slight increase in the compression of the 
Zest piece is measured. This additional compression 
shall be as small as possible and in no case greater 
than a forte of 1 N for balance-type machines, or 
greater than OJE nim for stress/strain-type rna- 
chines, applied in either case without overshoot. 

5.3 Test chamber, cornplyinq with the requirements \. 
of ISO 3383. 

For tests in air, a well designed, uniformly heated 
air oven shall be used, provided with adequate 
temperature control to maintain the specified air 
temperatures within the tolerantes spccified in 8.2. 
Satisfactory circulation of the air shall be secured 
by means of a fan. 

For tests in Iiquids, the cornpression device shall be 
totally immersed in the liquid in a bath, or a closed 
vessel for volatile and toxic fluids, such that free 
circulation of the liquid tan take place through the 
holes in the cornpression plates. The liquid shall be 
maintained at the specified temperature by proper 
contra1 of a heater and circulation of the liquid in the 
bath or, alternatively, by placing the liquid bath and 
compression device within an air oven as specified 
above. 

5.4 Temperature-measuring equipment, with a 
sensing elemcnt, for- example a therrnocouple. The 
theI,nlo-rneasut.irlg element shall be mounted so that 
it is locatcd no more than 2 mni ft-om a surface of 
the test piece. 
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6 Test piece 6.2 Measurement af dimensions of test pieces 

6.1 Type and preparation of test piece 

The dimensions ofthe test pieces shali be measured 
as specified in ISO 4648. 

6.3 Number of test pieces 
6.1 .l General 

Test pieces may he prepared either by rnoulding or 
in accordance with ISO 4661-1, by cutting from 
moulded sheets or products. 

6.1.2 Cylindrical test pieces 

The test piece shall be a cylindrical disc of diameter 
13 mm -t 0,5 mm and thickness 6,3 mrn -t- 0,3 mm - - 
or of diameter 29,0 mm & 0,5 mrn and thickness 
12,5 mrn -5 0,5 mm. The smaller test piece is pre- 
ferred. --- 

6.1.3 Ring test pieces 

The preferred test piece is a ring of Square cross- 
section, tut from a flat sheet of the test material by 
means of rotary cutt.ers. For a suitable machine for 
the preparation of small ring test pieces, see the 
annex of ISO 37:1977. 

The dimensions of test pieces shall be: 

--- thickness: 2,0 mm -t 0,2 mm -- 

-- inner diameter: 15,O mm 3J_ 0,2 mm 

-- radial width: 2,0 mm & 0,2 mm 

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

Alternatively, an O-ring, size code 80140G as speci- 
fied in ISO 3601-1 (diarneter of the Cross-section 
2,65 rnm and internal diameter 14,O mm), may be 
used as the Standard test piece. 

0-rings of other dimensions, toqether with Seals or 
gask&s of other configurations, may he used as 
non-Standard test pieces where appropriate. 

Most test machines have jigs in which the test piece 
is compressed by sct-ewing a compression plate 
down to Stops. This gives a fixed, strained thickness. 
Test pieces within the tolerantes given above will 
not necessarily have the required compression 
strain when tested in such jigs. lt is important that 
a cornpression strain within the Iimits given in 8.3.4, 
8.4.3 or 8.5.3 is achicved by careful matthing of jig 
and test piece. 

NOTE 2 The r-esults obtained from the different types 
of test piece cannot he ccmpared. 

At least two tests usinq separate test pieces shall L 
be carried out. 

6.4 Time interval between vulcanizatian and 
testing 

The interval between vulcanization and testing shal! 
be in accordance with ISO 1826. 

6.5 Canditianing af test pieces 

6.5.1 For many materials, and particularly for com- 
pounds containing substantial proportions of filter-, 
rept-oducibility of results tnay be irnproved by me- 
chanically conditioning the test piece followed by 
thermal conditioning. This shall be carried out as 
specified in 6.5.2. Alternatively, thermal conditioning 
only shall be carried out as specified in 6.5.3. 

6.5.2 Mechanical conditioning should only be ap- 
plied when it is relevant to the final application. 
When used, it shall be applied at one of the Standard 
temperatures specified in ISO 471, as follows: 

Compress the test piece to the Same strain that will 
be used during the rest of the test and then imme- 
diately return it to Zero deformation; repeat this 
procedure to qive a total of five cycles of deforma- 
tion and immediate return. 

NOTE 3 Therrnoplastic elastomers may contain rnould- 
ing Stresses, and thertnal conditioning to relieve thetn will 
improve reproducibility of results. For some therrnoplastic 
elastomers, a conditioning of 3 h at 70 OC has heen found 
suitable. 

Follow any mechanical conditioning by thermal con- 
ditioning for a period of not Iess than 16 h and not 
rnore than 48 h at Standard temperature imme- 
diately before testing. 

6.5.3 Thermal conditioning of test pieces which 
have not been subjected to mechanical conditioning 
shall consist of maintaining the test pieces at one 
of the standart temperatures for a period of 3 h im- 
mediately before testing. 

7 Durahn, temperature and test liquid 

7.1 Duration of test 

The pr-eferred drrration of test is (168 _ !$ h. 
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If intermediate times are used, 3 h --,i min, 
6 h -2z min, (24 ..& h, and (72 1> h are preferred. 
The test period beiins after the initial compression. 
If langer testing times are needed, a logarithmic 
time-scale shall be used. 

In method B, when compression is carried out at 
Standard temperature, each time the test piece is 
conditioned for measurement at that ternperature, a 
conditioning period of 2 h (not included in the time 
of test) shall be allowed. 

72 1 Temperature of exposure 

The temperature of exposure shall be Chosen frorn 
one of the following list of preferred temperatures 
(see ISO 471): 

23 “C + 2 “C 
27 OC 7 2 “C 
40 OC 7” 1 “C 
55 OC T 1 “C 
70 OC T 1 OC 
85 OC T 1 “C 

100 “C T 1 “C 
125 OC + 2 OC 
150”c?2”c 
175 @C 7 2 “(3 
200 OC 7 2 OC 
225 “C -t 2 OC 
250 “C + 3 OC - 

If there is no tech nical reason for choosing a pat-tic- 
Ul ar temp era ture, 100 “C shall be used. 

Temperatures of exposure which Cause rapid de- 
gradation or evaporation of the test liquid shall be 
avoided. 

7.3 Immersion liquids 

The test liquid shall be Chosen according to the 
particular application, but should preferably be one 
of those listed in ISO 1817. 

8 Procedure 

8.1 Preparation 

Carefully clean the operating surfaces of the com- 
Pression device. When a Iubricant is applied, it shall 
consist of a thin coating of a Iubricant having sub- 
stantially no action on the rubber. For most pur- 
poses, a Silicone or fluorosilicone fluid is suitable. 

8.2 Thickness measurement 

8.2.1 Cylindrical test pieces 

Measure the thickness of each fest piece at the 
central Portion with an accuracy of 0,Ol mm after 

conditioning at the Chosen Standard temperature as 
specified in ISO 4648. The thickness shall be deter- 
mined in accordance with ISO 4648:1991, method A. 

82.2 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, at the Chosen Standard 
temperature, as specified in ISO 4648. The average 
of the measurements shall bc used for calculation 
sf the necessary compression. Individual measure- 
ments 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 devic 
environment to the test temperature. 

e and the test 

8.3.2 When testing in a liquid environment, the test 
piece and the operating surfaces of the compression 
device shall be qently Iubricated with the test liquid. 
When tcsting in‘ a gaseous medium, a thin coating 
of a Iubricant having substantially no action on tl-te 
rubber shall be applied. A Silicone or fluorosilicone 
fluid, having a kinematic viscosity of about 
0,Ol m*/s, and molybdenum disulfide, have been 
found to be suitable Iubricants. 

8.3.3 Immediately after lubrication, condition the 
test piece at the test temperature in accordance with 
ISO 3383. Conditioning for 30 min is recommended. 
For temperatures upwards of 150 OC, longer times 
are necessary in accordance with ISO 3383. 

8.3.4 Compress the preheated test piece by 
(25 + 2) % in the compression device (5.1) at the 
testiemperature; use a campt-ession of (15 + 2) 90 
or lower, in Steps of 5 YO. if a cornpression of 25 % 
cannot be obtained. Compress the test piece in a 
time between 30 s and 2 min. When reached, the 
final compression shall be fixed and maintained 
during the entire test period (apart frorn the further 
small compression which may be used for meas- 
urement of counterforce as mentioned in 5.2). 

8.3.5 Within 5 min of completing the compression, 
immerse the part of the compression device con- 
taining the test piece in the test environment at the 
test temperature. 

8.3.6 Measure the counterforce with an accuracy 
of 1 % of the measured value, at the test temper- 
ature, 30 min 2 1 min after completing the com- 
Pression. 

8.3.7 Repeat the rneasurcment of the counterforce 
after different times in accordance with 7.1. Take all 
measurements at the test ternperature. 
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NOTE 4 After the last tmeasuretment at the test ternper,- 
ab-e, the sample may be allowed to cod dswn ta stan- 
dard temperature and a further measuremenf sf the 
counterforce riaade. 

8.4 Method B 

8.4.1 Bring the test environment to the test tem- 
perature. 

8.4.2 When testing in a liquid environment, the test 
piece and the operating surfaces sf the compression 
device shall be gently Iubricated 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. A Silicone or fluorosilicone 
fluid, having a kinematic viscosity of about 
0,Ol m*/s, and molybdenurn disulfide, have been 
found to be suitable Iubricants. 

8.4.3 Compress the test piece by (25 -t- 2) % at the -- 
Chosen Standard temperature; use a compression 
of (15 & 2) % or lower, in Steps of 5 %, if a com- 
Pression of 25 % cannot be obtained. Compress the 
test piece in a time between 30 s and 2 min. When 
reached, the final compression shall be fixed and 
maintained during the entire test period (apart from 
the further small compression which may be used 
for measurement of counterforce, as mentioned in 
5 2) . . 

8.4.4 Measure the counterforce with an accuracy 
of 1 O,’ /O of the measured value, at Standard temper- 
ature, 30 min + 1 rnin after completing the com- 
presslon. 

8.4.5 immediately after measuring the counter- 
forte, store the compressed test piece in the test 
environment (see 5.3) at the specified test temper- 
ature. 

8.4.6 When making measurements of counterforce 
after the times specificd, remove the apparatus from 
the oven, maintain it at the Chosen Standard tem- 
perature for 2 h, determine the counterforce and 
then return to the test environment for a further 
time. lt is important that the apparatus and test 
piece resch thermal equilibrium within 2 h, and 
forced cooling may be necessary. 

8.5 Method C 

8.5.1 Bring the test environment to the test tem- 
perature. 

8.5.2 When testing in a liquid environment, 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. A Silicone or fluorosi5icone 
fluid! having a kinematic viscosity of eaEbout 
0,Ol m*/s, and molybdenum disulfide, have irreen 
found to be suitable Bubricants. 

8.5.3 Compress the test piece by (25 + 2) % ZG fhe - 
Chosen Standard temperature; use a compre’-ision 
of (15 rf: 2) oh or lower, in Steps of 5 ‘?O, if a c:orn- 
Pression of 25 % cannot be obtained. Compre:<z ihe 
test piece in a tirne between 30 s and 2 min. VYhen 
reached, the final compression shafi be fixed cgnd 
maintained during the entire test period (apart fr-om 
the fur-ther small compression which may be used 
for measurement of counterforce, as mentionn~r~ Ft-a 
5 2) . . 

8.54 Within 5 min of completing the compression, 
immerse the part of the compression device con- 
taining the test piece in the test environment at the 
test temperature. 

8.5.5 Two hours after placing the test piece ie! the 
test environment, rneasure the counterforce with an 
accuracy of 1 % of the measured value at the test 
temperature. 

8.5.6 Repeat the measurement of the counterforce 
after different times in accordance with 7.1. Take all 
measurements at the test temperature. 

9 Expression of results 

The compression stress relaxation, x(i), after a 
specified duration of test I, expressed as a percent- 
age of the inital counterforce! is given by the 
equation 

Io _-- 1;; 

l<(/) -:= ‘---I’-- x 100 , 
0 

where 

I$ is the initial counterforce measured 
30 min after completing the compression 
in methods A and B and 2 h after com- 
pletinq the compression in method C; . 

is the counterforce measured after the 
specified duration of test t. 

The median value of the results for the test pieces 
shall be chosen. The individual values for the test 
pieces shall agree to within IO % of the median 
value. If they do not, the test shall be repeated using 
at least two further test pieces, and the median 
value of the results from all test pieces shall be 
Chosen and quoted. 

Stress relaxation values measured after different 
times of exposure may be plotted as a function of 
time on a logarithmic scale to facilitate the inter- 
prefation of test data. 
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