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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
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INTERNATIONAL STANDARD

ISO 815-

1:2014(E)

Rubber, vulcanized or thermoplastic — Determination of
compression set —

Part 1:
At ambient or elevated temperatures

WARINING 1 — Persons using this part of ISO 815 should be familiar with normall laboratory
practice. This part of ISO 815 does not purport to address all of the safety problems, if any,
associated with its use. It is the responsibility of the user to establish appropriate
health practices and to ensure compliance with any national regulatory conditions.

WARNING 2 — Certain procedures specified in this part of ISO 815 might involve
genefation of substances, or the generation of waste, that could constitute a local env
hazard. Reference should be made to appropriate documentation on'safe handling a

after
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cope
part of ISO 815 specifies methods for the determihation of the compression set ch

ods, A, B, and C, depending on the way the test piece is released at the end of the test).

ethods are intended to measure the abilityZof rubbers of hardness within the rangg

95 IRHD to retain their elastic properties at.specified temperatures after prolonged cor]
constant strain (normally 25 %) under one ofthe alternative sets of conditions described. |
nominal hardness 80 IRHD and above, a lower compression strain is used: 15 % for a nomi
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80 IRHD to 89 IRHD and 10 % for a nominal hardness from 90 IRHD to 95 IRHD.

1  When rubber is held under compression, physical or chemical changes that prever
hing to its original dimensions after release of the deforming force can occur. The resulf
itude of which depends on the time and temperature of compression as well as on the time,
nditions of recovery. At eélevated temperatures, chemical changes become increasingly more i
p a permanent set.

2 Short-time compression set tests, typically for 24 h, at elevated temperatures are com
sure of the state of cure, a means of material classification, and a specification to ensure th
pund. Longer tests, typically for 1 000 h, at elevated temperatures take account of the effect
ten used:to predict service performance, including that of sealing materials. Short-time tes
brature’show mainly the effect of physical changes (re-orientation of the molecular chains and
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO1
[SO1

88, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

8899:2004, Rubber — Guide to the calibration of test equipment

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

meth
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3 Principle

A test piece of known thickness is compressed at standard laboratory temperature to a defined strain,
which is then maintained constant for a specified time at standard laboratory temperature or a fixed
elevated temperature. The compression is released and, after the test piece has been allowed to recover
at a standard laboratory temperature or the elevated temperature for a specified time, the thickness of

the test piece

is again measured.

4 Apparatus

4.1 Comp

A typical ass

ression assembly, consisting of compression plates, steel spacers, and clamping devic

embly is shown in Figure 1.

4.1.1 Comlpression plates, comprising a pair of parallel, flat, highly polished chromium=-plated st

highly polish
The plates sl

sufficiey
than 0,0

of suffia
remaing

NOTE A
be obtained b

4.1.2 Stee
The spacer(3
The height o

(25 +2)

(15+2)
(10+1)

ed stainless-steel plates, between the faces of which the test piece is compressed.
nall be

itly rigid to ensure that, with a test piece under load, no compréssion plate bends by
1 mm and

ient size to ensure that the whole of the test piece, when compressed between the p
within the area of the plates.

urface finish no worse than Ra 0,4 um (see ISO 4287) has been found to be suitable. Such an A
v a grinding or polishing operation.

| spacer(s), to provide the required compression.

) shall be of such size and shape that contact with the compressed test piece is avoide
f the spacer(s) shall be chosen sothat the compression applied to the test piece is

% for hardnesses below 8O\IRHD,

% for hardnesses between 80 IRHD and 89 IRHD,

% for hardnesses 0f90 IRHD and higher.

4.1.3 Clamping devicesa simple screw device (see Figure 1) is adequate.

4.2 Ove

complying with the requirements specified in ISO 188, method A or method B, and ca

of maintainipgthe compression assembly and test pieces at the test temperature within the tole

1;,

specified in ¥.2

NOTE
method B.

1%

bel or

more

lates,

acan

pable
fance

Test results obtained with ovens for method A can be different from those obtained with ovens for

The time to reach a steady-state temperature depends on the type of oven and the overall heat capacity
of the compression assembly. To obtain comparable results in the case of an elevated test temperature
and a 24 h test duration, it is necessary to reach the steady-state temperature within the specified
tolerances in the interior of the test pieces in not more than 3 h.

4.3 Pair of tongs, for handling the test pieces.

4.4 Thickness gauge, with an accuracy of +0,01 mm (see ISO 23529:2010, 7.1), having a flat circular
foot of 4,0 mm * 0,5 mm in diameter and a flat solid base-plate and exerting a pressure of 22 kPa + 5 kPa

© ISO 2014 - All rights reserved
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for solid rubber of hardness equal to or greater than 35 IRHD, or a pressure of 10 kPa + 2 kPa if the
hardness is less than 35 IRHD.

NOTE When using a digital gauge, a resolution of 0,001 mm is needed to obtain the required accuracy.

After testing at elevated temperature, an unexpected deformation of the test piece is sometimes
observed. More particularly, the two flat surfaces can be deformed, which complicates the thickness
measurement. In this case, the diameter of the gauge used to measure the thickness should be chosen
carefully to allow precise measurement.

4.5 Timing device, for measuring the recovery time, with a precision of +1 s

h

|
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I
T
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%
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o O © 4§

O
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.

» |
| \
a) Example 1 b) Example 2
Key
1 tpstpiece 5 lower plate
2 spacer 6  part formed for clamping in a device
3  nut 7  locating pin
4  upper plate 8 screw

Figure 1 — Examples of assemblies for the determination of compression set

5 Calibration

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

© ISO 2014 - All rights reserved 3
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6 Test pieces

6.1 Dimensions

The test pieces shall be one of two sizes, designated type A and type B.

— TypeA:

a cylindrical disc of diameter 29,0 mm # 0,5 mm and thickness 12,5 mm #* 0,5 mm.

— Type B: a cylindrical disc of diameter 13,0 mm * 0,5 mm and thickness 6,3 mm * 0,3 mm.

These two types do not necessarily give the same values for compression set, and comparison of results

obtained us
another.

0 £ a2 £ it o3 Loll 1 idad 1 PN 3233 3 a ¥ -l
g CCST pPpret eS0T UTITTCTCTIC STZCS—STrarT OoC—av OTaC Ut vwiTCT COTITpar rirg onrc— CoTIpoutTa

Type A test pieces are preferred for testing rubbers having low compression set, because of the gr

accuracy att

Type B test
pieces shall

possible, the
of the produ

6.2 Prepd

The test pieq
each disc or
laminating 3

Cutting shal
surface) is 3
oversize tesft

Laminated {
laminating d
for 1 min so
exceed threg

Test pieces (
of values sh3

NOTE At
necessary to
mouldings.

6.3 Numl

pinable using these larger test pieces.

ieces are preferred when it is required to cut test pieces from products.dn this case, th

test piece shall be cut in such a way that its axis is parallel to the.dipection of compre
Cctin service.

iration

es shall be prepared by moulding each disc, wheneverypossible. Preparation by cuttin
by laminating not more than three discs is permitted. The use of test pieces prepar
everal discs for control of finished products shall\be agreed between interested partig

| be performed in accordance with ISO 23529. When cupping (the formation of a cof
problem, the test piece shape can be improved by cutting it in two stages: first, c
piece, and then, trim it to the exact dimehsions with a second cutter.

est pieces shall conform to the“dimensions specified in 6.1 and shall be prepare
iscs or rubber cut from sheets without adhesives. Discs can be compressed by a few pej
that they stick together. Thesnumber of discs laminated to produce a test piece sha
. The total thickness shall then be measured.

11 be avoided.

tention is drawn to the marked effects of the state of cure on compression set values. It mig
adjust the cure of moulded test pieces to be representative of different thicknesses of she

)er0f test pieces

with

eater

e test

be taken as near to the centre of the product as possible, unless otherwise specified. When

ssion

gout
bd by
S,

jcave
ut an

d by
rcent

[l not

repared by the variogs,methods described above can give different results and compajrison

rht be
bts or

A minimum

6.4 Time

For all testp

orthree test pieces shall be tested, separately or as a set.

interval between production and testing

urposes, the minimum time between production and testing shall be 16 h.

For non-product tests, the maximum time between production and testing shall be 4 weeks and, for
evaluations intended to be comparable, the tests, as far as possible, shall be carried out after the same

time interva

1.

For product tests, whenever possible, the time between production and testing shall not exceed
three months. In other cases, tests shall be made within two months of the date of receipt of the product
by the purchaser (see ISO 23529).

© ISO 2014 - All rights reserved
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6.5 Conditioning

Samples and test pieces shall be protected from light and heat as much as possible during the interval
between production and testing.

Prepared test pieces shall be conditioned immediately before testing for a minimum period of 3 h at one
of the standard laboratory temperatures specified in ISO 23529. The same temperature shall be used
throughout any one test or series of tests intended to be comparable.

Test pieces of thermoplastic rubbers shall be annealed before testing by heating in an oven at a
temperature and for a length of time that are appropriate to the material in order to release internal
stresses_caused hy the mml]ding process Thev shall then be conditioned at a standar ]aboratory

temperature.

NOTEH 70 °C for 30 min is suitable for many materials.

7 Test conditions

7.1 [Duration of test

The gxposure time shall be 24_8 h, 72_(2) h, 168_3 h, or multiples.of 168 h, measured from|the moment
of pldcing the compression assembly in the oven (4.2).

7.2 | Temperature of test

The temperature of test shall be one of the standard Jaboratory temperatures 23 °C+ 2°Cof 27 °C+ 2 °C
(see 1SO 23529) for tests at ambient temperature;and one of the following temperatures for elevated-
tempjerature tests: 40 °C £ 1 °C,55°C+1°C,-20°C+1°C,85°C+1°C,100°C*1°C, 125°C % 2 °C,
1509C +2°C,175°C+2°C,200°C+2°C,2253C+2°C,or 250 °C £ 2 °C.

NOTE As oven temperatures are increased, the results become increasingly dependent upon the thermal
stabillity of the rubber. At still higher temperatures, surface oxidation of the test piece makes|a significant
contrjbution to the observed compression set. There is no simple correlation between the corppression set
obserjved at elevated temperatureséand that observed at room temperature.

8 Procedure

8.1 | Preparation of compression assembly

With|the compression assembly (4.1) at standard laboratory temperature, carefully clean the operating
surfaces. Apply a thin coating of lubricant to the faces of the compression plates (4.1.1) thfat will come
into fontaet with the test pieces. The lubricant used shall have no substantial action o the rubber
duringthe test and it shall be described in the test report (see Clause 10).

NOTE For most purposes, asilicone or fluorosilicone liquid having a nominal kinematic viscosity of 100 mm?2/s
at standard laboratory temperature is a suitable lubricant.

If for any reason a lubricant is not used, this shall be mentioned in the test report.

8.2 Thickness measurement

Measure the thickness at the centre of each test piece to the nearest 0,01 mm, at standard laboratory
temperature.

© IS0 2014 - All rights reserved 5
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8.3 Applying the compression

Place the test pieces between the pairs of compression plates together with the spacer(s) (4.1.2), avoiding
contact between test pieces and bolts or spacer(s). Tighten the clamping device (4.1.3), so that the plates
are drawn together uniformly until they are in contact with the spacer(s). The applied compression
shall be (25 + 2) % of the original thickness of the test piece except for higher hardnesses, for which the
applied compression shall be (15 + 2) % or (10 + 1) % (see 4.1.2).

8.4 Starting the test

If the tests are conducted at elevated temperature, introduce the compression assembly containing the

test pieces W

If the tests 4
pieces in an

8.5 Term

8.5.1 Ata

If the test is
(see 6.1) ang
laboratory t

8.5.2 Atel

Method A: 4
immediately
to recover af

Method A sh

Method B: /
itto coolto 4
then release
measure the

Method C: 4
but immedid
temperature
measure the

NOTE TH
recovery and
standard labd

rithout delay into the central part of the oven (4.2) operating at test temperature (see

re conducted at ambient temperature, keep the compression assembly containing th
hir-conditioned room at standard laboratory temperature (see ISO 23529).

jnating the test

mbient temperature

conducted at ambient temperature, release the test pieces after'the required test dur
| transfer them to a wooden bench. Leave them to recovef. for 30 min + 3 min at stai|
emperature and then measure their thickness.

evated temperature

\fter the required test duration (see 6.1), remave the compression assembly from the
release the test pieces and transfer the testpieces quickly to a wooden bench. Leave
a standard laboratory temperature for 30 min * 3 min, and then measure their thick

all be used unless otherwise specified:

Lfter the required test duration, remove the compression set assembly from the oven,
standard laboratory temperature, but for a minimum of 30 min and a maximum of 12(
the test pieces and, aftef a‘further 30 min + 3 min at standard laboratory temper

ir thickness.

\fter the required test duration, do not remove the compression assembly from the
itely release the‘test pieces and keep them in the oven. Leave them to recover at th
for 30 min +3'\min and, after a further 30 min + 3 min at standard laboratory tempers
ir thickness;

e temperature of the test piece after release from compression can affect the rate and ext

7.2).

P test

ation
dard

oven,
them
ness.

hllow
min,
hture

oven
b test
ture,

ent of

hencethe value of compression set. Recovery at elevated temperature is generally quicker than at

ratory temperature and results in a lower compression set.

8.6

Internal examination

After completing the test, cut the test pieces into two pieces along a diameter. If any internal defects are
found, such as gas bubbles, repeat the test.

© ISO 2014 - All rights reserved
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Expression of results
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The compression set, expressed as a percentage of the initial compression, is given by Formula (1):

hy —hy
hy—h

x100

S

where

ho isthe initial thickness of the test piece, in millimetres;

hy—isthe thickness of the test piece after recovery in millimetres;

Hs is the height of the spacer, in millimetres.

Report the result to the nearest 1 %.

10 Precision

See Annex A.

11 Test report

The test report shall include the following information:

a)

b)

d)

Sample details:

1) afull description of the sample and its-origin,

DN

) compound and cure details, where appropriate,

3) the method of preparation of test pieces from samples, for example whether moulc
test method:

) afull reference to the test method used, i.e. the number of this part of [SO 815,

) the type of testpiece used, i.e. A or B, and whether or not it was laminated,

3) the method of cooling used after the test, i.e. A, B or C, and the exact cooling time f
) the nature of the lubricant used,

) whether the test pieces were tested separately or as a set;

test.details:

led or cut;

br method B,

1) the standard laboratory temperature used,

2) the temperature and times of conditioning and of recovery,

3) the duration and temperature of test,

4) the compression used,

5) details of any procedures not specified in this part of ISO 815;
test results:

1) the number of test pieces used,

© IS0 2014 - All rights reserved
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2) theinitial thickness of the test pieces, if required,
3) the thickness of the test pieces after recovery, if required,
4) the median value of the compression set and the individual test results;

e) the date of the test.

8 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=ea68b7635e3fa6258a3967e3f3ee61fb

A1l

ISO 815-1:2014(E)

Annex A
(informative)

Precision

General

The }Lrecision calculations to express repeatability and reproducibility were performed\iy

with

A2

[SO/TR 9272. Consult this for precision concepts and nomenclature.

Precision details

A.2.1 Aninterlaboratory test programme (ITP) was organized in 1986 by-the Laboratoire d

etde
were

Test
ISO 8

A.2.2

A.2.3
set va
time

A.2.4
ison

A3

Controle du Caoutchouc et des Plastiques (LRCCP). Three materials (vulcanized rubber
used: SBR, NBR, and EPDM

pieces were distributed to all laboratories and tested ab 100 °C in accordance with|
15.

Both type A and type B test pieces were used.

Tests were conducted for 24 h at 25 % conipression on three test pieces. The median

accordance

e Recherches
compounds)

this part of

compression

ilue was used as the “test result”. The compression set was measured after 30 min + 3 nin recovery

ht standard laboratory temperature aftértemoval from the apparatus in accordance wi

A type 1 precision was measuted in the ITP. The time period for repeatability and re
d scale of days. A total of 19 laboratories participated in the test.

Precision results

A.3.1 The precision‘results for the testing are given in Table A.1 for compression set at 10

A.3.2

r

The symbols r, (r), R, (R), as used in Table A.1, are defined as follows:

repeatability, in measurement units;

th method A.

broducibility

")

repeatability, in percent (relative);

R reproducibility, in measurement units;

(R) reproducibility, in percent (relative).

© ISO
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Table A.1 — Type 1 precision for compression set at 100 °C

Material Average Within lab Between lab

r n R (R)
Type A test piece
EPDM 10,3 2,7 26 4,0 38
NBR 19,8 3,3 17 4,3 21
SBR 41,1 4,7 11 13,6 33
Pooled ValueP 2357 356 15 856 36
Type B test J)iece
EPDM 14,8 3,3 22 4,5 30
NBR 24,4 4,3 18 7,7 32
SBR 449 51 11 14,0 33
Pooled valuep 28,0 6,0 15 10,0 35

10
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