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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.
International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Star
adopted by the technical committees are circulated to the member bodies for voting) Publication

International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 2439 wap prepared by Technical Committee ISO/TC 45, Rubber_and rubber products, Subcom
SC 4, Products (other than hoses).

This fourth egdlition cancels and replaces the third edition (1ISO2439:1997 and ISO 2439:1997/Cor.1:
which has begn technically revised.

Major modificptions in this revised text are:
a) change in Scope to cover five methods;
b) inclusion|of Figure 1 to illustrate the force-indentation curve; and

¢) inclusion|of informative annexes.
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Flexible cellular polymeric materials — Determination of
hardness (indentation technique)

WARNING — Persons using this International Standard should be familiar with normal laboratory

practi
assod

practices and to ensure compliance with any national regulatory conditions.

The indentation hardness of flexible cellular materials is a measure ofctheir load-bearing pr
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iated with its use. It is the responsibility of the user to establish appropriate safet

cope

ptional Standard specifies four methods (A to D) for the determination of indentation hard
d (E) for determination of compressive deflection coefficient and hysteresis loss rate of fl
als. Annex A provides a summary of test parameters and typical force-indentation graphs
methods.

five methods are applicable only to latex foam, urethane foam and PVC foam of the open

nternational Standard specifies the following methods:

ethod A — Determination of the 40 %/30 s indentation hardness index, which gives a sing
easurement for laboratory test purposes;

ethod B — Determination of «the 25 %-40 %-65 %/30 s indentation hardness characte
rovides information about the.shape of the hardness indentation curve;
r quality control testing;

ethod D — Determination of the 25 %/20 s low indentation hardness index, which is a qu
Litable as an_inspection test;

ethod E=— Determination of the compressive deflection coefficient and hysteresis loss ratg
Hditional information about the load-bearing properties of materials.

lems, if any,
y and health

bperties. This
hess and one
exible cellular
obtained with

cell type. The

ds specified can be used for testing finished articles and for the characterization of bulk material.

le indentation

ristics, which

ethod C — Determination of the 40 % indentation hardness check, which is a quick proc¢dure suitable

ick procedure

2, which gives

The results obtained by these methods relate only to the test conditions specified and cannot,

used directly for design purposes.

2 Normative references

n general, be

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 1382, Rubber — Vocabulary
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ISO 7500-1, Metallic materials — Verification of static uniaxial testing machines — Part 1: Tension/compression
testing machines — Verification and calibration of the force-measuring system

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test
methods
3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1382 and the following apply.

3.1
indentation Hardness
total force required to produce, under specified conditions, a specified indentation of a standard test piece
NOTE Indentation hardness is expressed in newtons.
3.2
compressive deflection coefficient
S,
!
ratio of the 69 % indentation force deflection to the 25 % indentation force deflection
3.3
hysteresis lgss rate
Af
energy differgnce between the loading and unloading of a test piecesunder cyclic deformation
NOTE Hysteresis loss rate is expressed as a percentage of the loading energy.
4 Principle

The forces required to produce specified indentations under specified conditions are measured.

5 Apparatus
5.1 Test mpchine.

The test madhine shall be~Capable of indenting the test piece between a supporting surface (5.2) and an
indentor (5.3)|having a uniform relative motion, in the vertical direction, of (100 £ 20) mm/min.

The test madhine shall have means of measuring force in conformance with Class 1 of ISO 7500-1| or of
measuring with adprecision of £ 1 N, and of measuring the test piece thickness under load with a precigion of
+ 0,25 mm.

The test machine for Method C and Method E shall have its force gauge fitted with a tell-tale needle and/or
shall be equipped to make autographic load-indentation plots.

The test machine shall also be capable of maintaining the specified degree of indentation with a precision of
+ 0,25 mm for the specified period.

5.2 Supporting surface.
Unless otherwise specified, the test pieces shall be supported on a smooth, flat, horizontal and rigid surface

larger than the test piece and suitably vented with holes approximately 6 mm in diameter and of approximately
20 mm pitch, to allow the escape of air from below the test piece.

2 © 1SO 2008 — All rights reserved
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5.3 Indentor.

The indentor shall be mounted preferably by a ball joint free from vertical movement, although other methods
of mounting are permitted. The indentor shall be flat and circular, with a diameter of 200*8 mm and a
1,0+8’5 mm radius at the lower edge. The lower surface shall be smooth but not polished.

6 Test pieces

6.1 Shape and dimensions

Mater|al shall be cut to obtain a standard-size square of length of side 38020 mm, withyd thickness of
(50 + R) mm. Sheets of less than this standard thickness shall be plied together to approximate|as closely as
possiljle to the standard thickness.

Finishied articles may be tested as agreed between purchaser and supplier.

NOTE Results on plied material and on finished articles may not be the same as.would be obtained with the standard
test pigce.

6.2 [Samples showing orientation
If samples show orientation of the cellular structure, the direction in which the indentation is to pe carried out

shall be agreed between the interested parties. Normally, testing should be carried out in that direction in
which|the finished product will be stressed under service copditions.

6.3 |Conditioning
Materjal shall not be tested sooner than 72ch after manufacture, unless at either 16 h pr 48 h after
manufacture it can be demonstrated that the mean result does not differ by more than = 10 % from that
obtained after 72 h. Testing is permitted at.either 16 h or 48 h if, at the specified time, the above¢ criterion has
been satisfied.

Prior {o the test, the test pieces shall be conditioned, undeflected and undistorted, for at least {6 h in one of
the following atmospheres, as given in ISO 23529.

— (23 £2) °C, (50 £ 5) % relative humidity;
— (27 £ 2) °C, (65 £ 5)% relative humidity.
This gonditioning\period can form the latter part of the period following manufacture.

In cade of quality control tests, test pieces may be sampled at 12 h after manufacture or later, jand testing is
permifted.after conditioning for at least 6 h in one of the specified atmospheres.

7 Procedure

7.1 General

Carry out the test immediately after conditioning, preferably under the same atmospheric conditions as
specified in 6.3.

NOTE See Annex A for assistance in understanding each test method.

© 1SO 2008 — All rights reserved 3
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Position the test piece on the supporting surface so that the centre of the test piece, or other agreed test area,
is located below the centre of the indentor. Test pieces having cavities on one side shall be placed with the
cavity side next to the supporting surface.

If a test piece has cavities, the acceptable characteristics of the cavities, such as quantity, dimensions and
location in the test piece, should be agreed between purchaser and supplier.

7.2 Preliminary indentation for Methods A, B and C

a) Apply a force of 572 N to the selected test area and measure the thickness of the test piece. This value
is the point of zero indentation.

b) Indent the test piece at an indentor rate of (100 + 20) mm/min, to produce an indentation of (70~+2,5) %
of the thigkness. After reaching this deflection, release the load at the same rate.

c) Repeat this loading and unloading twice more, then proceed with 7.3, 7.4 or 7.5 as appropriate.

7.3 Method A — Determination of the 40 %/30 s indentation hardness index

Immediately gfter the third unloading [see 7.2 c)], indent the test piece by (40 £ 1)y% of its thickness. Maintain
this deflection for a period of (30 £ 1) s, note the corresponding force, in newtons, and release the force.

Only the resujt of a test conducted by Method A, on a standard-size test piece without plying, shall be known
as the indentation hardness index.

7.4 Metho{d B — Determination of the 25 %-40 %-65 %/30 s indentation hardness
characteristics

Immediately gfter the third unloading [see 7.2 c)], carry aut the following operations:
a) indent the test piece by (25 £ 1) % of the thickness;

b) maintain this indentation for a period of (30-+ 1) s;

c) measure(the force required;

d) increase the indentation to (40-+1) % of the thickness;

e) maintain this indentation‘for-a period of (30 + 1) s;

f)  measure|the forcesrequired;

g) increase theindentation to (65 + 1) % of the thickness;

h) maintain thisindentationforaperiodof(36—=+1)s;

i)  measure the force required.
The results of a test conducted by Method B on a standard test piece shall be known as the standard
indentation hardness characteristics of that material. If a product is tested, the results shall be known as the

product indentation hardness characteristics.

NOTE Convenient means of expressing the results obtained by Method B are indentation factors, which are the
ratios of the forces required to obtain the indentations of 25 % and 65 % to the force required to obtain the indentation of
40 %.

4 © 1SO 2008 — All rights reserved
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Method C — Determination of the 40 % indentation hardness check

Immediately after the third unloading [see 7.2 c)], carry out the following operations:

a) start the autographic recording, or bring back the tell-tale needle of the force gauge, and indent the test
piece to (40 £ 1) % of its thickness;

b) record the force, in newtons, using the tell-tale needle or the instantaneous maximum of the autographic
recorder;

c) release the force.

The re

NOTE
usually
Metho

7.6

7.6.1

7.6.2

Imme

sults of a test conducted by Method C shall be known as the indentation hardness check:-

This is a faster, quality-control test for indentation hardness. The variability of results obtaine
higher. It should also be noted that the results obtained in this way may be related/to results
i A but are usually higher.

Method D — Determination of the 25 %/20 s low indentation hardness index

Preliminary indentation

pply a force of 5_2 N to the selected test area and measure’the thickness of the test pie
the point of zero indentation.

dent the test piece at an indentor rate of (100 + 20)»mm/min to produce an indentation of (
5 thickness. After reaching this deflection, release the load at the same rate.

Measuring

Jiately after the unloading [see 7.6.1 b)]; indent the test piece by (25 + 1) % of its thickn

this deflection for a period of (20 £+ 1) s, note the corresponding force, in newtons, and release th

Only
knowr

7.7
loss

7.71

>

a)

B

he result of a test conducted\by Method D, on the standard-size test piece without pl
as the low indentation hardness index.
rate

Preliminary‘indentation

pply a_force of 57(2) N to the selected test area and measure the thickness of the test pie
the\point of zero indentation.

d in this way is
obtained with

ce. This value

75 + 2,5) % of

ess. Maintain
e force.

ying, shall be

Method E — Determination of the compressive deflection coefficient and hysteresis

ce. This value

b) Indent the test piece at an indentor rate of (100 + 20) mm/min to produce an indentation of (75 + 2,5) % of
its thickness. After reaching this deflection, release the load at the same rate.

c) Allow the test piece to rest for (4 + 1) min.

7.7.2

Measuring

Immediately after the rest period [see 7.7.1 c)], indent the test piece at an indentor rate of (100 + 20) mm/min,
to produce an indentation of (75 + 2,5) % of the thickness as measured in 7.7.1 a), and simultaneously record
the force-indentation curve. After reaching (75 £ 2,5) % indentation, release the force at the same rate and
complete a whole force-indentation curve as illustrated in Figure 1. The time interval between completion of
the compression cycle and commencement of the decompression cycle shall not exceed 2 s.

© 1SO 2008 — All rights reserved
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0 d 25% 65% 75% X
Key
X indentation, %
Y force, F
a typical line|for compression cycle
b top point
¢ typical line|for decompression cycle
d end point
e point of 75|% indentation of the test piece

Figure 1 — Typical force-indentation curve

7.7.3 Expression of results

7.7.3.1 Compressive deflection coefficient

The compressive deflection coefficient, S, is given by the equation:

_ Fes

S, =
/ Fo3

where

F,5 is the force’at 25 % indentation in compression, in newtons;

F H th £ $+ O 0/ ol $od: H H H 4
65 IS TUTLC dl UU /70 TTIUTTIIatiurnt It CUTTTPTT S SIUTT, T TITWILIUTTS.

7.7.3.2 Hysteresis loss rate

The hysteresis loss rate, Ay (%), is given by the equation:

Area OabcdO

==X 100
Area Oabe0

where
Area OabcdO is the area contained within the hysteresis curve 0abcdO (see Figure 1);

Area 0abeQ s the area under the curve 0ab (see Figure 1).

6 © 1SO 2008 — All rights reserved
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8 Repeat tests

For repeat tests on the same test piece, a minimum recovery period of 16 h shall be observed.

9 Testreport
The test report shall include the following information:

a) areference to this International Standard;

b) tfje method used and the type of results obtained (€.g. product iIndentation hardness characieristics);

c) the temperatures and relative humidities of conditioning and testing;

a
s

hether bulk material or finished articles were tested:;

e
~

He dimensions of the test piece and, in particular, the thickness as determined in 7.2 a);

=
s

here applicable, the number of plies constituting the test piece;

hether skins were present and, if so, how many;

Q
s

=y
=~
—

Re indentation hardness(es): values up to 100 N shall be \quoted to the nearest unit; valugs over 100 N
nall be quoted to the nearest 5 N;

n

i) apy deviations from this International Standard.

© 1SO 2008 — All rights reserved 7
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Annex A
(informative)

Test method parameters and typical graphs

A.1 Test parameters for Methods A, B, C, D and E

Table A.1 — Parameters of test methods

Test paramegters Method A Method B Method C | Method D- | /Methqd E @
Number of
preliminary 3 3 3 1 1
indentations
Preliminary
indentation, % [of test 70+25 70+2,5 70+2,5 75+25 75425

piece thicknesp

Rest time afte
preliminary — — — — 441
indentation, m

5

Indentation, % of test
piece thicknesp at 40 £1 40 £1 40 +£1 — |
measurement 0~7$~0

Compression hold
period before 30+1 30+1 30-+1 30+1 0 20 +1 —+
measuring, s

Indentation hafdness

symbol HA40%30s) | HB5%30s)N HBo%/30s) | HB(es%30s) | HCao%i0s) | HD(25%020s) -

8 See7.7.3.

8 © 1SO 2008 — All rights reserved
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A.2 Sample force-indentation graphs using Methods A, B, C and D

Y A
FO_
to 70% X
Key
X in]ientation%
Y folce, F

Fy 5_2 N, preload force at which initial thickness is measured
tp inifial thickness of test piece

Figure A.1 — Sample force-indentation graph of preliminary indentation, Method A,|B or C

HA (40%/30s)

FO_
to 40% X
Key
X indentation, %
Y force, F

Fy 572 N, preload force at which initial thickness is measured
tp initial thickness of test piece
HA hardness measured according to Method A

Figure A.2 — Sample force-indentation graph using Method A

© 1SO 2008 — All rights reserved 9
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Y A
HB (65%/30s) |= = =
HB (40%/30s) |-— = ———m o= !
B(25%/30s) T T > | i ;
] | :
i i !
i ! !
FO ] | | !
i i !
. - | »
I I I I o
to 25% 40% 65% X
Key
X indentation, %
Y force, F
Fo 578 N, preload force at which initial thickness is measured
to initial thickness of test piece
HB hardness measured according to Method B
Figure A.3 — Sample force-indentation graph using Method B
Y A
HC(4O%/OS)
FO ]
X
Key
X indentation, %
Y force, F

Fo 578 N, preload force at which initial thickness is measured
to initial thickness of test piece
HC hardness measured according to Method C

Figure A.4 — Sample force-indentation graph using Method C
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https://standardsiso.com/api/?name=0f8aed6b9fd7d3130f504bf7fa85dfaf

o |
HD (o5041205) [~ _:%‘ :

ISO 2439:2008(E)

Fo . 4
i EE— |
to 25% 75%
Key
X indlentation, %
Y foTce,F

Fy 57‘2) N, preload force at which initial thickness is measured
f  preliminary indentation curve

g testindentation curve

tp inifial thickness of test piece

HD hgrdness measured according to Method D

Figure A.5 — Sample force-indentation graph using Method D
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Annex B
(informative)

Precision of Method E

B.1 General

The precisiorﬁ of Method E was determined in accordance with ISO/TR 9272. The precision resu

determined b
group of mate
the particular

B.2 Detail$

The ITP for
participated in

The compres
with this Inter

B.3 Precision results

B.3.1 Gene

The precision
test pieces w

test procedur¢ in Method E.

B.3.2 Repe

The repeatab
for each mes
differ by mor
considered a

investigative action be.taken.

this ITP (inter-laboratory test programme) should not be used for acceptance or rejection
rials without documentation that the results of this precision evaluation are actually applicg
group of materials tested.

Its as
of any
ble to

precision evaluation was organized by Japan and conducted in) 2004. Seven laboratories

this ITP using three types of flexible polyurethane foam with different resilience levels.

sive deflection coefficient and hysteresis loss rate were measured using Method E in accor
national Standard.

ral

results for three types of test piece with different resilience levels are given in Table B.1.
pre tested for each resilience level;-and both properties were measured in accordance wi

htability

lity, or local domain.precision, for this test method was established from the values in Tal
surement parameter. Test results obtained using Method E of this International Standa
e than the tabulated values for », in units of measurement, and (r), in percent, sho
suspect,. i.e: to have come from different populations, and suggest that some apprd

D

B.3.3 Reprcrducibility

dance

Three
th the

le B.1
d that
Id be
priate

The reproducibility, or global domain precision, for this test method was established from the values in
Table B.1 for each measurement parameter. Test results obtained in different laboratories using Method E of
this International Standard that differ by more than the tabulated values for R, in units of measurement, and
(R), in percent, should be considered as suspect, i.e. to have come from different populations, and suggest
that some appropriate investigative action be taken.
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