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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 wark SO collaborates closely with the
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Rubber, vulcanized or thermoplastic — Hardness testing —
Introduction and guide

1

cope

This |International Standard provides guidance on the determination of the hardness |of vu
thermoplastic rubbers.

It is iptended to provide an understanding of the significance of hardness as a material property
in thg selection of an appropriate test method.

2

ormative references

The following referenced documents are indispensable for the/ application of this documen

refer
docu

ISO 4
100 |

ISO 7

ISO 7}
meth

ISO 7}
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ISO 7}
Duro

ISO 7
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ISO 1

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

8, Rubber, vulcanized or thermoplastic — Determination of hardness (hardness between
RHD)

267-1, Rubber-covered rollers — Determihation of apparent hardness — Part 1: IRHD meth

bd

267-3, Rubber-covered rolfers — Determination of apparent hardness — Part 3: Puse
Dd

619-1, Rubber, vileanized or thermoplastic — Determination of indentation hardnes
meter method (Shore hardness)

619-2, Rubbér, vulcanized or thermoplastic — Determination of indentation hardness —
bt meter method

8898\ Rubber — Calibration and verification of hardness testers

canized and

and to assist

t. For dated
b referenced

10 IRHD and

od

267-2, Rubber-covered rollers — Determination of apparent hardness — Part 2: Shore-type durometer

and Jones

s — Part 1:

Part 2: IRHD

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

international rubber hardness degrees
IRHD
hardness scale chosen so that “0” represents the hardness of material having a Young’s modulus of zero and

u1 00”

©I1SO

represents the hardness of a material of infinite Young’s modulus
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NOTE The following conditions are fulfilled over most of the normal range of hardness:

a) one international rubber hardness degree always represents approximately the same proportionate difference in the
Young’s modulus;

b) for highly

3.2

elastic rubbers, the IRHD and Shore A durometer scales are comparable.

standard hardness

S

hardness, in international rubber hardness degrees, obtained using the procedures described in ISO 48 on

test pieces o

3.3

fthao ctandard thicknace and nat lace than tha minimiim lataral dimancinne cnanifiad
tHe-StaRaaratrHGRe SSaReRo+eSESHame-HHdi e aiReRSIoRASSPpe e

apparent hardness

hardness, in
test pieces o

4 Indent

international rubber hardness degrees, obtained using the procedures described\in ISO 4
[ non-standard dimensions

ation hardness

The term hafjdness when applied to rubbers refers to a measure of stiffness gbtained from an indentation

An indentor
illustrated in
load applied.

In most testg
load tests (s
small initial fi

is pressed into the rubber under a given force and the,.fesulting indentation measure

the indentor is surrounded by a foot which rests on the test piece under a given force. In
ee Clause 5), the measured indentation is the difference between the indentation caused
brce and that caused by a larger final force.

)

|18 on

test.
d as

Figure 1. In contrast to some methods for other materials, the indentation is measured with the

lead-
by a

weight or spring to apply force

Key

1

2 indentor

3 pressure foot
4 test piece

Figure 1 — Principle of hardness test
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5 Types of hardness test

Distinction is made between dead-load tests, where the indenting force is produced by a weight, and so-called
durometers or pocket hardness meters, where the indenting force is applied by a spring.

Dead-load methods using a ball indentor with hardness expressed in international rubber hardness degrees
(IRHD) are specified in 1ISO 48. This hardness scale is based on the relationship defined in 3.1 and a probit
curve relating log4o(modulus) to the hardness in IRHD. This results in a scale from 0 to 100 for infinitely soft to
infinitely rigid materials. The definition of IRHD was chosen to give reasonable agreement with the Shore A

scale described below.
The HD and there
are modifications for low- and high-hardness rubbers. Method L covers the hardness range ftam 10 IRHD to

For n
ISO 4

Duro
apply
typeg
scale
stand
mate
whils
in the

[

6
In pr
textb
log(n
cons

Beca
funda
toget
stiffn

Alim

HD and method H covers the range from 85 IRHD to 100 IRHD. The micro dead-load meth
n test pieces and uses an indentor with diameter one-sixth of that for the “normal” method.

fent hardness.

8 and durometer methods in ISO 7267-1 and ISO 7267-2, respectiyely.

meters were originally intended to be hand-held but are now ©ften mounted on a stand wit
the correct foot pressure. The best known are the Shore ‘gauges, of which there are seV
to cover a range of materials, and which have been produced by a number of manufactu
durometers for rubbers in the normal hardness range“and D scale durometers for hard
ardized in ISO 7619-1 together with a micro instrument designated AM and an instrur
rials designated AO. The type A uses a truncated cone indentor, types D and AM use a ra
type AO uses a ball indentor. ISO 7619-2 specifies a pocket meter with a ball indentor des
IRHD scale.

significance

nciple, hardness can be related to the modulus of the rubber and empirical formulae car
boks. A relationship for bdll indentation is given in 1SO 48 together with graphs of hard
odulus). The relationshipJis only valid for a perfectly elastic rubber and in practice
dered as approximatel

use of the tenuoUs relation with Young’s or shear modulus, hardness cannot be cons
mental material/property. However, because of the simplicity and cheapness of harg
her with its 'essentially non-destructive nature, hardness is universally used as a convenien
DSS.

od is for use

8 also specifies modified procedures for use on curved test pieces, with theyresult being ¢éxpressed as

ubber rollers, the Pusey and Jones dead-load instrument is specifiedZin ISO 7267-3 in addition to the

N a weight to
eral different
ers. Shore A
materials are
nent for soft
diused cone,
gned to read

be found in
hess against
can only be

sidered as a
ness testing
t measure of

that ¢

arLbe achieved is + 1 IRHD which translates to of the order of + 4 % modulus in the middl

tation‘which is not always appreciated is the discrimination and precision obtainable. Genelally, the best

of the scale

and = 16 % at very low and high hardnesses.

7 Uses of hardness tests

Hardness is a measure of stiffness or modulus which is an important property of rubbers in almost all
applications. Its enormous popularity is due to its practical simplicity, versatility in terms of the test piece
required, cheapness and non-destructive nature. Because of this, it is universally used as a quality control
test, for trouble shooting, as a classification parameter for both compounds and products and as a
requirement in material and product specifications. Hardness is widely used as a convenient, non-destructive
measure of the state and uniformity of cure of a range of vulcanized products. It can also be used to track
ageing, contamination and porosity and so is suitable for diagnostic purposes.
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8 Choice of methods

When a portable, hand-held instrument is needed, for example for testing products, then a spring-loaded
durometer or pocket hardness meter is used. The type A durometer is by far the most popular but the type AO
and the IRHD pocket meter have the advantage of a ball indentor which is less prone to damage than a
truncated cone. The IRHD pocket hardness meter also has a very low variation in spring force over the
hardness range and the results correspond directly to those obtained with dead-load instruments. For very
hard rubbers and thin test pieces, types D and AM, respectively, are appropriate. The Shore D scale is usually
associated with plastics materials but is in common use for harder thermoplastic elastomers and ebonite and
is sometimes preferred over Shore A and IRHD scales for rubbers over 90 IRHD.

t foot

btory,
d low
hown
many

hardness scdles are intended to improve the discrimination at the extremes of the scale but‘ithas been s|
that, for the high scale at least, there is no advantage (for further details, see Reference\[1). However,
workers pref¢r to use the Shore-type durometers on a stand (so they are no longer portable).

The rationalg
than a sprin
methods are

9 Testp

In practice,
particularly
dimensions,

obtain comparative results. Results on non-standard test/pieces are termed apparent hardness in ISO 48

The main lim
on standard
When no m
satisfactory t

10 Standard hardness blocks

Hardness te
are available
and pocket h

for using the dead-load instruments is that a weight gives a constant force and is more g
j. A systematic evaluation of the parameters affecting precision has shown that the deag
superior in this respect (for further details, see Reference [2]).

ece

nardness measurements are made on test piecés and products of various shapes and
vhen using hand- held durometers. The resalts obtained are very dependent on test
particularly thickness, and hence it is essential that only the standard test pieces are us

itation of apparent hardness measurements is that the results are likely to differ from those

est pieces and are only comparable with tests made in the same way using the same geon
cro instrument is available _for, testing thin material, several plies can be used to obt
bst piece thickness, but againyresults may vary from those obtained with standard test piece

sters should be._calibrated in accordance with 1ISO 18898, but sets of standard reference b
which are Very useful for checking between calibrations, particularly for hand-held durom
ardness\meters.
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11 Comparison-of hardness-scales

For perfectly elastic rubbers, the IRHD and Shore A scales are virtually identical except at the low and high
ends of the scale. For practical materials, the correlation will be less good and material-dependent. Empirical
relations between the A and D scales have been published (for further details, see Reference [3]) but they
must be considered as a first approximation. One factor which may be significant is the effect of differences in
the time of application of the load, particularly with thermoplastic elastomers and vulcanized rubbers exhibiting
high hysteresis.

In theory, the normal and micro dead-load instruments should give equivalent results but, because of

thickness and surface layer effects (the surface can be harder than the interior), this is not always the case
and significant differences are possible.
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