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INTERNATIONAL STANDARD ©1SO ISO 4664:1998(E)

Rubber — Guide to the determination of dynamic
properties

WARNING — Persons using this International Standard should be familiar with normal laboratory practice.
This standard does not purport to address all of the safety problems, if any, associated with its use. It is the
responsibility of the user to establish appropriate safety and health practices and to ensure compliance
with any ndtional regulatory conditions.

1 Scope
This International Standard provides guidance on the determination of dynamic properties of vilicanized and

thermoplastic rubbers. It includes both free- and forced-vibration methods for use with)both materials jand products.
It does not cover rebound resilience nor cyclic tests in which the main objective is.te”fatigue the rubber|

2 Normaltive references

The follow|ng standards contain provisions which, through reference in this text, constitute provisions of this
Internationgl Standard. At the time of publication, the editions indicated were valid. All standards are subject to
revision, apd parties to agreements based on this Internatienal Standard are encouraged to investigate the
possibility @f applying the most recent editions of the standards.indicated below. Members of IEC and[ISO maintain
registers of| currently valid International Standards.

ISO 471:1995, Rubber — Temperatures, humidities ane.times for conditioning and testing.

ISO 815:1991, Rubber, vulcanized or thermoplasti¢-— Determination of compression set at ambient, efevated or low
temperaturgs.

ISO 3383:1985, Rubber — General directions for achieving elevated or subnormal temperatures for test purposes.

ISO 4648:1991, Rubber, vulcanized'on thermoplastic — Determination of dimensions of test pieces angd products for
test purpodes.

ISO 4663:1986, Rubber — Determination of dynamic behaviour of vulcanizates at low frequencles — Torsion
pendulum method.

ISO 5893:1993, Rubiber and plastics test equipment — Tensile, flexural and compression types (canstant rate of
traverse) —|Description.

ISO 7743:1989, ‘Rubber, vulcanized or thermoplastic — Determination of compression stress-strain properties.

3 Definitions

For the purposes of this International Standard, the following definitions apply (for the symbols used, see clause 4):
3.1 Terms applying to any periodic deformation

3.1.1 mechanical-hysteresis loop

The closed curve representing successive stress-strain states of the material during a cyclic deformation.

NOTE - Loops may be centred on the origin of the coordinate system or, more frequently, displaced to various levels of
strain or stress; in the latter case, the shape of the loop becomes asymmetrical, but this fact is frequently disregarded.
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3.1.2 energy loss (J/m3)

The energy per unit volume which is lost in each deformation cycle. It is the hysteresis loop area, calculated with
reference to coordinate scales.

3.1.3 power loss (W/m3)

The power per unit volume which is transformed into heat through hysteresis. It is the product of energy loss and
frequency.

3.1.4 mean stress (Pa)

The average value of the stress during a single complete hysteresis loop (see figure 1).

3.1.5 mean strain (dimensionless)

The average yalue of the strain during a single complete hysteresis loop (see figure 1).

Mean strain /
N t
Mean stress />

!

NOTE — Open initial loops are shown as well as equilibrium mean strain and mean stress as time-averages of
instantaneous strain and stress.

Figure 1 — Heavily distorted hysteresis loop obtained under forced pulsating sinusoidal strain
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3.1.6 mean modulus (Pa)

The ratio of the mean stress to the mean strain.

3.1.7 stres

s amplitude (Pa)

The ratio of the maximum applied force, measured from the mean force, to the cross-sectional area of the

unstressed

test piece (zero to peak on one side only).

3.1.8 root-mean-square stress (Pa)

The square root of the mean value of the square of the stress averaged over one deformation cycle.

NOT

E — For a symmetrical sinusoidal stress, the root-mean-square stress equals the stress amplitudedi

3.1.9 straip amplitude (dimensionless)

The ratio o
unstrained

3.1.10 roo

The square

NOTE

3.2 Terms
NOT

ellipti
level

NOT
relati

3.2.1 sprin
The compo
3.2.2 elast

The compo

3.2.3 elastic normal modulus (storage normal modulus; elastic Young's modulus),

The compo

3.2.4 dam

f the maximum deformation, measured from the mean deformation, to the free-length (thi
Lest piece (zero to peak on one side only) in the direction of loading.
-mean-square strain  (dimensionless)

root of the mean value of the square of the strain averaged overone cycle of deformation.

applying to sinusoidal motion
F 1 A sinusoidal response to a sinusoidal motion implies” hysteresis loops which are or can be cd
of mean stress or mean strain (for example, incremental spring constant, incremental elastic shear

F 2 For large sinusoidal deformations, the hysteresis loop will deviate from an ellipse since t
bnship of rubber is non-linear and the response is no longer sinusoidal.

g constant, Kk (N/m)

nent of applied force whichs\in phase with the deformation, divided by the deformation.
¢ shear modulus (storage shear modulus), G’ (Pa)

nent of applied shiear stress which is in phase with the shear strain, divided by the strain.
E'(Pa)

nent of.applied normal stress which is in phase with the normal strain, divided by the strain

bing, constant, ¢ (N.s/m)

ided by v/2 .

ckness) of an

— For a symmetrical sinusoidal strain, the root-mean-square strainlequals the strain amplitude divigled by \/E

nsidered to be

cal. The term "incremental" may be used to designate dynamic response to sinusoidal deformation about various

modulus).

e stress-strain

The component of applied force which is in quadrature with the deformation, divided by the velocity of the
deformation.

3.2.5 loss shear modulus,

G" (Pa)

The component of applied shear stress which is in quadrature with the shear strain, divided by the strain.

3.2.6 loss normal modulus (loss Young's modulus),

E"(Pa)

The component of applied normal stress which is in quadrature with the normal strain, divided by the strain.
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3.2.7 complex shear modulus, G*(Pa)

The ratio of the shear stress to the shear strain, where each is a vector which may be represented by a complex
number.

G*=G'+jG"
3.2.8 complex normal modulus (complex Young's modulus), E*(Pa)

The ratio of the normal stress to the normal strain, where each is a vector which may be represented by a complex
number.

E*=E'+jE"

3.2.9 absolute (value of) complex shear modulus

The magnitude of the complex shear modulus.
Gr=lc=Vd2+62  (Pa)

3.2.10 loss fgctor tan & (dimensionless)

The ratio of the loss modulus to the elastic modulus. For shear stressestand = G'/G' and for normjal stresses
tand = E'/E"

3.2.11 loss apgle (rad)

The phase angle between the stress and the strain, the tangent-of which is the loss factor.

3.3 Other terms applying to periodic motion
3.3.1 logarithmic decrement, A (dimensionless)

The natural (Naperian) logarithm of the ratio.between successive amplitudes of the same sign of|a damped
oscillation.

3.3.2 damping ratio, U (dimensionless)

The ratio of the actual to the critical damping, where critical damping is that required for the borderlife condition
between oscillatory and non-oscillatory behaviour. The damping ratio is a function of the logarithmic decrement:

A

u=—281 _ —gjn arctar%zig (1)
A T
1+ %g
7"

NOTE — u = A2mfor small values of A.

3.3.3 dynamic spring rate, Ky
Ko = FolXo

3.3.4 damping coefficient, C
C = 1/wKysind

where w = 21f
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3.3.5 transmissibility, V.

T

1+(tan )’

f
0
0

V; =

O
e

+(tan 8’

i

S
MO

0

0
D__
where ay is the natural angular frequency of the measured undamped vibrator:

1 1
w. = K_— Kg and I(l—l(or\ncﬁ

0

m | {preload
4 Symbdls
A test piece cross-sectional area
a6  Williams, Landel, Ferry (WLF) shift factor
a angle of twist
b test piece width
G
y
Yo
o)
E
Ec
E
E"
E*
F
f
G
G’
G"
G*
0G*d
h
0
29
6o reference temperature
k numerical factor
ki shape factar'in torsion
/ test piece length
A extension ratio
N logarithmic decrement
M in-phase or storage modulus
M" out-of-phase or loss modulus
M* complex modulus
UM*]  magnitude of complex modulus
m mass
p rubber density
Q torque
s shape factor
S' in-phase component of stiffness
S” out-of-phase component of stiffness
t time

tand  tangent of the loss angle
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T stress
To maximum stress amplitude
T in-phase stress

out-of-phase stress

u damping ratio
w angular frequency
X displacement

5 Basic principles

5.1 Types of dynamic test

There are twd

amplitude allqwed to decay due to damping in the system and forced vibration in which the oscillation is
by external means. Forced-vibration test machines may operate at resonance or away ffom resong
propagation (e.g. ultrasonics) is a special form of forced vibration and rebound resilienee is a sim
dynamic test in which one half cycle of deformation is applied.

5.2 Dynamic [motion

Rubbers are yiscoelastic materials and hence their response to dynamic strgssing is a combination o

response and
For sinusoida

y =Vy,sinwt

Stress

basic classes of dynamic test, i.e. free vibration in which the test piece is set into)oscillat

a viscous response, and energy is lost in each cycle.
strain, the motion is described by

(see figure 2)

5 Phase angle

©1SO

on and the
maintained

nce. Wave
ble form of

f an elastic

(2)

— — — — In-phase sfress
________ Out-of-phase stress
Resultant stress
—_——-  Sfrain

Figure 2 — Sinusoidal stress-strain time cycles

Time, wt
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The stress (1) will not be in phase with the strain and can be considered to precede it by the phase angle so that
T = 1,sinwt + ) (3)

Considering the stress as a vector having two components, one in phase with the displacement (7') and one 90° out

of phase (7") and defining the corresponding in-phase and out-of-phase moduli, the complex (resultant) modulus M*
is given by the following equation:

M*= M+ jM" .(4)

Also

M=""=10cos 5=M*cos &

Yo Yo
M"=T—= T—Osin 8=M*sin o
Yo [o

The absolute value, or magnitude, of the complex modulus is given by the following equation:

M| =M fenr2 .(5)

n

The loss tahgent, tan 6 = G

For a freely vibrating rubber and mass system, the equation-8f motion is given by the following equatioh:

=

2 (Xl
md§+S—d—X+S'x=O ...(6)
dt wit

The solutioh of this equation gives

LM A0
s=mofie o0

mwA
T

S'=

tané S TN .(7)

n# wao
47Z'ZH

where /\ is the log decrement.

5.3 Use of dynamic-test data

The reasons for measuring dynamic properties can be given, in general terms, as follows:

a) material characterization
b) design data
c) product performance

Dynamic measurements made as a function of temperature are used to determine the glass transition temperature.
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Because of the complex viscoelastic behaviour of elastomers, results of dynamic measurements are highly
sensitive to test conditions such as frequency, amplitude of applied force or deformation, test piece geometry and
mode of deformation. Hence, such parameters need to be specified and controlled if results are to be comparable.

An important practical consequence is that the conditions under which data is produced should be suitable for the
intended purpose of the data. In turn, this may mean that, depending on the intended purpose, a different type of
test machine may be suitable. In particular, small dynamic analyser machines which are especially suitable for
material characterization may not be capable of operating at the frequencies, amplitudes and modes of deformation

required for generating design data or for measuring product performance.

6 Mode of

Dynamic test
For free-vibra

The preferred
harmonic dist

The preferred
merits that a
behaviour is
oscillations r
amplitude.

For material g

may be less important than experimental convenience.

For products,

7 Test pied
7.1 Test piec
Test pieces 1
pieces. Plates
thin layer of s
7.2 Test piec
7.2.1 Genera

Test piece sh

machine used.

deformation

5 are most frequently carried out in shear and compression, but tension and bendiqg’ are
ion tests, torsion is normally used.

form of impressed strain is sinusoidal, and the strain should be impressed,on the test g
prtion which is as low as possible, and in no case greater than 10 %.

mode for the generation of design data is simple shear with constant impressed strain. T
substantial proportion of manufactured articles are used in this type of strain and the s
ore nearly linear than in compression or tension, especially fer:fubbers containing little fi
ther than free vibration or resonance are preferred because this ensures control of

haracterization, and particularly comparison of materials and quality control, the mode of ¢

the mode of deformation will normally simulate @ervice use.

es

P preparation

also used.

iece with a

his has the
tress-strain
ller. Forced
the strain

eformation

nay be moulded or cut ffom moulded sheet. Moulding is preferred for shear and compiession test

for shear and compression test pieces may be bonded during moulding or bonded afterw
hitable adhesive.

e dimensions

ape and dimensions will vary depending on the mode of deformation and the type and

ards with a

capacity of

For test pieces bonded to metal plates during moulding, the thickness of the metals should be measured before
moulding and the thickness of the rubber deduced by measurement of the overall thickness of the moulding.

7.2.2 Shear

Double shear test pieces are preferred with either round or square rubber elements. It is essential that the diameter
(or side in the case of square elements) is at least four times the thickness to ensure that the deformation is
essentially simple shear, i.e. bending is negligible. The thickness should be no greater than 12 mm to avoid
difficulties in obtaining uniform vulcanization.

The thickness and area of each test piece should be measured to + 1 %.
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7.2.3 Compression

Cylindrical test pieces are preferred with a height/diameter ratio of approximately 1,5. This ratio minimizes
uncertainties due to shape factor correction for unlubricated test pieces. However, the test pieces specified in
ISO 815 are convenient and widely used.

The thickness and area of each test piece should be measured to + 1 %.

7.2.4 Tension

Rectangular test pieces are preferred of thickness between 1 mm and 3 mm and length between the grips five

times the w

ieith

The thickng
7.2.5 Bend

Rectangulg

ss, width and gauge length should be measured to + 1 %.
ing

r test pieces are preferred of thickness between 1 mm and 3 mm. For threg="or four-poir

t loading, the

span should ideally be 16 mm, but this may have to be reduced to obtain an adequate measurablg force. In this
case, the maximum practicable value should be used, and it should be accepted-that the deformatipn will have a
significant $shear component.

Measure the span, width and thickness to + 1 %.

7.2.6 Tors|on

Rectangulgr test pieces are preferred of thickness between 1 mm and 3 mm, width between 4 mm and 12 mm
(subject to]a maximum width to thickness ratio of 10) and length between the grips at least 10 ties the width

(subject to

a maximum of 120 mm).

The thickngss, width and distance between the grips should be measured to + 1 %.

7.2.7 Conigal shear

Circular test pieces of about 35 mm diameter-are suitable. For cone/cone geometry a cone angle of less than 5°,
and for cone/plate geometry a cone angle_ of less than 3°, is required to maintain uniform shear.

The test pi¢ces may be cured in sitiand tested with a minimum compressive force of 11,5 kN to avoifl the need for
adhesive bpnding.

7.3 Produgts

Test pieces$ of dimensiens given in 7.2 may be obtained from some products by cutting and buffing. In other cases,
it may be npcessaryor,desired to test the complete product.

7.4 Number ofitest pieces

In order tolebtairan-indication—efthe—varabilityof the—materal—tisrecemmended-thata—minimum of three test
pieces or products are tested.

8 Test apparatus

8.1 Classif

ication

There is a great variety of dynamic test apparatus in use and several ways in which it can be classified. The basic
classification is between free and forced vibration, with the latter type operating either at resonance or away from
resonance.

Apparatus can also be classified on the basis of the mode of deformation, and for forced vibration the type of drive
and whether the load or deformation amplitude is held constant during the test.
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Machines also vary in their load capacity, frequency range and degree of sophistication of control.
The terms dynamic mechanical analyser and thermomechanical analyser are generally taken as referring to
modest-capacity dynamic-test machines which allow the measurement of dynamic properties over a range of
frequencies and temperatures and which are automated to a greater or lesser extent.

8.2 Factors affecting machine selection

©1SO

The advantages and disadvantages of the various types of dynamic test machine can be summarized as follows:

a) Deformation in shear generally allows the most precise definition of strain, and the stress-strain curve is linear to
higher amplitudes than with other deformation modes, but test pieces have to be fabricated with metal plates.

b) Deformati
but generg

c) Deformatic
may be leg

d) The prefer
shear.

e) A large-fo
compressi

f) For the ch
capacity is

g) Dynamic analysers of modest capacity but having automated>scanning of frequency and temp

particularly
h) Free-vibra
i) Testing at

to be mea

8.3 Apparatu

8.3.1 Clampin
viscous elems

8.3.2 Device
strain may be
vibration appad

8.3.3 Detecto
frequency ang

T i cCompression may be Useful I marching Service conditions, partcutary When 1estimn
lly requires a higher force capacity and consideration of the shape factor of the test piecet

n in bending, torsion or tension requires a lower force capacity and easily produced test
s satisfactory for absolute measurement of the modulus.

ce-capacity (and hence expensive) machine is necessary for higher strain amplitudes
bn and for testing products.

aracterization of materials, the mode of deformation is not{in“principle, important and a
not necessary.

efficient for material characterization.

ion apparatus is restricted to low frequencies afid amplitudes, normally in torsion.

resonance is generally restricted to bending)and does not allow the effects of amplitude an
sured.

5

g or supporting arrangemént~  that permits the test piece to be held and act as the
nt in a mechanically oscillating system.
or applying an oscillatory load (stress) or deformation (strain) to the test piece. THh

applied as a single)pulse, as in free-vibration apparatus, or may be continuously applied &
ratus.

s , for defermining dependent and independent experimental parameters such as force, d
temperature.

products,

pieces, but

red type of machine for generating design data is the forced-vibration, non-resonant type ¢perating in

n shear or

large force

prature are

i frequency

elastic and

e stress or
s in forced-

eformation,

8.3.4 Oven and_eontroller , for maintaining the test piece at the required test temperature.
8.3.5 Instruments for measuring test piece dimensions , in accordance with 1ISO 4648.
9 Calibration

It is essential that the apparatus is calibrated with respect to each parameter so that it is traceable, as far as
possible, to national standards.

The following maximum tolerances are recommended:
a) Deformation +1 %
b) Force +1 %
c) Frequency +2 %

10
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d) Temperature +1°C
e) Test piece dimensions see 7.2

Instruments for measuring frequency, temperature and dimensions can readily be calibrated with full traceability to
national standards. For deformation and force, such traceability can only be formally achieved for static calibration
(see 1SO 5893).

It is essential that the apparatus is designed so that its inertia, stiffness and natural resonance frequency have a
negligible effect on the parameters measured, or can be compensated for.

In free-vibration apparatus, it will be necessary to correct for the restoring force generated by the test piece
suspension and losses in the suspension and disc damping.

The test pi

aca-chaodld - ba tharmalbhs ncilatad fram tha machinag 0 nravant anv tamnaratiira channac
P ee-SHOothHa—Be—tHeHHay—HSthate o e-—THa e —o—prevert—ary e peratare—crages

when testing

under non-

ambient conditions.

10 Test ¢onditions

10.1 Strair

Rubbers cpntaining substantial quantities of fillers show viscoelastic behaviour that is dependent|on the strain

amplitude pf test. As a general principle, strain amplitudes should be{chosen to correspond tp the strains

encountered in service, but in practice there may be restrictions because.6f machine capacity, the wish to operate in

the linear part of the stress-strain curve and heat build-up.

For genera] use, the following nominal levels are recommended:

a) shear +1 %, +3 %, +6 %, +10 % or 15 %. Zero prestrain. Preferred £10%.

b) compression 2 % or +5%. Prestrain(10 * 0,5) %. Preferred £5 %.

C) tension O O These modes of deformation are generally used in bench analysers gnd the values
00

d) bending O O depend on thesmachine parameters.

e) torgion (free vibration) 0,5 %max.

Not all thege strain amplitudes willF-necessarily be required for a given series of tests. If one strain amplitude is used,

it should bg the preferred value¢

In practice,[the lowest strainlevel achievable will be limited by machine sensitivity and the highest strajn by machine

power, espgcially at higherfrequencies and at temperatures near the glass transition.

In service, productssmay be subjected to a dynamic strain superimposed on a static strain, and the static strain may

not necessprily be.of the same mode of deformation. To obtain data more relevant to such conditiong, the dynamic

strains as fecommended here may be superimposed on any level or form of static strain. This may pe particularly

relevant tolesting products and is normally applied to compression test pieces.

10.2 Frequency and temperature

Rubbers show viscoelastic behaviour which is frequency- and temperature-dependent, very markedly so near
transitions. As a consequence, frequencies and temperatures relevant to service may be chosen or, particularly
when characterizing materials, tests over a range of frequencies and temperatures are desirable.

Frequencies of 1 Hz, 5 Hz, 15 Hz, 30 Hz, 50 Hz, 100 Hz, 150 Hz and 200 Hz are recommended for general use,
although the higher levels will not always be achievable. Alternatively, a logarithmic progression such as 1 Hz, 3 Hz,
10 Hz, etc., may be used for frequency scans.

For free-vibration tests, the frequency should be between 0,1 Hz and 10 Hz.

11
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Temperatures selected from ISO 471 are recommended for general use, or intervals of 10 °C may be used for
frequency scans. In transition regions where the modulus is changing rapidly with temperature, smaller intervals are
desirable.

The effects of frequency and temperature are interdependent, i.e. an increase in temperature can give a similar
change in modulus as does a reduction in frequency and vice versa. This can be used to make estimates of
dynamic properties outside the measured range, for example at higher frequencies than an apparatus can achieve,
by using results at lower temperatures.

Moduli M"and M" measured at an absolute temperature 8 and rubber density p may be transformed to "reduced"

moduli G, and G’} at absolute temperatures 6, and corresponding density o, by using the relations

G = G(p6,/p0) ...(8)
G"y = G'(0,6,406) ...(9)
If these reduced moduli are plotted against log frequency, they group themselves on curves, ong for each
temperature. [These curves may be reduced to a single composite curve by shifting each along the abgcissa by a
quantity a(6) given by the Williams, Landel, Ferry (WLF) equation:
-c,\6-6
loga(6) = ( °) ..(10)
c[+ ie -6, )
where 6, is a feference temperature, not necessarily equal to 6.
The WLF equgtion may assume various forms of which the following is.the most elegant, if not the most precise:
-1716-9
|Ogloa(6) = 50 (9 QG) ..(11)
+( B G)
where & is the low-frequency (dilatometric) glass transition temperature.
Many refinemgnts to the general procedures outlined here have been developed. Limitations arise espegially due to
fillers or crysthlline zones, and care must bettaken in applying the temperature frequency transform. It may be well
suited to desgribing the large variationsina property observed when the temperature and frequency |cover wide
ranges, but it|is less applicable to the transformation of data obtained over limited ranges. Transformatipns greater
than 1 decad¢ from the measured data become less reliable.
11 Conditipning
11.1 Storage
The time lapsp between vulcanization and testing shall be in accordance with ISO 471.
11.2 Temperature

Test pieces should be conditioned at 23 °C + 2 °C for not less than 3 h immediately before a sequence of tests.

At each test temperature, it is essential that the test piece is conditioned for sufficient time to reach equilibrium, but
conditioning should be no longer than necessary, particularly at higher temperatures, to avoid ageing effects. The
conditioning time will depend on the test piece dimensions and the temperature. Guidance is given in ISO 3383.

11.3 Mechan

ical conditioning

Dynamic properties of filled rubbers are very dependent on their strain and temperature history, and it is necessary
to pre-condition the test pieces to obtain consistent and reproducible results.

12
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The test pieces should be mechanically conditioned (sometimes referred to as "scragging”) before testing, to
remove irreversible "structure”. The conditioning should consist of at least six cycles at the maximum strain and
temperature to be used in the series of tests.

A minimum 12 h rest period is required between mechanical conditioning and testing, to allow reversible "structure”
to equilibrate.

Where the dynamic test is superimposed on a static pre-strain, the test piece should be held at the static strain
during the rest period.

This mechanical conditioning can generally be omitted when only a single, very small strain is used as, for example,
in free vibration.

12 Test

If a test pi¢
severe con
temperatur|
have been

For forceds

procedure

bce is to be tested under more than one set of conditions, measurements should.begin
ditions and then proceed to larger amplitudes and higher frequencies. In the case of testi
bs, the test cabinet should be adjusted to the lowest specified temperature.and, after th
tested at that temperature, the cabinet raised to the next temperature required.

vibration tests, measurements should not be made until at least six eycles have been

with the least
hg at different
e test pieces

rarried out, to

permit intefnal structural rearrangements to reach near-equilibrium. At low amplitudes and frequencigs, there is no
need for any restrictions on the length of time for which cycling is continued. However, at higher amplitudes and
frequencies, there is an increasing danger of heat build-up in the test piece, and the test time shall therefore be as
short as possible, especially at transition temperatures.
The tempefature rise can be estimated as follows:
The energyf loss per unit volume per cycle is
msind |G*|yo? (12)
Thus the rdte of rise of the temperature when thefe are no heat losses from the test piece is

- * 2 f
msind |G*|fyd— ..(13)

p
where ¢, is|the heat capacity per gnjt-volume.
NOTE — A typical valug-faricp is 1,7 MJ/(m3~°C)

If, during tHe test, timesdépendent changes occur which can be attributed to a temperature rise, the results may be
extrapolated to obtain the dynamic properties appropriate to the nominal test temperature. Alternatively, in the case
of product$, therecmay be circumstances when it is more appropriate to continue testing until the equilibrium
temperaturg is«eached.

13 Expression of results

13.1 Parameters required

Generally, the in-phase, out-of-phase and complex moduli and tand are required. Where appropriate, these are best

presented i

n tables or graphically as a function of temperature, frequency and amplitude.

13.2 Forced vibration

The parameters can be derived from the force-deflection curve as given in figure 3. This may be achieved by
suitable electronic analysis techniques without the need to record the force-deflection loop. However, with filled
rubbers and higher amplitudes, non-linear behaviour may be exhibited and the hysteresis loop will then deviate from
a perfect ellipse, which complicates the derivation of the parameters.
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Figure 3 shows a force-deflection loop obtained from a dynamic test for a double shear test piece. The origin 0
represents the mean values of the force and deflection, and if a static deflection is imposed these will not be the
zero values. The forces and deflections shown are thus the dynamic components.

If the behaviour of the rubber is linear, the loop shown in figure 3 will be an ellipse. In this case, for the double shear
test piece, the absolute value of the complex modulus is given by the following equation:

o= 5o

..(14
2AXq (14)

where

FO an j /‘\0 arc thc IIIGI\;I LA LI A fUI OO Al Id dcﬂcutlul T art |p:|tudco, ICQ’JCthVU:y,
A is the effective cross-sectional area,
h is the thickness of the test piece (see figure 2).

Thus Fy/X; is [given by the slope of the line OA (see figure 3) which is the diagonal of the €ircumscribed rectangle.
The loss angle is given by

tandé -F ...(15)
Fy

The elastic shjear modulus G’is given by

,_ Fh
= ...(16)

2AX,

and the loss ghear modulus G” by

G' = Ah ..(17)
2AX,

The loss anglg is also given by

Sind = area of ellipse ..(18)

0 Xo

This latter relationship may be particularly useful when there is some non-linearity and the ellipse is not perfect, as it
will give an average & value;

Similar expregsions apply to other modes of deformation and test piece geometry.

13.3 Free vibration

For rotational oscillation, the parameters required are obtained from the solution to the equation of motion given in
5.2 (equation 6) and the relationship for torsion in 13.4 (equation 21).

The log decrement is obtained from a trace of displacement (or velocity) against time.
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