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Forewo

rd

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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Plastics — Determination of dynamic mechanical
properties —

Part 6:

Sh

ear vibration — Non-resonance method

1
This

Scope

document describes a forced, non-resonance method for determining theCcompon

sheadr complex modulus G* of polymers at frequencies typically in the range 0,1°\Hz to 100

freq
likel
the 1

NOTE

of th
ISO 4

This
ther
freq
dete)
usin
freq

2

The
cons
und{

ISO

For 1

ISO

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 0,1 MPa to 50 MPa.

L

Although materials with moduli greater than 50 MPa can be studied, more accurate m
eir dynamic shear properties can be made using a torsional mede of deformation (see ISC
721-7).

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 andtemperature enables master plots to
b frequency/temperature shift procedureszwhich display dynamic properties over 3
iency range at different temperatures.

Normative references

titutes requirements 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
he purpgses of this document, the terms and definitions given in ISO 6721-1 apply.

ind 1EC maintain terminological databases for use in standardization at the following a

ents of the
Hz. Higher-
pasured are
re moduli in

pasurements
6721-2 and

D2 and can
brature and

1lency through most of the glass-rubber relaxatienregion (see ISO 6721-1). The availabjility of data

be derived,
n extended

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

hpplies. For

ited references, the lateStedition of the referenced document (including any amendments) applies.

hciples

ddresses:

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

[EC Electropedia: available at http://www.electropedia.org/

4 Principle

A test-specimen assembly is subjected to a sinusoidal shear force or deformation at a frequency
significantly below the fundamental shear resonance frequency (see 10.2.2). The amplitudes of the
force and displacement cycles applied to the test-specimen assembly and the phase angle between
these cycles are measured. The storage and loss components of the shear complex modulus and the loss
factor are calculated using 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 test specimen assembly subjected to
a sinusoidal shear force or deformation. Various designs of apparatus are possible: a suitable version is
shown schematically in Figure 1. The shear test-specimen assembly consists of two identical specimens
S of the pofymer bonded to or clamped between metal end-pieces P1 and Pz. A sinusoidal forfe is
generated Hy the vibrator V and applied to the two outer end-pieces P1 of the test-specimen assembly
through the¢ clamping device C; of the shear load stage. The amplitude and frequency of the_vibrator

table displ

at its centr
shear defor
assembly is

Alternative

The membe
specimen a
enclosed in

While each
assembly, t
compliance

A clamping
simple shed
assembly rg

ement are variable and monitored by the transducer D. The test-specimen assembly is
e Py by a fixed clamp Cp, and thus each specimen S of the polymer is subjected to si
mations of equal magnitude. The sinusoidal force applied in deforming\the test-speci
monitored by a force transducer F connected to Cy.

y, the force can also be calculated from the current supplied to thé-vibrator.

rs between the clamps C1 and V, and between C; and F, shall be’ much stiffer than the
ssembly and shall have a low thermal conductance if thestest-specimen assembly is {
a temperature-controlled cabinet.

member of the loading assembly may have a much higher stiffness than the test-speci
he presence of clamped or bolted connections ddn significantly increase the appai
It may then be necessary to apply a compliance‘correction as described in 10.2.4.

arrangement may be used in which a single specimen of the polymer is subjected

sulting from the application of load. to the specimen does not influence the measurem

of the dyna

ic shear force and displacement.. Measurements of the deformation of the specimen

held
mple
men

test-

o be

men
atus

to a

r deformation, but precautions shall then be taken to ensure that any torque in the loading

ents
may

the
ing

also be made by locating the displacement transducer so as to measure the relative displacement
two parts Cj and Cy of the load stage. The magnitude of the correction for the compliance of the lo
assembly wijill then become small or negligible (see 10.2.4).

5.1.2 Lodd stage

The shear Ipad stage shall beycapable of gripping the test-specimen assembly with sufficient for¢e to
prevent any relative moyvément between the metal blocks P of the test-specimen assembly and the(load
stage clamys, and to maintain the force at low temperatures. Any misalignment of the load stage with
respect to the force€ransducer will produce a lateral component of the force applied to the transducer
during loadjng of the test-specimen assembly. The alignment of the loading assembly and test-specimen
assembly shall‘be such that any lateral component recorded by the transducer is less than 1 % of the
applied 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 test-
specimen assembly for the purpose of determining dynamic properties.
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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
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rding to ISO 6721-1.

Test specimens

General

rding to ISO 6721-1.

Shape and dimensions

bus shear test specimen assemblies can be used. A suitable design is shown in Figure
1| end-pieces P are cylindrical, but any cross-sectional shape is suitable as long as thg
be clamped rigidly in the shear load stage. The~dimensions of the end-pieces and 4

gible in comparison with that of the specimens. For a polymer whose shear modulus

pecimens.

cross-sectional shape of the polymer specimens in the plane of their bonded faces is
ugh a rectangular section is‘recommended in order to simplify the application
esenting the contribution to the'specimen deformation from bending. See Formula (1).

specimens are typically cut from a sheet of the polymer and bonded to the end-pieces {
hear test-specimen @ssembly. The dimensions of each polymer specimen shall not v3
3 % of the mean Valte. This dimension shall be sufficiently large to allow adequate
hieved in the determination of dynamic strain and hence dynamic moduli [see Forn
ion, it is recommended that the dimension h of the polymer in the direction of the 2
ld be greater‘than 4L in order to make the correction for bending negligible.

A-variation in dynamic properties can be observed between specimens of differe
hred by injection moulding owing to differences which can be present in the structure of the poll
ngen.

»

2. Here the

end-pieces
he polymer

imens S shall be chosen such that the deformation of the end-pieces under an applied load is

is less than

MPa, this will mean that the thickness of the end-pieces may be comparable with the thiickness L of

not critical,
of a term

o construct
ry by more
hccuracy to

hula (1)]. In
pplied load

nt thickness
ymer in each

6.3

Preparation of polymer specimens

According to ISO 6721-1.

7 Number of test specimens

According to ISO 6721-1.

8 Conditioning

According to ISO 6721-1.
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9 Procedure

9.1 Test atmosphere

According to ISO 6721-1.

9.2 Measuring the cross-section of the polymer specimen

According to ISO 6721-1.

9.3 Clam

Mount the t
relative mo

9.4 Vary

According t

9.5 Perfgrming the test

Apply to the
amplitudes

If the sheai
depend on

and the ten
at very low
behaviour @

recording any change in dynamic stiffness with strain amplitude. A low frequency should be use

this purpos
is detected

Record the
displaceme
ranges of fn
and measur
is then rep¢d

ping the test assembly

est specimen assembly in the load stage using a clamping force that is sufficientto)pre
yement between each clamp and the associated end-piece under all test conditiens.

ng the temperature

p 1SO 6721-1.

which can be measured by the transducers to the accutacy specified in 5.1.3.

strain exceeds the limit for linear behaviour, then the derived dynamic properties

dynamic strains in carbon-particle-filled\fubbers. The dynamic strain range for li
an be explored by varying the dynamic displacement amplitude at a constant frequency

e to minimize any temperature incfease caused by mechanical loss. If nonlinear behay
n the strain range of interest, the dynamic strain limit should be recorded in the testre

amplitudes of the phase-difference between and the frequencies of the force
nt signals, as well as thetemperature of the test. Where measurements are to be made
equency and temperature, it is recommended that the lowest temperature be selected
ements made increasing frequency, keeping the temperature constant. The frequency r
ated at the next higher temperature (see ISO 6721-1).

For test co
rubber tra

to give a sig

increasing
the transd

be minimized

ditions undérwhich the polymer exhibits medium or high loss (for example in the g
sition region), the energy dissipated by the polymer may raise its temperature sufficig
pnificant ehange in dynamic properties. Any temperature rise will increase rapidly
btrainsamplitude and frequency. If the data-processing equipement is capable of analy

he magnitude of the applied strain. This limit varies with the composition of the poly
perature, and is typically in the region of 0,2% for glassy plastics, but the effect is evident

vent

e shear test-specimen assembly a dynamic force which yields force and displacement signal

will
mer

near
and
1 for
iour
bort.

and
over
first
hnge

lass-
ently
with
sing
will

cer outputs within the first few cycles, then the 1nf1uence of any temperature rise

ature

continues to rise, and such observatlons will 1nd1cate the need to exercise some cautlon in the
presentation and interpretation of results.
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10 Expression of results

10.1 Symbols

A bonded area of the specimens, in square metres

f measurement frequency, in hertz

fr resonance frequency of the force transducer, in hertz

fs resonancefrequencyofthe test-specimen,inhertz

Gy ¢’ assembly apparent and corrected shear storage modulus, in pascals

G" shear loss modulus, in pascals

h mean of the specimen heights, in metres, in the direction ofthe applied logd

ka, K measured and corrected magnitude of the complex stiffness of the test-specimen as-

sembly, in newtons per metre
kr stiffness of the force transducer, in newtons per ;metre

Koo measured stiffness of a metal bar, in newtons per metre, whose cross-sectipnal dimen-
sions are the same as those of the end-pieces of the shear test-specimen asjsembly (see
Note). This bar shall be at least 100 times stiffer than the stiffest polymer $pecimen to

be tested
L mean of dimension of each polymer specimen between bonded faces, in mgtres
mg mass of that part of the loading assembly between the force transducer and the test-spec-

imen assembly, in kilograms
SA measured amplitude/of the dynamic displacement, in metres
tan ¢ga, tan g apparent and-Corrected shear loss factor

8Ga, §G measured and corrected phase difference, in degrees, between the force apd displace-
ment cyeles

AFp measured amplitude of the dynamic force, in newtons
NOTE The magnitude of ke will give an estimate of the stiffness of the loading assembly which fis equivalent

to a §pring connected in series with the shear test-specimen assembly and will enable a correction fpr apparatus
compliance.te be deduced (see 10.2.4).

10.

10.2.1 General

An approximate value for the shear storage modulus G'; is determined from Formula (1):

a

AF 2 ' k L 2 1
:—Axkx 1+L—><G—' cos8g, =—— 1+L—><G—' cosdg, (1)
sy A he E A he E

The term in square brackets accounts for a contribution from bending to the deformation of the
specimen. Values for G'/E' typically range from 0,37 for isotropic glassy or semicrystalline polymers to
0,33 for rubbers.

© IS0 2019 - All rights reserved 5
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10.2.2 Avoidance of test assembly resonance

Formula (1) becomes invalid as the drive frequency approaches the fundamental shear resonance
frequency fs of the test-specimen assembly given approximately by

1

fs:Z

G',

p

o

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

An error in the use of Formula (1) becomes significant at applied frequencies such that

(2)

Calculation

Gl

—a

1/2
=0,08f,
p

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

L

10.2.3 Correction for transducer resonance

At sufficien
The resona

_1
2™

fr

[ly high frequencies, the applied deformation will excite the forcéitransducer into resond
\ce frequency fF is given by Formula (4).

)

ke
mg

The transdiyicer output will have a significant error for all applied frequencies.

f£>0,1)

The resona

[r

ce frequency fr of the force transducer and supported mass mg can be determined dir

by recordinjg the natural frequency of the transducer output after striking the attached clamp wit

the test-spe

The test-sy
approximat

kzka[

It is recom
frequency i

cimen assembly.

ecimen assembly stiffness™corrected for transducer resonance is given to a
ion by Formula (6).
4n’mg 2 f?
| ———— |=k, 1——2
kg f¥

nended that-Formulae (4) and (5) be used to select a force transducer whose reson
5 above the frequency range for which a correction to the force measurement is necessg

10.2.4 Corlrection for apparatus compliance

(3)

\:nce.

(4)

(5)

ectly
hout

rood

(6)

ance
ry.

If ka exceeds 0,02k« the compliance of the test-specimen assembly is not negligible and the measured
displacement differs significantly from that of the assembly. The following correction shall then be

applied:
kcosdg

where ¢ is

k, (cosbg, —k, /k..)
1-2(k, / k., )cosdg,

given by Formula (8).

(7)

© ISO 2019 - All rights reserved
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The value of k cos §g obtained from Formula (7) shall be used in place of k; cos 6g, in Formula (1) to

give

a more accurate estimate for G',.

NOTE The compliance correction is not necessary if the displacement transducer is located so a
the relative displacement of the two parts of the shear stage.

10.3 Calculation of the shear loss factor tan g

Ana

pproximate value for the shear loss factor is tan dga.

s to measure

If k, exceeds 0,02ke the compliance of the loading assembly will influence the accuracy of the phase

angl

NOT
bolt¢
mag
loca
ism
10.4
Calc

10.5

Accd

11
The

12
The

b)

£ measurement. 1 nhe loss 1actor shall then be obtained using rormula (6].

tandg,
1-(k, / k., )cosdg,

[and; =

E If the origin of the source of compliance in the loading assembly arises through
ed connections, there can be a contribution from friction to the meaSured phase an
hitude of the resulting error increases with the ratio k;/ke. This sourge of error can bg
ing the displacement transducer so that the relative displacementgfthe two parts of th|
basured.

| Calculation of the shear loss modulus
1late the loss modulus G” from Formula (9).

;”=G"tand

b Presentation of data as a function of temperature

rding to ISO 6721-1.

Precision

lest report
test report shall contain the information given in the test report of ISO 6721-1 plus the
referenceto this document (i.e. ISO 6721-6);

Fhe"dynamic shear strain amplitude, given approximately by sa/L.

(8)

clamped or
rle 6Ga- The
avoided by
e load stage

9

precision of this test meéthod is not known because interlaboratory data are not available.

following:
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Key

1

2 clamps

3  metaler

4  displace]

5  vibrator

6  polymer
Figure 1 -

8

force trgnsducer F

[1, C2

d-pieces P1, P;
ment transducer D
\'%

specimens.S

by a shear forced non-resonance method

- Schematic diagram of a suitable loading assembly for determining dynamic moTuli
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