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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. Esch 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 werk. ISO 
collaborates closely with the International Electrotechnical Commission 
(IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated 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 ISO 6721-4 was prepared by Technical Committee 
lSO/TC 61, Plastics, Subcommittee SC 2, Mechanical properfies. 

Together with the other Parts of ISO 6721, it cancels and replaces 
ISO 537:1989 and ISO 6721:1983, which have been technically revised. 

ISO 6721 consists of the following Parts, under the general title 
Plas tics - Determination of dynamic mechanicai properties: 

- Part 1: General principles 

- Part 2: Torsion-pendulum method 

- Part 3: Fiexural Vibration - ßesonance-curve method 

- Part 4: Tensile Vibration - Non-resonance method 

- Part 5: Flexural Vibration -- Non-resonance method 

- Part 6: Shear Vibration - Non-resonance method 

- Part 7: Torsional Vibration - Non-resonance method 
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INTERNATIONAL STANDARD 0 ISO ISO 6721=4:1994(E) 

Plastics - Determination of dynamic mechanical 
properties - 

Part 4: 
Tensile Vibration - Non-resonance method 

1 Scope 

This part of ISO 6721 describes a forced, non- 
resonance method for determining the components 
of the tensile complex modulus E’ of polymers at 
frequencies typically in the range 0,Ol Hz to 100 Hz. 
The method is suitable for measuring dynamic stor- 
age moduli in the range 0,Ol GPa to 5 GPa. Although 
materials with moduli outside this range may be 
studied, alternative modes of deformation should 
yield higher accuracy (i.e. a shear mode for 
E’ < 0,Ol GPa and a flexural mode for E’ > 5 GPa - 
see ISO 6721-3). 

This method is particularly suited to the measurement 
of loss factors greater than 0,l and may therefore be 
conveniently used to study the Variation of dynamic 
properties with temperature and frequency through 
most of the glass-rubber relaxation region (see 
ISO 6721-1:1994, subclause 9.4). The availability of 
data determined over wide ranges of both frequency 
and temperature enables master Plots to be derived, 
using frequency-temperature shift procedures, which 
display dynamic properties over an extended fre- 
quency range at different temperatures. 

2 Normative references 

The following Standards contain provisions which, 
through reference in this text, constitute provisions 
of this part of ISO 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. 

ISO 6721-3:1994, Plastics - Determination of dy- 
namic mechanical properties - Part 3: Flexural vi- 
bra tion - ßesonance-curve method. 

3 Definitions 

For the purposes of this part of ISO 6721, the defi- 
nitions given in ISO 6721-1:1994, clause 3, apply. 

4 Principle 

The specimen is subjected to a sinusoidal tensile 
forte or deformation at a frequency significantly be- 
low the fundamental resonance frequency for the 
clamped/free longitudinal mode (see 10.2.1). The am- 
plitudes of the forte and displacement cycles applied 
to the specimen and the Phase angle between these 
cycles are measured. The storage and loss com- 
ponents of the tensile complex modulus and the loss 
factor are calculated using equations given in 
clause 10. 

5 Test device 

5.1 Loading assembly 

The requirements on the apparatus are that it shall 
permit measurements of the amplitudes of, and the 
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ISO 6721=4:1994(E) Q ISO 

Phase angle between, the forte and displacement 
cycles for a specimen subjected to a sinusoidal tensile 
forte or deformation. Various designs of apparatus are 
possible: a suitable version is shown schematically in 
figure 1. A sinusoidal forte is generated by the Vibrator 
V and applied to one end of the specimen S by means 
of the clamp C,. The amplitude and frequency of the 
Vibrator table displacement are variable and monitored 
by the transducer D. The member between V and C, 
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 load assembly may 
have a much higher stiffness than the specimen, the pres- 
ence of clamped or bolted connections tan significantly in- 
crease the apparatus compliance. lt may then be necessary 
to apply a compliance correction as described in 10.23. 

At the other end of the specimen, a second clamp 
C, is connected to a forte transducer F which is sup- 
ported by a rigid frame. The member between C, and 
F shall also have sufficient stiffness and low thermal 
conductance. 

shall be accurate to + 2 % of the minimum forte and 
displacement cycle amplitudes applied to the speci- 
men for the purpose of determining dynamic proper- 
ties. 

5.2 Electronie data-processing equipment 

Data-processing equipment shall be capable of re- 
cording the forte and displacement cycle amplitudes 
to an accuracy of + 1 %, the Phase angle between - 
the forte and displacement cycles to an accuracy of 
+ 0,l” and the frequency to an accuracy of + 10 %. - 

5.3 Temperature measurement and control 

See ISO 6721-1:1994, 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 
5.1 .l Clamps 

See ISO 6721-1:1994, clause 6. 
The clamps shall be capable of gripping the test 
specimen with sufficient forte to prevent the speci- 
men from slipping during the tensile deformation and 
maintaining the forte at low temperatures. Any mis- 
alignment of the clamps with respect to the forte 
transducer will produce a lateral component of the 
forte applied to the transducer during loading of the 
specimen. The alignment of the loading assembly and 
test specimen shall be such that any lateral compo- 
nent recorded by the transducer is less than 1 % of 
the applied tensile forte. A clamp design with self- 
aligning faces is recommended since this will maintain 
alignment of the specimen axis with the axis of the 
load assembly independently of specimen thickness. 

The derivation of a length correction (see 10.2.4) re- 
quires measurements of specimen stiffness for dif- 
ferent values of the specimen length as defined by 
the clamp Separation. These may be made on a Single 
specimen if one of the clamps has a hole in the centre 
of its base through which the specimen may pass as 
the clamp Separation is reduced. 

5.1.2 Transducers 

The term transducer in this part of ISO 6721 refers to 
any device capable of measuring the applied forte 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 forte and length. The calibrations 

6.1 Shape and dimensions 

Test specimens of rectangular Cross-section are rec- 
ommended to facilitate load introduction. The width 
and thickness shall not vary along the specimen 
length by more than 3 % of a mean value. Where high 
accuracy in results is required, a specimen length is 
recommended which will permit a clamp Separation 
of about 100 mm or more in Order to achieve ad- 
equate accuracy in the determination of the dynamic 
tensile strain. lt is also recommended that the length 
of the specimen between the clamps be greater than 
six times the specimen width in Order to make the 
constraint by the clamps to free lateral contraction of 
the specimen negligible. 

Cross-section dimensions are not critical. For test 
conditions under which the polymer exhibits glassy 
behaviour, the Cross-sectional area shall be selected 
sufficiently small that the Vibrator is able to generate 
tensile displacements that may be measured with 
adequate accuracy. Alternatively, when the polymer 
exhibits rubbery behaviour, a larger Cross-sectional 
area may be necessary to achieve sufficient accuracy 
in the measurement of forte. 

NOTE 2 A Variation in dynamic properties may be ob- 
served between specimens of different thickness prepared 
by injection moulding owing to differentes which may be 
present in the structure of the polymer in each specimen. 
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0 ISO ISO 6721=4:1994(E) 

6.2 Preparation The amplitudes of, the Phase differente between and 
the frequency of the forte and displacement Signals 
and the temperature of the test shall be recorded. 
Where measurements are to be made over ranges of 
frequency and temperature, it is recommended that 
the lowest temperature be selected first and 
measurements be made with increasing frequency, 
keeping the temperature constant. The frequency 
range is then repeated at the next higher temperature 
(see ISO 6721-1 :1994, subclause 9.4). 

See ISO 6721-1:1994, subclause 6.2. 

7 Number of specimens 

See ISO 6721-1 :1994, clause 7. 

8 Conditioning 

See ISO 6721-1 :1994, clause 8. For those 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 
electronics is capable of analysing the transducer 
Outputs within the first few cycles, then the influence 
of any temperature rise will be minimized. Sub- 
sequent 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. 

9 Procedure 

9.1 Test atmosphere 

See ISO 6721-1, subclause 9.1. 

9.2 Measuring the cross-section of the 
specimen 

See ISO 6721-1, subclause 9.2. 

9.3 Clamping the specimen 

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

10 Expression of results 

10.1 Symbols 

length 
clamps, 

of the specimen between 
NOTE 3 If measurements are observed to depend upon 
clamp pressure, then the clamped area of the specimen is 
probably too small. A larger clamp face or a wider specimen 
should eliminate this Problem. 

in metres 

length correction term, in metres 

b specimen width, in metres 
9.4 Varying the temperature 

d specimen thickness, in metres 

See ISO 6721-1 :1994, subclause 9.4. 
f measurement frequency, in Hertz 

9.5 Performing the test measured amplitude of the dynamic 
displacement, in metres 

A static tensile forte shall be applied to the specimen 
that is sufficient to prevent buckling under the de- 
creasing patt of the superimposed dynamic load. A 
dynamic forte shall then be applied which yields forte 
and displacement Signal amplitudes which tan be 
measured by the transducers to the accuracy speci- 
fied in 5.1.2. 

AFA measured amplitude of the dynamic 
forte, in newtons 

measured Phase differente and cor- 
rected Phase differente, respectively, 
between the forte and displacement 
cycles, in degrees 

NOTE 4 If the tensile strain exceeds the limit for linear 
behaviour, then the derived dynamic properties will depend 
on the magnitude of the applied strain. This limit varies with 
the composition of the polymer and the temperature and is 
typically in the region of 0,2 % for glassy plastics. 

measured magnitude and corrected 
magnitude, respectively, of the com- 
plex stiffness of the specimen, in 
newtons per metre 
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ISO 6721=4:1994(E) 0 ISO 

Efa, E' 

E" 

tan dEa, tan 6, 

ko 

apparent tensile storage modulus and 
corrected tensile storage modulus, 
respectively, in Pascals 

tensile loss modulus, in Pascals 

apparent tensile loss factor and cor- 
rected tensile loss factor, respectively 

stiffness of the forte transducer, in 
newtons per metre 

mass of that par-t of the loading as- 
sembly between the forte transducer 
and the test specimen, in kilograms 

measured stiffness, in newtons per 
metre, of a steel test specimen 
whose Cross-sectional dimensions are 
the maximum that the clamps tan ac- 
commodate (see note 5). This speci- 
men shall be at least 100 times stiffer 
than the stiffest polymer specimen to 
be tested 

NOTE 5 The magnitude of km 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 apparatus compliance to be deduced 
(see 10.2.3) . 

10.2 Calculation of the tensile storage 
modulus E’ 

An approximate value for the tensile storage modulus 
E', is determined from the equation 

E’a 
AFA La k& 

= - 
SA ’ bd - cos 6Ea - bd -2cosdEa . ..(l) 

10.2.1 Avoidance of specimen resonance 

Equation (1) 
approaches 
frequencyf, 

f 
1 =- 

S 2L a 

becomes invalid 
the fundamental 
of the specimen, 

as the drive frequency 
longitudinal resonance 

given approximately by 

. . . (2) 

where p is the polymer density in kilograms per cubic 
metre. An error in the use of equation (1) becomes 
significant at applied frequencies such that 

0,02 E’a “* 
j-a- ( 1 La p 

Calculations of dynamic properties shall therefore be 
confined to frequencies below that given by the 
equality in equation (3). 

10.2.2 Correction for transducer resonance 

At sufficiently high frequencies, the applied defor- 
mation will excite the forte transducer into resonance. 
The resonance frequencyf, is given by 

w 
. . . (4) 

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

f > OflfF . . . (5) 

The resonance frequency fF of the forte transducer 
and supported mass mF tan be determined directly by 
recording the natura1 frequency of the transducer 
output after striking the attached clamp without the 
specimen. 

The specimen stiffness corrected for transducer res- 
onance is given to a good approximation by the 
equation 

k=ka[l - “2.) =ka[l -51 . . . (6) 

lt is recommended that equations (4) and (5) be used 
to select a forte transducer whose resonance fre- 
quency is above the frequency range for which a cor- 
rection to the forte measurement is necessary. 

10.2.3 Correction for apparatus compliance 

If ka is greater than 0,02 k, then the compliance of the 
test assembly is not negligible and the measured dis- 
placement differs significantly from that of the speci- 
men. The following correction shall then be applied: 

kcos 6, = k,(cos 6Ea - ka/km) 
1 - 2(k,lk,)cos (SEI . . . (7) 

where 6, is given by equation (IO). The value of 
kcos6, obtained from equation (7) shall be used in 
place of kaCOS6,a in equation (1) to give a more accu- 
rate estimate for E',. 

NOTE 6 The compliance correction is unnecessary if the 
displacement transducer is located so as to measure the 
Change in clamp Separation or if extensometers are at- 
tached to the specimen. 

10.2.4 Application of a length correction 

Using the measured clamp Separation La for the 
specimen length in equation (1) takes no account of 
some distortion of the specimen within and around 
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0 ISO ISO 6721=4:1994(E) 

the clamp. Applying a small correction to La such that 
the effective length is La + 2 and assuming Z is inde- 
pendent of La yields from equation (1) 

E’ = k(La + I> 

bd COS 6Ea . . . (8) 

where a correction for apparatus compliance has been 
applied where necessary using equation (7). A value 
for the length correction Z may be determined from 
measurements of specimen stiffness k for a series 
of different clamp Separations La. From equation (8), 
a plot of 1 /(kcos 6Ea) against La enables 2 to be deter- 
mined from the intercept at l/(kcos SEa) = 0 and E’ 
from the gradient. 

NOTES 

7 The value for I will vary with the Cross-sectional dimen- 
sions of the specimen and with temperature if this Causes 
significant changes in dynamic modulus. 

8 The derivation of a length correction is unnecessary if 
the dynamic strain is measured using extensometers at- 
tached to the specimen. 

IO.3 Calculation of the tensile loss factor 
tan 6, 

An approximate value for the tensile loss factor is tan 

If ka is greater than 0,02 km then the compliance of the 
loading assembly will influence the accuracy of the 
Phase angle measurement. The loss factor shall then 
be obtained using 

tan&= 1 _ (;;c;6Ea ) --(g) 

NOTE 9 If the origin of the Source of compliance in the 
loading assembly arises through clamped or bolted con- 
nections, there may be a contribution from friction to the 
measured Phase angle 6,,. The magnitude of the resulting 
error increases with the ratio kJk,. This Source of error tan 
be avoided by locating the displacement transducer so that 
the Change in the clamp Separation is measured or by at- 
tathing extensometers to the specimen. 

10.4 Calculation of the tensile loss modulus 

The loss modulus E” shall be calculated from 

E” = E’tan dE . . . (10) 

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 
interlaboratory data are obtained, a precision state- 
ment will be added at the following revision. 

12 Test report 

The test report shall include the following information: 

a) a reference to this part of ISO 6721; 

b to see ISO 6721-1 :1994, clause 12; 
m): 

n) the dynamic strain amplitude given ap- 
proximately by sA/La 
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Figure 1 - Schematic diagram of a suitable loading assembly for determining dynamic moduli by a 
tensile forced non-resonance method 
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