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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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Scope

e 0,001 Hz to 100 Hz. Higher-frequency measurements can be made, bat significant e
imic properties measured are likely to result (see 10.2.1 and 10.2.2). FPhe method is
suring dynamic storage moduli ranging from about 10 MPa, whichris-typical of values ¢
rubbers, to values of about 10 GPa which are representative of fibre-reinforced plastid
brials with moduli less than 10 MPa can be studied, more accurate measurements of th
erties can be made using simple shear (see ISO 6721-6) ertorsional deformations of
been parallel plates.

method is particularly suited to the measurement of loss factors greater than 0,(
efore be conveniently used to study the variatiow;of dynamic properties with tempd

rmined over wide ranges of both frequency-and temperature enable master plots to
b frequency-temperature shift procedures;“which display dynamic properties over 3
iency range at different temperatures,

J Although loss factors below 0,1 can be more accurately determined using the torsid
SO 6721-2), the method described in;this document enables a much wider and continuous freq
covered.

»

Normative references

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

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

Terms and definitions

document describes a torsional, non-resonance method for determining the,compomnents of the
sheadr complex modulus G* of solid polymers in the form of bars or rods at frequencies typ

ically in the
rrors in the
suitable for
btained for
s. Although
bir dynamic
thin layers

2 and may
brature and

1ency through most of the glass-rubber relaxation region (see ISO 6721-1). The availabjility of data

be derived,
n extended

n pendulum
uency range

following documefts are referred to 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.

hciples

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

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

4 Principle

The specimen is subjected to a sinusoidal torque or angular displacement at a frequency significantly
below the fundamental torsion resonance frequency (see 10.2.1). The amplitudes of the torque and
displacement cycles applied to the specimen and the phase angle between these cycles are measured.
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The storage and loss components of the shear complex modulus and the loss factor are calculated using
formulae given in Clause 10.

5 Test device

5.1 Loading assembly

5.1.1 General

The requiremen HEmeasy s a !
ment cycles for a specimen subjected to a sinusgi
torque or displacement. Various designs of apparatus are possible, as illustrated schematically in
Figures 1 a] and 1 b). In Figure 1 a), a sinusoidal angular displacement is generated by the drive upit D
and applied to one end of the specimen S through the moving clamp C1. The amplitude and frequency
of the angylar displacement are variable and monitored by the rotary displacemént ‘transducer R.
The specimlen is held at the opposite end by a fixed clamp C; and thus undergoes;sinusoidal torsjonal
deformatiofs. The sinusoidal torque applied in deforming the specimen is menitored by a tofque
transducer [T connected to C2. The members between the clamp C1 and D and®etween Cy and T should
be much stiffer than the specimen and should have a low thermal conductdnce if the specimen is fo be
enclosed in[a temperature-controlled cabinet. Where tests are carriedrout at elevated temperatiires,
a facility shall be included in the loading assembly to avoid buckling ef the specimen resulting from
thermal expansion.

While each
presence of]
then be nec

, the
may

member of the loading assembly may have a much higher stiffness than the specimen|
clamped or bolted connections can significantly ifierease the apparatus compliance. It
pssary to apply a compliance correction as described in 10.2.3.

For
Lnit,

Various other loading assemblies may be employed~as alternatives to that detailed above.
example, the torque on the specimen may be calculated from the current supplied to the drive
thus eliminpting the need for a separate torque transducer. With this method [Figure 1 b)], it shiould
be recognized that part of the torque generated by the drive current is used to accelerate the drive
shaft and a]so to deform any drive shaft suspension (Su) in parallel with the specimen. That paft of
the generatled torque used to deform the-specimen shall be determined with the aid of a sepdrate
calibration with the specimen absent-Alternatively, the suspension member may be replaced by ah air
bearing, th¢reby making the torsionalrigidity of the suspension zero.

5.1.2 Clamps

The clamps
specimen fr

The separa
length can |

shall be capable’of gripping the test specimen with a force which is sufficient to preven|
om slipping.during the torsional deformation and maintaining the force at low temperat;

[ion betwéen the two clamps should preferably be variable so that specimens of diffg
e accommodated and length corrections may be determined (see 10.2.4). A facility to pe

[t the
ires.

rent
rmit

small variatiéns in the clamp separation would also allow for thermal expansion of the specimens apd is
necessary toavold errors in the apparent modull due to buckling of the specimens at high temperatures.

Any misalignment of the clamps with respect to the force transducer will produce a lateral component
of the torque 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 applied torque.

5.1.3 Transducers

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

Data-processing equipment shall be capable of recording the torque and displacement cycle amplitudes
to an accuracy of £1 % the phase angle between the torque 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 in the form of rectangular Bars or cylindrical rods are recommended. Th¢ width and
thickness of the bars and the diameter of the rods shall\iot vary along the specimen length by more
than 2 % of a mean value.

Dimegnsions of the specimens are not critical, although length corrections for clamping effects can be
minjmized by increasing the length of the spedimen and, for rectangular specimens, these[corrections
becdme negligible for certain values of b/h(see 10.1 and 10.2.4). For test conditions under which the
storfige moduli are high (21 GPa), sufficiéntly long, thin specimens shall be employed so that angular
displacements are generated that may-be'measured with high accuracy. Alternatively, when|the storage
moduli are low (<100 MPa), relatively short, thick specimens may be required to achieye sufficient
accuracy in the measurement of torque. A variation in dynamic properties may be observed between
spedimens of different thicknessprepared by injection moulding owing to slight differenceg which may
be present in the structure &f the polymer in each specimen.

6.3 | Preparation

Accqrding to [SO6721-1.

7 Number of specimens

Accqrding to ISO 6721-1.

8 Conditioning

According to ISO 6721-1.

9 Procedure

9.1 Test atmosphere
According to ISO 6721-1.

© IS0 2019 - All rights reserved 3
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9.2 Measuring the cross-section of the specimen

According to ISO 6721-1.

9.3 C(Clamping the specimen

Mount the specimen between the clamps using a clamping force that is sufficient to prevent slip under
all test conditions. If measurements are observed to depend upon clamp pressure, then a constant
pressure should preferably be used for all measurements, especially when applying a length correction
(see 10.2.4).

If measurer
is probably

9.4 Vary

According t

hents are observed to depend upon clamp pressure, then the clamped area of the speci
too small. A larger clamp face or a wider specimen should eliminate this problem.

ng the temperature

p 1SO 6721-1.

9.5 Perfgrming the test

A dynamic {
for the sped

If the maxi
derived dy
strain varig
0,2 % for gl
dynamic dij
with strain

in the speci

orque shall be applied by the drive motor which yields torque dand displacement amplit
imen that can be measured to the accuracy specified in 5.1-3¢

um shear strain within the specimen exceeds thelimit for linear behaviour, then
amic properties will depend on the magnitude of the applied displacement. The lim
s with the composition of the polymer and the teniperature and is typically in the regi
hssy plastics. The dynamic strain range for linedt'behaviour can be explored by varyin
placement amplitude at a constant frequency-and recording any change in dynamic stiff]
amplitude. A low frequency 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 w

increase cz}ls‘ed by mechanical loss. However, it should be noted that, because of the non-uniform st

the strain
dynamic sti

The amplit
signals and
ranges of f
first and m
frequency 1

istribution is uniform. If non-linearbehaviour is detected in the strain range of interest
ain limit should be recorded in thé test report.

the temperature of the-test shall be recorded. Where measurements are to be made
Fequency and temperature, it is recommended that the lowest temperature be seld
pasurements be made’with increasing frequency, keeping the temperature constant.
ange is then repeated at the next higher temperature (see ISO 6721-1).

continues to rise, and

ditions under-which the polymer exhibits medium or high loss (for example in the g

men

ldes

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

1des of, the phase differente'between and the frequency of the torque and displaceinent

over
cted
The

lass-
ently
with
sing
will

presentation and interpretation of results.

ture

some caution in the
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10 Expression of results

10.1 Symbols

7:2019(E)

Lq length of specimen between the two clamps, in metres

1 length correction term for clamping, in metres

b width of rectangular specimen, in metres

h thicknessofrectangular specimen inmetres

r radius of cylindrical specimen, in metres

f measurement frequency, in hertz

Oa measured amplitude of the dynamic angular displacement,4n radians

Ta measured amplitude of the dynamic torque applied to the)specimen, in nev

6Ga PG measured phase difference and corrected phase difference, respectively, &
torque and angular-displacement cycles, in degrees

s 1 measured absolute value and corrected absolute value, respectively, of tl
complex stiffness of the specimen, in newton metres per radian (N-m-rad-

Gy ¢ apparent shear storage modulus and‘orrected shear storage modulus, r
in pascals

G" shear loss modulus, in pascals

tan ¢gg, tan o

apparent shear loss factor and corrected shear loss factor, respectively

yton metres

etween the

he torsional
)

espectively,

K shape factor giving the ratio of torsional complex stiffness to shear complex modulus
per unit length ef specimen, in metres to the power four per radian (m#-ragd-1)

Ip polar secondumoment of area of the cross-section per unit specimen length, in metres
to the power four (m#)

I't torsionadl stiffness of the torque transducer, in newton metres per radian (N-m-rad-1)

It moment of inertia of that part of the loading assembly between the torqued transducer
and the test specimen, in kilogram square metres (kg-m2)

To measured torsional stiffness, in newton metres per radian (N-m-rad-1), of a steel test
specimen whose crosssectional dimensions and length are such thatitis atleast 100 times
stiffer than the stiffest polymer specimen to be tested

NOTE The magnitude of I'nc will give an estimate of the torsional 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 10.2.3).

© IS0 2019 - All rights reserved
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10.2 Calculation of the shear storage modulus G’

10.2.1 General
An approximate value for the storage modulus G'; is determined from Formula (1).

Ty L L
G', =9—A><—a‘cos5Ga =I',x—2cosd¢, €Y
A K K

where the shape constant k is calculated from the following formulae:

Rectangulaf bar

3
=211 0,630 for0<<0.6 (2)
3 b b
3
K:bh X 0,843 forO,6S%Sl (3)

3 (1+h2/b2)
Cylindrical fod

4
=2 | (4)

10.2.2 Avdidance of specimen resonance

Formula (1] becomes invalid as the drive frequency apptioaches the fundamental torsional resonpnce
frequency f} of the specimen given approximately by

. q1/2
_[K’G a] )
h Plp

N
g

fs=

where p is the polymer density ipkilograms per cubic metre and I, is given by the following formulae:

Rectangulaf bar

, _bh

2 2
p—Eb +h ) (6)

Cylindrical fod

"
nr
I, = - (7)

Errors in the use of Formula (1) become significant at applied frequencies such that
f=0,08f, (8)

Calculations of dynamic properties shall therefore be confined to frequencies below that given by the

equality in Formula (8).

6 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=de77d72070d3577e6eab19fd88f1d424

ISO 6721-

10.2.3 Correction for transducer resonance
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At sufficiently high frequencies, the applied deformation will excite the torque transducer into
resonance. The resonance frequency ft is given by Formula (9).

1/2
1| T
S i 9

fr Py { I } )

The transducer output will have a significant error for all applied frequencies such that
>0,1fr (10)
The fesonance frequency ft of the torque transducer and supported inertia member can be determined
direftly by recording the natural frequency of the transducer output after applying a,torque¢ impulse to
the gttached clamp without specimen.
The [torsional stiffness of the specimen corrected for transducer resgnance is given|to a good
approximation by Formula (11).
4rl 2
r:ra[1 1/ ] r {1—1[—2] (11)
Iy fr
It is recommended that Formulae (9) and (10) be used to seléct a torque transducer whos¢ resonance
freqpency is above the frequency range for which a correction to the torque measurement iy necessary.
10.24.4 Correction for apparatus compliance
If I';lexceeds 0,02 ', the torsional compliance gfthe test assembly is not negligible and the measured
angular displacement differs significantly from that of the specimen. The following correction shall
then|be applied:
I, (coséq,—-TI, /T,
["cos &g =— (c0s36a =T / ') (12)
1-2(I'y /T.. )cosdca

where 8¢ is given by Formuta:14). The value of I" cos 6g obtained from Formula (12) shal| be used in
placg of I'y cos &g, in FormulaT1) to give a more accurate estimate for G',.
NOTE The complianeecorrection is not necessary if the displacement transducer is located so afs to measure
the rglative angular displacement of the two clamps.
10.2.5 Application of a length correction
Usinlg the\measured clamp separation L, for the specimen length in Formula (1) takes nq account of
somg deformatlon of the spec1men w1th1n the clamps or, 1n the case of rectangular bars df restraints

o-effects may

be allowed for by applylng a small correctlon to La such that the effectlve length isLy+ 1L Assumlng that
lis independent of L,, Formula (1) yields

G'=TIx

(La+1) (L)

cosdg =G',

a

(13)

Here G'; is the apparent storage modulus corrected for apparatus compliance if necessary. A value for [
may be determined from measurements of G'; for a series of clamp separations L,. From Formula (13),

© IS0 2019 - All rights reserved
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a plot of L,/G', against L, enables I to be determined from the intercept at L,/G’, = 0 and G’ from the

gradient.

NOTE

The value of I will vary with the cross-sectional shape and dimensions of the specimen and with

temperature if this causes significant changes in dynamic modulus. For rectangular specimens, the value of / can
by either positive or negative depending on whether the effect of deformation within the clamps or of warping
restraint is dominant. At a certain b/h ratio, which depends on the clamp design and other instrumental factors,

these effects

cancel to give a zero length correction.

10.3 Calculation of the shear loss factor tan 6g

of the loadi

shall then b

tandg

NOTE If
connections,
resulting ert
transducer s

Or d O d
ng y will influence the
e obtained using Formula (14).

tandg,
1—[(Fa /Fm)cos6Ga]

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 anglé-§g,. The magnitude g
or increases with the ratio I'3/I'». This source of error can be avoided.by locating the displace
b that the relative displacement of the upper and lower clamps is measured.

10.4 Calculation of the shear loss modulus

The loss mdg

G"=G"t

10.5 Pres

According t

11 Precis

The precisi

12 Testr
The test ref

a)
b) the ma

referen

dulus G” shall be calculated from Formula (15).

an o,

entation of data as a function of temperature

p ISO 6721-1.

ion

bn of this test method-is Mot known because interlaboratory data are not available.

bport
ort shallin¢lide the information given in the test report of ISO 6721-1 plus the followir]
ce tothis document, i.e. [SO 6721-7;

ximum dynamic strain amplitude, given approximately by 6ph/L; for rectangular

(14)

blted
f the
ment

(15)

g:

bar

specimens and by &ar/L, for cylindrical rods.
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