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INTERNATIONAL STANDARD

ISO 48-1974 (E)

(LT

Vulcanized rubbers — Determination of hardness (Ha!'gness between 30 and 85 IRHD)

0 INTRODUCTION

The hardness test specified in this International Standard is
based on a measurement of the indentation of a rigid ball
into a rubber test piece under specified conditions. For the
normal test the standard test piece is between 8 and 10 mm
thickf test pieces less than 8 mm thick give smaller
indentation than the standard test piece. For tests on thin
pieces of rubber a scaled-down version (hereinafter referred
to as the micro-test) of the normai test is therefore used, in
which the apparatus dimensions are reduced to one-sixth.
When used on a piece 1,6 to 2 mm in thickness, the result
of the micro-test will be about the same as that obtained by
the normal test.

It is considered unrealistic to fix a precise thickness above
which the normal test should be used and below which the
micro-test should be used, but in general the latter test
should be used for thicknesgbelow about 4 mm. There will,
however, be exceptions; for instance, the micro-test would
be preferable even on thickness[above 4 mm if the lateral
dimensions of the test piece are much less than th
specified for the normal test (see tabie 2), because the latter
test would then be inaccurate. The micro-test would also be
preferable for testing some small awkwardly-shaped rubber
articles. The figure of 4 mm has been chosen for the
following reasons :

a) at this thickness the normal test will give readings in
international rubber hardness degrees (IRHD) higher
than the “standard’”’ reading (i.e. on 8 to 10 mm
thickness), and the micro-test will give readings lower
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than this (because this test gives the ““standard” reading
on a thickness of about 1,6 to 2,0 mm). These two
errors are about equal when the thickness tested is
4 mm;

b) 4mm is the greatest thickness on which the
micro-test could be made without increasing the lateral
dimensions of the test piece above that now specified
(i.e. 2 mm minimum between the indenter and the edge
of the test piece).

in either the normal test or the micro-test, the measured
indentation is converted into international rubber hardness
degrees, the scale of degrees being so chosen thatf0
represents the hardness of a material having an elasticity
modulus of zero and 100 represents the hardness of a
material of infinite elasticity modulus, and so that the
following conditions are fulfilled over most of the normal
range of hardness :

J—

@) one international rubber hardness degree always

represents approximately the same proportionate
difference in Young’s modulus;

b) for highly elastic rubbers, the scales of international
rubber hardness degrees and the Shore A durometer are
comparable.

For substantially elastic isotropic materials like
well-vulcanized  natural rubbers, the hardness in
international rubber hardness degrees bears a known
relation to Young’s modulus, although for markedly plastic
or anisotropic rubbers the relationship will be less precisely
known.
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1 SCOPE AND FIELD OF APPLICATION 1} the value of log,oM corresponding to the

idpoi h
This International Standard specifies a method for the midpoint of the curve
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determination of the hardness of vulcanized rubbers squa?e?gé(f being. expressed in meganewtons per (/)
preferably of a hardness range between 30 and 85 {RHD; V) SN e e s 7 N /
however, the method may also be used for those rubbers 2) the maximum slope

with a hardness between 30 and 95 IRHD. =57 international rubber hardness degrees per unit

' increase in log, oM.
Methods for very hard and very soft rubbers are the subject 910

of ISO/R 1400 and ISO/R 1818 respectively; the range of
applicability of each is indicated in the following figure :
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The hardness test consists in measuring the difference *2 31 — ] . e X
between the depths of indentation of the ball into the = ; 0 T4 18 22 286 30 34 38 \5
rubber under a small contact force and a large total force. 158,oM (M expressed in MN/m% )
From this difference, multiplied when using the micro-test g
by the scale factor 6, the hardness in international rubber FIGURE 2 — Relation of log, ;M to hardness in international
hardness degrees (IRHD) is derived by using either table 3 rubber hardness degrees
or a graph based on this table, or a scale reading directly in '
international rubber hardness degrees and derived from the
table, fitted to the indentation-measuring instrument. 3 APPARATUS

The relation between the difference of indentation and the

. : The essential parts of the apparatus are as follows, the
ardness expressed in international rubber hardness degrees P P

appropriate dimensions and forces being shown in table 1 :

(-, @) the known relation, for a perfectly elastic isotropic 3.1 Vertical plunger having a rigid ball or spherical surface X
# material, between = indentation, expressed in on the lower end, and means for supporting the plungerd so
' # hundredths of a millimetre, and “Young’s modulus/M, that the spherical tip is kept slightly above the surface of
expressed in meganewtons per square me(gf\namely : . the annular foot prior to applying the contact force,
: F ; "}N\\ " v o . sas
—== (0,003 8)/R0.65 p1,35 , 3.2 Means for applying a contact force, and an additional
M s v indenting force to the plunger, making allowance for the

weight of the plunger including any fittings attached to it
and for the force of any spring acting on it, so that the
F is the indenting force, expressed in newtons; forces actually transmitted through the spherical end of the
plunger shall be as specified.

where

R is the radius of the ball, expressed in millimetres;

b) the use of a probit (integrated normal error) curve to 3.3 Means for measuring the increase_ in ¢':Iepth of
relate log,oM to the hardness in international rubber indentation of the plunger caused by the indenting force,
hardness degrees, as shown in figure 2. This curve is either in metric units or reading directly in IRHD/ The ,)/@

defined as means employed may be mechanical, optical or electrical.

1) See ISO/R 1818.

2} See ISO/R 1400.

% . This formula is approximate and is included as an indication.
i
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3.4 Flat annular foot normal to the axis of the plunger
and having a central hole for the passage of the plunger.
The foot rests on the test piece and exerts a pressure on it
of 30 + 5 kN/m2, provided the total load on the foot does
not fall outside the values given in table 1, The foot shall be
rigidly connected to the indentation measuring device, so
that a measurement is made of the movement of the
plunger relative to the foot (i.e. the top surface of the test
piece), not relative to the surface supporting the test piece.

3.5 Means for gently vibrating the apparatus, for example
an electrically operated buzzer, to overcome any slight
friction/ (this may be omitted in instruments where friction
is completely eliminated).

3.6 Chamber for the test piece when tests are made at
temperatures other than a standard laboratory temperature,

his chamber should be equipped with means of
maintaining the temperature withinf2 °C of the desired)(
value. The foot and vertical plunger should extend through -
the top of the chamber, and the portion passing through
the top shall be constructed from a material having a low
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——— |
4 TEST PIECE

4.1 Dimensions

The test piece shall have its upper and lower surfaces flat,

smooth and parallel to one another.
N———
Tests intended to be comparable shall be made on test

pieces of the same thickness.

To obtain the necessary thickness, it is permissible to
superimpose two pieces of rubber {but not more than two),
provided these have flat paratlel surfaces.

4.1.1 Normal test

The standard test piece shall be: 8 to 10 mm thick.
Non-standard test pieces may be either thicker or thinner,
but usually the thickness should not be less than 4 mm. The
lateral dimensions of both standard and non-standard test
pieces shall be such that no test is made at a distance from
the edge of the test piece less than the appropriate distance
shown in table 2.

thermal conductivity. A sensing device shall be located
within the chamber, near or at the location of the test
piece, for measuring the temperature.

NOTE ~ AH poss

table 1 will)ﬁ'meet the pressure requirements of 3.4,
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TABLE 1 — Forces and dimensions of apparatus

4.1.2 Micro-test

The standard test piece have a thickness of
210,55 mm. Because of the variable effects of surface
hardening of the rubber and of any slight surface roughness
{produced, for example, by buffing), no standard thickness
of test piece will always give results agreeing with those of

shall

Force on ball Force
Test Diameters on foot
Contact Indenting Total
mm N N N N
either
ball 2,38 + 0,01
foot 201 0,30 £ 0,02 5,23 + 0,01 6,63 + 0,03 831,56
hoie 61
Normal or
ball 2,50 0,01
foot 20+ 1 0,30 + 0,02 5,40 ¢ 0,01 5,70 £ 0,03 83+1,6
hole 61
mm mN mN mN mNY ‘)/
ball 0,395 + 0,006
Micro foot 3,35 0,15 83+0,5 145+ 0,5 235 + 30 3
hole 1,000,115

1} In the micro-test

indenting force of 145/

y
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sing instruments in which the test piece table is pressed upwards by a spring (see Sgbtt and Soden, Trans, |.R.|. 1960, 3b, /<

1, Fig. 8), the value;of foot pressure and force on foot are those acting during the period of application of the total force. A"Before the:
mN is applied, the force on the foot is greater by this amount, and hence equals 380 i ; LM@
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the normal test using its standard test piece. A thickness in
the range 1,6 to 2 mm will most often give such agreement,
but this will not always be exact. Thicker or thinner test
pieces may be used, but in no case less than 1 mm thick. On
such test pieces the readings will not in general agree with
those given by the normal test. The lateral dimensions shall
be such that no test is made at a distance from the edge less
than 2 mm,

TABLE 2 — Minimum distance of impact
from test piece edge

nimu an

Total thickness from polnt af mpac

of test piece to edge of test piece
mm  mm
; 4 7.0
Ol 6 80
8 9,0
10 10,0
15 11,6
25 13,0

When test pieces thicker than 4 mm are tested on the
micro-test instrument because lateral dimensions or area of
flatness do not permit testing on a normal instrument, the
test shall be made at a distance from the edge as great as
possible.

Curved test pieces, O-rings for example, may be tested with
the micro-instrument but the values may not be comparable
with those obtained on flat test pieces.

4.2 Conditioning

~Tests shall not be carried out less than 16 h after
ulcanization and, for arbitration, not less than 72 h after

vuicanization.

When a test is made at a standard laboratory temperature,
the test pieces shall be maintained at the conditions of test
for at least 3 h immediately before testing.

When tests are made at higher or lower temperatures, the
test pieces shall be maintained at the conditions of test for
a period of time sufficient to reach temperature equilibrium
with the testing environment, or for the period of time
required by the specification covering the material or
product being tested.

5 TEMPERATURE OF TEST

The test should normally be carried out at a standard
laboratory temperature (20 £ 2 °C, 232 °Cor 27 £2 °C);
the same temperature shall be used throughout any one test
or series of tests intended to be comparable.

4

6 PROCEDURE

The test piece shal! first be conditioned as specified in 4.2.
The upper and lower surfaces of the test piece shall be
lightly dusted with talcum powder, and the test piece
supported on a horizontal rigid surface. The foot shall first
be brought into contact with the surface of the test piece.
The plunger and indenting ball shall be pressed for 5 s or:\to
the rubber, the force on the ball being the contact force.

a) If the gauge is graduated in international rubber
hardness degrees, it shall be adjusted to read 100 at the
end of the 5s period. The additional indenting force
shall then be applied and maintained for 30 s, when a
direct reading of the hardness in international rubber
hardness degrees is obtained.

b) If the gauge is graduated in metric units, the
difference in indentations D (expressed in hundredths of
a millimetre) of the piunger caused by the additional
indenting force, applied for 30 s, shall be noted. This
(after multiplying by the scale factor of 6 when using
the apparatus for the micro-test), shall be converted into
international rubber hardness degrees by using table 3 or
a graph constructed therefrom.

During the Ioading periods, the apparatus may be gently
vibrated to overcome any friction.

a

7 NUMBER OF READINGS

One measurement shall be made at either three or five

different points distributed over the test piece and the

median of the results shall be taken, i.e. the middie value
en these are arranged in increasing order.

8 EXPRESSION OF RESULTS

Hardness shall be reported to the nearest whole number as
the median of the three or five measurements in
internationat rubber hardness degrees.

9 TEST REPORT

-

The test report shall include the following particulars :
a) hardness expressed in IRHD;

b) dimensions of test piece, and whether made up of
one or two pieces;

c) temperature of test;

{moulided, buffed or

d} type of surface tested

otherwise);

e) type of apparatus used (normal or micro).
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TABLE 3 — Conversion of values of D to international rubber hardness degrees (IRHD)

ISO 48-1974 (E)

International International International International
D rubber D rubber D rubber D rubber
0,01 mm hardness 0,01 mm hardness 0,01 mm hardness 0,01 mm hardness
degrees degrees degrees degrees

0 100 45 739 90 52,3 135 389
1 100 46 733 91 52,0 136 38,7
2 99,9 47 72,7 92 51,6 137 384
3 99,8 48 72,2 93 51,2 138 38,2
4 99,6 49 71,6 94 50,9 139 38,0
5 99,3 50 71,0 95 50,5 140 378
6 99,0 51 704 96 50,2 141 375
7 98,6 52 69,8 97 49,8 142 373
8 98,1 53 69,3 98 495 143 37,1
9 97,7 54 68,7 29 49,1 144 36,9
10 _971 55 68,2 100 48,8 145 36,7
1 96,5 56 67,6 101 48,5 146 36,5
2 95,9 57 67.1 102 48,1 147 36,2
13 95,3 58 66,6 103 478 148 36,0
14 4,7 59 66,0 104 475 149 35,8
15 94,0 60 65,5 105 471 150 35,6
16 93,4 61 65,0 106 46,8 151 354
17 92,7 62 64,5 107 46,5 152 35,2
18 92,0 63 64,0 108 46,2 153 35,0
19 91,3 64 63,5 109 459 154 34,8
20 90,6 65 63,0 110 45,6 155 34,6
21 898 66 62,5 11 45,3 156 44
22 89,2 67 62,0 112 45,0 157 34,2
23 88,5 68 61,5 113 44,7 158 34,0
24 878 69 61,1 114 44 4 169 338

25 87,1 70 60,6 115 441 160 33,6 )

26 86,4 71 60,1 116 438 161 334 /a

27 85,7 72 59,7 117 435 162 33,1 1 ,'2
28 85,0 73 59,2 118 43,3 163 33,0
29 84,3 74 58,8 119 43,0 164 328
30 83,6 75 58,3 120 42,7 165 32,6
31 829 76 57,9 121 42, 166 324
32 82,2 77 57,5 122 42,2 167 323
33 815 78 57,0 123 419 168 321
34 80,9 79 56,4 124 41,7 169 31,9
35 80,2 80 56,2 125 41,4 170 31,7
36 79,5 81 55,8 126 41,1 171 316
37 78,9 82 554 127 409 172 314
38 78,2 83 55,0 . 128 40,6 173 31,2
39 77,6 84 54,6 129 404 174 31,1
40 77,0 85 54,2 130 40,1 175 30,9
a1 76,4 86 53,8 131 399 176 30,7
42 75,8 87 53,4 132 39,6 177 30,5
43 75,2 88 53,0 133 394 178 304
a4 745 89 52,7 134 391 179 30,2
' 180 30,0
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