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National foreword

This British Standard has been prepared under the direction of the Rubber Standards Committee. It is identical with
1SO 1432-1982 'Rubber, vulcanized —Low temperature stiffening (Gehman test) —Determination' published by the
International Organization for Standardization (ISO).

The 1972 edition of this British Standard was technically equivalent to the first edition of 1SO 1432 and, consequently,
the main changes in this revision of the British Standard correspond to the changes incorporated In the second edition
of 1SO 1432 which are described in clause 0.

This edition of BS 903 : Part A13 supersedes the 1972 edition which is withdrawn.

Terminology and conventions. The text of the international standard has been approved as suitable for publication as a
British Standard without deviation. Some terminology and certain conventions are not identical with those used In
British Standards: attention isdrawn especially to the following.

The comma has been used as a decimal marker. In British Standards it is current practice to use a full point on the
baseline as the decimal marker.

Wherever the words 'International Standard' appear, referring to this standard, they should be read as 'British Standard'.

Additional information. When the apparent torsional modulus isto be calculated (see 6.4) the width and thickness of
the test piece are measured by the appropriate method described in BS 903 'Methods of testing vulcanized rubber' :

Part A38 'Determination of dimensions of test pieces and products for test purposes'.
In UK practice, the standard laboratory temperature is 23 + 2 ®C (see 3,2.3).

Textual errors. When adopting the text of the international standard, the textual errors listed below were discovered.

They have been marked Inthe text and have been reported to 1SO in a proposal to amend the text of the international
standard.

In 4.1, paragraph 4, line 1, 'resulting' should be read as 'restoring'.
In 4.3, paragraph 2, line J. 'position head' should be read as 'torsion head".
In 4.3, paragraph 5, line 2, 'zero' should be deleted.

Compliance with a British Standard does not of itself confer Immunity from legal obligations.



British Standard

Methods of testing vulcanized rubber

Part A13. Determination of stiffness at low
temperature (Gehman test)

0 Introduction

This second edition of I1SO 1432 differs from the first in
allowing a continuous as well as a stepwise increase of
temperature, and a minimum temperature of -150 rather
than -70 °C.

1 Scope and field of application

This International Standard specifies a static procedure, known
as the Gehman test, for determining the relative stiffness
characteristics of vulcanized rubbers over a temperature range
from room temperature to approximately -160 ®C.

2 Apparatus?y

2.1 Torsion apparatus, one possible form of which is
shown inthe figure. It consists of a torsion head (A), capable of
being turned 180° in a plane normal to the torsion wire (B). The
top of the wire is fastened to the torsion head through a loosely
fitting sleeve (C). The bottom of the wire is fastened to the test
piece clamp stud (D) by nr>eans of a screw connector (E). A
device for "friction-free” indication or recording of angle by
mechanical or electrical means should be provided permitting
convenient and exact adjustment of the zero point; the
apparatus shown in the figure has a pointer (F) and a movable
protractor (G) which perform these functions. The indicating or
recording system shoutd allow reading or recording of the angle
of twist to the nearest degree. The torsion apparatus is
clamped to a supporting stand (H). Itis advantageous to make
the vertical portion of the stand from material of poor thermal
conductivity. The base of the stand shall be of stainless steel or
other corrosion-resistant material.

2.2 Torsional wires {Bl, made of tempered spring wire, of
length 65 + 8 mm, and having torsional constants of 0,7; 2,81
and 11,24 mN m.

2.3 Test piece rack (l), made of material of poor thermal
conductivity, for holding the test piece U) in a vertical position
in the heat transfer medium. The rack may be constructed to
hold several test pieces.’ The rack Is clamped to the stand (H).

Two clamps shall be provided for holding each test piece. The
bottom clamp |K) shall be a fixed part of the test piece rack.
The top clamp {L) acts as an exter>sion of the test piece and
shall not touch the rack.3> The top clamp is secured to a stud
ID) which in turn is connected to the screw connector (E).

2.4 Temperature-measuring device, capable of measuring
the temperature to within 1°C over the whole range of
temperature over which the apparatus Is to be used.

The sensitive element shall be positioned near a test piece
equidistant from the top and bottom.

2.5 Heat-transfer media, which nrwy be liquid or gaseous.
Any material which remains fluid at the test temperature and
which will not affect materials being tested may be used.
Among the liquids that have been found suitable for use at low
temperatures are acetone, methanol, ethanol, butanol, silicone
fluid and n-hexane. Air, carbon dioxide or nitrogen are
commonly used gaseous media.

Vapours of liquid nitrogen are useful for testing at very low
temperatures.

It should be noted that stiffness hveasurements in gaseous
media may not give in each case the same results as the
measurements made in liquid media.

2.6 Temperature control, capable of maintaining the
temperature of the heat-transfer medium to within £+ 1,0 °C.

2.7 Tank, for liquid heat-transfer media, or test chamber
for gaseous media.

A . ... - .C_D mWOODFORD, D. 6- and WILKINSON, C. S., Low temperature characteristics of
T) he apparatus and its use are described m : GEHMAN, b. u.. wouuhurtu,

elastomers, Ind. and Eng. Chem.. 39 Sept, 1947 : 1108.

2) Racks providing space for five or ten test pieces are commonly used,
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position and the spacers may be removed without losing the clearance.
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2.8 Stirrer, for liquids, or fan or blower for gases, which
ensures thorough circulation of the heat-transfer medium.

2.9 Stop-watch, or other timing device, calibrated in
seconds.

3 Test piece

3.1 Preparation of test piece
The dimensions of the test piece shall be 40 + 2,5 mm,

3 + 0,2 mmand2 % 0,2 mm. Itshall be moulded or cut with
a sojtabte die from a vulcanized sheet of suftable thtckness.

3.2 Conditioning of test piece

3.2.1 The minimum time between vulcanization and testing
shall be 16 h.

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

For product tests, whenever possible, the time between
vulcanization and testing should not exceed 3 months. In other
cases, tests shall be made within 2 months of the date of
receipt by the customer of the product.

3.2.2 Samples and test pieces shall be protected from light as
completely as possible during the interval between
vulcanization and testing.

3.2.3 Prepared test pieces shall be conditioned immediately
before testing for a minimum of 3 h at a standard laboratory
temperature, the same temperature being used throughout any
one test or series of tests intended to be comparable.
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4 Procedure

4.1 Calibration of torsion wire

Insert one end of the torsion wire (B) in a vertical position, in a
fixed clamp, and attach the lower end of the wire at the exact
longitudinal centre of a rod of known dimensions and mass. (It
is suggested that the length of the rod be 200 to 250 mm and
the diameter about 6,4 mm).

Twist the rod through an angle of not more than 90° and then
release it. Allow it to oscillate freely in a horizontal plane and
note the time, in seconds, for 20 oscillations. (An oscillation
includes the swing from one extreme to the other and return.)

The mass moment of inertia, 1. expressed in kilogram metres
squared, is given by the equation

li.2

12

where
m Is the mass,-in kilograms, of the rod;
L is the length, in metres, of the rod.

'The torsional constant of the wire (i.e. the resulting torque per
radian), K, expressed in newton metres, is given by the equa-
tion

a =4n2 —
T2

where Tis the period, in seconds, of one oscillation.

The torsion wires shall calibrate within + 3 % of their specified
torsional constants.

4.2 Mounting of test piece

Clamp each test piece used in such a manner that 25 + 3 mm
of the test piece is free between the clamps. The test piece
clamp stud (D) shall be located with respect to a reference
point on the rack (I) in such a position that the specimen is
under zero torque.

4.3 Stiffness measurements in liquid media

Place the rack (I) containing the test pieces in the liquid bath
wx»th a minimum of 25 mm of liquid covering the test pieces.
Then adjust the temperature of the bath to 23 + 2 °C. Con-
nect one of the test pieces to the torsion head (A) by means of
the screw connector (E) and the standard wire.

Take care when attaching the screw connector to the test piece
clamp stud (D) not to move the stud from the zero torque

position. The position head (A) shall also remain in the zero *
position while the connector Is being fastened to the stud. The
spacer which provides clearance between the test piece rack
and the test piece clamp stud need not be used for
measurements made at room temperature.

Adjust the angle indicating or recording device to zero. Then
turn the torsion head quickly but smoothly through 180° and
record the torsion angle after 10 s. Ifthe reading at 23 °C does
not fall in the range of 120 to 170° the standard torsion wire is
not suitable for testing the test piece. Test pieces producing
twists of more than 170° shall be tested with a wire having a
torsional constant of 0,7 mN-m. Test pieces producing twists
of less than 120° shall be tested with a wire having a torsional
constant of 11,24 mN m.

Return the torsion head to its initial position and disconnect the
test piece.

Then move the test piece rack to bring the next test piece into
position zero for measurement.

Measure all the test pieces in the rack at 23 + 2 °C.

Insert the spacers between the test piece rack and the test
piece clamp studs. Remove the test pieces from the liquid bath
and adjust the temperature of the liquid to the lowest
temperature desired. Replace the test pieces in the bath and
maintain them at this temperature for approximately 15 min.
After this, remove one spacer and measure one test piece as
was done at 23 °C.A) Return the spacer to its original position
after the test piece has been tested. Measure all the test pieces
in the rack in this way, taking care that the measurement of
each test piece lasts approximately 2 min.

Then increase the bath temperature by one of the two follow-
ing methods :

a) by stepwise 5 °C intervals, each increase being made
after approximately 5 min;

b) increase the temperature continuously with a heating
rate of 1 °C/min.

Make the stiffness measurement in the stepwise case after con-
ditioning of the test piece for 5 min at each temperature and in
the continuous case at 5 min intervals. Continue the tests until

a temperature is reached at which the angular twist is within 5
to 10° of the twist at 23 °C.

4.4  Stiffness measurement in gaseous media

Procedures with air, carbon dioxide or nitrogen differ from
those with liquid media only in that cooling is done with the test
pieces in the medium and the length of the conditioning period
is different.

1) Apparatus is now in use in which the rack is stationary while the torsion head is movable and can be positioned over the several test pieces in turn.

2) Movement of the spacer may alter the setting of the angle indicating or recording device; therefore, adjust this device to zero after removing@the

spacer.



44.1 Increase of temperature {n steps

With the test pieces in the test chamber, adjust the
temperature of the chamber to the lowest temperature desired
in approximately 30 min. After this temperature has been main-
tained constant for 10 min, make the measurements in a similar
way as in the liquid media, each test piece t>eing tested with'n
2 min.

Increase the temperature of the chamber by 5 ®C intervals,
each increase being made in approximately 10 min, and make

stiffness measurements after conditioning of the test pieces for
10 min at each temperature.

4.4.2 Continuous increase of temperature
With the test pieces in the test chamber adjust the temperature
of the chamber to the lowest temperature desired, by applica-
tion of a linear time programme, preferably with a rate of
3 °C/min. After this temperature has been reached, increase
the temperature linearly at a rate of 1 °C/min.

Carry out measurements of the twist angle at 5 °C intervals.

4.5 Crystallization

When it is desired to study crystallization or plasticizer effects,
the time of conditioning at the desired temperature should be
increased.

5 Number of tests

At least three test pieces of each material shall be tested. Itis

good practice to include a control rubber with known twist
temperature characteristics.

6 Expression of results

6.1 Twist versus temperature curve

Plot a graph of the pointer readings (angles of twist of the test
piece) against the temperature.

6.2 Torsional modulus

The torsional modulus of the test piece at any temperature is
proportional to the quantity

180 -a
a

where a is the angle, in degrees, of the twist of the test piece.

1} 1Pa = 1N/m2

6.3 Relative modulus

The relative modulus at any temperature is the ratio of the tor-

sional modulus at that temperature to the torsional modulus at
23 “C.

The value of the relative modulus for any temperature is readily
determined from the angles of twist at that temperature and at
23 °C, as given by the twist versus temperature curve (6.1) and
the ratio of the values of the factor (180 -orl/a corresponding
to those angles.

The temperatures at which the relative modulus is 2, 5, 10 and
100 respectively, are determined by the use of table 1 and the
twist versus temperature curve for the test piece. The first
column of table 1 lists each degree of twist in the range of 120
to 170°, so that the value corresponding to the twist of the test
piece at 23 can be selected.

Successive columns give the twist angles which correspond to
values 2, 5, 10 and 100 respectively, for the relative modulus.
The temperatures corresponding to these angles are then read
from the twist versus temperature curve for the test piece (6.1)
and are designated as T.. Tg, T"gand respectively.

6.4 Apparent torsional modulus of rigidity

When it is desired to calculate the apparent torsional modulus
of rigidity in pascals®) at various temperatures, the free length
of the test piece shall be accurately measured.

The apparent torsional modulus of rigidity, G, in pascals, is
given by the equation

(180 -a)
b a

where
K is the torsional constant, in newton metres, of the wire;
L isthe measured free length, in metres, of the test piece;
b is the width, in metres, of the test piece;
d is the thickness, in metres, of the test piece;
H isthe factor based on the ratio b/d taken from table 2;

a isthe angle of twist, in degrees, of the test piece.



Table 1 — Twist angles for designated values of the
relative modulus (RM)

Twist

angle a.
in degree*
at23~C

120
121
122
123
124
125

126
127
128
129
130

131
132
133
134
135

136
137
138
139
140

141
142
143
144
145

146
147
148
149
150

151
152
153
154
155

156
157
158
159
160

161
162
163
164
165

166
167
168
169
170

RM =

90
91
92
93
95
96

97
98
99
101
102

103
104
105
107
108

109
111
112
113
114

116
117
119
120
121

123
124
126
127
129

130
132
133
134
136

138
139
140
142
144

146
147
149
151
152

154
156
158
159
161

2

Twtst angle a In degrees for
relative modulus (RM)

RM -

51
52
53
54
55
56

57
58
59
61
62

63
64
65
66
68

69
70
71
72
74

75
77
78
80
82

83
85
87
88
90

92
94
96
97
100

102
104
106
108
111

113
116
118
121
124

126
130
133
136
139

5

RM -

30
31
31
32
33
33

34
35
36
36
37

38
39
40
4
42

42
43
45
46
a7

48
49
50
51
53

54
55
57
58
60

62
62
65
67
69

71
73
75
78
80

82
85
88
91
94

98
101
105
109
113

10

RM
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14
15
16
17
18

19
20
22
24
26

100

Table 2 — Values”) of factor mfor various
ratios of bid

bid bid

1,00 2,25 2,25 3,84
1,05 2,36 2,50 3,99
1,10 2,46 2,75 411
1,15 2,56 3,00 4,21
1,20 2,66 3,50 4,37
1.25 2,75 4,00 4,49
1,30 2,83 4,50 4,59
1,35 2,91 5,00 4,66
1,40 2,99 6,00 4,77
1,45 3,06 7,00 4,85
1,50 3,13 8,00 4,91
1,60 3,26 9,00 4,96
1.70 3,38 10.00 5.00
1,75 3,43 20,00 5,17
1.80 3,48 50.00 5,23
1,90 3,57 100,00 5,30
2,00 3,66

1) Values of fi have been rounded to two places of decimals.

7 Test report
The test report shall include the loJlowing information ¢
a) the heat-transfer medium used;

b) the temperatures T.. T», T2 and 7'ico a* which the
relative modulus is 2. 5, 10 and 100 respectively:

c) theapparenttor»onat modulus of rigidity, in pascals, at
room temperature;

d) when required, the apparent torsional modulus at
temperatures other than room temperature;

e) when required, the temperature at which the apparent
torsional modulus reaches a specified value.
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