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Foreword

ISO (the Intefnational Organization for Standardization) is a worldwide fed-
eration of ndtional standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through 1SO tech-
nical committees. Each member body interested in a subject for which a
technical corhmittee has been established has the right to be represented
on that committee. International organizations, governmental and non-
governmentg|, in liaison with 1SO, also take part in the work. ISO collabor-
ates closely Wwith the International Electrotechnical Commission (IEC) on all
matters of elpctrotechnical standardization.

Draft International Standards adopted by the technical committees are cir-
culated to tHe member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

International|Standard 1SO 6721-5 was prepared by Technicah Committee
ISO/TC 61, Alastics, Subcommittee SC 2, Mechanical properties.
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Plastics — Determination of dynamic mechanical

properties —
Part b:

Flexiural vibration — Non-resonance method

1 Scppe

This pprt of 1SO 6721 describes a flexural, non-
resonance method for determining the components of
the Yoling’s complex modulus E* of polymers at fre-
quencigs typically in the range 0,01 Hz to 100 Hz. The
method is suitable for measuring dynamic storage
moduli| in the range 10 MPa to 200 GPa. Although
materigls with moduli less than 10 MPa may be
studied, more accurate measurements of their dy-
namic properties can be made using shear modes of
deformation (see part 6 of ISO 6721).

This mgthod is particularly suited to the measurement
of loss|factors greater than 0,1 and may therefore be
converjiently used to study the variation~of* dynamic
properfies with temperature and frequehcy through
most lof the glass-rubber relaxation region (see
ISO 67R1-1:1994, subclause 9.4)( The availability of
data dé¢termined over wide ranges of both frequency
and temperature enables master plots to be derived,
using frequency/temperature shift procedures, which
present dynamic propérties over an extended fre-
guency range at diffefent temperatures.

2 Ngrmative references

ISO 6721-6:1996, Plastics — Deternlination of dy-
namic mechanicalproperties — Part 6:|Shear vibration
— Non-resonance method.

3 Definitions

See 1SO 6721-1:1994, clause 3.

4 Principle

A test specimen is subjected to a sinusoidal trans-
verse force or displacement at a frequency signifi-
cantly below the fundamental flexural |[resonance fre-
quency (see 10.2.1). The amplitudes of the force and
displacement cycles applied to the spgcimen and the
phase angle between these cycles are [measured. The
storage and loss components of the Yqung's complex
modulus and the loss factor are calculated using
equations given in clause 10 of this parf of ISO 6721.

5 Apparatus

5.1 Loading assembly

The requirements for the loading assembly are that it

The following standards contain provisions which,
through reference in this text, constitute provisions of
this part of 1ISO 6721. At the time of publication, the
editions indicated were valid. All standards are subject
to revision, and parties to agreements based on this
part of ISO 6721 are encouraged to investigate the
possibility of applying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of currently valid International
Standards.

ISO 6721-1:1994, Plastics — Determination of dy-
namic mechanical properties — Part 1. General prin-
ciples.

shall permit measurements of the amplitudes of, and
phase angle between, the force and displacement
cycles for a specimen subjected to a transverse sinus-
oidal force or displacement. Various designs of appar-
atus are possible, as illustrated schematically in
figures 1 and 2. In figure 1a), a sinusoidal displace-
ment is generated by the vibrator V and applied to the
specimen S through moving clamps C; located close
to the opposite ends of the specimen. The amplitude
and frequency of the vibrator table displacement are
variable and monitored by the transducer D. The
specimen is held at its centre by a fixed clamp C, and
thus undergoes sinusoidal flexural deformations. The
sinusoidal force applied in deforming the specimen is
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monitored by a force transducer F connected to Cs.
The members between the clamps C; and V, and
between C, and F, shall be much stiffer than the
specimen and shall have a low thermal conductance if
the specimen is to be enclosed in a temperature-
controlled cabinet.

NOTE 1 Whilst each member of the loading assembly
may have a much higher stiffness than the specimen, the
presence of clamped or bolted connections can signifi-
cantly increase the apparatus compliance. It may then be
necessary to apply a compliance correction as described in

© 1SO

5.1.2 Transducers

The term transducer in this part of ISO 6721 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 dis-
placement cycle amplitudes applied to the specimen
for the purpose of determining dynamic properties.

10.2.3.

Various other loading assemblies may be employed as
alternatives to fthat detailed above. For example, the
specimen may [be simply supported and deformed in
three-point flequre, as illustrated in figure 1b). Fur-
thermore, the force on the specimen may be calcu-
lated from the|current supplied to the vibrator, thus
eliminating the [need for a separate force transducer.
With this method (see figure 2), it should be recog-
nized that part of the force generated by the vibrator
current is used to accelerate the drive shaft and to
deform the driye-shaft suspension Su in parallel with
the specimen. [That part of the generated force used
to deform the gpecimen must be determined with the
aid of a separate calibration with the specimen
absent.

5.1.1 Load stage

The clamps spall be capable of gripping the test
specimen with|a force which is sufficient to prevent
the specimen from slipping during the flexural defor-
mation, and td maintain the force at low tempera-
tures.

With the simply supported specimen [figure 1b)], the
supporting rollers shall contact the(Specimen along
parallel lines apd have radii sufficiéntly large to avoid
significant indgntation of the specimen and thereby
minimize consequent errors-in_the measured moduli
and loss factorp.

The separatior} between“the two outer clamps and
between the quter Supports shall be variable so that
specimens of Hifferent length can be accommodated
and length colrections may he determined for the

5.2 Electronic data-processing equipment

Data-processing equipment shall be capable of fecord-
ing the force and displacement cycle.amplitudes to an
accuracy of £ 1 %, the phase anglebetween the force
and displacement cycles to an@ccuracy of £ 0J1° and
the frequency to an accuracy of + 10 %.

5.3 Temperature measurement and control

See I1SO 6721-4:1994, subclauses 5.3 and 5.5.

5.4 Devices for measuring test specimen
dimensions

See ISO 6721-1:1994, subclause 5.6.

6 Test specimens

See ISO 6721-1:1994, clause 6.

6.1 Shape and dimensions

Test specimens of rectangular cross-section gre rec-
ommended to facilitate load introduction. The width
and thickness shall not vary along the sppcimen
length by more than 2 % of the mean value. [The di-
mensions of the specimens are not critical alfhough,
for isotropic materials, values of Ly/d > 16 for clamped
specimens and Ly/d > 8 for simply supported speci-
mens would make corrections for shear defofmation

clamped specimens (see 10.2.4). A facility to permit
small variations in the clamp separation [figure 1a)]
would also allow for thermal expansion of the speci-
mens and is necessary to avoid errors in the apparent
moduli due to buckling of the specimens at high tem-
peratures.

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 com-
ponent recorded by the transducer is less than 1 % of
the longitudinal force.

2

negligible (see 10.1 and 10.2). Also values of Ly/b > 6
for clamped specimens and L,/b > 3 for simply sup-
ported specimens are recommended to avoid signifi-
cant errors associated with constraints to defor-
mations along the width direction (anticlastic curva-
ture) near to the clamps or central support (see 10.1).
For test conditions under which the storage moduli
are high (= 50 GPa), sufficiently long, thin specimens
shall be employed so that displacements are gener-
ated that may be measured with high accuracy. Alter-
natively, when the storage moduli are low
(< 100 MPa), relatively short, thick specimens may
be required to achieve sufficient accuracy in the
measurement of force.
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NOTE 2 A variation in dynamic properties may be ob-
served between specimens of different thickness prepared
by injection moulding owing to differences which may be
present in the structure of the polymer in each specimen.

6.2 Preparation

See ISO 6721-1:1994, subclause 6.2.

7 N i

See 130 6721-1:1994, clause 7.

8 Conditioning

See 190 6721-1:1994, clause 8.

9 Procedure
9.1 Test atmosphere

See 130 6721-1:1994, subclause 9.1.

9.2 !\Ileasuring the cross-section of the
specimen

See 130 6721-1:1994, subclause 9.2.

9.3 Clamping the specimen

Mount the specimen between the' clamps, using a
clampling force that is sufficienit 16 prevent slip under
all teqt conditions. If measyrements are observed to
deperd upon clamp pressuré, then a constant press-
ure shall be used forCall measurements, especially
when| applying a length correction (see 10.2.4 and
note 3).

NOTE[3 If measurements are observed to depend upon
clamp|pressure;, then the clamped area of the specimen is
probalply-foe small. A larger clamp face or a wider specimen
should eliminate this problem.

ISO 6721-5:1996(E)

maintain the load under the decreasing part of the
superimposed dynamic load.

NOTE 4 If the maximum tensile strain within the speci-
‘men exceeds the limit for linear behaviour, then the derived
dynamic properties will depend on the magnitude of the
applied displacement. The limiting strain varies with the
composition of the polymer and the temperature, and is
typically in the region of 0,2 % for glassy plastics.

Record the amplitudes of, the phase difference be-
e and displace-
ment signals, as well as the température of the test.
Where measurements are to be_idde over ranges of

frequency and temperature,, itis recommended that
the lowest temperature 0e selefted first and
measurements made ~with increaging frequency,

keeping the temperature constant.

The frequency

range is then repeate@at the next higher temperature

(see 1ISO 6721-1:1994, subclause 9.4).

For those test conditions under wh
exhibits thedium or high loss (for
glass-rdbber transition region), the e

ch the polymer
example in the
mergy dissipated

by the{polymer may raise its tempergture sufficiently
to_give a significant change in dynamig properties. Any
temperature rise will increase rapidly| with increasing

strain amplitude and frequency. If the
electronics is capable of analysing

data-processing
the transducer

outputs within the first few cycles, then the influence

of any temperature rise will be mi

himized. Subse-

guent measurements will then change with time as
the specimen temperature continues fo rise, and such
observations will indicate the need tq exercise some
caution in the presentation and interpretation of
results.

10 Expression of results

10.1 Symbols

9.4 Varying the temperature

See ISO 6721-1:1994, subclause 9.4.

9.5 Performing the test

Apply, by means of the vibrator, a dynamic force
which yields force and displacement signal amplitudes
for the specimen that can be measured to the accu-
racy specified in 5.1.2. For simply supported speci-
mens, also apply a static force that is sufficient to

b specimen width, in mdtres

d specimen thickness, ir] metres

E E apparent and corrected Young's
storage modulus, in pdscals

E" Young's loss modulus, in pascals

f measurement frequency, in hertz

fe resonance frequency, in hertz, of the
force transducer

fs resonance frequency, in hertz, of the
specimen

G’ shear storage modulus, in pascals

ka, k measured and corrected magnitude, in

newtons per metre, of the complex
stiffness of the specimen


https://standardsiso.com/api/?name=14c5923d844bee3ef5a3fd597b9a9cff

ISO 6721-5:1996(E)

ke stiffness of the force transducer, in
newtons per metre

koo measured stiffness, in newtons per
metre, of a steel test specimen whose
cross-sectional dimensions and length
are such that it is at least 100 times
stiffer than the stiffest polymer speci-
men to be tested (see note 5)

l length correction term, in metres, to

©1SO
Simply supported specimen
3 2 ’
E;=AFAx2Lg>< + dzxi, cos &g,
~ SA  bd ar; G
213 e _E

=k, Xx—2x|1+ X —|cosé .. (2
°" bd® [ 412 cr} Fa @

ftowforctarmpmg

Ly (for a clamped specimen) length, in
etres, of specimen between the
entral clamp and each outer clamp

(for a simply supported specimen)
length, in metres, of specimen be-
een the central loading line and
ach outer clamp support

mg ass, in kilograms, of that part of the
Ipading assembly between the force
ransducer and the test specimen
SA :Ireasured amplitude, in metres, of the
ynamic displacement

tan &, tan & @pparent and corrected Young's loss
{actor

Oca. OF measured and corrected phase differ-
bnce, in degrees, between the forcé
hnd displacement cycles

AFp measured amplitude, in newtons, of
he dynamic force applied to the
specimen

NOTE 5 The mdgnitude of k, 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 en-
able a correction| for apparatas-compliance to be deduced
(see 10.2.3).

10.2 Calculdtion of Young's storage

In these equations, the terms in square brackgts ac-
count approximately for the effects of shear’defor-
mation during the flexure. Values for E!/G' typically
range from 2,7 for isotropic glassy or semicrystalline
polymers to 3,0 for rubbers. Higher ~values off E'/G’
may be required for anisotropic materials and mpst be
estimated from dynamic Young'siand shear modulus
data. It is recommended that the Ly/d ratigs are
chosen such that the magnitudes of the correction
terms for shear deformation do not exceed 0,1.

NOTE 6 The shedr correction terms (d?/L2)(E’/¢) and
(d2/4L§)(E’/G') i equations (1) and (2), respectivgly, are
approximaté:since they omit a factor (the shear deflection
coefficientithat accounts for the distribution of sheaf stress
across the specimen thickness.

10.2.1 Avoidance of specimen resonance
Equations (1) and (2) become invalid as the drive fre-
quency approaches the fundamental flexural reson-

ance frequency fs of the specimen given approxi-
mately by the following equations:

Clamped specimen

12
d E’
=103 x —x|—2 .. (3)
f 15 [pj

a

Simply supported specimen

modulus E’

An approximate value E; for the storage modulus is
determined from the following equations:

Clamped specimen

3 2 ’
E] =ﬂx L, x[wd—x%}cosé&

Sn  2bd® L2
L3 d> FE
=k x—2_%x|1+—Xx—|cosé (1)
a 2bd3 \: Lg G,:l Ea

142
d [(E]
=0,71x —x| —=2 ... (4)
£,=071x LPJ

a

where p is the polymer density in kilograms per cubic
metre.

Errors in the use of equations (1) and (2) become sig-
nificant at applied frequencies such that

f=0,08fg ... (B)

Calculations of dynamic properties shall therefore be
confined to frequencies below 0,08fs.
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10.2.2 Correction for transducer resonance

At sufficiently high frequencies, the applied defor-
mation will excite the force transducer into res-
onance. The resonance frequency fg is given by

ISO 6721-5:1996(E)

some distortion of the specimen within and around
the clamps. Applying a small correction to L, such
that the effective length is Ly + I, and assuming [ is
independent of L,, yields from equation (1)

3 2 ’
1 ()2 E':——-—k(La +3l) X 1+d—2x£, Ccos J¢,
fr=om| =5 .. (6) 2bd 127G
2n me
3
The transducer output will have a significant error for _ et .. (10)
all applied frequencies i L;

f>0,1f¢ (7

The resonance frequency fr of the force transducer
and supplorted mass mp can be determined directly by
recording the natural frequency of the transducer
output after striking the attached clamp without the
specimen.

The spdcimen stiffness corrected for transducer
resonande is given to a good approximation by the
equation

k=k, [1—5“—2-"*—F)=ka [1—f—z] .. (8)
ke 7

It is recdmmended that equations (6) and (7) be used
to select a force transducer whose resonance, fre-
quency ip above the frequency range for whichga cor-
rection tp the force measurement is necessarny.

10.2.3 Correction for apparatus compliance

If ky is greater than 0,02 ke, 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
applied:

_ k,(cQ9)0, — ky/k..)
1=2(k,/k_)cos 6,

k cos|6g .. (9)

where Sis“given by equation (11)

where E} is the apparent storagésmodujus corrected
for apparatus compliance, if netessary, ahd the length
correction has been ignored in the [small shear-
correction term.

A value for | may ie-détermined from mjeasurements
of E, for a series of clamp separatigns L,. From
equation (10), a-plot of L,/E; /3 agains{ L, enables [

to be determined from the intercept at

L/E, B = 0

and E' t6,b& determined from the gradient.

NOTE8 The value of I will vary with the

Cross-sectional

dimensions of the specimen and with temperature if this

causes significant changes in dynamic modu

10.3 Calculation of the Young's
tan &

An approximate value for the Young's
tan Oga.

If k, is greater than 0,02 k. then the cor
loading assembly will influence the ac
phase angle measurement. The loss fad
be obtained using the equation

tan O,
1 (ky/k.,COS Og,)

tan 5E =

NOTE 9 If the origin of the source of cor
loading assembly arises through clamped

us.

loss factor

loss factor is

pliance of the
curacy of the
tor shall then

- (11)

hpliance in the
or bolted con-

The value of k cos & obtained from equation (9) shall
be used in place of k; cos 84 in equation (1) or (2) to
give a more accurate estimate for Ej.

NOTE 7 The compliance correction is unnecessary if the
displacement transducer is located so as to measure the
relative displacement of central and outer clamps or sup-
ports.

10.2.4 Application of a length correction

Using the measured clamp separation L, for the
specimen length in equation (1) takes no account of

nections, there may be a contribution from friction to the
measured phase angle &, The magnitude of the resulting
error increases with the ratio ky/ks,. This source of error can
be avoided by locating the displacement transducer so that
the relative displacement of the central and outer clamps or
supports is measured.

10.4 Calculation of the Young's loss
modulus

Calculate the loss modulus E’’ from the equation

E'" =E tan & .. (12)
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10.5 Presentation of data as a function
of temperature

See ISO 6721-1:1994, subclause 9.4.

11 Precision

The precision of this test method is not known be-
cause interlaboratory data are not available. When

© I1SO

12 Test report

The test report shall contain the following information:
a) a reference to this part of ISO 6721;
b) to m) see ISO 6721-1:1994, clause 12;

n) the maximum dynamic strain amplitude,
given approximately by 3dsA/L§ for clamped
specimens and by 3dsy/21% for simply sup-

interlaboratory data are obtamed, @ precrsion State=
ment will be 4dded at the following revision.

ported specimens.
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¢ V*\ G S\ S

C

I b) Specimen simply supported

PRI R S S S

a) Clamped specimen

Key:

Cy. C, Clamps R Rollers

D Displacement transducer S Test specimen
F Force transducer \% Vibrator

Figure 1 — Schematic diagrams of suitable loading assemblies for determining dynamic moduli under
flexure
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