
International Standard 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION.MEX~YHAPO~HAR OPI-AHM3AUMR fl0 CTAH~APTM3A~MM*ORGANISATION INTERNATIONALE DE NORMALISATION 

Rubber - Determination of dynamic behaviour 
of vulcanizates at low frequencies - 
Torsion pendulum method 
Caoutchouc - Determination du comportement dynamique des vulcanisats 4 basses fr@uences - Methode du pendule de 

torsion 

Third edition - 1986-08-15 

U DC 678.43 : 620.178.311.6 

Descriptors : rubber, vulcanized rubber, tests, torsion tests, torsion pendulums. 

Ref. No. IISO 46634986 (EI 

Price based on 9 pages 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 4663:1986
https://standards.iteh.ai/catalog/standards/sist/d00b1a82-b2ab-464d-a9cd-

1fc2e15be2be/iso-4663-1986



Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards bodies (ISO member bedies). The work of preparing International 
Standards is normally carried out through ISO technical committees. Esch 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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 4663 was prepared by Technical Committee ISO/TC 45, 
Rubber and rubber products. 

This third edition cancels and replaces the second edition (ISO 4663-19841, of which it 
constitutes a minor revision. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardkation, 1966 

Printed in Switzerland 
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Rubber - Determination of dynamic behaviour 
of vulcanizates at low frequencies - 
Torsion pendulum method 

1 Scope and field of application 

This International Standard specifies a method of determining 
the dynamic behaviour, that is the shear modulus and 
mechanical damping, of vulcanized rubbers over a wide 
temperature range at low frequencies in the range of 0,l to 
10 Hz, and comparatively low strain, less than 5 x IO-4 in 
shear, with the aid of a torsion pendulum. The test method and 
definitions used are in accordance with ISO 2856. The theory 
behind the test is also described in ISO 2856. 

The test is primarily intended for the determination of the 
temperature at which the test piece Shows transitions in the 
visco-elastic properties by plotting observed values of modulus 
and damping as a function of temperature. The method is not 
particularly accurate for the determination of absolute values of 
modulus. 

In the torsion pendulum, a Strip test piece of uniform cross- 
section constitutes the elastic member of the pendulum. The 
test piece is clamped at both ends. One clamp is fixed to the 
frame while the other one is provided with an appropriate iner- 
tial mass, for example a flywheel. 

2 References 

ISO 471, Rubber - Standard temperatures, humidities and 
times for the conditioning and testing of test pieces. 

ISO 1826, Rubber, vulcanized - Time-interval between 
vulcanization and testing - Specification. 

ISO 2856, Hastemers - General requiremen ts for dynamic 
testing. 

ISO 3383, Rubber - General directions for achieving elevated 
or subnormal temperatures for test purposes. 

ISO 4648, Rubber, vulcanized - Determination of dimensions 
of test pieces and products for test purposes. 

ISO 4661/ 1, Rubber, vulcanized - Preparation of samples and 
test pieces - Patt 7: Physical tests. 

3 Apparatus 
Three methods of using a torsion pendulum are specified : 

3.1 Test piece holder 
metkod A, in which the mass of the inertia member is 
supported by the test piece and the pendulum is set into 
f ree damped oscillation; 

method B, in which the mass of the inertia member is 
supported by a fine wire Suspension and the pendulum is set 
into free damped oscillation; 

method C, which is similar to method B except that the 
oscillations are maintained at constant amplitude by supply- 
ing energy to the System. 

NOTE - The various methods and instruments may apply various con- 
ditions of frequency, ampiitude, etc. which may influence test results. 
Comparison of values obtained from different methods is to be 
avoided. 

The test piece shall be held between clamps, one of which is 
fixed and the other attached to the inertia member. The length 
of the test piece between clamps shall be between 30 and 
100 mm, 50 mm being the preferred length. Provision shall be 
made for the measurement of the length between clamps to an 
accuracy of 0,5 mm. 

In Order to obtain a constant temperature over the length of 
test pieces, the Parts of the clamp protruding from the ther- 
mostatted test chamber (3.4) shall be made of material having 
low thermal conductivity. 

Care shall be taken to ensure that the test piece is free to ex- 
pand or retract as a result sf changes in temperature without 
changing the initial stress or tension in the test piece. 
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3.2 Inertia member 

The inertia member may be a disc or a symmetrically supported 
rod having a moment of inertia such that the frequency of 
oscillation of the pendulum and test piece is between 0,l and 
10 Hz. In the case of method A, the mass of the inertia member 
is limited by the longitudinal stress (sec 3.3.1). A moment of in- 
ertia of the disc or rod of about 30 kg-mm2 has been found 
suitable. 

Means shall be attached to the inertia member to enable a 
torsional disturbance to be applied to the pendulum, in Order to 
Start the System oscillating. Low angles of deformation shall 
be used, such that the shear strain in the rubber is below 
5 x 10-4. 

Means shall be provided for measuring the frequency of oscilla- 
tion to an accuracy of + 1 % in the region of rubber elasticity 
(in the transition range, an accuracy of + 5 % is permissible). 

3.3 Torsion pendulum 

’ 3.3.1 Method A 

The inertia member shall be freely suspended below the test ’ 
piece as shown in figure 1. The mass of the inertia member 
shall be such that the longitudinal stress in the test piece is less 
than 30 kPa. 

A suitable amplitude detection System, and means of measur- 
ing the supplied energy with an accuracy of + 2 % shall be in- 
corporated. 

34 . Thermostatted test chamber 

The thermostatted chamber, with gaseous heat-transfer 
medium, shall be in accordance with ISO 3383. The 
temperature in the vicinity of the test piece shall be maintained, 
within the desired temperature range (for example - 100 OC to 
+ 200 OC), within + 1 OC of the desired value. 

lt is advisable to pass a stream of dry inert gas at the test 
temperature into the chamber along the test piece at a rate of 
several cubic centimetres per minute. This shall be done in such 
a way as to prevent any draught during the actual test period. 
Suitable temperature-sensing elements are thermocouples or 
resistance elements. 

3.5 Devices 
dimensions 

Suitable devices for measurement of test piece 
thickness shall be in accordance with ISO 4648. 

for measurement of test piece 

4 Test piece 

width and 

The measuring method shall permit the determination of the 
amplitudes of deformation to an accuracy of + 1 %. When 
recorders are used, the recording Strip shall move with a Speed 
which is known to within + 1 %, and with a linearity within 
+ 1 %. 

4.1 Dimensions 

The test piece shall be a Strip of uniform Cross-section within 
the following dimensions : 

NOTE - If a lamp and mirror System is used to measure amplitude a 
distance of at least 2 m is needed between mirror and scale to achieve 
the required precision. 

thickness : 1,0 + 0,2 mm 

width : 8 + 3 mm, 10 mm being the preferred value 

3.3.2 Method B 
length 30 *4Om m, Chosen to fit the 
to give the desired free length (sec 3.1 

clamping device and 

The torsion pendulum shall be constructed according to the 
principles shown in figure 2. The inertia member shall be sup- 
ported from above by a fine wire Suspension and the test piece 
shall be attached below. The length and diameter of the wire 
shall be Chosen so that the restoring torque due to the wire 
Suspension is not greater than 25 % of the restoring torque in 
the test piece plus the Suspension. 

The measuring 
method A. 

System shall conform to that specif ied for 

3.3.3 Method C 

Individual test pieces shall comply with the tolerantes given in 
5.1. For comparative tests, the same nominal dimensions of 
test pieces shall be used. 

4.2 Preparation 

Test pieces shall be prepared in accordance with ISO 4661. 

4.3 Number 

The torsion pendulum for this forced resonance method is the 
same as that described for method B, with the addition of a 
means to exert a friction-free mechanical moment on the pen- 
dulum System. A suitable System is shown in figure 3 in which 
the mechanical moment is exerted electromagnetically. The ap- 
plied moment shall be equal in magnitude but opposite in sign 
to the mechanical moment produced by damping in the test 
piece. In this way a constant amplitude of oscillation tan be 
maintained in the test piece. 

For each test, one or more test pieces may be used. 

4.4 Conditioning 

4.4.1 The time interval between vulcanization and testing 
shall be in accordance with ISO 1826. 

4.4.2 Samples and test pieces shall be protected from light as 
completely as possible during the interval between vulcaniza- 
tion and testing. 
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4.4.3 Test pieces shall be conditioned for not less than 3 h at 
one of the Standard laboratory temperatures, as specified in 
ISO 471, immediately before testing. 

5 Procedure 

5.1 Measurement of dimensions of test piece 

Before the test, determine the dimensions of the test piece. 
Make the measurements at the Standard laboratory 
temperature. 

Measure the width, b, to an accuracy sf Q,l mm at five places. 

Measure 
places. 

the thickness, h, to an accuracy of O,Ol mm at five 

Record the mean value. The differente between the largest and 
smallest values of width and thickness respectively should not 
exceed 6 %; if it does, the test piece shaill be rejected. As the 
thickness appears in the calculation to the third power, suitable 
care shall be taken when making these measurements. 

NOTE - The measurement of width may be omitted if the test pieces 
are tut with a die from a sheet, in which case the distance between the 
parallel cutting edges may be taken as the width of the test piece. The 
correctness of this procedure shall be checked at regular intervals by 
measurements on prepared test pieces. 

5.2 Mechanical conditioning af test piece 

The shear modulus of vulcanizates containing reinforcing 
fillers, especially carbon blacks, is markedly dependent on the 
degree of filler structure present. Some improvement in 
reproducibility of results may be obtained by breaking down 
this structure by the mechanical conditioning described in the 
following before measuring the shear modulus. However, if 
Service conditions are such that filler structure is not broken 
down (i.e. if there is not substantial deformation), the 
mechanical conditioning shall be omitted and care taken not to 
deform the test piece, because this will Cause a partial but in- 
definite degree of structure breakdown; it is then advisable to 
use a separate test piece for each temperature of test. 

lf mechanical conditioning is required, it shall be applied at 
Standard laboratory temperature as follows, immediately before 
determining the shear modulus : 

a) twist the test piece to a deflection of 90° in both direc- 
tions, then return it to approximately zero deflection; 

b) repeat the 
deformations. 

procedure a) to give a total of five d 

54 . Measurement of te$ piece free length 

Measure the free length I of the test piece between the clamps 
to an accuracy of 0,5 mm, the test piece being in a straight but 
as far as possible unstrained condition (sec 3.1). 

55 q Temperature conditioning of test piece 

Cool the test piece to the lowest test temperature. 

After temperature equilibrium has been reached 
may be heated by either of two methods. 

, the test piece 

The first and preferred method is to heat the test piece at a rate 
that shall not exceed 1 K/min and to take pendulum oscillation 
measurements under non-equilibrium temperature conditions. 

An alternative method is to bring the test piece to the desired 
Pest temperature and to take pendulum oscillation 
measurements after temperature equilibrium between test 
piece and thermostat is reached. 

NOTE - Where automatic recording allows measurements to be made 
in less than 20 s a uniform rate of heating not exceeding 1 K/min may 
be used. However, with this procedure the test piece temperature tan 
differ considerably from the air temperature, and may be determined 
by using a fine wire thermocouple inserted into a dummy test piece of 
the same material and approximately the same dimensions and 
mounted inside the temperature enclosure. 

5.6 Testing 

Start the oscillation by applying a slight twist to the movable 
clamp followed, in the case of the damping compensated in- 
strument (method C9, by switching on the compensating 
System. 

Measure either the frequency and the decrement of the 
amplitude (methods A and B) or the frequency and the supplied 
mechanical compensating moment (method C). 

6 Strain, frequency and temperature of test 

6.1 Strain 

The shear strain in the rubber shall not exceed 5 x 10-4. 

NOTE - For a Strip of length Z, width b and thickness h, where 
blh > 3, the maximum shear strain y is approximately related to the 
torsion angle a, in radians, by the equation 

ah 
V =- 

5.3 Mounting of test piece 

Mount the test piece in suitable clamps so that the free length 
of the Sample is between 30 and 100 mm, 50 mm being the 
preferred value. 

For the preferred test piece dimensions of h = 1 mm and I = 50 mm, 
the prescribed maximum shear strain of 5 x IO-4 corresponds to a 
torsion angle a of 1,5O. 

6.2 Frequency 
Place the two clamps in a vertical line, the centre lines forming 
the axis of rotation of the pendulum. The centre lines of the test 
piece after clamping shall coincide with the axis of rotation. 

The frequency of oscillation shall be between O,l and 10 Hz in 
the region of rubber elasticity of the material under test. 
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6.3 Temperature 

The temperature or temperature range of test shall be Chosen 
according to the material tested and the information desired. 

Measurements shall be made at intervals 10 k 1 OC as the 
temperature is raised from the lowest to the highest value. 

Closer intervals shall be used in the transition regions where the 
shear modulus and mechanical damping are changing rapidly 
with Change of temperature. 

NOTE - For crystallizing materials, the times used for conditioning 
and testing, or alternatively the rate of heating, may influence the 
degree of crystallization and thus the modulus values obtained. For 
that reason, this time shall be selected to suit the purpose of the test 
and shall be stated in the test report. 

7 Expression of results 

7.1 Symbols 

The following Symbols are used in the calculation of results 
with their assigned meanings and units of measurement : 

.G is the dynamic shear modulus, in Pascals; 

1 is the moment of inertia, expressed in kilogram metres 
squared, of the inertia member and oscillating clamp; 

f is the frequency of oscillation, in hertz, with the test 
piece; 

fo is the frequency of oscillation, in hertz, with no test 
piece; 

I is the free length, in metres, of the test piece; 

b is the width, in metres, of the test piece; 

h is the thickness, in metres, of the test piece; 

/1 is the Iogarithmic decrement; 

F is the amplitude of oscillation expressed in scale divi- 
sions for methods A and B and converted to radians for 
method C. 

i’V is the compensating mechanical moment, expressed in 
newton metres; 

C is a correction factor equal to (1 - 0,63 hlb) for 
blh > 3; 

AZ 
I$=l+- 

4n2 

The factor FD incorporates the influence of the damping on the 
shear modulus. lt is to be taken into account when /1 > 1, and 
equated to 1 when /i < 1. 

4 

7.2 Calculation of the dynamic shear modulus 

7.2.1 Method A 

1279 1 

7.2.2 Method B 

12112 1 
G= bh3CFDl(f2 -.f$ 

7.2.3 Method C 

1279 z 
G= bh3CFDl(f2 -.f$ 

NOTE - G gives only approximately 
as defined in ISO 2856; see [91. 

dynamic modulus IG? or G’ 

7.3 Calculation of mechanical damping 

The mechanical damping of the material shall be expressed 
terms of the logarithmic dec :rement /i R of the test piece. 

NOTE - For small values, 
tan 6 by the expression 

A R is mechanical loss factor 

tan 6 
4 =- 

7c 

7.3.1 Method A 

The Iogarithmic decrement is given accurately by the equation 

Fl AR = In- 
F2 

where Fl and F2 are 
the same direction. 

amplitudes of successive oscillations in 

NOTE - lt is recommended for low-damping materials that A be deter- 
mined using several cycles and then calculated according to the equa- 
tion 

1 
AR 

FO 
=; InF 

n 

where FO is the amplitude of initial oscillation 
of the nth oscillation in the same direction. 

7.3.2 Method B 

The logarithmic 
the equation 

decrement 

A Fl = In- 
F2 .\ 

See the note to 7.3.1. 

and F, is the amplitude 

complete is given by 
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The damping 
equation 

due to the is then given by the 5) width and thickness of test 
free length between clamps; 

pieces as well as their 

AR 
f0 =A-A,- 
f 

b) test method and test details : 

1) a reference to this International Standard, 
where /1 o is the damping of the pendulum without a 
and is due to losses in the wire Suspension System. 

test piece, 

2) type of pendulum, i.e. method A, B or C, and its im- 
portant data, i.e. inertial mass and mass of lower clamp 
in the case where this is loading the test piece, For a weil-designed 

ly be neglected. 
pendulum, this correction 

3) 

4) 

5) 

6) . 

shear strain applied, 

test f requencies, 

whether mechanical conditioning was applied, 

time and temperature of conditioning of test pieces 
prror to testing, 

7.3.3 Method C 

The logarithmic decrement is given by the equation 

M 
/1, = 

4nIf2F 

NOTE - This expression 
sion is negligible. 

assumes correction due to the suspen- 

7) rate of heating or, alternatively, time for reaching 
temperature equilibr ium used at each test temperature, 

8 Test report 
8) any non-standardized procedures adopted; 

The test report shall contain the following information : 

Cl test results 
Sample details : 

- dynamic shear modulus G and value of the 
logarithmic decrement A & together with the units used; 1) full description of the Sample and its origin, 

2) compound details and curing conditions, if known, - if the values are taken over a large temperature in- 
terval they may preferably be presented as a smooth 
curve (shear modulus on logarithmic scale) to allow the 
detection of transition Points; 

3) preparation 
moulded or tut, 

of test for whether 

4) 
test 

any relevant 
pieces, d) date of test. 
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Figure 1 - Uncompensated free oscillation apparatus with inertia member suspended below the test piece 
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