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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-governmentak—in—Hai Mth—SO; alke—part—inA e—work—SQO ith the
International| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tgsk of technical committees is to prepare International Standards. Draft International Standards
adopted by [the technical committees are circulated to the member bodies for votingCOPublication as an
International| Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is firawn to the possibility that some of the elements of this document¢may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 4664-1 was prepared by Technical Committee ISO/TC 45, Rubber-and rubber products, Subcomnjittee
SC 2, Testing and analysis.

This second edition cancels and replaces the first edition (ISO®@664-1:2005), which has been techn|cally
revised as fgllows:

— the test|conditions given in Tables 2 and 3 have been modified;
— anumber of equations and figures have been added for better comprehension of the text;

— the clause concerning calibration (Clause 7 in the previous edition) has been deleted.

=

ISO 4664 consists of the following parts;*under the general title Rubber, vulcanized or thermoplastic —

Determinatiqn of dynamic propetrties:
— Part 1: General guidance

— Part 2: Torsion pendulim)methods at low frequencies

iv © 1SO 2011 — All rights reserved
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dynamic properties —
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neral guidance

1

This
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2

The
refer
docu

ISO

Scope
part of ISO 4664 provides guidance on the determination of dynamic\properties of vul

icts. It does not cover rebound resilience or cyclic tests in which the main objective is to fatigue

Normative references

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

B15-1, Rubber, vulcanized or thermoplastic —Determination of compression set — Part 1: A

elevated temperatures

ISO

ISO

3

For t

3.1

3.1.1
mec
closd

y743:2011, Rubber, vulcanized or thermoplastic — Determination of compression stress-stra

3529, Rubber — General procedures for preparing and conditioning test pieces for physical te

Terms and definitions

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

Terms applying to any periodic deformation

hanical"hysteresis loop

following referenced documents are indispensable for-the application of this documeni.

canized and

noplastic rubbers. It includes both free- and forced-vibration methodsccarfied out on both npaterials and

the rubber.

For dated
referenced

t ambient or

n properties

st methods

d’cutve representing successive stress-strain states of a material during a cyclic deformation

NOTE

Loops can be centred around the origin of co-ordinates or more frequently displaced to various levels of strain

or stress; in this case the shape of the loop becomes variously asymmetrical in more than one way, but this fact is
frequently ignored.

31.2
energy loss
energy per unit volume which is lost in each deformation cycle, i.e. the hysteresis loop area

NOTE It is expressed in J/m3.

© 1SO 2011 — All rights reserved
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power loss

:2011(E)

energy loss per unit time, per unit volume, which is transformed into heat through hysteresis, expressed as the

product of energy loss and frequency

NOTE

3.1.4
mean load

It is expressed in W/m3.

average value of the load during a single complete hysteresis loop

NOTE

It is expressed in N.

3.1.5
mean defleq
average vall

NOTE

t

Key
1  mean strg
2 mean strg

ttion

is expressed in m.

7 A

e of the deflection during a single complete hysteresis loop (see Figure 1)

in
Ss

strain and stress

&
2@
-

pen. initial loops are shown, as well as equilibrium mean strain and mean stress as time-averagps of

NOTE 1 O
instantaneous
NOTE 2
elliptical.
NOTE 3

A sinusoidal response to a sinusoidal motion implies hysteresis loops which are or can be considered to be

For large sinusoidal deformations, the hysteresis loop will deviate from an ellipse since, for rubber, the stress-

strain relationship is non-linear and the response is therefore not sinusoidal.

NOTE 4

The term “incremental” may be used to designate a dynamic response to sinusoidal deformation about various

levels of mean stress or mean strain (for example, incremental spring constant, incremental elastic shear modulus).

Figure 1 — Heavily distorted hysteresis loop obtained under forced pulsating sinusoidal strain

© 1S0O 2011 — All rights reserved
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3.1.6
mean stress
average value of the stress during a single complete hysteresis loop (see Figure 1)

NOTE It is expressed in Pa.

31.7
mean strain
average value of the strain during a single complete hysteresis loop (see Figure 1)

3.1.8

meapmodutus

ratiolof the mean stress to the mean strain
NOTE It is expressed in Pa.

319

maxjmum load amplitude

Fo

maximum applied load, measured from the mean load (zero to peak on onecside only)
NOTE It is expressed in N.

3.1.10

maxjmum stress amplitude

()

ratio| of the maximum applied force, measured from the,mean force, to the cross-sectional |area of the
unstiessed test piece (zero to peak on one side only)

NOT

It is expressed in Pa.

3.1.11
rootimean-square stress
squdre root of the mean value of the square of the stress averaged over one cycle of deformation

NOTE 1 For a symmetrical sinusoidal'stress, the root-mean-square stress equals the stress amplitude divided by V2.
NOTE 2  Itis expressed in Pa.

3.1.12
maxjmum deflection.amplitude

X0
maximum deflection, measured from the mean deflection (zero to peak on one side only)

NOTE ltjs expressed in m.
3.1.13

maximum strain amplitude
70

maximum strain, measured from the mean strain (zero to peak on one side only)

3114
root-mean-square strain
square root of the mean value of the square of the strain averaged over one cycle of deformation

NOTE For a symmetrical sinusoidal strain, the root-mean-square strain equals the strain amplitude divided by V2.

© 1SO 2011 — All rights reserved 3
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3.2 Terms applying to sinusoidal motion

3.21

spring constant

K

component of the applied load which is in phase with the deflection, divided by the deflection

NOTE It is expressed in N/m.

3.2.2

elastic shear modulus
storage shegarmodutus
G!
component ¢f the applied shear stress which is in phase with the shear strain, divided by the strain

G'=|G1|coss
NOTE Itfis expressed in Pa.
3.2.3
loss shear modulus
GH

component ¢f the applied shear stress which is in quadrature with the shear strain, divided by the strain

G" =|Gf|sins
NOTE Itfis expressed in Pa.
3.24
complex shiear modulus
G*

ratio of the shear stress to the shear strain, where each is a vector which can be represented by a compplex
number

G*=G'H+iG"
NOTE Itfis expressed in Pa.
3.2.5
absolute cdmplex shear modulus
|6*

absolute valpe of the complex shear modulus

|G*| — VG!Z + an

NOTE It is expressed in Pa.

3.2.6

elastic normal modulus

storage normal modulus

elastic Young's modulus

E/

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

E’:|E* cosds

NOTE It is expressed in Pa.

4 © 1S0O 2011 — All rights reserved
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3.2.7

loss normal modulus

loss Young's modulus

EN

component of the applied normal stress which is in quadrature with the normal strain, divided by the strain

E"=|E*|sins
NOTE It is expressed in Pa.

3.2.8

complex normal modulus
complex Young's modulus
E *
ratio[of the normal stress to the normal strain, where each is a vector which can be represented by a complex
number

E*=E'+iE"
NOTE It is expressed in Pa.
3.2.9

absglute normal modulus
absdlute value of the complex normal modulus

E*|=VE'?+E"?
£

3.210

storage spring constant
dyn3amic spring constant
K!
component of the applied load which is in.phase with the deflection, divided by the deflection

K'=|K*|coss
NOTE It is expressed in N/m.
3.2.1
loss|spring constant
K”

component of the ‘@pplied load which is in quadrature with the deflection, divided by the deflection

K" =|KXsino
NOTE It is expressed in N/m.
3.212
complex spring constant
K *

ratio of the load to the deflection, where each is a vector which can be represented by a complex number
K*=K'+iK"

NOTE It is expressed in N/m.

©1S0O 2011 - All rights reserved 5
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3.2.13
absolute complex spring constant

K|
absolute value of the complex spring constant

—VK'?+K"

NOTE It is expressed in N/m.

Ls

3.2.14

tano

tangent of t[e loss angle
ratio of the |

ss modulus to the elastic modulus

" "

G
NOTE For shear stresses, tans = v and for normal stresses tans =

'

3.2.15

loss factor
L

ratio of the lpss spring constant to the storage spring constant

K
Ly =—
K

3.2.16
loss angle
1)

phase angle|between the stress and the strain

NOTE

tlis expressed in rad.

3.3 Othen terms applying to periodic motion

3.31
logarithmic|decrement

natural (Napierian) logarithm of-the’ ratio between successive amplitudes of the same sign of a damped

oscillation

3.3.2
damping ratio
u

ratio of actual to, ¢ritical damping, where critical damping is that required for the borderline condition betyeen

oscillatory a||1d hon-oscillatory behaviour

NOTE The damping ratio is a function of the logarithmic decrement:

© 1S0O 2011 — All rights reserved
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3.3.3

damping coefficient
damping constant
C

C=1|K*|sin5
(2]

where @ =2nf

NOTE It is expressed in N-s/m.
3.3.:1
trangmissibility
Ve
2
v ’ 1+ (tano)

T

2

@ +(tans)?

@n

Hal

whefe @, is the natural angular frequency of the undamped vibrator; given by

K!
On =\ —
m

and
K' =|K*|coss
4 BSymbols
For the purposes of this documeént, the following symbols apply:
A (m2) test piece cross-sectional area
a(T) Williams, Landel, Ferry (WLF) shift factor
a (rad) angle of twist
b (m) test piece width
C damping coefficient (damping constant)
Cp heat capacity
1% strain
7 maximum strain amplitude
(rad) loss angle

E (Pa) Young’s modulus

c (Pa) effective Young’s modulus
E’ (Pa) elastic normal modulus (storage normal modulus)

© 1S0O 2011 — All rights reserved
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MH
M *

M

N “©» QO

<3

(Pa)
(Pa)

loss normal modulus

complex normal modulus (complex Young’'s modulus)

absolute value of complex normal modulus
load

maximum load amplitude

frequency

shear modulus

(m)

(Pa)
(Pa)
(Pa)
(Pa)

elastic shear modulus (storage shear modulus)
loss shear modulus

complex shear modulus

absolute value of complex shear modulus

test piece thickness

spring constant

storage spring constant (dynamic spring constant)
loss spring constant

complex spring constant

absolute value of complex spring constant
numerical factor

shape factor in torsion

loss factor

test piece length

extension ratio

logarithmic decrement

in-phase-or.storage modulus

lossitmodulus

€omplex modulus

absolute value of complex modulus

(kg)
(kg/m3)
(N-m)

(K)
(K)
(K)

mass
rubber density

torque

shape factor

temperature (in kelvins)

low-frequency glass transition temperature

reference temperature

© 1SO 2011 — All rights reserved
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rubber is a
Viscoelastic
(dashpots),
of the time-

Properties of

ting the two
e behaviour
behind the
bber can be
bonses.

t (s) time

tans tangent of the loss angle

T (Pa) stress

7 (Pa) maximum stress amplitude

4 (Pa) in-phase stress

7’ (Pa) out-of-phase stress

u damping ratio

Vv, transmissibility

w (rad/s) angular frequency

X (m) deflection

Xg (m) maximum deflection amplitude

5 Principles

5.1 | Viscoelasticity

Matter cannot be deformed without applying force. Unlikeselastic materials such as metals,

viscqelastic material, i.e. it shows both an elastic response’and a viscous drag when deformed.

propgrties have been modeled as combinations of perfectly elastic springs and viscous damperg

arranged in parallel (Voigt-Kelvin model) or in series,(Maxwell model), giving a qualitative mode

depgndent behaviour of rubber-like materials.

NOTE For the use of more elaborate modéls to describe the behaviour accurately, see Viscoelastic

Polymers, by J. D. Ferry, published by John Wiley and Sons, 1983.

The dynamic properties of viscoelastic materials can be explained more conveniently by separs

components elasticity (spring) andiviscosity (damping), for example as in Figure 2. Analysis of tH

of this model, under a cyclic-load or stress, shows that the resulting deformation lags in timg

applied load or stress (i.e~shows a phase difference) (see 5.5). The dynamic properties of ru

thought of as physical properties quantitatively expressing the relationship of these inputs and res
1 2

Key

1 elasticity

2 viscosity

Figure 2 — A dynamic model for rubber (Voigt-Kelvin model)

©1S0O 2011 - All rights reserved
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5.2 Use of dynamic test data

Measurements of dynamic properties are generally used for the following purposes:

a)

b)

characterization of materials;

production of design data;

c) evaluation of products.

Viscoelastic behaviour of polymers is complex and the results can be very sensitive to test conditions such as

frequency, gmplitude of the applied force or deformation, fest piece geomelry and mode of deformafioh, so
these conditlons shall be controlled carefully if comparable results are to be obtained.
An important consequence is that it is essential that the conditions under which data are produced are suitable
for the intenfded purpose of the data. In turn, this can mean that different types of test machine can profduce
test data syitable for different purposes. For instance, small dynamic analyser machinés are espetially
suitable for [material characterization, but might not have sufficient capacity for generating design dafa or
measuring product performance.
5.3 Clasgification of dynamic tests
There are nymerous types of dynamic test apparatus in use and several ways in which they can be classified:
a) Classification by type of vibration
There are two basic classes of dynamic test, i.e. free vibration.in 'which the test piece is set in oscillatior] and
the amplitude allowed to decay due to damping in the system, and forced vibration in which the oscillatipn is
maintained by external means. There are two types of testtmethod using forced vibration, i.e. resonance|type
and non-respnance type.
b) Classification by type of test apparatus
Forced-vibrgtion machines can be conveniently-divided into small-sized and large-sized test apparatuses|(see
Table 1). Although the division is somewhat arbitrary, there is seldom difficulty in assigning particular
machines to|one of these categories.
Other pieceg of apparatus, such as theé torsion pendulum, are usually dealt with individually.
Table 1 — Classification of dynamic tests
Small-sized test apparatus Large-sized test apparatus
Purpose of t¢st Comparison and evaluation of material Comparison and evaluation of design andl
properties product performance
Vibration mefhod Forced-vibration non-resonance method Forced-vibration non-resonance method
Forced-vibration resonance method Forced-vibration resonance method
Free-vibration method
Deformation mode Tension, bending, compression and shear Compression, tension, torsion and shear

Test piece shapes

Rectangular strip, cylinder, rectangular column | Cylinder, rectangular column, product

c)

Classification by mode of deformation

The deformation method can involve compression, shear, tension, bending or torsion of the test piece.

10
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Factors affecting machine selection

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

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

Deformation in compression can be useful in matching service conditions, particularly with products, but
generally requires a higher force capacity and consideration of the shape factor of the test piece.

Defo
but i

The
oper

rmation in bending, torsion or tension requires a lower force capacity and test pieces are ieas
might be less satisfactory for measurements of absolute values of the modulus.

hting in shear.

A larfge force capacity, and hence an expensive machine, is necessary for higher strain amplitu

and

compression and for testing products.

For material characterization, the mode of deformation is not, in principle; important and a large fq

is no

Dyne

parti
Free

Test

frequ

5.5

5.5.1

elas

For s

t necessary.

mic analysers of modest capacity but having automated:scanning of frequency and tem
cularly efficient for material characterization.

Lvibration apparatus is restricted to low frequencies and amplitudes, normally in torsion.

ng at resonance is generally restricted to-bending and does not allow the effects of an
ency to be measured.

Dynamic motion

Forced-vibration method

Rubiers are viscoelastic materials and hence their response to dynamic stressing is a combi

¢ response and a viscous response and energy is lost in each cycle.
inusoidal strain,-thé motion is described by

¥ = yq Sinwt>~ (see Figure 3)

ly produced,

preferred type of test machine for generating design data is a forced-vibration men-resonanpce machine

Hes in shear

rce capacity

berature are

nplitude and

nation of an

©1S0O 2011 - All rights reserved
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QL

Key
1  stress (Iqad)

2 strain (d¢flection)

Figure 3 — Sinusoidal stress-strain time cycle

The stress qwill not be in phase with the strain and can be cansidered to precede it by the phase angle|d so
that:

r =1 sin(w1+5) (2)

Considering|the stress as a vector having two/components, one in phase (7) and the other 90° out of phase
(7"), and defining the corresponding in-phase modulus as M’ and the corresponding out-of-phase modulys as
M", the complex modulus (M*) is given by:the following equation:

M* = M +iM” (3)
Also
M':i.:T_00035:|M* cosd (4)
Ya 7o
M”=l—=f—osin5=|M* sing (5)
V4 70

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

=M%+ M2 (6)

The tangent of the loss angle is given by the following equation:

|M*

tans = M- (7)

’

12 © 1S0O 2011 — Al rights reserved
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5.5.2 Free-vibration method

For a freely vibrating rubber and mass system, the motion is described by the following equations:

2 n
pdx  Kdx (8)
dt2 w dit
A=logg| 2 )
Xn+1

The polution of these equations gives

2
K = mo?| 1+ (10)
4r
2
o MO A (11)
T
L= (12)
12
| 1+ —
wheie
A is the logarithmic decrement;
h is the number of the cycle;

is the amplitude of the nth cycle'(m);
v,+1 is the amplitude of the {u+1)th cycle (m);
¢ s the loss factor,

See Figure 4.

X

Figure 4 — Waveform for free-vibration method

© 1S0 2011 — All rights reserved 13
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5.6 Interdependence of frequency and temperature

The effects of frequency and temperature are interdependent, i.e. an increase in temperature can produce a
similar change in modulus as 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'(f; T) and M"(f, T) measured at a given frequency f, absolute temperature T and rubber density p can
be transformed to “reduced” moduli M'(f-a(T), Ty) and M"(fa(T), T,) at standard laboratory temperature 7, and
corresponding density py by using the relationships

M’(f,T):( p T JxM’(f-a(T),TO) (13)
po-To

M”(f,]“):( pT ]xM"(f-a(T),To) (14)

Po - To

where

a(T) is the Williams, Landel, Ferry (WLF) shift factor;

T is the test temperature (K);

Ty is the reference temperature (K);

f is the test frequency (Hz);

fa(T) is the reduced frequency (Hz);
P is the rubber density at the test temperature (kg/m3);

o is the rubber density at standard laboratory temperature (kg/m3).

If these redyuced moduli are plotted against log frequency, they group themselves in curves, one for pach
temperature| These curves can be reduced:to a single composite curve by shifting each along the abscissa by
a quantity a([) given by the Williams, Landel, Ferry (WLF) equation:

l0g10[d(7)] :% (15)

The WLF equation can_assume various forms of which the following is the most elegant, if not the most
precise:

-17,44(T - T,
|091o[0(T)]=# (16)
A G D)

where Ty is the low-frequency (dilatometric) glass transition temperature.

Many refinements to the general procedures outlined here have been developed. Limitations arise especially
due to fillers or crystalline zones and care shall be taken in applying the temperature/frequency transformation.
It can be well suited to describing the large variations in a property observed when the temperature and
frequency cover wide ranges, but is less applicable to the transformation of data obtained over limited ranges.
Transformations greater than 1 decade from the measured data become less reliable.

14 © 1SO 2011 — Al rights reserved
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6 Apparatus
All methods require the following basic elements:

a) Clamping or supporting arrangement that permits the test piece to be held so that it acts as the elastic
and viscous element in a mechanically oscillating system.

b) Device for applying an oscillatory load (stress) to the test piece. The stress or strain can be applied
as a single pulse, as in free-vibration apparatus, or can be continuously applied, as in forced-vibration
apparatus. The preferred form of impressed strain is sinusoidal, and the strain shall be impressed on the
test piece with a harmonic distortion which is as low as possible, and in no case greater than 10 %.

c) Detectors, for determining dependent and independent experimental parameters 'such as force,
eformation, frequency and temperature.

d) Oven and controller, for maintaining the test piece at the required temperature.
e) Instruments for measuring test piece dimensions, in accordance with 1SQ,23529.
Numerous forms of test machine have been developed and used*~Successfully both Hy individual

expgrimenters and commercial manufacturers. Figures 5 and 6 give typical examples of machineg which have
been used for testing small and large test pieces, respectively.

1 2 3 4 9 6 7

Key

1 lisplacement detector 5 load detector

2 ibrator 6 crosshead

3 hermostatted-.chamber 7  main frame

4 est piece 8 test piece holders

Figure 5 — Example of small-sized test apparatus

©1SO 2011 — All rights reserved 15


https://standardsiso.com/api/?name=d3231ccfdd3aba51ba5363ee453366a0

ISO 4664-1:2011(E)

P
)
<

lower tedt piece holder
test piece
upper test piece holder
crosshedd
load detgctor

thermos%tted chamber

main fra

e
actuator/displacement detector (velocity transducer, acceleration transducer)

© 0 N O g b WODN -

air spring

Figure 6 — Example'of large-sized test apparatus

7 Test cponditions and test pieces

7.1 Test piece preparation

Test pieces fan be moulded.or cut from moulded sheet. Moulding is preferred for shear and compression test
pieces. Metal plates for,Shear and compression test pieces can be bonded during moulding or bonded
afterwards with a thindayer of suitable adhesive.

Test pieces fanbe obtained from some products by cutting and buffing. In other cases, it can be necessdry or
desired to test-the complete product.

7.2 Test piece dimensions

Test piece shape and dimensions will vary according to the mode of deformation, the type of test machine and
its capacity (see Tables 2 and 3).

The thickness of any metal plates which are bonded to the rubber during the vulcanization process shall be

measured before moulding and the thickness of the rubber deduced by measurement of the overall thickness
of the moulding.
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7.3 Number of test pieces

In order to obtain an indication of the variability of the material, it is recommended that a minimum
pieces or products be tested.

7.4 Test conditions

7.4.1 Strain

Rubbers contalnlng substantlal quantltles of flIIers show V|scoelast|c behaviour that is dependent

rienced in service but in practlce there can be restrictions because of machlne capacity,
te in the linear part of the stress-strain curve and heat build-up.

bmmended values of strain amplitudes are given in Tables 2 and 3. Not all of these ‘strain an
ssanly be required for a given series of tests. If one strain amplitude is used, it shall be f{

actice, the lowest strain level achievable will be limited by machine sensitivity and the highes
e machine, especially at higher frequencies and at temperatures near'the glass transition.

rvice, products can be subjected to a dynamic strain superimpo$ed on a static strain, and the
not necessarily give the same mode of deformation. To obtaindata more relevant to such cq
mic strains recommended here can be superimposed onsany level or form of static strain.
icularly relevant to testing products and is usually applied.t0-.compression test pieces.

rtain cases, a material can be characterized better\by conducting the tests under an appli
cases, the test conditions shall be agreed on between the interested parties.

7.4.21 Frequency and temperature
Rubbers show viscoelastic behaviour which'is frequency- and temperature-dependent. This de|
very|marked near transitions. As a cofisequence, frequencies and temperatures relevant to ser
chosen or, particularly when characterizing materials, tests over a range of frequencies and t
carried out.

Recammended values are given in Tables 2 and 3.

of three test

on the strain
0 the strains
the wish to

nplitudes will
he preferred

t strain level

static strain
nditions, the
This can be

pd stress. In

pendence is
ice shall be
emperatures
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7.5 Small-sized test apparatus

The basic principles of dynamic testing using a small-sized test apparatus and the forced-vibration non-
resonance method are given in Table 2.

Table 2 — Test conditions and test pieces for small-sized test apparatus

Mode of deformation
Comments
Tension Bending Compression Shear
Type of test piece ? ? ¢ ¢ ? ¢ The bending method is
and mOd.e of - Usuaity apptiedto Tetatiyely
deformation (sfrain) ? ¢ U T ¢ stiff and inextensible
7 A4 materials such as
Tand ¢ = Mear IA AN AI |—|—|—| rubber/fibre composite
static strain materials.
? L Dynamic gtrain |_|_|_|
Test piece shapes | Rectangular strip Rectangular strip Cylinder Cylinder For the tension and benlding
and dimensionp — — methods, the measured
< dimensions of the test piece
~=| |shall include the thickngss,
_ _ width,.and di§tance between
bd od the grips or distance
between the bending
I I h:d =about 1155 | 7> 4n support points.
- For the compression and
h=1mmte5mm
<é> h ﬁ» h h<12mm shear methods, they shall
_ Rectanqgular include the thickness, wjdth,
h=1mmto3 mm The distance columng and diameter or lengths|of
_ between the bending the sides.
b=4mmto 12 mm support points is ) )
/=20 mmto60 mm |preferably 16 times Each dlmen_S|or_1aI tolerd nce
the thickness h. < | | shall be maintained to Within
The distance between +1 %.
holders is preferably |#=1mmto 3 mm b
2,5 to 5 times the
width b. b = length of
each side
b>4h
h <12 mm
Test | Mean 1t0 10 0 1t0 10 0 For bench analysis, valyes
condi- | strain, [% will depend on the machine
tions parameters.
Strain +0,5, +1, 2 The maximum tolerancg of
amplitdde, . the detector should
% Can also be a continuous scan preferably be within +1 J6.
Frequency, |1, 5, 10, 15, 30, 50, 100, 150, 200 The maximum tolerance on
Hz . the frequency shall be within
Can also be a continuous scan 29
Test Select from ISO 23529, although smaller intervals can be necessary in transition The maximum tolerance of
tempera- regions where properties are changing rapidly. the detector should
ture, °C ) . preferably be within +1 °C.
Can also be a continuous temperature scan. A rate of 1 °C/min is recommended.
Parameters |M*, M, M", tans For dynamic tests with
required small-sized apparatus, the
effect of temperature is
frequently depicted
graphically.
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7.6 Large-sized test apparatus

The basic principles of dynamic test using the large-sized test apparatus and the forced-vibration non-
resonance method are given in Table 3.

Table 3 — Test conditions and test pieces for large-sized test apparatus

Mode of deformation

Comments
Compression Tension Shear
Type of test piece and ¢ ? T ¢ For Iarge.-siz‘ed test apparatus, shear
mode of deformation deformatlc_)n is prefer_able to _
(straif) I ; T + Sompreasion-of tension ‘{,\,ause in
shear the relation betweg¢n stress and
? ¢ . | — | —— strain is more nearlylinegr and the
and ¥ = Mean static hysteresis curveys.nearly equal to an
strain =N = ellipse.
? ¢ ) ) ' ! ' ! Two test pieces are usudlly used in
= Pynamic strain od od shear to-give a symmetrical
arrangement, which avoifls bending
moments.

Alternatively, torsional stlear can be
used.

Test piece shapes and | Cylinder with metal | Cylinder with metal |Cylinder with metal | The shapes and dimensipns of the test

dimepsions fittings fittings fittings pieces shall be selected fo meet the
————— ————— requirements of the relevant type and
Qt Qt capacity of test apparatup specified.
~
f g f g The metal fittings for the ftest piece
od od shall be vulcanized to thg rubber. The
éd cylindrical test piece for the
h:d = about 1:1,5 h:d = about 1:1,5 compression method shgll be as
Cviing d>4h specified in ISO 7743.
ylinder h <12 mm
N
=) Rectangular column
+ with metal fittings
[N
4
~
b
929 +0\5 b an
See (SQ 7743 h <12 mm
Eof unbonded test
pieces, the test
pieces specified in
ISO 815-1 are
convenient and
widely used.
Test Mean 10 510 20 0 The maximum tolerance jof the detector
cond|- “|.strain, % should preferably be witlin 1 %.
tions | gtrain +2, 45 +0,2 to +10 +1, £3, £6, 10, +15 | The average strain and strain
amplitude, % | can also be a continuous scan amplitude used shall be determined by
measuring the mean deflection and
deflection amplitude with a test piece of
suitable thickness.
Frequency, 1, 5,10, 15, 30, 50, 100, 150, 200 The maximum tolerance on the
Hz Can also be a continuous scan frequency shall be within +2 %.
Test Select from ISO 23529 The maximum tolerance of the detector
temperature, should preferably be within £1 °C.
°C
Parameters required |M*, M', M", tans For the compression test method using

a cylindrical test piece, a spring
constant (for example |K*, K', K", Ly)
can be replaced by an elastic modulus.

© 1S0O 2011 — All rights reserved 19


https://standardsiso.com/api/?name=d3231ccfdd3aba51ba5363ee453366a0

ISO 4664-1

:2011(E)

7.7 Dynamic testing using free vibration

The basic principles of dynamic testing using the free-vibration method are as follows:

a) Test piece dimensions

Rectangular strips of thickness between 1 mm and 3 mm, of width between 4 mm and 12 mm (subject to a
maximum width to thickness ratio of 10) and of length between the clamps at least 10 times the width (subject
to a maximum of 120 mm) are preferred. The thickness, width and distance between grips shall be measured

to £1 %.

b) Testco

Strain amplifude

nditions

0,5 % max.

Frequency 0,1 Hz to 10 Hz.

Temperaturg Continuous scans of properties against temperature may be obtained or temperatu
selected from ISO 23529.

8 Conditioning

8.1 Storage

The time lapse between vulcanization and testing shall be in accorfdance with ISO 23529.

8.2 Temperature

Test pieces ghall be conditioned at a standard laboratory temperature for not less than 3 h immediately b

a sequence pf tests. At each temperature, it is esséntial that the test piece be conditioned for sufficient tin

reach equilirium, but conditioning shall be no longer than is necessary, particularly at higher temperaturg

avoid ageing effects. The conditioning time depends on the test piece dimensions and the temperg

Guidance is

given in 1ISO 23529.

8.3 Mechjanical conditioning

Dynamic prqg
necessary tg

The test pie
to remove in
and temperg

perties of filled rubbers are dependent on their strain history and temperature history, ang
pre-condition thedest pieces to obtain consistent and reproducible results.

Ces shall beymechanically conditioned before being tested (sometimes referred to as “scragg
reversible “structure”. The conditioning shall consist of at least six cycles at the maximum 9
ture to.be used in the test series.

A minimum

(€S

pfore
ne to
s, to
ture.

it is

ing’)
train

0of)12 h is recommended between mechanical conditioning and testing to allow rever

sible

“structure” to equilibrate.

Where the dynamic test is to be superimposed on a static pre-strain, the test piece shall 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.
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