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Foreword

[SO (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.
[SO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordance with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/
iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 45, Rubber and rubber products,
Subcommittee SC 2, Testing and analysis.

This fifth edition cancels and replaces the fourth edition (ISO 1432:2013), which has been technically
revised.

The main changes compared to the previous edition are as follows:

— in Clause 2, normative references have been updated;

— aprecision statement has been added as Annex B.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.

A% © ISO 2021 - All rights reserved
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Rubber, vulcanized or thermoplastic — Determination of
low-temperature stiffening (Gehman test)

WARNING 1 — Persons using this document should be familiar with normal laboratory practice.
This document does not purport to address all of the safety problems, if any, associated with its
use. It is the responsibility of the user to establish appropriate safety and health practices and to
determine the applicability of any other restrictions.

WARNING 2 — Certain procedures specified in this document might involve the use or generation
of substances, or the generation of waste, that could constitute a local environmental hazard.
Reference should be made to appropriate documentation on safe handling and disposal after use.

1 Scope

This document specifies a static procedure, known as the Gehman test, for determining the relative
stiffness characteristics of vulcanized or thermoplastic rubbers over a temperature range from room
temperature to approximately =120 °C.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 18899:2013, Rubber — Guide to the calibration of test equipment

ISO 23529, Rubber — General procedures for preparing and conditioning test pieces for physical test methods

3 Terms and definitions
No terms and definitions are listed in this document.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— 1EC Electropedia: available at http://www.electropedia.org/

4 Principle

The torsional stiffness is measured as a function of temperature, starting from a low temperature. The
stiffness is measured by connecting the test piece in series with a calibrated spring wire and measuring
the angle of twist of the test piece when the top of the wire is turned 180°.

5 Apparatus

5.1 Torsion apparatus, consisting of a torsion head, capable of being turned 180° in a plane normal
to the torsion wire. The top of the wire is fastened to the torsion head. The bottom of the wire is fastened
to the test piece clamp. A device for “friction-free” indication or recording of angle by mechanical or
electrical means shall be provided, permitting convenient and exact adjustment of the zero point. The
indicating or recording system shall allow reading or recording of the angle of twist to the nearest degree.
This principle is shown in Figure 1.

© 1S0 2021 - All rights reserved 1
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5.2 Torsion wires, made of tempered spring wire, of a length of 65 mm * 8 mm, and having nominal
torsional constants of 0,7 mN-m, 2,8 mN-m and 11,2 mN-m. In cases of dispute, the 2,8 mN-m wire shall

be used.
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3  angle measurement
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Figure 1 — Principle of a torsion apparatus

5.3 Test piece rack, made of material of poor thermal conductivity, for holding the test piece in a
vertical position in the heat transfer medium. The rack may be constructed to hold several test pieces.
The rack is attached to a stand. It is advantageous to make the vertical portion of the stand from material
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of poor thermal conductivity. The base of the stand shall be of stainless steel or other corrosion-resistant
material.

Two clamps shall be provided for holding each test piece. The bottom clamp shall be attached to the
test piece rack. The top clamp acts as an extension of the test piece and is connected to the torsion wire
by a rod.

5.4 Heat-transfer medium, liquid or gaseous, which remains fluid at the test temperature and which
does not appreciably affect the material being tested, as prescribed in ISO 23529.

Gases may be employed as the heat transfer medium provided the design of the apparatus is such that
results obtained using them duplicate those obtained with liquids.

NOTE The following fluids have been used satisfactorily:

a) for temperatures down to -60 °C, silicone fluids of kinematic viscosity of about 5 mm?2/s at ambient
temperature, which are usually suitable owing to their chemical inertness towards rubbers, their non-
flammability and their non-toxicity;

b) fortemperatures down to -73 °C, ethanol;

c) for temperatures down to -120 °C, methylcyclohexane cooled by liquid nitrogen (found to be satisfactory
with the use of suitable apparatus).

5.5 Temperature-measuring device, capable of measuring temperature to within 0,5 °C over the
whole range of temperature over which the apparatus is to be used.

The temperature sensor shall be positioned near the test pieces.

5.6 Temperature control, capable of raising the temperature as per 8.2 and 8.3 and maintaining the
temperature of the heat-transfer medium to within +1 °C.

5.7 Container for heat-transfer medium, a bath for a liquid medium, or a test chamber for a gaseous
medium, with means of heating and cooling the coolant to the minimum temperature required.

5.8 Stirrer, for liquids, or fan or blower, for gases, which ensures thorough circulation of the heat-
transfer medium. It is important that the stirrer also moves the liquid vertically to ensure a uniform
temperature in the liquid.

5.9 Stopwatch, or other timing device, graduated in seconds.

6 Calibration

The requirements for calibration of the test apparatus are given in Annex A.

7 Test piece

7.1 Preparation of test piece
Test pieces shall be prepared in accordance with ISO 23520.

The dimensions of the test piece shall be: length 40 mm + 2,5 mm, width 3 mm + 0,2 mm and thickness
2mm + 0,2 mm. [t shall be moulded or cut with a suitable die from a moulded sheet of suitable thickness.

© 1S0 2021 - All rights reserved 3
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7.2 Conditioning of test piece

7.2.1 The minimum time between forming and testing shall be 16 h.

For non-product tests, the maximum time between forming and testing shall be 4 weeks and, for
evaluations intended to be comparable, the tests should be carried out, as far as possible, after the same
time interval.

For product tests, whenever possible, the time between forming and testing should not exceed 3 months.
In other cases, tests shall be made within 2 months of the date of receipt by the customer of the product.

7.2.2 Samples and test pieces shall be protected from light as much as possible during the interval
between forming and testing.

7.2.3 Prepared test pieces shall be conditioned in accordance with ISO 23529 immediately before
testing for a minimum of 3 h at a standard laboratory temperature, the same temperature being used
throughout any one test or series of tests intended to be comparable.

8 Procedure

8.1 Mounting of test piece

Clamp each test piece used in such a manner that 25 mm + 3 mm of the test piece is free between the
clamps. The test piece clamp shall be located in such a position that the specimen is under zero torque
or with a slight pre-load to keep the test piece straight when the temperature changes.

[f the absolute modulus is required, measure the test length of the test pieces to the nearest 0,5 mm, the
width to the nearest 0,1 mm and the thickness to the nearest 0,01 mm.

8.2 Stiffness measurements in liquid media

Make the reference measurement with the standard torsion wire (2,8 mN-m) at 23 °C = 2 °C, either in
air or in the liquid bath.

Place the rack containing the test pieces in the liquid bath with a minimum of 25 mm of liquid covering
the test pieces.

Adjust the angle measuring device to zero. Then turn all test pieces at the same time, or in sequence,
quickly but smoothly, through 180° and record the torsion angle after 10 s. If the test pieces are
measured in sequence, ensure that all the measurements are completed within approximately 2 min. If
the reading at 23 °C does not fall in the range of 120° to 170°, the standard torsion wire is not suitable
for testing the test piece. Test pieces producing twists of more than 170° shall be tested with a wire
having a torsional constant of 0,7 mN-m. Test pieces producing twists of less than 120° shall be tested
with a wire having a torsional constant of 11,2 mN-m.

Remove the test pieces from the liquid bath (assuming the reference measurement has been made in
liquid) and adjust the temperature of the liquid to the lowest temperature desired.

Place the test pieces in the bath with a minimum of 25 mm of liquid covering the test pieces and
maintain them at this temperature for approximately 15 min.

Then increase the bath temperature by one of the two following methods:
a) stepwise by 5 °Cintervals, each increase being made after approximately 5 min;

b) continuously with a heating rate of about 1 °C/min.

4 © ISO 2021 - All rights reserved
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Make the stiffness measurements in the stepwise case after conditioning the test piece for 5 min at
each temperature and in the continuous case at intervals of 1 min maximum. Continue the tests until a
temperature is reached at which the angular twist is within 5° to 10° of the twist at 23 °C.

Record the angle of twist and the temperature at each measurement.

The relative modulus may be plotted on a graph during the test.
8.3 Stiffness measurements in gaseous media

8.3.1 General

Procedures with air, carbon dioxide or nitrogen differ from those with liquid media only in that the
cooling is done with the test pieces in the medium and the length of the conditioning period is different.

8.3.2 Measurements

With the test pieces in the test chamber, adjust the temperature of the chamber to the lowest
temperature desired in approximately 30 min. After this temperature has been maintained constant
for 10 min, make the measurements in a similar way to those in the liquid media, ensuring that all the
test pieces in the rack are tested within 2 min.

Then increase the chamber temperature by one of the two following methods:
a) stepwise by 5 °C intervals, each increase being made after approximately 10 min;
b) continuously with a heating rate of about 1 °C/min.

Make the stiffness measurements in the stepwise case after conditioning the test piece for 10 min at
each temperature and, in the continuous case, at intervals of 1 min maximum. Continue the tests until a
temperature is reached at which the angular twist is within 5° to 10° of the twist at 23 °C.

Record the angle of twist and the temperature at each measurement.

The relative modulus may be plotted on a graph during the test.

8.4 Crystallization

When it is desired to study crystallization or plasticizer effects, the time of conditioning at the desired
temperature should be increased.

9 Number of tests

At least three test pieces of each material shall be tested. It is good practice to include a control rubber
with known twist/temperature characteristics.

10 Expression of results

10.1 Torsional modulus

The torsional modulus of the test piece at any temperature is proportional to the quantity

180—-a
o

where a is the angle of twist, in degrees, of the test piece.

© 1S0 2021 - All rights reserved 5
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10.2 Relative modulus

The relative modulus at any temperature is the ratio of the torsional modulus at that temperature to
the torsional modulus at 23 °C.

The value of the relative modulus for any temperature is readily determined from the angles of twist
at that temperature and at 23 °C, and the ratio of the values of the factor (180 - a)/a corresponding to
those angles.

The temperatures at which the relative modulus is 2; 5; 10 and 100, respectively, are determined using
Table 1 and the twist versus temperature values for the test piece. The first column of Table 1 lists each
degree of twist in the range of 120° to 170°, so that the value corresponding to the twist of the test piece
at 23 °C can be selected.

Successive columns give the twist angles which correspond to values 2; 5; 10 and 100, respectively, for
the relative modulus. The temperatures corresponding to these angles are designated as t,, tc, t;; and
t100, TESpPeEctively.

Table 1 — Twist angles for designated values of the relative modulus (RM)

Twist angle, a, Twist angle, «, in degrees for
in degrees at relative modulus (RM)
23°C RM = 2 RM =5 RM = 10 RM = 100
120 90 51 30 3
121 91 52 31 4
122 92 53 31 4
123 93 54 32 4
124 95 55 33 4
125 96 56 33 4
126 97 57 34 4
127 98 58 35 4
128 99 59 36 4
129 101 61 36 5
130 102 62 37 5
131 103 63 38 5
132 104 64 39 5
133 105 65 40 5
134 107 66 41 5
135 108 68 42 5
136 109 69 42 5
137 111 70 43 6
138 112 71 45 6
139 113 72 46 6
140 114 74 47 6
141 116 75 48 6
142 117 77 49 7
143 119 78 50 7
144 120 80 51 7
145 121 82 53 7
146 123 83 54 7
147 124 85 55 7
148 126 87 57 8
149 127 88 58 8
150 129 90 60 9
151 130 92 62 9
152 132 94 62 9
153 133 96 65 10
154 134 97 67 10
155 136 100 69 11
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Table 1 (continued)
Twist angle, a, Twist angle, «, in degrees for
in degrees at relative modulus (RM)
23°C RM=2 RM=5 RM =10 RM = 100
156 138 102 71 11
157 139 104 73 12
158 140 106 75 12
159 142 108 78 13
160 144 111 80 13
161 146 113 82 14
162 147 116 85 15
163 149 118 88 16
164 151 121 91 17
165 152 124 94 18
166 154 126 98 19
167 156 130 101 20
168 158 133 105 22
169 159 136 109 24
170 161 139 113 26

10.3 Apparent torsional modulus of rigidity

NOTE The rubber industry uses the term equation for the relationships herein termed formula. The term
formula is used to describe the table of ingredients in a rubber compound.

When it is desired to calculate the apparent torsional modulus of rigidity in pascals at various
temperatures, the free length of the test piece shall be accurately measured.

The apparent torsional modulus of rigidity, G, in pascals, is given by Formula (1):

_ 16KL(180—0)

G
bd> o

(1)

where

is the torsional constant, in newton metres, of the torsion wire found at calibration;

K
L isthe measured free length, in metres, of the test piece;
b isthe width, in metres, of the test piece;

d

is the thickness, in metres, of the test piece;

i is the factor based on the ratio b/d taken from Table 2;

a is the angle of twist, in degrees, of the test piece.

© 1S0 2021 - All rights reserved 7
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Table 2 — Values? of factor u for various ratios of b/d

b/d L b/d 1
1,00 2,25 2,25 3,84
1,05 2,36 2,50 3,99
1,10 2,46 2,75 4,11
1,15 2,56 3,00 4,21
1,20 2,66 3,50 4,37
1,25 2,75 4,00 4,49
1,30 2,83 4,50 4,59
1,35 2,91 5,00 4,66
1,40 2,99 6,00 4,77
1,45 3,06 7,00 4,85
1,50 3,13 8,00 491
1,60 3,26 9,00 4,96
1,70 3,38 10,00 5,00
1,75 3,43 20,00 5,17
1,80 3,48 50,00 5,23
1,90 3,57 100,00 5,30
2,00 3,66
2  Values of y have been rounded to two places of decimals.

11 Precision

See Annex B.

12 Testreport

The testreport shall include the following information:

a)

b)

d)

sample details:

1)
2)

a full description of the sample and its origin,

the method of preparation of the test piece from the sample, for example moulded or cut;

test method;:

1)
2)

full reterence to the test method used,

the method used to increase the temperature of the test chamber;

test details:

1)
2)

the heat-transfer medium used,

the number of test pieces used;

test results:

1)

2)

3)

4)

the temperatures t,, ts, t;, and t;yo at which the relative modulus was 2; 5; 10 and 100,
respectively (individual test results plus mean results),

when required, the apparent torsional modulus of rigidity, in pascals, at standard laboratory
temperature (individual test results plus mean results),

when required, the apparent torsional modulus at temperatures other than standard laboratory
temperature (individual test results plus mean results),

when required, the temperature at which the apparent torsional modulus reached a specified
value (individual test results plus mean result);

© ISO 2021 - All rights reserved
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5) when required, a graph of the relative modulus versus temperature;

e) the date(s) of the test.

© 1S0 2021 - All rights reserved 9
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Annex A
(normative)

Calibration schedule

A.1 Inspection

Before any calibration is undertaken, the condition of the items to be calibrated shall be ascertained by
inspection and recorded on a calibration report or certificate. It shall be reported whether calibration
is carried out in the “as-received” condition or after rectification of any abnormality or fault.

[t shall be ascertained that the apparatus is generally fit for the intended purpose, including any
parameters specified as approximate and for which the apparatus does not therefore need to be
formally calibrated. If such parameters are liable to change, then the need for periodic checks shall be
written into the detailed calibration procedures.

A.2 Schedule

Verification/calibration of the test apparatus is a mandatory part of this document. However, the
frequency of calibration and the procedures used are, unless otherwise stated, at the discretion of the
individual laboratory, using ISO 18899 for guidance.

The calibration schedule given in Table A.1 has been compiled by listing all of the parameters specified
in the test method, together with the specified requirement. A parameter and requirement can relate
to the main test apparatus, to part of that apparatus, or to an ancillary apparatus necessary for the test.

For each parameter, a calibration procedure is indicated by reference to ISO 18899, to another
publication or to a procedure particular to the test method which is detailed (whenever a calibration
procedure which is more specific or detailed than that in ISO 18899 is available, it shall be used in
preference).

The verification frequency for each parameter is given by a code-letter. The code-letters used in the
calibration schedule are:

C requirement to be confirmed but no measurement;
N initial verification only;
S standard interval as given in ISO 18899;

U in use.

10 © ISO 2021 - All rights reserved
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Table A.1 — Calibration schedule

i Verification
Parameter Requirement Subclause in frequenc Notes
q 1SO 18899:2013 quency
guide
Torsion head Capable of rotating 180° C N
Device for indication |Friction-free C N
of angle Means of accurately C N
setting zero
Measurement of +1° 159 S
angle
Base of stand Corrosion-resistant C N
material
Nominal torsional 0,7 mN-m P S
constants of torsion |2,8 mN-m See A.3
wires 11,2 mN-m
Torsion wire length |65+ 8 mm 15.2 S
Test piece rack Material of poor C N
thermal conductivity
Clamps One connected to the rack, C U
one not touching
the rack
Temperature-meas- |+0,5 °C and near to the 18 S
uring device test pieces
Bath or test chamber |To contain heat-transfer C u As shown by tem-
medium and maintain it perature indicator
at +1 °C
Stirrer or fan To ensure thorough C N
circulation of medium,
including vertical
movement
Stopwatch +1s 23.1 S
Heat-transfer medi- |See suitable examples in
um 2.4

In addition to the items listed in Table A.1, use of the following is implied, which shall be calibrated in
accordance with ISO 18899:

— instruments for determining dimensions of the test pieces.

A.3 Calibration of torsion wire

NOTE The rubber industry uses the term equation for the relationships herein termed formula. The term
formula is used to describe the table of ingredients in a rubber compound.

Insert one end of the torsion wire in a vertical position in the fixed clamp and attach the lower end of
the wire at the exact midpoint of a uniform rod of known dimensions and mass. (It is suggested that the
length of the rod be 200 mm to 250 mm and the diameter about 6,4 mm.)

Swing the rod through an angle of not more than 90° and then release it. Allow it to oscillate freely in
a horizontal plane and note the time, in seconds, for 20 oscillations. (An oscillation includes the swing
from one extreme to the other, and the return.)

© 1S0 2021 - All rights reserved 11
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The moment of inertia of the rod, I, expressed in kilogram metres squared, is given by Formula (A.1):

_ ml?

J=——_
12

(A.1)

where

m is the mass, in kilograms, of the rod;

L isthe length, in metres, of the rod.

The torsional constant of the wire (i.e. the restoring torque per radian), K, expressed in newton metres,
is given Formula (A.2):

K=4m2 (A.2)

where T is the period, in seconds, of one oscillation.

The torsion wires shall calibrate to within + 5 % of their specified torsional constants.
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Annex B
(informative)

Precision

B.1 General
The following interlaboratory test programme (ITP) was initially carried out in 2017.

All calculations to provide repeatability, day-to-day repeatability and reproducibility values were
performed in accordance with ISO 19983. Precision concepts and nomenclature are also given in

[SO 19983.

Instead of being removed, the outliers were replaced with the value(s) on the regression line obtained
for each laboratory to the laboratory number.

B.2 Precision results from the ITP

B.2.1 Programme details

The ITP was organized and conducted in 2017. Cured test pieces were prepared in one laboratory and
sent to all 6 participating laboratories.

A total of four compounds were used in the test. The samples were designated as NR, EPDM, NBR
and FKM.

The test pieces were provided ready for use with dimensions in accordance with those presented in
this document.

The number of laboratories on which precision data for each property is based is given in Tables B.1 to B.4.

The ITP was conducted over a period of two sequential weeks. On a specified day in each of these two
weeks, three individual measurements were performed on all four materials. The test result of each
week is the mean value of the three individual measurements. All analysis was conducted on the basis
of these test results.

The participating laboratories were encouraged to use two equally competent operators (if available)
for this ITP: Operator 1 for test week 1 and Operator 2 for test week 2. The aim of the use of different
test pieces and different operators and the repetition over two test weeks was to include such normal
variation sources in the final or pooled combined database. Thus, the precision values represent more
reliable and realistic values compared to the usual ITP results which constitute a “single point in time”
estimate of precision.

For each test piece, t,, tc, t;p and t;5; were measured.

B.2.2 Precision results

The precision results are listed in Tables B.1 to B.4.

The precision results as determined by this ITP should not be applied to acceptance or rejection
testing for any group of materials or products without documentation that the results of this precision
evaluation actually apply to the products or materials tested.

© 1S0 2021 - All rights reserved 13
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Table B.1 — Precision data for t, by using Method A in ISO 19983:2017

Compound l:liaelll >r 4 >rD D °R i lah:r{;t[;ies
NR -47,48 0,93 2,62 0,93 2,62 2,11 5,98 6
EPDM -37,56 0,54 1,52 0,54 1,52 2,96 8,37 6
NBR -9,74 0,65 1,85 1,35 3,83 3,68 10,41 6
FKM 1,24 0,42 1,17 0,42 1,17 1,06 3,01 6
Average @ 0,63 1,79 0,81 2,28 2,45 6,94

3 Simple averages calculated.

Explanation of symbols:

s, = repeatability (within-laboratory) standard deviation (in measurement units);
r = repeatability (in measurement unitsj;

s,p = day-to-day repeatability standard deviation (in measurement units);

rp = day-to-day repeatability (in measurement units);

sp = reproducibility (between-laboratory) standard deviation (for total between-laboratory variation in measurement units);

R = reproducibility (in measurement units).

Table B.2 — Precision data for ; by using Method A in ISO 19983:2017

Hontfpann r;:.raelll >t : >rD "D °R i Iah(ﬁ*{;tg:fries
NR -52,67 0,38 1,07 0,38 1,07 0,76 2,16 6
EPDM -42,24 0,30 0,85 0,35 0,98 1,97 5,57 6
NBER -2193 0,44 1,24 0,55 1,54 1,84 5,20 6
FKM -2,58 0,13 0,37 0,13 0,37 0,79 2,24 6
Average 3 0,31 0,88 0,35 0,99 1,34 3,79
A  Simple averages calculated.
For the explanation of symbols, see Table B.1.
Table B.3 — Precision data for t,, by using Method A in ISO 19983:2017
Compound shls s r s r s R b2 L .
level r rD D R laboratories
NR -55,12 0,24 0,67 0,24 0,67 0,74 2,10 6
EPDM -44,74 0,23 0,66 0,36 1,02 1,80 5,09 6
NBR -24,65 0,33 0,93 0,43 1,21 2,08 5,90 6
FKM -4,02 0,13 0,37 0,14 0,40 1,05 2,98 6
Average @ 0,23 0,66 0,29 0,83 1,42 4,01

a  Simple averages calculated.

For the explanation of symbols, see Table B.1.
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Table B.4 — Precision data for t,,, by using Method A in ISO 19983:2017

BT r;::i'll >r : >rD "D °R i lah:r[;t?:n{*ies
NR -60,29 0,15 0,42 0,21 0,58 0,71 2,00 6
EPDM -53,25 0,56 1,59 0,65 1,83 1,64 4,65 6
NBR -31,35 0,33 0,93 0,43 1,21 2,08 5,90 6
FKM -13,45 0,46 1,30 0,58 1,65 6,43 18,21 6
Average @ 0,38 1,06 0,47 1,32 2,72 7,69
a4 Simple averages calculated.
For the explanation of symbols, see Table B.1.
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