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Foreword

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 1SO 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 w —alse—take t—the—werk—SO—ee ely—with—the f egtrotechnical
Commisgion (IEC) on all matters of electrotechnical standardization.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, .Part 3.

Draft Intgrnational Standards adopted by the technical committees are circulated to the member bodiep for voting.
Publicatipn as an International Standard requires approval by at least 75 % of the memher bodies casting a vote.

Internatignal Standard ISO 6721-10 was prepared by Technical Committee ISO/TC 61, Plastics, SUubcommittee
SC 2, Megchanical properties.

This second edition cancels and replaces the first edition (ISO 6721-10:1997);which has been technically revised.

ISO 6721 consists of the following parts, under the general title PlaStics — Determination of dynamic|mechanical
propertiess:.

— Part|1: General principles

— Part|2: Torsion-pendulum method

— Part|3: Flexural vibration — Resonance-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

— Part|8: Longitudinal@nd shear vibration — Wave-propagation method
— Part|9: Tensile-Vibration — Sonic-pulse propagation method

— Part|10: Complex shear viscosity using a parallel-plate oscillatory rheometer

Annex A lof this part of 1ISQ 6721 is for information nnly
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Plastics — Determination of dynamic mechanical properties —

Part 10:
Complex shear viscosity using a parallel-plate oscillatory
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of 1SO 6721 specifies the general principles of a method for detepmining the dynamic
5 of polymer melts at angular frequencies typically in the range 0,01 rad:s=% to 100 rad-s—1 by 1
y rheometer with a parallel-plate geometry. Angular frequencies outside this range can also b
[he method is used to determine values of the following dynamicirheological properties: cor
77*, dynamic shear viscosity 77, the out-of-phase component of the complex shear viscosity

values typically up to approximately 10 MPa:s (see note 2):

The angular-frequency measurement range is limited by the specification of the measuring instrumen
hse of the specimen. When testing using angular freglencies lower than 0,1 rad-s™! the test time
ly as the time taken to obtain a single measurement is proportional to the reciprocal of the angula
ntly, when testing at low angular frequencies degradation or polymerization of the specimen is more li
an effect on the results. At high angular frequeneies the specimen may distort or fracture at the edge,
g the test results.

The range of complex shear viscosity values that can be measured is dependent on the specimen din|

hchine's torque capacity, angular-displacement resolution and compliance. However, correction can
e effects.

2 Nornmative references
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ving normative dociiments contain provisions which, through reference in this text, constitute
pf 1ISO 6721.<40r dated references, subsequent amendments to, or revisions of, any of these
pply. However, parties to agreements based on this part of ISO 6721 are encouraged to inv
of applying the most recent editions of the normative documents indicated below. For undated
edition~of the normative document referred to applies. Members of ISO and IEC maintain
validunternational Standards.
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ISO 472:1999, Plastics — Vocabulary.

ISO 5725-1:1994, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions.

ISO 6721-1:1994, Plastics — Determination of dynamic mechanical properties — Part 1: General principles.

3 Terms and definitions

For the purposes of this part of ISO 6721, the terms and definitions given in ISO 6721-1:1994, ISO 5725-1:1994 and
ISO 472:1999 apply, plus the following:
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3.1

controlled-strain mode
testing by applying a sinusoidal angular displacement of constant amplitude

3.2

controlled-stress mode
testing by applying a sinusoidal torque of constant amplitude

© ISO

3.3

complex shear viscosity

77*

the ratio of fymamic SUess, given by o(l) = og exp 1ot and dynamic rate of strain y(t), where the shear suain y(t) is
given by (1) = yoexpi(wt — 0), of a viscoelastic material that is subjected to a sinusoidal vibration, where gy and g
are the amplitudes of the stress and strain cycles, w is the angular frequency, ¢ is the phase angle)betiveen the
stress and strain and t is time

It is expressed in pascal seconds.

3.4

dynamic shear viscosity

7

the real part of the complex shear viscosity

The dynamic shear viscosity is expressed in pascal seconds.

3.5

out-of-phasp component of the complex shear viscosity

"

the imaginafy part of the complex shear viscosity

The out-of-phase component of the complex shear viscosity is expressed in pascal seconds.

4 Principle

The specimen is held between two concentric, circular parallel plates (see Figure 1). The thickness of the $pecimen
is small compared with the diameter of the plates.

The specimrien is subjected to either a sinusoidal torque or a sinusoidal angular displacement of constart angular
frequency. These are referred to“as "controlled-stress” or "controlled-strain” test modes, respectively. When using
the controll¢d-stress modesthe’resultant displacement and the phase shift between the torque and displacgment are
measured. [When using./the controlled-strain mode, the resultant torque and the phase shift between the
displacemept and torgque are measured.

The complex shear modulus G* shear storage modulus G, shear loss modulus G", phase angle 6 and
correspond|ng shear viscosity terms (see clause 3) are determined from the measured torque and displacement and
the specimén-dimensions ing i d ibits—a-linear-viscoelastic
response.

The mode of oscillation used is designated as oscillatory mode | (see ISO 6721-1:1994, clause 4).

5 Apparatus

5.1 Measurement apparatus

The measurement apparatus shall consist of two concentric, rigid, circular parallel plates between which the
specimen is placed (see Figure 1). One of these plates shall be made to oscillate at a constant angular frequency
while the other remains at rest.
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The requirements on the apparatus are that it shall permit measurement of the amplitudes of the torque and the
angular displacement and the phase difference between them for a specimen subjected to either a sinusoidal torque
or a sinusoidal displacement of constant angular frequency.

A torque-measuring device shall be connected to one of the plates, thus permitting measurement of the torque
required to overcome the viscoelastic resistance of the specimen.

An angular-displacement-measuring device shall be fitted to the moving plate, thus permitting determination of its
angular displacement and angular frequency.

The apparatus shall be capable of measuring the torque to within £2 % of the minimum torque amplitude used to
determln - thC dyllalll;b PIUPCItICD

The appgratus shall be capable of measuring the angular displacement to within 20 x 106 rad.

The apparatus shall be capable of measuring the angular frequency to within £2 % of the absolute value

o0

Key
1 Test specimen

® = angular frequency

d = specimen thickness

D = diamqter of plate

Figure 1 — Parallel-plate rheometer geometry

5.2 Temperature-Gontrolled enclosure

Heating :Lay be,provided by the use of forced convection, radio-frequency heating or other suitable means.

An envifohmental chamber surrounding the plate/specimen assembly can be used to provide gpecific test
environments, for example a nitrogen atmosphere.

Check that the chamber is not in contact with the plate/specimen assembly.
5.3 Temperature measurement and control

The test temperature should preferably be measured using a device that is either in contact with or embedded in the
fixed plate.

The test temperature shall be accurate to within £0,5 °C of the set temperature for set temperatures up to 200 °C,
within £1,0 °C for temperatures in the range 200 °C to 300 °C, and within £1,5 °C for temperatures above 300 °C.

The temperature-measuring device shall have a resolution of 0,1 °C and shall be calibrated using a device accurate
to within £0,1 °C.
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5.4 Plate/specimen assembly
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The plate/specimen assembly comprises two concentric, circular parallel plates with the specimen held between
them. The plates shall have a surface finish corresponding to a maximum roughness of Ra= 0,25 um and shall have
no visible imperfections.

The results may be dependent on the type of material that is used to form the surfaces of the plates. This can be
identified by testing using plates with different surface materials.

The plate diameter D is typically in the range 20 mm to 50 mm. It shall be measured to within £0,01 mm.

The speci

en thickness d is defined by the plate separation and shall be determined to within £0,04

recommended that the specimen thickness lie in the range 0,5 mm to 3 mm and that the ratio of the plate
to the specimen thickness lie in the range 10 to 50 in order to minimize errors in the determination of propd
low-viscosity polymeric liquids, it may be necessary to employ dimensions outside these recomrmiended ra

mm. It is
diameter
rties. For
ges. The

total variatign in the plate separation due to non-parallelism of the plates shall be less than £0,01 mm. Variation in
the plate separation during testing shall be less than £0,01 mm.

5.5 Calibration

The rheomieter shall be calibrated periodically by measuring the torque, angular-displacement and|angular-
frequency response of the machine, or by using reference liquids of known. complex viscosity, in accordance with
the instrument manufacturer's instructions. It is preferable that the complex-viscosities of reference liquidg used for
calibration Ile in the same range as those of the specimens to be measured.

It is prefera

hle that calibration be carried out at the test temperature:

6 Sampling

The sampling procedure, including any special méthods of specimen preparation and introduction|into the
rheometer, ghall be as specified in the relevant materials standard or as otherwise agreed.

As the test ppecimens are typically small, being-of the order of 3 g to 5 g, it is essential that they are reprgsentative
of the matefial being sampled.

If samples pr specimens are hygroscapic or contain volatile ingredients, then they shall be stored to prevent or
minimize arly changes in viscosity{ Drying of samples may be required prior to preparing test specimens.

The test spgcimens shall be_inthe form of a disc when produced by injection or compression moulding or by cutting
from sheet.|Alternatively, they may be formed by placing pellets or liquid or molten polymer between the plates. The

specimen may be introduced in the molten state only if it is not sensitive to oxidation or loss of volatile matte

The specini
discolourati

en shall-hot contain any visible impurities or air bubbles. The specimen shall not show any
DN prior to or after testing.

r.

obvious

7 Proced

ure

7.1 Test temperature

Generally, because of the temperature dependence of viscosity, measurements for comparison purposes must be
carried out at the same temperature. Details shall be as specified in the relevant materials standard or as otherwise
agreed.

7.2 Zeroing the gap

Allow the apparatus to come to thermal equilibrium at the desired test temperature. The suggested equilibrium time
is 15 min to 30 min. Bring the plates into contact with each other. Set the gap indicator to zero.

4


https://standardsiso.com/api/?name=245cd2c755e3a7c8a1f32898042674d9

©1SO ISO 6721-10:1999(E)

7.3 Introducing the test specimen

The specimen shall be loaded into the instrument in either the solid or the molten state as specified in clause 6. It shall
completely fill the gap between the two plates. Any excess material round the edges of the plates shall be removed
before testing is started. The specimen may need to be slightly squeezed after trimming to promote good contact, but
precautions shall then be taken to ensure that the specimen does not extend beyond the edges of the plates.

The specimen and plates shall then be allowed to reach thermal equilibrium at the test temperature. This period of
time is referred to as the preheat time. For any particular instrument, plate/specimen assembly geometry, polymer
type, sample thickness, loading procedure and test temperature, the preheat time shall be determined by repeating
the measurement but using a preheat time that is 10 % greater (see note), If there is no change in the measured
values of the complex shear modulus G*, shear storage modulus G' and shear loss modulus G", then the preheat
time is syfficient for thermal equilibrium to have been established.

NOTE This check can be incorporated into the time-sweep test for thermal stability of the sample (see,7.6).

When th¢ instrument and specimen have reached the test temperature, measure the spegimen thickness d, which is
equivalent to the plate separation (see 5.4). This value of the specimen thickness shall'be ‘Used in all calgulations.

7.4 Conditioning the test specimen

The test|specimen may be conditioned before testing by holding it at zero shear at the test temperature for a
specified|period of time and/or by pre-shearing.

7.5 Test mode (controlled stress or controlled strain)
Measurements are made using instruments either in a controlled=strain mode or in a controlled-stress made.

In the cpntrolled-strain mode, a sinusoidal displacement*is produced at constant angular frequengy, and the
resultant|sinusoidal torque and the phase shift between'the torque and displacement are measured.

In the controlled-stress mode, a sinusoidal torque is applied at constant angular frequency, and the resultant
sinusoidal displacement and the phase shift hetween the torque and displacement are measured.

Measurement of the dynamic rheological .properties of specimens in accordance with this part of ISO 6721 is
restricted to the linear-viscoelastic region*of behaviour. Linear-viscoelastic behaviour is defined, for the purposes of
this part pf ISO 6721, as behaviourin-which the viscosity or modulus is independent of the applied streps or strain.
This asspmption is necessary for-the analysis of the test data. It is therefore necessary for the gmplitude of
oscillation in the controlled-stress or controlled-strain modes to be set such that the deformation of the specimen
occurs w(thin the linear-visgoelastic region.

For methjods of determining the limits of the linear-viscoelastic behaviour region, see 7.7.

7.6 Determination of thermal stability of sample material

Before testlng a partlcular material, carry outa tlmed run at the test temperature to determine the therma
the matekak—Fhe—rur-shal-bemade-tsirg-the-same—plate/specimen—assembly-geeme frequencies
and torque or angular dlsplacement S|m|Iar to those to be used in subsequent testlng It may be necessary to carry
out runs at more than one frequency of oscillation (see note 1). The thermal-stability time is defined as the time
taken from the start of the run to the point in time at which any of the measured values of G*, G' and G" have
changed by 5 % from their initial value (see note 2). It shall be expressed as a time at a given temperature and
angular frequency, for example 500 s at 250 °C and 1 rad/s. Subsequent measurements on new specimens from
the same sample at that temperature shall be completed in a time shorter than the thermal-stability time.

NOTE 1 Specimen-degradation effects on rheological properties are normally most easily identifiable when testing at low
frequencies of oscillation.

NOTE 2 It may be necessary to discard initial spurious results when determining the initial modulus values.
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For some materials, it may not be possible to obtain the desired results within the thermal-stability time due to rapid
degradation or crosslinking of the material. In such cases, the test report shall state the percentage change in
modulus occurring over the duration of the test, this value having been determined from timed runs.

7.7 Determination of region of linear-viscoelastic behaviour
7.7.1 In the controlled-strain mode

When working in the controlled-strain mode, determine the maximum permissible amplitude of oscillation by
performing a strain run. The strain run shall be made using the same plate/specimen assembly geometry, and
angular frequency and temperature similar to those to be used in subsequent testing. It may be necessary to carry

out strain m
viscoelastic
range of va

Measure th
amplitude ¢
linear-visco

The maxim
which a diff
the linear-v|
shall be sta

NOTE F

easurements at more than one oscillation frequency to check for any dependence of the limit
behaviour on the angular frequency. Test the specimen by increasing the amplitude of oscillati

b complex shear modulus G*, shear storage modulus G' and shear loss modulus G"™as functig
f oscillation to determine the maximum permissible amplitude of oscillation for measurements
blastic region.

im value of the strain to be used in actual testing shall be less thanthe-“lowest value of the]
brence of 5 % occurred in the values of any of the parameters G*, G'«or'G" compared with their
scoelastic region. If it is not possible to determine properties within the linear-viscoelastic re|
ed in the test report.

br some materials, the linear-viscoelastic region is confined towvery small strains. The associated me

errors preve

7.7.2 Inth

When work|
stress run. ]
and temper
more than
frequency.
torque, meg

Measure th
torque to dg

The maxim
torque at wi

values in the linear-viscoglastic region. If it is not possible to determine properties within the linear-vis

region, this

7.7.3 Conff

1

t properties being determined reliably in this region.
controlled-stress mode

ng in the controlled-stress mode, determine the,range of linear-viscoelastic behaviour by per
[ he stress run shall be made using the same™plate/specimen assembly geometry, and angular f
ature similar those to be used in subsequent testing. It may be necessary to carry out measure
bne frequency to check for any dependence of the limit of linear-viscoelastic behaviour on th
Test the specimen by increasing/the torque over a range of values, preferably commencir
sured at the edge of the plate, of.not more than 1 %.

b complex shear modulus_G*) shear storage modulus G' and shear loss modulus G" as functig
im value of the applied torque to be used in actual testing shall be less than the lowest val
nich a deviation.ef’5 % occurred in the values of any of the parameters G*, G' or G" compared

shall be stated'in the test report (see note to 7.7.1).

rmatien-of linear-viscoelastic behaviour

A further check may be carried out to confirm that measurements have been made within the linear-vig

ues, preferably commencing with a strain, measured at the edge of the plate, of not more.than 1

termine the maximum permissible torque for measurements within the linear-viscoelastic regior].

of linear-

pn over a

%.

ns of the
vithin the

strain at
values in
gion, this

hsurement

orming a
requency
ments at
b angular
g with a

ns of the

e of the
with their
coelastic

coelastic

region. Assuming such behaviour, then for an applied sinusoidal displacement or torque the resultant output of
torque or displacement, respectively, will also be sinusoidal. A non-sinusoidal output indicates that the behaviour is
non-linear. In such cases, the assumptions made in the analysis of the experimental data are not valid and
consequently the modulus and viscosity values determined are incorrect. If such checks have been made, this shall
be stated in the test report.

7.8 Frequency run

When carrying out a frequency run on a specimen, it is necessary to check for degradation, particularly when testing
at low frequencies, and for distortion or fracture of the specimen at high frequencies.
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Changes in the specimen due, for example, to degradation, crosslinking or melt fracture can affect the test results.
The effect of such changes can be identified by carrying out at the end of a test a repeat measurement on the same
specimen at the conditions used at the start of the test, and then comparing the results.

If distortion of the specimen at the edges of the plates, commonly known as melt fracture, occurs, then those
measurements shall be invalid. However, results obtained prior to distortion of the specimen remain valid.

7.9 Temperature run

When carrying out a temperature run from a low to a high temperature, it is necessary to ensure good physical

contact between the specimen and the plates, preferably by meltin

testing, gnd cooling to the starting temperature as necessary.

When p

See also|7.8 concerning degradation and distortion of the specimen.

8 Expression of results

8.1 Symbols used

D platg diameter, expressed in metres;
d platg separation, expressed in metres;
T torglie, expressed in newton metres;

6 angylar displacement, expressed in radians;

o angylar frequency (of oscillation), expressed in radians per second (@ = 2 =nf where f is the frequency

o shegr stress, expressed in pascals;

¥ shedr strain, expressed as a diménsionless number;
G' shear storage modulus,.expressed in pascals;

G" shedr loss modulus, expressed in pascals;

G* complex shear modulus, expressed in pascals;

dyngmie‘shear viscosity, expressed in pascal seconds;

the specimen between the

rforming temperature runs, consideration shall be given to applying a correction for the
dimensions of the assembly due to thermal expansion. Some systems have software which makes thi
automatigally using the coefficient of linear expansion of the fixture.

la

tes prior to

change in
5 correction

in Herz);

17* complex shear viscosity, expressed in pascal seconds;
0 phase shift or loss angle, expressed in radians;

t  time, expressed in seconds.

out-of-phase component of the complex shear viscosity, expressed In pascal seconds;

8.2 Calculation of complex shear modulus and complex shear viscosity

For a linear-viscoelastic fluid subjected to a harmonic stress o(t),
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o(t)=ocpexpint

resulting in a harmonic strain y(t) given by

y(t)=yoexpi(ot- o)
where
o0p and y, are the amplitudes of the stress and strain, respectively;
) is the angular frequency;
is the phase shift or loss angle between the stress and strain,
The following quantities can be defined:
— shear gtorage modulus G' = oy cos(9)/yy
— shear Ipss modulus G" = oy sin(d) Iy
— complgx shear modulus G*=G +iG"
— dynaml|c shear viscosity 71 =G"w
— out-of-phase component of the
complgx shear viscosity 17'=Glw
— complgx shear viscosity =iy
where i is defined by i = \/Z

Furthermorg, it can be shown that

77*
motion governing the flow-is.given by

D4/320) [G () + IG"(@)}.8) exp (=16)

is the amplitude of the torque;

is the.amplitude of the angular displacement.

G*=id
For forced
equation of

To=(m
where

To

&
This equat

on_assumes that the inertia and compliance terms are small. The errors associated w

© ISO

oscillation of a parallel-plate-assembly and assuming a linear-viscoelastic specimen response, the

th these

assumptions are generally small when testing polymer melts, particularly when using low angular frequencies and
when the stiffness of the specimen is low compared with that of the machine (see note).

NOTE

and Whorlow B3,

Thus, for a given angular frequency, the shear storage modulus G' and shear loss modulus G" are given by

G' = 32dT, cos()/GynD4

and

G" = 32dT, sin(5)/ GynD*

Corrections for the inertia and compliance terms are proposed by various authors, for example Marin[l, Walters[2]
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The phase shift dis determined experimentally.

From the relationships between the shear moduli and the viscosities presented above, the following equations can be

derived:

77':

and

32dT, sin(S)/ wfyrD4

7" = 32dT, cos(5)/ wgynD*

For an ar

}/:

General

and imag
and amp
correctio

outside

basis on

9 Prec

The follg
laborator
reproduc
(see ISO

Two mat
polyprop
moulding
included

gular displacement 6, the strain y in the specimen at the edge of the plate is given by
pD/2d

)
s for inertia and compliance effects, if applied, may vary. Specification of these procedures

t
which the instrument determines modulus and viscosity values shall ke stated in the test report.

sion

bility standard deviations, respectively. r and R are the repeatability and reproducibility limits,
5725-1). mis the mean modulus value at the givén angular frequency.

brials were used for testing in the round robin: an unfilled high-density polyethylene (PE-HD) an
lene (PP). PE-HD specimens were-prfoduced by compression moulding, and PP specimens

poth controlled-strain and controlled-stress type rheometers.

, commercial instruments use software to determine the values of the complex shear modulus|
inary components from the raw data. The method by which they obtain and analyse the raw da
litude and the phase shift between the sinusoidal torque and amplitude ‘functions may var

ne scope of this part of ISO 6721. Where procedures differ fundamentally from that presente

wing precision data were determined during a testcprogramme carried out in 1995041 con
es in total making measurements at three angular frequencies. s, and sg are the repesg

. All samples were supplied to the participants by the organizer of the round robin. The instru

and its real
ta of torque
y. Also, the
is currently
d here, the

hprising ten
tability and
respectively

i an unfilled
by injection
ments used

Polyethylene at 190 °C, G'

Ang
frequ

Mean, m Repeatability Reproducibility

rag-

Pa s (%) r (%) SR (%)

R (%)

6130 3,0 8,4 9,4

6,4

10 25500 2,0 55 8,9

24,8

100 91300 1,6 4,4 7,9

22,2
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Polyethylene at 190 °C, G"
Angular Mean, m Repeatability Reproducibility
frequency
rad-s—1 Pa s (%) r (%) g (%) R (%)
1 8320 1,6 4,5 8,5 23,9
10 28900 1,3 3,7 8,4 23,4
100 79600 1,2 4,3 7.5 21,0
Polypropylene at 210 °C, G'
Angulpr Mean, m Repeatabilit Réprdducibilit
frequerjcy ’ P Y R y
rad-sf! Pa s (%) r (%) sz (%) R (%)
1 1590 3,4 9,4 11,3 317
10 12000 2,5 6,9 10,5 293
100 473800 2,5 7,1 9,3 26|1
Polypropylene\at 210 °C, G"
Angular Mean, m Repeatability Reproducibility
frequerjcy
rad-sf1 Pa S(%) r (%) g (%) R ($0)
1 3880 24 6,6 10,3 28|8
10 15400 2,4 6,8 9,5 267
100 36000 2,7 7,7 9,1 25|6
The uncertginties of measurements carried out in accordance with this part of ISO 6721 are detailed in anngx A.
10 Test report

The test report shall include the following information:

a) areference to this part of ISO 6721;

b) atestreference number;

c) the date of the test;

d) all details necessary to identify the operator;

e) all details necessary for identification of the material tested;

f)  details of preparation and loading of the specimen between the plates;
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9)

h)

)
K)

m)

0)
p)

Q)

ISO 6721-10:1999(E)

a description of the rheometer used, including the plate diameter, plate separation and the material forming the
plate surface;

the test temperature, in degrees Celsius;

the preheating time, in seconds;

deta

the t

ils of the equilibrating time and any pre-shear conditioning;

hermal-stability time, in seconds;

the ]

for t
pasq

or

for t
dime

any
necq

detal

any

any

Pst duration, In seconds;

bsting using the controlled-stress mode, the value of the stress at the edge of the plate, e
als;

psting using the controlled-strain mode, the value of the strain at the edgelof the plate, exp
nsionless number;

of the following, presented as functions of strain amplitude, angular frequency, temperature
ssary:

the shear storage modulus G/, in pascals,

the shear loss modulus G", in pascals,

the complex shear modulus G*, in pascals,

the dynamic shear viscosity 77, in pascal seconds,

the out-of-phase component of the complex viscosity 77", in pascal seconds,
the complex viscosity 7*, in pascal‘'seconds,

the phase shift or loss angle §,"in radians,

tan o;

Is of any corrections applied to the data;

Visual observations of melt fracture or degradation of the specimen;

est conditions agreed on that deviate from this part of ISO 6721.

Xpressed in

essed as a

or time, as
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Annex A
(informative)

Uncertainty limits

Given that the storage and loss moduli are given by the expressions

32dTy coss
=0 (A1)
00 nD
and
3pdTy sins
= >F% '4 (A.2)
90 nD
respectively then the corresponding fractional uncertainties are given by the expressions
s [ d2 ., 2 2, .2 0.5
G = d? + 7 +(coso) + 0% +417 (A.3)
and
G = B2+ B +(sino)® + 0p° +407]°° (A.4)

where the Junderlining indicates the fractional uncertainty in each of the terms. The fractional uncdrtainty is
determined| as the ratio of the uncertainty in the, value of the term, due for example to its calibratign and/or
resolution, fo the value of the term. For example, for the measurement of an angular displacement of 20 X 10-4 rad
at, say, an accuracy of £20 x 10-6 rad, the fractional uncertainty of the measurement is 0,01.

To include ¢ontributions due to the uncertainty in the measurement of angular frequency, temperature dependence
and the effgcts of degradation and non-linear viscoelasticity, then the above expressions for the uncertainfes in the
measuremgnt of G' and G" can be rewritten as follows:

05
g=[92+T02 +(cos5)2+€02 +4 D7 +EZ+¢2+%2+i2] (A.5)
and
05
G” = +Tf +(sino)® + 0g® +4D7 + F* +¢? + DE? + SL?| (A.6)
where
E is the fractional uncertainty due to the error in the angular frequency;
@ is the fractional uncertainty due to the effect of temperature on the viscosity;
DE s the fractional uncertainty due to degradation effects;
SL is the fractional uncertainty due to the effect of non-linear-viscoelastic behaviour.
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