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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.
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Plastics — Determination of dynamic mechanical
properties —

Part 5:
Flexural vibration — Non-resonance method
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document describes a flexural, non-resonance method for determining the_compor

1lency measurements can be made, but significant errors in the dynamic\properties m
 to result (see 10.2.2 and 10.2.3). The method is suitable for measuring‘dynamic storag
ange 10 MPa to 200 GPa.

L

Although materials with moduli less than 10 MPa can be studjed, more accurate meas
dynamic-mechanical properties can be made using shear modes 6f deformation (see ISO 6721-

M

method is particularly suited to the measurement of{loss factors greater than 0,
efore be conveniently used to study the variation of\dynamic properties with temp{

rmined over wide ranges of both frequency and(témperature enables master plots to
b frequency/temperature shift procedures, which present dynamic properties over 3
iency range at different temperatures.
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titutes requirements of thissdocument. For dated references, only the edition cited

h721-1, Plastics — Determination of dynamic mechanical properties — Part 1: General pri

Terms and definitions
he purposes of this document, the terms and definitions given in ISO 6721-1 apply.

ind |[EC'maintain terminological databases for use in standardization at the following a
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).
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following documents are referred to in the text in such a way that some or all of their content
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ited references, the latest@dition of the referenced document (including any amendments) applies.

hciples

ddresses:

S@0nline browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

4 Principle

A test specimen is subjected to a sinusoidal transverse force or displacement at a frequency significantly
below the fundamental flexural resonance frequency (see 10.2.2). The amplitudes of the force and
displacement cycles applied to the specimen and the phase angle between these cycles are measured.
The storage and loss components of the flexural complex modulus and the loss factor are calculated

usin

g formulae given in Clause 10.
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5 Apparatus
5.1 Loading assembly

5.1.1 General

The requirements for the loading assembly are that it shall permit measurements of the amplitudes of,
and phase angle between, the force and displacement cycles for a specimen subjected to a transverse
sinusoidal force or displacement. Various designs of apparatus are possible, two of them are illustrated
schematically in Figures 1 and 2. In Figure 1 a), a sinusoidal displacement is generated by the vibrator V
and applied To the specimen S through moving clamps Cj located close to the opposite ends-of the
specimen. The amplitude and frequency of the vibrator table displacement are variable and meoriitpred
by the trangducer D. The specimen is held at its centre by a fixed clamp C and thus undergoes\sinusgpidal
flexural deformations. The sinusoidal force applied in deforming the specimen is monitoted"by a force
transducer [F connected to Cp. The members between the clamps C1 and V, and between C; and F, hall
be much stiffer than the specimen and shall have a low thermal conductance if the|specimen is to be
enclosed inja temperature-controlled cabinet.

While each|member of the loading assembly may have a much higher stiffnessthan the specimen| the
presence of|clamped or bolted connections can significantly increase the apparatus compliance. Itjmay
then be necpssary to apply a compliance correction as described in 10.24.

r loading assemblies may be employed as alternatives to’that detailed above. For exarhple,
the specimgn may be simply supported and deformed in three-pointflexure, as illustrated in Figure|1 b).
Furthermofe, the force on the specimen may be calculated from-the current supplied to the vibrpator,
thus eliminpting the need for a separate force transducer. With’this method (see Figure 2), that part of
the force geperated by the vibrator current is used to accelerate the drive shaft and to deform the dfive-
shaft suspehsion Su in parallel with the specimen. Thatpart of the generated force used to defornp the
specimen slhall be determined with the aid of a separate calibration with the specimen absent.

5.1.2 Lodd stage

The clamps|shall be capable of gripping the test specimen with a force which is sufficient to prevenf the
specimen fijom slipping during the flexural deformation, and to maintain the force at low temperatfires.

With the simply supported specithen [Figure 1 b)], the supports (rollers or fixed round supports)
shall conta¢t the specimen alorg)parallel lines and have radii sufficiently large to avoid significant
indentation| of the specimen andthereby minimize consequent errors in the measured moduli and| loss
factors.

The separation betweell.the two outer clamps and between the outer supports shall be variable so
that specinjens of different length can be accommodated and length corrections may be determfined
for the claliiped specimens (see 10.2.5). A facility to permit small variations in the clamp separgtion

[Figure 1 a)] woéuld also allow for thermal expansion of the specimens and is necessary to avoid eifrors
in the apparént moduli due to buckling of the specimens at high temperatures.

Any misalignment of the load stage with respect to the force transducer will produce a lateral component
of the force applied to the transducer during loading of the specimen. The alignment of the loading
assembly and test specimen shall be such that any lateral component recorded by the transducer is less
than 1 % of the longitudinal force.

5.1.3 Transducers

The term transducer in this document refers to any device capable of measuring the applied force or
displacement, or the ratio of these quantities, as a function of time. The calibration of the transducers
shall be traceable to national standards for the measurement of force and length. The calibration shall
be accurate to 2 % of the minimum force and displacement cycle amplitudes applied to the specimen
for the purpose of determining dynamic properties.

2 © IS0 2019 - All rights reserved
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5.2 Electronic data-processing equipment

Data-processing equipment shall be capable of recording the force and displacement cycle amplitudes
to an accuracy of +1 %, the phase angle between the force and displacement cycles to an accuracy of
+0,1° and the frequency to an accuracy of 10 %.

5.3 Temperature measurement and control

According to ISO 6721-1.

5 4_ Deavicecfor-meascrineitockonaecimen-dim-encianc
. DCVICCS TUT TIHICASUT IS T ST o p et Ir UtircIrsToIrS

Accqrding to ISO 6721-1.

6 [[est specimens

6.1 | General
Accqrding to ISO 6721-1.

6.2 | Shape and dimensions

Test| specimens of rectangular cross-section are recommended to facilitate load introduction. The
width and thickness shall not vary along the specimen length by more than 2 % of the mear] value.

The |[dimensions of the specimens are not critical although, for isotropic materials, values ¢f L,/h > 16
for ¢lamped specimens and Ly/h > 8 for simply~supported specimens would make corrections for
shedr deformation negligible (see 10.1 and 10.2). Also, values of L,/b > 6 for clamped spelcimens and
La/b[> 3 for simply supported specimens arérecommended to avoid significant errors assdciated with
condtraints to deformations along the width direction (anticlastic curvature) near to th¢ clamps or
centfal support (see 10.1).

For fest conditions under which the storage moduli are high (250 GPa), sufficiently long, thin specimens
shall be employed so that displacements are generated that may be measured with high accuracy.
Alternatively, when the storage moduli are low (<100 MPa), relatively short, thick specimlens may be
required to achieve suffigient accuracy in the measurement of force.

NOTE A variation”ih dynamic properties can be observed between specimens of differept thickness

preppred by injectiofi hiioulding owing to differences which can be present in the structure of the polymer in each
specjmen.

6.3 | Preparation

Accqrding to ISO 6721-1.

7 Number of specimens

According to ISO 6721-1.

8 Conditioning

According to ISO 6721-1.

© IS0 2019 - All rights reserved 3
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9 Procedure

9.1 Test atmosphere

According to ISO 6721-1.

9.2 Measuring the cross-section of the specimen

According to ISO 6721-1.

9.3 C(Cla

Mount the §pecimen between the clamps, using a clamping force that is sufficient to preventslip u

all test co
pressure sh
and Note).

NOTE If
is probably t

with a sub-4
tighten it in {

9.4 Vary

According t

9.5 Perfgrming the test

Apply, by m
for the sp¢
specimens,
the superin

If the maxi

derived dympamic properties will depend on the magnitude of the applied displacement. The lim

strain varie
0,2 % for gl
dynamic di
with strain

ping the specimen

itions. If measurements are observed to depend upon clamp pressure, thén .d cong
all be used for all measurements, especially when applying a length correction (see 1f

measurements are observed to depend upon clamp pressure, then the claniped area of the spec

mbient starting temperature, it can help to fix the sample at room‘temperature just loosely
he cold.

ng the temperature

p 1SO 6721-1.

eans of the vibrator, a dynamic force which'yields force and displacement signal amplit
cimen that can be measured to the*aecuracy specified in 5.1.3. For simply suppo
also apply a static force that is sufficient to maintain the load under the decreasing pa
posed dynamic load.

mum tensile strain within the specimen exceeds the limit for linear behaviour, ther

s with the composition‘ofithe polymer and the temperature and is typically in the regi
hssy plastics. The dyfhamic strain range for linear behaviour can be explored by varyin
placement amplitudé at a constant frequency and recording any change in dynamic stiff]

in the speci
the strain
dynamic st

increase ce;Fed by mechianical loss. However, it should be noted that, because of the non-uniform st

amplitude. A lewArequency should be used for this purpose to minimize any tempera

en in this\test, the onset of non-linear behaviour will be less apparent than in tests wj
istribution’is uniform. If non-linear behaviour is detected in the strain range of interest
ain limit should be recorded in the test report.

nder
tant
).2.5

Imen

oo small. A larger clamp face or a wider specimen can eliminate this problem. For measurements

and

udes
rted
rt of

the
iting
bn of
b the
ness
ture
rain
here
, the

Record the

hmplitudes of, the phase difference between and the frequency of the force and displacement

signals, as well as the temperature of the test. Where measurements are to be made over ranges of
frequency and temperature, it is recommended that the lowest temperature be selected first and
measurements made with increasing frequency, keeping the temperature constant. The frequency
range is then repeated at the next higher temperature (see ISO 6721-1).

For test conditions under which the polymer exhibits medium or high loss (for example in the glass-
rubber transition region), the energy dissipated by the polymer may raise its temperature sufficiently
to give a significant change in dynamic properties. Any temperature rise will increase rapidly with
increasing strain amplitude and frequency. If the data-processing equipement is capable of analysing
the transducer outputs within the first few cycles, then the influence of any temperature rise will
be minimized. Subsequent measurements will then change with time as the specimen temperature
continues to rise, and such observations will indicate the need to exercise some caution in the
presentation and interpretation of results.
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10 Expression of results

10.1 Symbols

5:2019(E)

b specimen width, in metres

h specimen thickness, in metres

Ef'y Ef apparent and corrected flexural storage modulus, in pascals

E' flexurallossmodulusin-pasecals

f

f measurement frequency, in hertz

fF resonance frequency of the force transducer, in hertz

fs resonance frequency of the specimen, in hertz

G’ shear storage modulus, in pascals

ka, K measured and corrected magnitude of the coniplex stiffness of the specimen, in
newtons per metre

kp stiffness of the force transducer, in newtons per metre

Koo measured stiffness of a steel test specimen whose cross-sectional dimg¢nsions and
length are such that it is at least100 times stiffer than the stiffest polymer speci-
men to be tested (see Note), innewtons per metre

| length correction term, in‘metres, to allow for clamping

Ly (for a clamped specimen) length of specimen between the central clamp and each
outer clamp, in metres
(for a simplyisupported specimen) length of specimen between the certral load-
ing line and'each outer clamp support, in metres

mg masS of that part of the loading assembly between the force transducer and the
test’specimen, in kilograms

SA measured amplitude of the dynamic displacement, in metres

tandy . , taddy apparent and corrected flexural loss factor

fa’ f
S |, 6% measured and corrected phase difference between the force and displacement
f f cycles, in degrees
AFp measured amplitude of the dynamic force applied to the specimen, in newtons
NOTE The magnitude of ke,will give an estimate of the stiffness of the loading assembly which is equivalent

to a spring connected in series with the specimen and will enable a correction for apparatus compliance to be

deduced (see 10.2.4).

10.2 Calculation of flexural storage modulus E/

10.2.1 General

An approximate value Ef’, for the storage modulus is determined from Formulae (1) and (2):

© IS0 2019 - All rights reserved
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Clamped specimen

3 2 ' 3 2 '
v AF L E E
Efa:—Ax—a3>< 1+h—2>< — |cosOp . =k, X a3>< 1+—x—" |cosdp
Sa  2bh I3 /2 2bh 12 fa
Simply supported specimen
3 2 ' 3 2 '
AF, 2L E 2L E
Ef'a=—A>< & x 1+h—><—f cos8y , =k, x—>X 1+h—><—f cosdg
sa  bh? 412 G s bh? 412 G fa

M

(2)

In these forjnulae, the termsin square brackets account approximately for the effects of shear deformj3

during the

polymers tqg
be estimate
chosen such

NOTE T
are approxin
shear stress

10.2.2 Avd
Formulae |

resonance fi

flexure. Values for Ef'/G’ typically range from 2,7 for isotropic glassy or semi-crista
3,0 for rubbers. Higher values of Ef//G" may be required for anisotropic materials‘and 1
d from dynamic flexural and shear modulus data. It is recommended that the Eg/h ratio
that the magnitudes of the correction terms for shear deformation do not exteed 0,1.

he shear correction terms (h2/L2,) (Ef'/G") and (h2/4L2,) (Ef'/G") in Formulae ({}and (2), respect

hate since they omit a factor (the shear deflection coefficient) that accounts for the distributi
pcross the specimen thickness.

idance of specimen resonance

1) and (2) become invalid as the drive frequency approaches the fundamental flex
requency fs of the specimen given approximately by thefollowing formulae:

Clamped specimen

1,0

fs

3><i><
L2

|

a

Simply supported specimen

fs=0,7

where p is

Errors in th

1><i2><
La

|

he polymer density ift kilograms per cubic metre.

e use of Formulde+{1) and (2) become significant at applied frequencies such that

£20,08f,

Calculation

5 of dyriamic properties shall therefore be confined to frequencies below 0,08fs.

ition
lline
mnust
5 are

vely,
bn of

ural

(3)

(4)

(5)
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10.2.3 Correction for transducer resonance

At sufficiently high frequencies, the applied deformation will excite the force transducer into resonance.
The resonance frequency fr is given by

1/2

1 k

fr =—x[—F] (6)
2n | mg

The transducer output will have a significant error for all applied frequencies of

>0,1 fr (7)

The resonance frequency fr of the force transducer and supported mass mp can be defermined directly
by recording the natural frequency of the transducer output after striking the attach€d clamp without
the §pecimen.

The [specimen stiffness corrected for transducer resonance is given toja\good approyimation by

Forrhula (8).

2 2 2
4n°m
[aomtmer?) (2 ®
ke fr
It is[recommended that Formulae (6) and (7) be used to_select a force transducer whos¢ resonance
freqpency is above the frequency range for which a correction to the force measurement is hecessary.

k=k

10.24.4 Correction for apparatus compliance

If kafis greater than 0,02ke, then the compliance'of the test assembly is not negligible and the measured
displacement differs significantly from that.of the specimen. The following correction shall then be
appljed:

k, (COSSEfa -k, /km)
1-2(k, / k., )COS5Efa
where 5Ef is given by Formwla (11).

The palue of k cos 5Ef obtained from Formula (9) shall be used in place of k, cos 5E/é in Formula (1) or

Forrhula (2) to giyé amore accurate estimate for Ef',.

9

(cos5Ef =

NOTE The-egnipliance correction is not necessary if the displacement transducer is located so afs to measure
the rglative displacement of central and outer clamps or supports.

10.2.5-Application of a length correction

Using the measured clamp separation L, for the specimen length in Formula (1) takes no account of
some distortion of the specimen within and around the clamps. Applying a small correction to L, such
that the effective length is L, + ], and assuming [ is independent of L, yields from Formula (1).

3 3
k(L, +1 2 E.' L, +1
Ef :(a—3)x 1+h—2><—f' COS6E :Ef'ax¥ (10)
2bh 2 G fa 3
where Ej is the apparent storage modulus corrected for apparatus compliance, if necessary, and the
length correction has been ignored in the small shear-correction term.

© IS0 2019 - All rights reserved 7
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A value for I may be determined from measurements of Ef, for a series of clamp separations L,. From
Formula (10), a plot of La/Ef'31/3 against L, enables I to be determined from the intercept at L,/Ef’31/3 =0
and Ef' to be determined from the gradient.

NOTE

this causes significant changes in dynamic modulus.

10.3 Calculation of the flexural loss factor tan 6 Ef

An approximate value for the flexural loss factor is tan 6 A

If k4 is grea
the phase a

tan5Ef =

NOTE If
connections,

resulting ert
transducer s

10.4 Calcylation of the flexural loss modulus Ef’

Calculate th

EfZE

10.5 Pres

According t|

11 Precis

The precisi

12 Testr
The test rej]

a)

referen|

Fer than 0,02 Ko, Then the compliance of the toading assembly will infiuence the accura
hgle measurement. The loss factor shall then be obtained using Formula (11).

tan 6Efa

1—(ka / k.. cosSEfa )

the origin of the source of compliance in the loading assembly arises through clamped or b
there can be a contribution from friction to the measured phase angle 5Efa . The magnitude d

or increases with the ratio ka/kw. This source of error can be avoided by locating the displace
b that the relative displacement of the central and outer clamps or,supports is measured.

e loss modulus Ef” from Formula (12).

--tanSEf

entation of data as a function of temperature

p 1SO 6721-1.

ion

bn of this test methodis not known because interlaboratory data are not available.

eport

ce tothis document (i.e. ISO 6721-5);

The value of 1 will vary with the cross-sectional dimensions of the specimen and with temperature if

Cy of

(11)

blted
f the

ment

(12)

ort shalleontain the information given in the test report of ISO 6721-1 plus the following:

b) the ma

kimum dynamic strain amplitude, given approximately by 3hsa/L,2 for clamped speciy

nens

and by 3

hsa/2L,2, for simply supported specimens.
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