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INTERNATIONAL STANDARD

I1SO 3384-1979 (E)

Rubber, vulcanized — Determination of stress relaxation
in compression at normal and at elevated temperatures

1 Scope and field of application

This Interhational Standard specifies two methods for deter-
mining the decrease in counterforce exerted by a test piece of
vulcanized rubber which has been compressed at a constant
deformatipn under specified conditions: of time and
temperature.

NOTE — The two methods, A and B, of carrying out the measurement
do not givé the same values of stress relaxation and comparison of
values obtdined from the two methods must be avoided. The method
selected fof use depends on the purpose of the test. Thus, for fun-
damental $tudies and in applications where sealing at elevated
temperatures is a problem, method A may be preferred, and in applica-
tions whefe temperature cycling from normal to an elevated
temperature is a problem, method B may be preferred.

2 Re:Jrences

ISO/R , Surface roughness.

ISO 471, Rubber — Standard temperatures, humidities and
times for the conditioning and testing 'of test pieces.

ISO 1826,| Rubber — Time-lapsé-between vulcanization and
testing.

I1ISO 3383, |Rubber — General directions for achieving elevated
or sub-notmal temperatures for tests.

ISO 4648, |Rubber, vulcanized — Determination of dimensions
of test pieces’and products for test purposes.

The compression device shall be connectpd with suitable
equipment for compressing the test piece to the specified com-
pression within 30 s. It shallbe capable of setting and maintain-
ing the compression during the whole duratiop of test and shall
be such that it can.be kept in an oven at the specified. test
temperature. Care shall be taken to ensure that there is no loss
of heat from thecest piece, for example by cohduction through
metal parts-which are connected with the outside of the oven.

3.2 ‘Counterforce measuring device, capable of measur-
ingccompression forces in the desired range wjth an accuracy of
+.1 %. The device may be such as to contdin the test pieces
during the whole duration of the test, in which case continuous
measurements are possible. Alternatively, g testing machine
may be used in which the counterforce i$ measured after
prescribed time-intervals on test pieces, ¢ompressed in a
suitable jig, by applying a slight increase in tHe compression of
the test piece. This additional compression shall be as small as
possible and in no case more than a force of 1 N for balance-
type machines, and no more than 0,05 mm for stress-strain
type machines, applied without overshoot gnd in a time not
greater than 30 s after commencing the adflitional compres-
sion.

3.3 Oven, in accordance with 1SO 3383 and provided with
temperature control to maintain the specified temperature
within the prescribed tolerances. Satisfactory| circulation of the
air shall be maintained by means of a fan. S

3.4 Temperature meter, with for examplg a thermocouple
as the sensing element, mounted in a central position not more
than 2 mm distant from the surface in one of the compression

ISO 4661, Rubber — Preparation of test pieces.

.3 Apparatus

3.1 Compression device, consisting of two parallei, flat,
highly polished stainless steel plates, between the faces of
which the test pieces are compressed.

The finish of the surface of the compression plates shall be not
worse than 0,2 um arithmetical mean deviation from the mean
line of the profile (see ISO/R 468). The plates shall be suffi-
ciently rigid to withstand the stress without bending, and of
sufficient size to ensure that the whole of the.compressed test
piece is within the area of the plates.

p|ates contacting the test piece.

4 Test piece

4.1 Type and preparation of test piece

The test piece shall be a cylindrical disc of diameter
13,0 £ 0,5 mm and thickness 6,3 + 0,3 mm or of diameter
29,0 + 0,5 mm and thickness 12,5 + 0,5 mm. The smaller
test piece is preferred.

Test pieces may be prepared either by moulding or in accor-
dance with 1SO 4661, by cutting from mouided sheets or pro-
ducts.
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4.2 Number of test pieces

At least three test pieces shall be used for each test.

4.3 Time-interval between vuIcaniiation and
testing

The time-interval between vulcanization and testing shall be in
accordance with 1SO 1826.

5.3.3 Compress the preheated test piece by (25 + 2) % in
the compression device (3.1} at the test temperature; use a
compression of (15 + 2} % if a compression of 25 % cannot
be obtained. Apply the compression within 30 s. When
reached, the final compression shall be fixed and maintained
during the entire test period {apart from the further small com-
pression which may be used for measurement of counterforce,
mentioned in 3.2).

534 307 gmin after applying the compression, measure the
counterforce with an accuracy of + 1 %, still at the test

4.4 ConditiOJi.ng_a.Lxm_pieaes

For many materiaJs and particularly for compounds containing

substantial propo
be improved by
followed by thern
specified in 4.4.1.

rtions of filler, reproducibility of results may
mechanically conditioning the test piece
hal conditioning. This shall be carried out as
Alternatively, thermal conditioning only shall

be carried out as [specified in 4.4.2.

4.4.1 Mechanicgl conditioning shall be applied at one of the

standard laboratd
follows :

Compress the
during the res
zero deformat|
five cycles of

test piece to the same strain that will be used

of the test and then immediately return it to
on; repeat this procedure to give a total of
Heformation and immediate return:

Follow this mechanical conditioning by thermal conditioning
for a period of not less than 16 h and not more than 48 h at the

standard laborat

4.42 Thermal
been subjected
maintaining the t
temperatures for

5 Procedure

temperature immediately before testing.

nditioning ‘of test pieces which have «hot

mechanical conditioning shall consist).of
st pieces at one of the standard laboratory
b period of 3 h immediately before-testing.

5.1 Carefully cl¢an the operating surfaces of the compression

device. The test g

agent or dusting
consist of a thin
action on the r

iece surface-shall be free from mould release
bowder, When a lubricant is applied, it shall
oating of a lubricant having substantially no
Lbber, 'For most purposes, a silicone or

bry temperatures specified in 1SO 471, as

fluorosilicone fluidl iS_suitable.

temperature.

5.3.6 Repeat the measurement of the counterforce after dif-
ferent times, according to 6.1. Take all measurements at the
test temperature.

5.4 Method B

5.4.1 Compress the-tést piece by (25 * 2) % at the chosen
standard laboratory temperature {see 4.4); a compression of
(15 + 2) % may be used when a compression of 25|% cannot
be obtained.. Apply the compression within 30s. When
reached, the final compression shall be fixed and maintained
during the.entire test period (apart from the further gmail com-
pression which may be used for measurement of coynterforce,
mentioned in 3.2).

5.4.2 30 * 2 min after applying the compression, measure the
counterforce with an accuracy of + 1 %, still at th¢ standard
laboratory temperature.

5.4.3 Store the compressed test piece in the oven (B.3) at the
specified elevated temperature.

5.4.4 When making measurements of counterforcg after the
times specified, remove the apparatus from the oven, maintain
it at the chosen standard laboratory temperature for 2 h, deter-
mine the counterforce and then return to the test enyironment
for a further time. It is important that the apparatup and test
piece reach thermal equilibrium within 2 h, and forcéd cooling
may be necessary.

b.5 Carry out temperature control during the tgst period
using_thge.nshg.elemammaumed_in_on&uLthamLpression

5.2 Measure the thickness of each test piece at the central
portion with an accuracy of 0,01 mm after conditioning at the
chosen standard laboratory temperature (see 4.4). The
thickness shall be determined according to [SO 4648,
method A1.

5.3 Method A

5.3.1 Preheat the compression device to the test temperature.

5.3.2 - Preheat the test piece to the test temperature in accor-
dance with 1SO 3383. ‘A preheating period of 30 min is recom-
mended.

plates as prescribed in 3.4.

6 Duration and temperature of test

6.1 Duration of test

The duration of test shall be 168 _ J h. If intermediate times are

used, 24 gsh and 72 _ ?h‘are preferred. The test period .

commences after the initial compression. If longer testing times
are needed, a logarithmic time-scale shall be used.
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In method B, the 2 h required after each time-interval, to attain
standard laboratory temperature, shall not be included in the
duration of test.

6.2 Temperature of test

The temperature of test shall be chosen from the following list
of preferred temperatures.

1SO 3384-1979 (E)

be repeated using at least three further test pieces and the me-
dian value of the results from all test pieces shall be chosen and
quoted.

NOTE — For some applications, it may be more useful to calculate
compression stress ratio values, i.e. F,/Fy, at various times after the
compression is applied, rather than stress relaxation values. The com-
pression stress ratio values may be presented graphically as a function
of time. The use of a logarithmic scale for the time-axis may facilitate
extrapolation of the test data.

23 £2°C*
27 + 2°C* 8 TestTEpon
;(5) + : :g The test report shall inciude the following information :
100 £ 1°C a) Sample details :
125 £ 2°C
150 + 2 °C 1) a full description,0f’the sample and its origin;
175 £ 2°C . .
1950 2) compound-details, cure time and temperature and
200 3 2°C date of b iate;
295 1 20¢ ate of cure,\where appropriate;
250 3 2°C 3) methdd of preparation of test pipces from sample.
Unless fpr technical reasons another temperature is required, b) Test.method and test details :
the test femperature shalt be 100 °C.
1) the number of this International [Standard;
2) the method used, A or B;
7 Expression of results 3) the standard laboratory temperature;
The conjpression stress relaxation, R(¢), after a specified dura- 4) the duration and temperature of test;
tion of.t sft, t, expressed as a percentage of the initial counter- 5) the type and dimensions of test |pieces;
force, is|given by the formula _
6) nature of iubricant, if used;
Fo - F
Ry = X 100 7) a description of the principles of the testing device
0 (oven included);
where 8) the method used for measuring [the counterforce;
Fy i§ the initial counterforce-measured 30 min after com- 9) any non-standardized proceduref.
presgion of the test piece;
c) Test results :
1'_‘, i the counterforge-measured after the specified dura- 1) the number of test pieces tested:
tion of test.
. . 2) the median value of the test reqults, expressed ac-
The meglian value of the results for the test pieces shall be cording to clause 7.
chosen.| Thé\individual vaiues for the test pieces shall agree
within 10 % )of the median value. If they do not, the test shall d) Date of test. .

* Standard laboratory temperatures.
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