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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-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The methods specified in the first nine parts of ISO 6721 can be used for determining storage and
loss moduli of plastics over a range of temperatures or frequencies by varying the temperature of the
specimen or the frequency of oscillation. Plots of the storage or loss moduli, or both, are indicative
of viscoelastic characteristics of the specimen. Regions of rapid changes in viscoelastic properties at
particular temperatures or frequencies are normally referred to as transition regions. Furthermore,
from the temperature and frequency dependencies of the loss moduli, the damping of sound and
vibration of polymer or metal-polymer systems can be estimated.

Appgaremntdiscreparncies may arise [ resuits obtaimed under differentexperimentat conditions. Without
charjging the observed data, reporting in full (as described in the various parts ofiIS(Q) 6721) the
conditions under which the data were obtained will enable apparent differences obseryved|in different
studlies to be reconciled.

The definitions of complex moduli apply exactly only to sinusoidal oscillationswith constarjt amplitude
and [constant frequency during each measurement. On the other hand, measurements of $mall phase
angles between stress and strain involve some difficulties under these conditions. Be¢ause these
diffipulties are not involved in some methods based on freely decayiig vibrations andfor varying
freqhency near resonance, these methods are used frequently (see ISO 6721-2 and ISO 6721}3). In these
caseps, some of the equations that define the viscoelastic properties are only approximately yalid.

© IS0 2019 - All rights reserved v
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flexyral measurements are influenced preferentially by the properties of the surface reg
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Valugs derived from flexural-test data will be comparable te-those derived from tensile-test

stra
stru

2

The
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und{

ISO
ISO 1

ISO $721-2, Plastics ——Determination of dynamic mechanical properties — Part 2: Torsion-pendy

ISO
Reso

ISO
Non-

Scope

various parts of ISO 6721 specify methods for the determination of the dynhamic
erties of rigid plastics within the region of linear viscoelastic behaviour.This docume
Hefinitions and describes the general principles including all aspectsthat are com
idual test methods described in the subsequent parts.

rent deformation modes can produce results that are not directly*cemparable. For exary
htion results in a stress which is uniform across the whole thickness of the specimg

imen.

n levels where the stress-strain relationship is linear and for specimens which have a ha
Cture.

Normative references
titutes requirements of this document. For dated references, only the edition cited

P91, Plastics — Standard gtmaospheres for conditioning and testing

1593, Plastics — Film,and-sheeting — Determination of thickness by mechanical scanning

b721-3, Plastiess— Determination of dynamic mechanical properties — Part 3: Flexural
nance-curyemethod

721-4,\Plastics — Determination of dynamic mechanical properties — Part 4: Tensile
resonance method

mechanical
nt specifies
mon to the

hple, tensile
bn, whereas
rions of the

data only at
mogeneous

following documents are referred td-in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition-of the referenced document (including any amendments) applies.

lum method

vibration —

yibration —

ISO

Non-

6721-5, Plastics — Determination of dynamic mechanical properties — Part b: Flexural vibration —

resonance method

ISO 6721-6, Plastics — Determination of dynamic mechanical properties — Part 6: Shear vibration — Non-
resonance method

ISO 6721-7, Plastics — Determination of dynamic mechanical properties — Part 7: Torsional vibration —

Non-

resonance method

[SO 6721-8, Plastics — Determination of dynamic mechanical properties — Part 8: Longitudinal and shear
vibration — Wave-propagation method

ISO 6721-9, Plastics — Determination of dynamic mechanical properties — Part 9: Tensile vibration —
Sonic-pulse propagation method
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ISO 6721-10, Plastics — Determination of dynamic mechanical properties — Part 10: Complex shear

viscosity usi

ng a parallel-plate oscillatory rheometer

ISO 6721-12, Plastics — Determination of dynamic mechanical properties — Part 12: Compressive
vibration — Non-resonance method

3 Terms and definitions

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

[SO and IEC

ISO On
IEC Ele

NOTE S
identical wit

3.1

ine browsing platform: available at https://www.iso.org/obp

Ctropedia: available at http://www.electropedia.org/

bme of the terms defined here are also defined in ISO 472. The definitions givenshére are not sti
h, but more detailed than those in ISO 472.

complex mjodulus

M*

ratio of dyn
of a viscoeld
the stress a

Note 1 to en
Note 2 to en

Note 3 to enf
G*, K* or L* (3

M* =M’

where i= (—
For the relat

Note 4 to en
independent

Note 5 to enf]

|

hmic stress, given by o(t) = oa exp(i2nft) and dynamic strain;given by g(t) = eaexp[i(2mft

ictly

F0)],

stic material that is subjected to a sinusoidal vibration, wheré oa and €4 are the amplitudes of

nd strain cycles, fis the frequency, ¢ is the phase angle hetween stress and strain and ¢t is
ry: Itis expressed in Pascals (Pa).

ry: The phase angle (3.5), 6, is shown in Figure 1.

ry: Depending on the mode of deformation, the complex modulus might be one of several types:

ee Table 3).

+iMn

/N
L) 2 =+/-1 and M’ and M” are‘as defined in 3.2 and 3.3 respectively.

onships between the different types of complex modulus, see Table 1.

[ry: For isotropic wiscoelastic materials, only two of the elastic parameters G*, E*, K*, L* and p
(u* is the complex Poisson's ratio, given by p* = ' +ip").

ry: The mosteritical term containing Poisson's ratio p is the “volume term” 1 - 2y, which has v

between 0 and 0,4 forrbetween 0,5 and 0,3. The relationships in Table 1 containing the “volume term” 1 - 2

only be used

It can be seg

if thisterm is known with sufficient accuracy.

time

“ are

hlues
I can

pm a

n-fbom Table 1 that the “volume term” 1 — 2u can only be estimated with any confidence fr

knowledge of the bulk modulus K or the uniaxial-strain modulus L and either E or G. This is because K and L
measurements involve deformations when the volumetric strain component is relatively large.

Note 6 to entry: Up to now, no measurement of the dynamic mechanical bulk modulus K, and only a small number

of results rel

ating to relaxation experiments measuring K(t), have been described in the literature.

Note 7 to entry: The uniaxial-strain modulus L is based upon a load with a high hydrostatic-stress component.
Therefore, values of L compensate for the lack of K values, and the “volume term” 1 - 2u can be estimated with
sufficient accuracy based upon the modulus pairs (G, L) and (E, L). The pair (G, L) is preferred, because G is based
upon loads without a hydrostatic component.

Note 8 to entry: The relationships given in Table 1 are valid for the complex moduli as well as their magnitudes (3.4).

© ISO 2019 - All rights reserved
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Note 9 to entry: Most of the relationships for calculating the moduli given in the other parts of this International
Standard are, to some extent, approximate. They do not take into account, for example “end effects” caused by
clamping the specimens, and they include other simplifications. Using the relationships given in Table 1 therefore
often requires additional corrections to be made. These are given in the literature (see e.g. References [7] and [8]
in the Bibliography).

Note 10 to entry: For linear-viscoelastic behaviour, the complex compliance C* is the reciprocal of the complex
modulus M#*, i.e.

M* = (C*)1
Thus
’VI'+iM”:—C2_iC -
(€1)"+(c")
€A
Op €
o
t d
N\
¥ o
(o2}
5/ Anf 1/f :
MI
a)| Phase shift §/2nfbetween the stress'c and straine b) Relationship between the storage

latiion (04 and ¢ are the respective amplitudes, fis the phase angle 6 and the magnitude [M]

in & viscoelastic material subjected.to sinusoidal oscil- modulus M’, the loss modu}us M" the
frequency) of the complex modulys M*

Figure 1 — Phase angle and complex modulus
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Table 1 — Relationships between moduli for uniformly isotropic materials

Gand u Eand u Kand u Gand E Gand K Eand K G and La
Poisson's ratio, E G/K E 1
ul-2u=>b 3—— _— —
G 1+G /3K 3K L/G-1
gh_ear modulus, E 3K(1—2,u) E
2(1+,u) 2(1+u) 3-E/3K
Tensile 2G(1+u) 3K(1 - 2u) 3G 3G(1-4G /3L)
modulus, E = T
1+G /3K 1-GAl
puemedlts 261 | __6 o 46
3(1-2u) | 3(1-24) 3(36/E-1) 3
orongivad] | | 2607 |_FO) | 3K(1-) |GUG/E) |y 46| K(L+E/Y
nal-wave 1-2u | (1+u)(1-2p) 1+u 3G/E-1 1+E/9K
modulus, L
a  See 3.1, Note 7 to entry
b See 3.1, Note 5 to entry.
¢ See 3.1, Note 6 to entry.
3.2

storage mg
!

dulus

M

real part ofthe complex modulus M*

Note 1 to en]ry: The storage modulus is expressed in pageals (Pa).

Note 2 to en

ry: The storage modulus M' is shown.imFigure 1 b).

Note 3 to erftry: It is proportional to the maximum energy stored during a loading cycle and representf the
stiffness of aviscoelastic material.

Note 4 to enfry: The different types of storage modulus, corresponding to different modes of deformation

are:

E, tensile sforage modulus, Ef flexural storage modulus, G'S shear storage modulus, G;O torsional stqrage

modulus, K’
modulus.

3.3
loss modulus
MII

imaginary ;rart of the complex modulus

bulk storage modulus, L'C uniaxial-strain storage modulus and L'W longitudinal-wave stqrage

Note 1 to entry: The loss modulus is expressed in pascals (Pa).

Note 2 to entry: The loss modulus M” is shown in Figure 1 b).

Note 3 to entry: It is proportional to the energy dissipated (lost) during one loading cycle. As with the storage
modulus (3.2), the mode of deformation is designated as in Table 3, e.g. Et is the tensile loss modulus.

3.4

magnitude of the complex modulus

[M]

root mean square value of the storage and the loss moduli as given by the formula

[M]2 = (M')2 + (M")2 = (oa / €)?

© ISO 2019 - All rights reserved
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Note

ISO 6721-

re op and €p are the amplitudes of the stress and the strain cycles, respectively

1 to entry: The complex modulus is expressed in pascals (Pa).

1:2019(E)

Note 2 to entry: The relationship between the storage modulus M’, the loss modulus M", the phase angle §, and
the magnitude [M] of the complex modulus is shown in Figure 1 b). As with the storage modulus, the mode of
deformation is designated as in Table 3, e.g. [E¢] is the magnitude of the tensile complex modulus.

3.5

phase angle

6

phase_difference between the dynamic stress and the dynamic strain in a viscoelas

ic material

subj
Note
Note

Note
thet

3.6
loss
tan
ratig

1

whe
Note
Note

Note
thes

3.7
stre|
stre

Note

bcted to a sinusoidal oscillation
1 to entry: The phase angle is expressed in radians (rad).
2 to entry: The phase angle 6 is shown in Figure 1.

3 to entry: As with the storage modulus (3.2), the mode of deformation is desighated as in Tabj
bnsile phase angle.

factor

between the loss modulus and the storage modulus given by the formula

an6=M"/ M’

Fe 6 is the phase angle between the stress and. thé strain
1 to entry: The loss factor is expressed as a dimensionless number.
2 to entry: The ratio between loss modulus’M” and storage modulus M' is shown in Figure 1 b).

3 toentry: The loss factor tan § is commonly used as a measure of the damping in a viscoelastic sy
forage modulus (3.2), the mode of deformation is designated as in Table 3, e.g. tan ¢ is the tensile |

5s-strain hysteresis loop
s expressed as a function of the strain in a viscoelastic material subject to sinusoidal v

1 to entry: Provided the viscoelasticity is linear in nature, this curve is an ellipse (see Figure 2].

tem. As with
bss factor.

brations

© IS0 2019 - All rights reserved
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o
. gV 1+tan®*§
Oa
©
N
=
[44] —
)
+ &
i .
> g %
€3] K
Iy
& & &
o

Figure 2 — Dynamic stress-strain hysteresis loop for a linear-viscoelastic material subjecf to
sinusoidal tensile vibrations

3.8
damped vipration
time-dependent deformation or defermation rate X(t) of a viscoelastic system undergoing freely
decaying viprations, given by the formula

X(t) = Xgexp(-Pt) x sin2mfyt

where

Xo is the magnitude, at zero time, of the envelope of the cycle amplitudes;

fa isthefrequency of the damped system;

B isthe decay constant (3.9)

Note 1 to entry: A typical curve of freely decaying damped vibrations is shown in Figure 3.

6 © IS0 2019 - All rights reserved
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: "/
><
X 1/fq
Key
X is the time-dependent deformation or deformation rate
Xq is the amplitude of the gth cycle
Xo arjd f define the envelope of the exponential decay of the cycle amplitudes — see formula in 3.8
Figure 3 — Damped-vibration curve for a viscoélastic system undergoing freely d
vibrations
39
decay constant
B

coefficient that determines the timé-dependent attenuation of damped free vibrations, i

dep

g¢ndence of the amplitude X; of the deformation or deformation

Note|1 to entry: The decay constant is expressed in reciprocal seconds (s-1).

Note|2 to entry: The decay ¢onstant f of freely decaying damped vibrations is shown in Figure 3.

3.10

logarithmic decrement

A

natural logarithm of the ratio of two successive amplitudes, in the same direction, of d
oscillation§of a viscoelastic system given by the formula

N

bcaying

e. the time

amped free

where X; and X; + 1 are two successive amplitudes of deformation or deformation rate in the same
direction

Note 1 to entry: The logarithmic decrement is expressed as a dimensionless number.

Note 2 to entry: Successive amplitudes used for calculation of the logarithmic decrement A are shown in Figure 3.

Note 3 to entry: It is used as a measure of the damping in a viscoelastic system.

Note 4 to entry: Expressed in terms of the decay constant f§ and the frequency fq4, the logarithmic decrement is
given by the following formula

©IS

A=B/fa

02019 - All rights reserved
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Note 5 to entry: The loss factor tan § is related to the logarithmic decrement by the approximate formula.

tand=A/m

Note 6 to entry: Damped freely decaying vibrations are especially suitable for analysing the type of damping in
the material under test (i.e. whether the viscoelastic behaviour is linear or nonlinear) and the friction between
moving and fixed components of the apparatus (see Annex B).

3.11

resonance curve
curve representing the frequency dependence of the deformation amplitude Dj or deformation-rate
amplitude Ra of an inert viscoelastic system subjected to forced vibrations at constant load amplitude
La and at frequencies close to and including resonance

Note 1 to enflry: A typical resonance curve is shown in Figure 4.

Note 2 to enfry: More detailed information on resonance curves is given in Annex A.

Ry
RAM
Ran
0
f1 fri fa f
Figure 4 — Resonance curve for a viscoelastic system subjected to forced vibrations
(Deformfation-rate amplitude Rp versus frequency f at constant load amplitude; logarithmiic
frequency scale)
3.12
resonance ffrequencies
Jri

frequencies of the peak amplitudes in a resonance curve
Note 1 to entry: The subscript i refers to the order of the resonance vibration.
Note 2 to entry: Resonance frequencies are expressed in hertz (Hz).

Note 3 to entry: Resonance frequencies for viscoelastic materials derived from measurements of displacement
amplitude will be slightly different from those obtained from displacement-rate measurements, the difference
being larger the greater the loss in the material (see Annex A). Storage and loss moduli are accurately related
by simple expressions to resonance frequencies obtained from displacement-rate curves. The use of resonance
frequencies based on displacement measurements leads to a small error which is only significant when the
specimen exhibits high loss. Under these conditions, resonance tests are not suitable.

8 © IS0 2019 - All rights reserved
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3.13
width of a resonance peak

Afi
difference between the frequencies f1 and f; of the ith-order resonance peak, where the height Rap of
the resonance curve at f1 and f; is related to the peak height Rawm; of the ith mode by

Ran =27 Y2 R, =0,707R s

Note 1 to entry: The width Af;is expressed in hertz (Hz).

NOt" 2t anteyy. Thao d
CrZ=Z—CO~<CTT T IIC o

Eryp howrintigure 4.

Note|3 to entry: It is related to the loss factor tan § by the formula

lan 8 = Af; / fri

Note|4 to entry: If the loss factor does not vary markedly over the frequency range‘defined by Afi| the formula
hold$ exactly when the resonance curve is based on the deformation-rate amplitude (see also Annex A).

4 Principle

A specimen of known geometry is subjected to mechanical oseillation, described by two characteristics:
the mode of vibration and the mode of deformation.

Four oscillatory modes, [ to 1V, are possible, depending on whether the mode of vibration is non-
resonant, natural (resonant) or near-resonant. These‘modes are described in Table 2.

The particular type of modulus depends upon the;mode of deformation (see Table 3).

Tablp 4 indicates ways in which the variousypes of modulus are commonly measured. Talple 5 gives a
summary of the methods covered by the'various parts of ISO 6721.

Table 2 — Oscillatory modes

Modle of oscillation I 11 111 IV
Forced vibration Damped, freely decay-
ing ampllitude
Constant Resonance Resonance
frequency frequency curve
Frequency Non-resonance Resonance (natural) | Sweep, near Approximately resonant
resonance
Loagl amplitude One of the two Constantb Constant
Defdrnfation constant, the other [poa5yred Measured Excitation pulge
amplitade measured
Inertial mass None Specimen and/or additional masses, depending on frequency range
NOTE Terms written in bold type give the designation of the mode; terms in normal type provide additional
information.
a  The type of torsion pendulum used shall be indicated by adding the relevant letter, A or B (see ISO 6721-2).
b The load must be in phase with the deformation rate.

© IS0 2019 - All rights reserved 9
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Table 3 — Type of modulus (mode of deformation)

Designation Type of modulus
E¢ Tensile
Ef Flexural
Gs Shear
Gto Torsion
K Bulk compression
L¢ Uniaxial compression (of thin sheets)
Tw Longitudinal bulk wave
Table 4 — Commonly used test arrangements
Type of
Tes{ arrangement modulus and International Inertial mass Typical frequepcy,
mode of Standard Hz
oscillation
Gro v 1SO 6721-2 I“ertﬁ'l mem- 0,1 to 10
er
Ef I ISO 6721-3 Specimen 10 to 1 000
Ef I ISO 6721-5
None 10-3to 100
Gro I IS0 6721-7
Key
1 clamps, pivots or supports
2 specimen
3 inertial member

10

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=e3c457eaf93304918ecfdcfa2c6b73f0

ISO 6721-1:2019(E)

Table 4 (continued)
Type of
Test arrangement modulus and International Inertial mass Typical frequency,
mode of Standard Hz
oscillation
ISO 6721-4,
E¢ I IS0 6721-9,
50 6721-12
G I ISO 6721-6, 10-P to 100
s IS0 6721-10
Lc I — None
Er I — 1073 to 10
Es 1 . Specimen and 3lto 60
arms
1 Clamps, pivotsior supports
2 $pecimen
3  Ineftial member

Table 5 — Methods covered by the various parts of the ISO 6721 series

Mode of Type of modulus (see Table 3)
oscillation
E E G G kK | L L
(see Table 2) t f s to ¢ W
I IS0 6721-4,
15067219, | 15067215 | o0 S72U% | 150 67217 IS0 6721-8
10 6721-12
I
1 10 6721-3
v 10 6721-2

© IS0 2019 - All rights reserved 11
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5 Testapparatus

5.1 Type

The apparatus used is specified in detail in the relevant part of the ISO 6721 series (see the Introduction

and Clause 4).

5.2 Mechanical, electronic and recording systems

See the relevant part of the ISO 6721 series.

5.3 Temperature-controlled enclosure

The test sp¢cimen and the clamps or supports shall be enclosed in a temperature-controlled”enclo
containing fir or a suitable inert gas.

The enclosure shall be designed so that its temperature can be varied over a range sufficient fo
material urder test (e.g. =100 °C to +300 °C). It is recommended that the chamber be equipped
temperature-programming facilities.

The temperpture in the enclosure shall be uniform to within * 1 K alongthellength of the specimen
measured dlose to its length. If the constant-temperature procedure istused (see 9.5), the temper3
shall be copstant to within * 1 K during the test. When a constant'rate of increase (or decreas
temperaturg is used (see 9.4), the rate shall not be greater than 120:K/h.

5.4 Gas qupply

Supply of aif or a suitable inert gas for purging purposes:

5.5 Temperature-measurement device

for measuring the temperature of the air surrounding the specimen shall be cap
ling the temperature to +0,5 °C. The use of a thermometer with a low-inertia sens
ed.

The device
of determirn
recommend

5.6 Devices for measuringtest specimen dimensions

For the puy
calculating
dependencg

The deviceq
ISO 4593) s

poses of the various parts of the ISO 6721 series, the test specimen dimensions use
moduli are méeasured at room temperature only. For the measurements of the temperg
of moduli, therefore, the effects of thermal expansion are not taken into account.

used forvmeasuring the length, width and thickness of the specimen (in accordance
hall.beeapable of determining these quantities to +0,5 % or +0,05 mm, whichever is sm

sure

" the
with

and
ture
£) in

able
Dr is

] for
ture

with
hller.

6 Test specimens

6.1 General

The parameters measured by these methods are sensitive to dimensional non-uniformity of the
specimen and to differences in its physical state (e.g. degree of crystallinity, orientation or internal
stress). These factors should be considered when choosing the dimensions and tolerances, methods of
preparation and conditioning procedures for specimens of a particular material.

The specimens (homogeneous specimens, laminated bars or strips) shall have negligible shrinkage or
warpage within the temperature range of the measurements.

12
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6.2 Shape and dimensions

See the relevant part of the ISO 6721 series.

6.3 Preparation

For the purposes of these methods, whether carried out on starting materials or finished products,
the test specimens shall be prepared in accordance with the relevant material standard. They may be
machined (according to ISO 2818) from compression-moulded plates [according to ISO 293, ISO 295
or ISO 1268 (all parts)] or from the finished product. Alternatively, the specimens may be injection-
moulded (according to I1SO 294)

7 Number of test specimens

At lefast three test specimens shall be used for single-point measurements, i.e. measurements at a single
temperature and frequency. If the temperature and/or the frequency is varied over a more-pr-less wide
range for quality-control purposes, one specimen is sufficient. In all other cases, at least tw¢ specimens
shal| be tested.

8 [Conditioning

The [test specimens shall be conditioned as specified in the Intérnational Standard for the|material to
be tested. In the absence of this information, the most appropriate conditions from ISO 291 shall be
sele¢ted, unless otherwise agreed upon by the interestedparties.

9 Procedure

9.1 | Test atmosphere

The fest temperature (or the dependence of the temperature on time), the gas supply (air or infert gas) and
the yjelative humidity shall be chosen according to the specific type of test and the purpose of|the test.

9.2 | Measurement of specimen cross-section

Before the test, measure ‘the thickness and width of each specimen to * 0,5 % or * 0,05 mm, whichever
is sthaller, at five pojnts-along its length. All specimens with visible irregularities, e.g. sink marks, or
varigtions in thickitess and/or width greater than 3 % of the average shall be rejected. With specimens
of ngn-uniform thiekness, e.g. finished parts, only the loss factor can be determined.

The procedure/for measuring the dimensions of specimens of other shapes shall be agreed ppon by the
interested;parties.

9 3 H il i 'y 3
. CIIT LT Ol opcpuucuo

According to the relevant part of the ISO 6721 series.

9.4 Varying the temperature

If temperature is the independent variable, the temperature of the test specimen shall be varied
from the lowest to the highest temperature of interest while measuring the viscoelastic properties.
The frequency of vibration may be fixed (oscillation mode I), decreased naturally with increasing
temperature (oscillation modes Il and IV) or swept (oscillation mode III) (see Table 2).

Tests conducted over a range of temperatures shall be performed at incremental temperature steps
or at a rate of change of temperature slow enough to allow temperature equilibrium to be reached
throughout the entire specimen. The time to reach equilibrium will depend on the mass of the particular

© IS0 2019 - All rights reserved 13
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specimen and the apparatus being used. Temperature rates of 1 °C/min to 2 °C/min or 2 °C to 5 °C step
intervals held for 3 min to 5 min have been found suitable. For oscillation mode III, step intervals of
10 min are recommended.

The dynamic moduli of polymers are influenced in general by the state of physical ageing of the
specimen at the time of measurement. The age state depends upon the thermal history of the specimen
and changes with time at temperatures below the temperature 8, corresponding to the centre of the
a-relaxation region. The a-relaxation is the highest-temperature mechanical relaxation mechanism and
in amorphous polymers is assigned to the glass to rubber transition. Changes in the physical age state
influence the molecular mobility and hence the response of the polymer to a time-dependent load or
deformation.

When meagq
within the {
establish a
reproduce j
the thermal

urements are made with increasing temperature, changes in age state will begin to-9
ime scale of the test as the temperature approaches 6,. Subsequent cooling will\in gemeral
lifferent state of physical ageing, and further measurements of dynamic propertiés wi{ﬂ not
revious values. Meaningful measurements of high accuracy will therefore require a record of
history of the specimen and the heating rate if tests at elevated temperaturesare carried out.

ccur

9.5 Varyjng the frequency

ired
hstic

If vibration
temperatur
properties.

h| frequency is the independent variable, the test temperaturecshall be fixed at the deg
e. The vibrational frequency of the specimen shall be varied while measuring the viscoel

9.6 Varyjng the dynamic-strain amplitude

If the test m
to present 1
strain limit
which accu
should be m

ctice
the
for
ents

ethod allows measurements to be made over a rahge of strain amplitudes, it is good pra
esults for the variation of storage modulus with dynamic-strain amplitude &4 to revea
for linear viscoelastic behaviour. Measurements should start with the lowest strai
-ate measurements are possible and proceed to higher strain values. These measuremn
ade at a low frequency, preferably around 1 Hz.

NOTE U
to the dissip
will change

dynamic-str
within the fi
will then chg
the need to ¢

10 Expre

Prepare a t
deformatios

E; (11)

hder dynamic loading, the temperature of viscoelastic materials can increase significantly o
htion of mechanical energy in the specimen as heat. If the temperature rise is significant, propg
with time under load. The temperature rise increases with the loss modulus of the materia
hin amplitude and the frequency. If the data-processing electronics is capable of analysing re|
Irst few cycles, the influence' of any temperature rise will be minimized. Subsequent measure
nge with time as the §pécimen temperature continues to rise, and such observations will in
xercise some cautionrin the interpretation and presentation of the results.

ssion of results

hble ofsresults, using the designation of the moduli as indicated in Table 3 for the rele
1 made, plus the designation of the type of oscillation as in Table 2, e.g.

d

wing
rties
, the
sults
ents
cate

vant

— Fklexural loss modulus measured using resonance curves

Average values and, if requested and possible, standard deviations for the storage modulus and the loss

modulus sh

all be reported to two significant figures.

If the test method allows measurements to be made over a range of strain amplitude, present results of
storage modulus plotted against strain amplitude.

Also prepare plots of the storage modulus and loss modulus versus temperature at different frequencies
or plots of the storage modulus and loss modulus versus frequency at different temperatures, using
logarithmic scales for the modulus and frequency axes.

For further

14

details, see the relevant part of the ISO 6721 series.
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11 Precision

See the relevant part of the ISO 6721 series.

12 Test report

The test report shall include the following information:

a)
b)

‘)

d)
e)
f)
g)
h)
i)
j)
k)

areference to the relevant part of the ISO 6721 series;

all details necessary for complete identification of the material tested, including t

1:2019(E)

/pe, source,

manufacturer's code number, form and previous history where these are known;

for sheets, the thickness of the sheet and, if applicable, the direction of the ajor
kpecimens in relation to some feature of the sheet;

the date of the test;

the shape and dimensions of the specimens;

the method of preparing the specimens;

Hetails of the conditioning of the specimens;
the number of specimens tested;

Hetails of the test atmosphere if other than air;
h description of the apparatus used for the test;

Lhe temperature programme used for the test, including the initial and final temperat
hs the rate of linear change in temperatune or the size and duration of the temperature

Lhe table of data prepared as specified in Clause 10;

the modulus versus temperature or modulus versus frequency plots prepared as
Clause 10;

where possible, a plot of storage modulus against dynamic-strain amplitude at a singl
hs specified in Clausé 10.

axes of the

ires as well
steps;

specified in

e frequency
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Annex A
(informative)

Resonance curves

A.1 Ifamechanically inert viscoelastic system is subjected to a vibrational force with varying frequency

and constar
of the defor

tamptitude; ttshows singte=or muttiptesresomance behaviour-This cambedescribed it
mation amplitude D or deformation-rate amplitude Ra of the system.

A.2 Invibration tests, resonance behaviour is usually presented as plots of the deformatien ampli

Dp of the sy
A.2.1 to A.2]

A.2.1 For
(f=0) and,
logarithmic

stem versus the frequency f. The characteristics of this type of resonance Da(f).are as giv
4.

Prms

fude
PN in

a single vibrational order at low frequencies, D tends to a limiting“static” amplitude Dag
at high frequencies, to a limiting slope of -2 (-40 dB/decade) wheii plotted using the Jame

scale along both axes (see Figure A.1).
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Figure A.1 — Resonance curves

ho

0 f n f
Heformation amplitude Dio limiting static amplitude
Heformation-rate amplitude Dam resonance deformation amplitude
‘requency RaM resonance deformation-rate ampljitude
Heformation amplitude Dy versus frequency f frp  deformation peak amplitude
Heformation-rate amplitude Rp versus frequency f fir  deformation-rate peak amplitude
Blope = 1. fn natural frequency (peak frequency without
Slope = -2. damping, at tan 6 = 0)
blope = -1.
) Deformation amplitudé and deformation-rate amplitudes plotted for the first vibrational order

P The resonance frequency frp at the peak amplitude Dpy differs from the natural frequency f;
he same system but without damping). This last parameter, however, determines the
ige’ component M’ of the complex modulus. M’ can therefore only be calculated approxi

value of the
nately from
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A.2.3 Within a series of vibrational orders i, the resonance amplitudes Dawm; decrease markedly,
approximately in proportion to (fr;)~2 (see Figure A.2).

Dy

10

0,1

0,1

Key
sipgle ordersi=1,2, 3, ..
— .. — . sym of the single orders (multiple-resonance curve)
fn1 ngtural frequency for first-ofder oscillations
Da d¢formation amplitude
Daj d¢formation amplitude of ith oscillational order
a Slppe = -2.

Figure A.2|— Resonance curves plotted for the deformation amplitudes D, of oscillational order
i=1, 2, 3for a flexurally vibrating specimen with both ends free and for tan 6 = 0,1
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