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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. ISO 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 document should be noted. This document was drafted in accordance with the editorial rules of the
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Introduction

When a constant strain is applied to rubber, the force necessary to maintain that strain is not constant but
decreases with time; this behaviour is called “stress relaxation”. Conversely, when rubber is subjected to a
constant stress, an increase in the deformation takes place with time; this behaviour is called “creep”.

Tests in compression are normally made under continuous stress conditions (i.e. the test piece remains
strained throughout the test), and are hence a measure of sealing force. Note that the terms continuous
and discontinuous used in this standard refer to whether the measure of force is made continuously of at

intervals.

Tests to use stress relaxation in tension as a measure of ageing are given in [SO 6914.

The proce
conditions
or short ti
times cher

If the lifet
ISO 11346

In additio
necessary
also influe

The most
relaxation

bses responsible for stress relaxation can be physical or chemical in nature, and under
both types of process will occur simultaneously. However, at normal or low tempgeta
nes, stress relaxation is dominated by physical processes, while at high temperatures a
hical processes are dominant.

ime of a material is to be investigated, it can be determined using-the method de

h to the need to specify the temperatures and time intervals, in-a stress relaxatior
to specify the initial stress and the previous mechanical histofy of the test piece since
nce the measured stress relaxation, particularly in rubbers-containing fillers.

important factor in achieving good repeatability .and reproducibility when mak]
tests is to keep the temperature and compression censtant during all measurements.

all normal
fures and/
ind/or long

scribed in

test, it is
these can

ing stress

© IS0 2024 - All rights reserved

\%


https://standardsiso.com/api/?name=55ccd8b1cbdb0289a74fba51ef1f1078



https://standardsiso.com/api/?name=55ccd8b1cbdb0289a74fba51ef1f1078

Internati

onal Standard ISO 3384-1:

2024(en)

Rubber, vulcanized or thermoplastic — Determination of

stress

Part 1:

relaxation in compression —

Testing at constant temperature

WARNIN

1
documen(tdoes not purport to address all of the safety problems, if any, associated withvit
the respopsibility of the user to establish appropriate safety and health practices and to (

the applic
WARNING

substancgs, or the generation of waste, that could constitute a local environmental hazard.

should be

1 Scop

This docu
piece of v
maintaine

The count
discontinu

Two test nj
of counten
counterfor

Method A
test tempsg

Two form
results is v

— Persons using this document should be familiar with normal laboratory pra

ability of any other restrictions.

made to appropriate documentation on safe handling and disposal after use.

14

ment specifies two procedures for determining the dectease in counterforce exerteq

H thus at a predetermined test temperature.

erforce can be determined either by means of a continuous-measurement syster]
ous-measurement one.

ethods are specified, method A and method B. In method A the compression and all mea
force are made at test temperaturesand in method B the compression and all measui
ce are made at standard laboratorytemperature.

hnd method B do not give the.same results, as in method B the shrinkage of the materid
rature to standard laboratery temperature is included in the result.

alid only when made-en test pieces of similar size and shape.

ctice. This
5 use. It is
letermine

2 — Certain procedures specified in this document might involve the‘use or generation of

Reference

| by a test

ilcanized or thermoplastic rubber which has been coempressed to a constant deformation and

n or by a

surements
rfements of

1] from the

of test piece are specified in this document: cylindrical test pieces and rings. Comjparison of

The use of ring test pieces’is particularly suitable for the determination of stress relaxation in liquid

environmg

nts.

This docu

ent deals/only with testing at constant ambient or elevated temperature. Testing at tempperatures
below standardlaboratory temperature is not specified. The methods have been used for low-te
testing, byt their reliability under these conditions is not proven.

mperature

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 188, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

[SO 18899,

Rubber — Guide to the calibration of test equipment

[SO 23529:2016, Rubber — General procedures for preparing and conditioning test pieces for physical test

methods

© IS0 2024 - All rights reserved

1


https://standardsiso.com/api/?name=55ccd8b1cbdb0289a74fba51ef1f1078

ISO 3384-1:2024(en)

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

3.1

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

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

compression stress relaxation

R(®)

time after

reduction
the applicz

4 Pring

A test pied
at a predet

In method

In methog
laboratory

The test ca

The two n
of values ¢
purpose of
is a problg
an elevate

NOTE
temperatur

5 Appa

5.1 Coni
steel or st
compressq

The plates|

H 4 £ | 4 £l aadkial £ T ol il
IT LUlll}]l COS5S5IVU IUILT, CAPI oSt das ad lJCl LCIILQSC Ul UIIT IIHILIAdl TUT LT, VWITICIT ULl Ul S vviltll

ition of a constant compressive strain

liple

e of vulcanized or thermoplastic rubber is compressed to a constant deférimation and 1
ermined test temperature. The decrease in counterforce is then measured.

A, the compression is applied and all counterforce measurements are‘made at the test ter

B, the compression is applied and all counterforce meaSurements are made at g
temperature. The test pieces are stored at the test tempefature.

n be conducted in a gaseous or a liquid environment.

easurement methods, A and B, do not give the same values of stress relaxation, and c
btained from the two methods should be avoided. The method selected for use depe

m, method A might be preferred, and in applications where temperature cycling from
l temperature is a problem, method B niight be preferred.

Dther methods can be used for specificipurposes, such as applying the compression at standard

e and making all counterforce measurements at a different temperature.

ratus

pression device, consisting of two parallel, flat, highly polished plates made of chromf
ainless-steel ordany corrosion-resistant material, between the faces of which the te
d.

shall be

0,01

suffic‘:_:}ently rigid to ensure that, with a test piece under load, no compression plate bends by

. and

haintained

nperature.

standard

bmparison
hds on the

the test. Thus, for fundamental studies and in-applications where sealing at elevated tenjperatures

normal to

laboratory

um-plated
St piece is

more than

within the area of the plates and can expand freely laterally.

NOTE

obtained by a grinding or polishing operation.

of sufficient size to ensure that the whole of the test piece, when compressed between the plates, remains

A surface finish not worse than Ra 0,4 um (see ISO 4287) has been found to be suitable. Such a Ra can be

When the apparatus is assembled without a test piece, the gap between the plates shall not vary by more
than 0,01 mm for discontinuous jigs and not more than +0,1 mm for continuous rigs.

NOTE

The parallelism is not as critical for continuous rigs as they are only compressed once.

For ring test pieces, the plates shall have holes of at least 2 mm diameter drilled through their centre portions
to allow equalization of pressure and circulation of fluid inside the ring-shaped test piece.

© IS0 2024 - All rights reserved
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It shall be possible to connect the compression device to suitable equipment for compressing the test piece
to the specified compression at the specified speed and for measuring the counterforce exerted by the
compressed test piece with an accuracy of 1 % of the measured value.

The device shall be capable of setting the compression and maintaining it during the whole duration of the
test, and it shall be possible to keep the device in an oven at the specified test temperature. Care shall be
taken to ensure that there is no loss of heat from the test piece, for example by conduction through metal
parts which are connected with the outside of the oven.

5.2 Counterforce-measuring device, capable of measuring compression forces in the desired range with
an accuracy of 1 % of the measured value.

5.2.1 Copntinuous procedure

the whole
ontinuous
est. If it is

The devicg may be a continuous-measurement system which monitors the test piece during
duration of the test, making it possible to measure the change in the counterforce with timeon a ¢
basis. The[deformation of the test piece shall be kept within #0,01 mm for the duration of the {

not possib|
correction

This procg
temperatu

5.2.2 Di

Alternativ
intervals.

measured
for balanc
without oy
act on the
from one 1

This proce
during the

5.3 Test

5.3.1 Fo
used. An o
recommer

If the testi
ageing onl
used in oil

[y. This-can be used to simulate conditions where the product is not exposed to air, su

e to keep the deformation constant within this tolerance due to the spring effect in 1
may be done mechanically or mathematically.

dure is mostly used for testing according to method A, but can(be¢ used for method|
re cycling oven.

scontinuous procedure

bly, a compression-testing machine may be used to measure the counterforce at presc
n this case, the force necessary to cause a slight increase in the compression of the tq
This additional compression shall be as small as\possible and in no case greater than a f]
e-type machines, or greater than 0,05 mm for, stress/strain-type machines, applied in ¢
ershoot. The whole of the force exerted by-tle test piece as a result of the extra compre
force-measuring device. It shall also be pessible to repeat the compression to within
heasurement to another.

dure is mostly used for testing aceording to method B but can be used for method A usi
measurements.

environment.

I tests in gaseous gnedia, an air oven in accordance with the requirements of ISO 1§
ven meeting theréquirements specified, for one of the ovens used, in ISO 188:2023, m
ded.

ng is dope, in nitrogen, oxidative ageing will be eliminated and the result will be due

or steam.

ad cells, a

B using a

ribed time
st piece is
orce of 1 N
bither case
ssion shall
+0,01 mm

ng an oven

8 shall be
pthod A, is

o thermal
Ch as seals

5.3.2 Fo

r tests In liquids, the compression device shall be totally immersed in a liquid 1n a bath, or a closed

vessel for volatile or toxic fluids, such that free circulation of the liquid can take place through the holes in
the compression plates. The liquid shall be maintained at the specified temperature by proper control of a
heater and circulation of the liquid in the bath or, alternatively, by placing the liquid bath and compression
device within an air oven as specified above.

5.4 Temperature-measuring equipment, with a sensing element of appropriate precision. The
temperature-sensing element shall be fitted in such a way that it accurately measures the temperature of
the test piece.

NOTE A Pt100 sensor has been found to be suitable for temperature measurement.

© IS0 2024 - All rights reserved
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ration

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

7 Test piece

7.1 Typ

e and preparation of test pieces

7.1.1 General

Test pieces shall be prepared either by moulding or by cutting from moulded sheets or products, in

accordanc

NOTE

7.1.2 Cylindrical test pieces

The test pi

7.1.3

The prefet
means of 1
Annex A.

The dimen

thickn

inner

radial

The sheets

Alternativ
diameter 1]

O-rings of]
standard t

NOTE

on to stops,
have the re
limits giver

7.2 Med

Ring test pieces

E WIth ISU Z2552Y9.

[he results obtained from test pieces of different sizes are not comparable.

ece shall be a cylindrical disc of diameter 13,0 mm # 0,5 mm and thickness 6,3 mm + 0,

otary cutters. For a suitable machine for the preparation of Sthall ring test pieces, see I§

sions of test pieces shall be:
ess: 2,0 mm + 0,2 mm;
Hiameter: 15,0 mm * 0,2 mm;
width: 2,0 mm * 0,2 mm.
may be prepared by moulding or'from finished articles by cutting and buffing.

ely, an O-ring, size code ISO. 3601-1-14 x 2,65-G-N, as specified in ISO 3601-1:2017%
4 mm and diameter of thecross-section 2,65 mm), may be used as the standard test pi¢

other dimensions, tegether with seals or gaskets of other configurations, may be us
est pieces where appropriate.

bome test machings have jigs in which the test piece is compressed by screwing a compression
This gives a‘fixed strained thickness. Test pieces within the tolerances given above will not
quired compression strain when tested in such jigs. It is important that a compression strain
in 9.3.4'and 9.4.3 be achieved by careful matching of jig and test piece.

surement of dimensions of test pieces

3 mm.

red ring test piece is a ring of square cross-section cut from a’flat sheet of the test material by

037:2017,

(internal
pCe.

ed as non-
plate down

necessarily
within the

The dimensions of test pieces shall be measured as specified in ISO 23529.

7.3 Number of test pieces

The preferred number of test pieces is three, but for routine and screening tests two test pieces are
acceptable.

7.4 Time interval between forming and testing

The interval between forming and testing shall be in accordance with [SO 23529.

© IS0 2024 - All rights reserved
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7.5 Conditioning of test pieces

7.5.1 Prior to testing, the test pieces shall undergo first a thermal and then a mechanical conditioning as
detailed in 7.5.2 and 7.5.3.

7.5.2 Thermal conditioning shall be carried out by heating the test pieces at 70 °C for 3 h. Following
thermal conditioning, the test pieces shall be allowed to stand for a period of not less than 16 h and not more

than 48 h at standard laboratory temperature prior to mechanical conditioning or testing.

NOTE
conditionin

g to relieve these stresses might improve the reproducibility of the results.

Some test samples, especially of thermoplastic elastomers, might contain moulding stresses, and thermal

7.5.3 Mg
specified i

Compress
immediatg

h 1ISO 23529, as follows.

the test pieces to the same compression that will be used during the rest of the tes
ly return them to zero stress; repeat this procedure to give a total of five tycles of dg

chanical conditioning shall be carried out at one of the standard laboratory tempperatures

[ and then
formation

and immegliate return.

Following mechanical conditioning, the test pieces shall be allowed to stand fof aperiod >16 h and not <48 h
at standarf laboratory temperature prior to testing.

Mechanicgl conditioning has been found to improve test reprodueibility, particularly for cpmpounds
containing substantial proportions of filler, but is not always appropriate for finished productls and can,
therefore, [ead to results that are not typical of service. Such conditioning may be omitted provid¢d thermal
conditionipg is still undertaken. This omission shall be mentionedin the test report.

8 Duraltion, temperature and test liquid

8.1 Durption of test

Unless otherwise specified, the duration of test'shall be at least one week (168 h + 2 h).

If intermefliate times are used, 3 h_go min, 6 h_go min, (24_% 5) h and (72_2) h are preferrefl. The test
period begins after the initial compression. If longer test times are used, a logarithmic time-sdale can be
employed.

In method|B, when compression-is carried out at standard laboratory temperature, a conditioning period of
2 h (notin¢luded in the time.of test) shall be allowed each time the test piece is conditioned for mepsurement
at that tenjperature.

A much lomger cooling period might be needed when testing in liquids and this time shall not be included in

the test tiy

NOTE

ne.

[o0-assist with the cooling, a fan can be used.

8.2 Temperature of exposure

The temperature of exposure shall be chosen from the list of standard temperatures in ISO 23529.
Temperatures of exposure which cause rapid degradation or evaporation of the test liquid shall be avoided.
The temperature shall be kept as constant as possible during the test in accordance with ISO 23529.

8.3 Immersion liquids

The test liquid shall be chosen according to the particular application, but should preferably be one of those
listed in ISO 1817.

© IS0 2024 - All rights reserved
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Some liquids which are ageing faster than the rubber might need to be replaced during testing. The time for
changing the liquid should not be included in the test time and the change should be mentioned in the test

report.

9 Procedure

9.1 Preparation

Carefully clean the operating surfaces of the compression device. When testing in a gaseous medium, apply a
thin coating of a lubricant having substantially no action on the rubber.

NOTE

A silicone or fluorosilicone fluid (having a kinematic viscosity of about 0,01 mzl/c\ and

olybdenum

disulfide ha

9.2 Thig

ve been found to be suitable lubricants.

’kness measurement

9.2.1 C(Cylindrical test pieces

Measure t
conditioni
specified i

Use this m

9.2.2 Rij

Measure t
90° apart
standard

calculate 1
more than

9.3 Met
9.3.1 Br

932 W
gently lubit
substantia

he thickness of each test piece at the central portion with an accuracy of 0,01 mm, aft
hg and before mechanical conditioning, at the chosen standard)laboratory tempsd
h 1SO 23529:2016, method A.

easurement to calculate the necessary compression.

Ing test pieces

he axial thickness of each test piece with an aceuracy of 0,01 mm at four points app
around the ring after thermal conditioning and before mechanical conditioning, at t

aboratory temperature, as specified in 1S0,°23529. Use the average of the measur

0,05 mm. If they do, discard the test piece.
hod A
ng the compression devige-and the test environment to the test temperature.

hen testing in a liquid, the test piece and the operating surfaces of the compression devi
icated with the testliquid. When testing in a gaseous medium, a thin coating of a lubric
lly no action on-the rubber shall be applied (see 9.1).

br thermal
rature, as

foximately
he chosen
ements to

he necessary compression. Individual measurements, on a single test piece, shall not differ by

ce shall be
ant having

9.3.3 Pl3ce the testpiece in the preheated compression device (5.1) and wait until the test temjperature is
reached.
9.3.4 Copipress the test piece by (25 + 2) % in the compression device at the test temperatyire or, if a

compression of 25 % cannot be obtained, use a compression of (15 * 2) % or lower, in steps of 5 %. Compress
the test piece in a time between 30 s and 120 s. When reached, the final compression shall be fixed and
maintained during the entire test period (apart from the further small compression which is used for
measurement of the counterforce as mentioned in the discontinuous procedure in 5.2).

9.3.5 Measure the initial counterforce, Fy, with an accuracy of 1 % of the measured value, at the test
temperature, 30 min * 1 min after completing the compression.

© IS0 2024 - All rights reserved
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9.3.6 Repeat the measurement of the counterforce, F,, after the times specified in 8.1, or continuously.
Take all measurements at the test temperature.

After the last measurement at the test temperature, the test piece may be allowed to cool down to standard
laboratory temperature and a further measurement of the counterforce made.

NOTE

Valuable additional information can be obtained after the relaxation test has been finished. Research

has shown that the amount of recovery (at the test temperature) is a measure of the permanent chemical reactions
occurring alongside physical relaxation[2l.

9.4 Method B
9-4’-1 Br lls thC tCDt CIIV il UlllllCllt tU thC tCDt tCllllJCl Cltl.ll C.

9.4.2 When testing in a liquid, the test piece and the operating surfaces of the compression.device shall be
gently lubricated with the testliquid. When testing in a gaseous medium, a thin coating of a.lubricant having
substantidlly no action on the rubber shall be applied (see 9.1).
9.4.3 C(I)][npress the test piece by (25 + 2) % in the compression device at a standard laboratory temperature
or, if a compression of 25 % cannot be obtained, use a compression of (15 +2}-% or lower, in stgps of 5 %.
Compress the test piece in a time between 30 s and 120 s. When reached, thefinal compression shall be fixed
and maintpined during the entire test period (apart from the further small compression which |s used for
measuremnjent of the counterforce as mentioned in the discontinuous procedure in 5.2).
9.4.4 Mgdasure the initial counterforce F, with an accuracy ofil % of the measured value, af standard
laboratory temperature, 30 min * 1 min after completing the compression.
9.4.5 Immediately after measuring the counterforce, store the compressed test piece im the test
environmgnt (see 5.3) at the specified test temperature:
9.4.6 When making measurements of the counterforce F, after each of the times specified (see 8.1),
remove tkr] apparatus from the test environent, maintain it at the standard laboratory tempgrature for
2 h, determine the counterforce and then\réturn it to the test environment until next specified| time. It is
important|that the apparatus and the test piece reach thermal equilibrium within 2 h, and forded cooling
can be negessary. The temperature shall be checked with the temperature sensor specified in 5.4
As an altefnative to taking out-and returning the test jig, the temperature change can be done by using a
programmjable oven with heating and cooling.
10 Expression of results
NOTE [he rubbewindustry uses the term equation for the relationships herein termed formula. The term formula
is used to descrjbe-the table of ingredients in a rubber compound.
The compiession stress relaxation, R(t), after a specified duration of test t, expressed as a percenfage of the
initial counterforce, is given by Formula (1):
Fy —F,
R(£)="2—"tx100 (1)
Fo

where

F, isthe initial counterforce, measured after 30 min;

F, isthe counterforce measured after the specified duration of test, t.

© IS0 2024 - All rights reserved
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The median value of the results for the test pieces shall be taken. The individual values for the test pieces
shall agree to within 10 % of the median value. If they do not, the test shall be repeated.

Stress relaxation values measured after different times of exposure shall be plotted as a function of time on
a logarithmic or linear scale to facilitate the interpretation of the test data. For some applications, it is more
useful to calculate compression stress ratio values, i.e. F,/F, after different times of exposure, rather than
stress relaxation values. In this case, compression stress ratio values shall be presented graphically as a

function o

flogarithmic or linear time.

11 Precision

For precis

12 Test

The test rgport shall include the following information:

a) sampl
1) a
2) t

3) the compound details and cure conditions, where appropriate;

b) test
1) a

method used;
2) the test procedure used, i.e. continuous or dis¢entinuous;
3) the type of test piece used;
c) testdgtails:
1) the number of test pieces tested;

2) any special informationscencerning the apparatus, e.g. the method used for meag

Cd

3) t

4) the duration afd-temperature of conditioning of the test pieces prior to testing;
5) the test duration and the temperature used;

6) the compression used: 25 % or other (give details);

ion data, see Annex A.

report

b details:

full description of the sample and its origin;

e method of preparation of the test pieces from the sample, e.g whether moulded or cu

thod:

Full reference to the test method used, i.e. the number of this document ISO 3384-1:20

unterforce;

e standard laboratory temperature used;

L

'4, and the

uring the

7) thetypeofovenmused;

8) the lubricant used;

9) any deviation, by agreement or otherwise, from the specified test procedure;

d) theindividual test results and the median value as R(t);

e) theda

tes of the test, when it was started and finished.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Precision

A.1 General

Two inter]ahnrqfnry test programme (ITP) were pprfnrmnd in 1998 and 2019

For the finst one conducted in 1998, all precision calculations to express repeatability and-repr
were perfgrmed in accordance with ISO/TR 9272.

For the se¢ond one conducted in 2019, all calculations to provide repeatability, day-toiday repeat
reproducibility values were performed in accordance with ISO 19983:2017, method-A. Precisio
and nomenclature are also given in ISO 19983.

A.2 Prefision details

A.2.1 Prjogramme details

The first TP was organized and conducted in 1998 on one material, an IR/SBR blend rubber ¢

Fully preppred test pieces were submitted to the participating laboratories.

The second ITP was organized and conducted in 2019, \0hr one material, an SBR rubber compo

prepared flest pieces were sent to all participating laboratories.

In both cages, the test pieces were provided as cylindrical discs of diameter 13 mm * 0,5 mm and

6,3 mm + (,3 mm.

bducibility

hbility and
\ concepts

ompound.

und. Fully

thickness

The test programs used are shown in Tablé A'l.
TableA.1 — Overview of the test programs
Year Relaxation method Temperature Duration of exposure
1998 A~ Continuous 23°C 168 h
1998 A - Continuous 100 °C 168 h
1998 B - Discontinuous 100 °C 168 h
2019 A - Continuous 23°C 168 h
2019 A - Continuous 70 °C 168 h
2019 A - Continuous 100 °C 168 h
2019 B=Distomntiuous 23°€ 1681
2019 B - Discontinuous 70 °C 168 h
2019 B - Discontinuous 100 °C 168 h

The number of laboratories on which precision data for each experimental condition is based is given in the
tables of precision results (Tables A.2 to A.5). The number of participating laboratories as noted in these
tables is the final number after identifying certain laboratory values as outliers.

Each ITP testing was conducted over a period of two sequential weeks. On a specified day in each of these
two weeks, two (Method B discontinuous) or three (Method A continuous) individual measurements
were performed on each material. The test result of each week is the set of the two or three individual
measurements. All analysis was conducted on the basis of these test results.

© IS0 2024 - All rights reserved
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The participating laboratories were encouraged to use two equally competent operators (if available) for this
ITP: Operator 1 for test weeks 1 and Operator 2 for test weeks 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.

A.2.2 Precision results
The precision results are listed in Tables A.2 to A.5.

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

Explanatipn of symbols for Tables A.2 to A.5:

S, ¥ repeatability (within-laboratory) standard deviation (in measurement units);

r ¥ repeatability (in measurement units);

n ¥ repeatability (in percent of mean level);

S/p F day-to-day repeatability standard deviation (in measurement units);

p ¥ day-to-day repeatability (in measurement units);

(rp) F day-to-day repeatability (in percent of mean level);

Sp F reproducibility (between-laboratory) standard deviation{for total between-laboratory variation
iin measurement units);

R F reproducibility (in measurement units);

(R) F reproducibility (in percent of mean level).

Table A.2 — 1998 - Method A — Continuous procedure — Precision data for relaxation by using

ISO/TR 9272
Mean Repeatability Reproducibility Number of
Temperature .
level s, 7 r) Sp R (R) laboratories
23°C 10,9 0,795 | 2,22 | 20,37 | 1,21 3,40 | 31,19 9
100 °C 50,5 0;845 | 2,37 | 4,69 2,15 6,03 | 11,94 9
Average @ 0,820 | 2,30 | 12,53 | 1,68 4,72 | 21,57 /

a  Simple averages calculated.

Table A.3 — 1998 - Method B — Discontinuous procedure — Precision data for relaxation|by using

ISO/TR 9272
Mean Repeatability Reproducibility Number of
Temperature .
level S, r (@] Sp R (R) laboratories
100 °C 67,5 2,07 5,8 8,59 8,66 24,3 | 36,00 6
Average 2 2,07 5,8 8,59 8,66 24,3 | 36,00 /
a  Simple averages calculated.
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Table A.4 — Method A — Continuous procedure — Precision data for relaxation by using
IS0 19983:2017, Method A

Day-to-day repeata-

Mean Repeatability b Reproducibility Number of
Temperature bility .
level laboratories
Sy r r) SrD I'p (rp) SR R (R)
23°C 7,98 1,18 3,34 | 419 | 1,25 3,55 | 44,5 | 1,60 4,54 | 569 8
70 °C 13,72 2,18 6,18 | 451 | 2,32 6,57 | 479 | 2,38 6,73 | 49,1 8
100 °C 49,75 1,93 545 | 11,0 | 2,02 571 | 11,5 | 3,62 10,2 | 20,6 7
Average? 1,76 499 | 32,7 | 1,86 526 | 34,6 | 2,53 716 | 42,2

a  Simple averages calculated.

Tabl¢ A.5 — Method B — Discontinuous procedure — Precision data for relaxation by psing
ISO 19983:2017, Method A

Day-to-day repeata-

Mean Repeatability i Reproducibility Number of
Temperafure bility .
level labpratories
Sy r r) Srp 'p (rp) SR R (R)
23°Q 7,85 2,56 7,24 92 2,56 7,24 92 3,76 10,6 135 4
70 °Q 30,88 3,03 8,57 | 27,7 | 3,03 8,57 | 27,7 | 450" 12,74 | 41,3 4
100 °¢ 68,98 3,51 994 | 144 | 3,64 | 10,30 | 14,9 |£,6,02 17,0 | 24,7 3
Average 2 3,03 8,58 | 44,7 | 3,08 8,70 | 449\) 4,76 13,4 | 67,0

a  Simple averages calculated.
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