INTERNATIONAL ISO
STANDARD 25337

First edition
2010-03-15

Plastics — Production quality control —
Statistical method for using singl
measurements

Plastiques — Contréle de qualité en production — Méthodg statistique
pour l'utilisation de mesurages uhiques

= Reference number
= — 1ISO 25337:2010(E)

© SO 2010


https://standardsiso.com/api/?name=92dc2e51d76c92c01619313e7d1ae5e5

ISO 25337:2010(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2010

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2010 — Al rights reserved


https://standardsiso.com/api/?name=92dc2e51d76c92c01619313e7d1ae5e5

ISO 25337:2010(E)

Contents Page
o] =NV o iv
Lo Yo 11T o) v
1 T o - S S 1
2 Normative referencCes ...t s nn e e ne ety free e e se e 1
3 Terms and definitions ... ke fer 1
4 Precision of test Methods...........ccciiciincc e b fer e 2
5 Single measurements for production quality control purposes ...........4a 5 v vnneerreeendeccsseeeeeennnn. 3
5.1 L T=Y = | N 3
5.2 Variability of the production process and test method................. i s 3
5.3 Within-laboratory reproducibility.........cccocciiiiiimiiniii i S e, 4
5.4 Calculation of s, ,, from a within-laboratory reproducibility investigation...............l.ccccccoc.. 4
5.5 Interpretation of single-measurement data for production\quality control purposes |.................. 5
6 e T o= T 0N IO 8
Anngx A (informative) Example of the calculation of s, from a within-laboratory reproducibility

INVESHIGAtioN ... @ s | s e 9
Anngx B (informative) Examples of the effect on production limits of making duplicate and

triplicate measurements as opposed to single measurements..........cccccvvvvvrveemeeeeeeeeeeeefereemnnnnnnnnn. 1
Anngx C (normative) Reducing the probability,of incorrectly accepting a nonconforming prpduct ...... 15
=71 0T [T 0T - o 2 RN SRR 17

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=92dc2e51d76c92c01619313e7d1ae5e5

ISO 25337:2010(E)

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

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stan@ards
adopted by fthe technical committees are circulated to the member bodies for voting’-Publication gs an
International [Standard requires approval by at least 75 % of the member bodies casting-a Vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 25337 |was prepared by Technical Committee ISO/TC 61) “Plastics, Subcommittee 5C 5,
Physical-chejmical properties.
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Introduction

Many ISO standard test methods specify that measurements be made in duplicate or even in more than
duplicate. In some cases, repeated operations are also specified. However, for production quality control it is
common practice to carry out single measurements. For many production environments, replicates and/or
repeated operations, as specified in many ISO standards, are time-consuming and expensive and could result
in an undesirable increase in production costs Furthermore, the labaratory response time could also increase
unacgeptably.

This International Standard presents a statistical method for using only single measurements infa production
envirbnment, in accordance with 1ISO test method standards which specify at least dUplicate measurements
and/qr repeated operations. This International Standard is likely to be of interest to ©empanies uging ISO test
methpds in production quality control and recorded in their quality management’'system. This|International
Stanglard is not intended to be used for publishing data, for marketing purpoeses’ or for the deyelopment of
custgmer specifications/designations.

Provided the statistical computations support the reduction in the number of replicates for a particular test,
redugtion from duplicate replicates to a single measurement is possible, as is reduction in the number of
repligates for a test result to half, or even less than half, the specified number of replicates. A redluction in the
variapility of a test method might be necessary before a reduction in the number of test repli¢ates can be
considered?).

Techpical Committee ISO/TC 61, Plastics, considers that(Such a model might not only be of impartance in the
field pf plastics but also of interest in other fields in which ISO test methods are used in prodyiction quality
contrpl.

Single measurements are often used for quality_control tests. The “single-measurement model”[presented in
this International Standard forms a basis for

— ¢arrying out single measurements for production quality control;

— neducing the number of replicate tests carried out and/or modifying test methods using [multiple test
gamples in order to reduce laboratory costs and decrease the laboratory response time;

— 1hodifying test metheds-which specify repeated operations (as is usually the case with, elg., drying to
¢onstant mass) to-give a test method which involves only one operation, leading to shorter response
fimes and lower{aboratory costs;

— handling results that lie outside the production and/or acceptance limits;

— achieving cost savings by harmonizing material production limits with the test methods usef, taking into
ccount the precision of the test method and the production capacity.

Furthermore, when specified by the responsible authority, the single-measurement model described in this
International Standard can be used as a reference in, for example, product specifications, in sales agreements
and in communicating with customers.

1) An Excel-based tool for the calculation of repeatability and reproducibility parameters has been developed by
ISO/TC 61/SC 5 and is expected to become available on the ISO web site for on-line calculations at some future point in
time, initially at a password-protected location reserved for those participating in the development of 1ISO standards. The
calculation model is based on that of ISO 5725 and is applicable to balanced and unbalanced data sets.
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Plastics — Production quality control — Statistical method for
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bds which give results that follow a normal (i.e. Gaussian) distribution.
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production process and/or the test method.
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International Standard is used in combination with a test method standard, this needs

hCts.

2

The following referenced decuments are indispensable for the application of this documen

refer
docu

ISO 4
princ

ormative references
nces, only the edifien” cited applies. For undated references, the latest edition of th
ment (including any,amendments) applies.

725-1, Accuracy (trueness and precision) of measurement methods and results — Pa
ples and definitions

Hel) for using
te, even if a
cable to test
test method
cable to test

limits, taking
e production
to the nature

n managers.
providing the

to be clearly
ications and

t. For dated
b referenced

It 1. General

3

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5725-1 and the following apply.

31

production process standard deviation

Sp

standard deviation for the production process

3.2

production and test method standard deviation

SP&T

combined standard deviation for the production process and test method
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3.3
operator sta

S0

ndard deviation

square root of the operator variance, soz, where the operator variance is the average of the weighted squares
of the individual operator standard deviations

NOTE

All operators are assumed to have essentially the same level of variability when following a specified test

procedure. This assumption is more likely if the test results are obtained within a short period of time. Therefore, the
operator variance can be calculated by averaging the squares of the operator standard deviations. The operator standard
deviation can then be calculated as the square root of the operator variance.

3.4

within-labor
SiLab

standard deV
within a shor

3.5
within-labor

SRLab
standard de

by different o

3.6
k,~factor
factor, taken

3.7
ko -factor
factor, taken

4 Precis

For ISO sta
preferably be
statistical me
responsibiliti
ISO 5725.

Knowledge ¢
this mainly g

For standard

atory repeatability standard deviation

iation of test results obtained with the same method on identical test items in the same laboratory
interval of time by the same operator using the same equipment

atory reproducibility standard deviation

iation of test results obtained with the same method on identical test items in the same labofatory
perators, preferably using different equipment, over a longer period(of time

from a standard normal distribution table, for determination of the warning limits

from a standard normal distribution table, for determination of the acceptance limits

on of test methods

ndard test methods which produce numerical results, the precision of the test method should
determined and stated in thetapplicable International Standard. The complete description ¢f the
thod relevant to the determination of the precision of a test method, the relevant definitiong, the

ps of the different participants and the statistical evaluation are discussed in the various pdrts of
f 1ISO 5725 is fiecessary to carry out a repeatability and reproducibility investigation (RRI), but

oncerns the ‘statisticians who normally provide the technical backup for an inter-laboratory test

programme and carry eut'the statistical analysis.
zed test methods which produce numerical results, the precision statement for the test method is
ntforthe user regarding, e.g.

very importa

the precision to be expected from the test method;
communication between the interested parties;
comparison with (internal) laboratory performance;

use as a basis for inter-laboratory comparisons;
harmonization of test methods between interested parties;

statistical process control.
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A practical guide, specially designed for project leaders and heads of laboratories, to the determination of the
precision of a test method is given in Reference [9] (see the Bibliography). However, it should be noted that
the support of a statistician is recommended, and sometimes indispensable, for providing the technical backup

necessary for the RRI programme and the statistical analysis of the data obtained.

5 Single measurements for production quality control purposes

5.1 General

Many QO standard peci hat measurements be made twice or even more. In many test method
standards, repeated operations are also specified. The reported test result is the average| or another
apprgpriate function such as the median, of the individual observations. The object of theprocgdures of this
International Standard is to use single measurements for production quality control |purpoges within a
producer's manufacturing site in a considered statistical manner, even if a standard test method specifies
repliqate measurements.

For production quality control, it is common practice to carry out single measurements sirjce, in many

prody
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For
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For t¢st methods where a set of specimens (> 2) is considéted as giving a single test result, the

some

test methods where a set of specimens is considefed as giving a single test result, the nu

spec
resul

Redd
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For t¢st methods which specify-repeated procedures or operations carried out on a sample, such

cons
opers

The
meas

5.2

The

ction situations, replicate measurements are too time-consuming and-éxpensive and th
nse time could also increase unacceptably.

ational Standard and statistically validated are permitted when specified by the responsi
if the test method standard specifies replicate measurements:
cases also be used to reduce the number of specimens in a set. However, it should be n|

mens is, in most cases, the minimum necessary to obtain a reliable test result, due to t
s caused by inhomogeneity in the sample,preparing the test specimens, etc.

ction in the variability of a test method might be necessary before a reduction in the nu

ates can be considered. Therefare,> any reduction in the number of test specimens in
dered as giving a single test result shall only be carried out in close cooperation with a statis

ant mass, the SD method/can also be used to reduce the number of operations to poss
tion. A statistician should preferably be consulted for the necessary statistical guidance.

effect on production limits of making duplicate and triplicate measurements as oppos
urements is shown by two examples given in Clauses B.2 and B.3 in Annex B.

Variability of the production process and test method

ariability of measurements made on items from a production process consists of the var

e laboratory

broduction quality control purposes, single measurements~based on and with refergnce to this

ple authority,

model can in
oted that, for
mber of test
he spread in
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A set that is
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ed to single
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S.

The lower and upper production limits, Ly and Up|, which include the variability of the test method, are
calculated for a stable production period.

For a non-standard normal distribution production process, the lower and upper production limits shall be
calculated by a statistician.

For a standard normal distribution production process, the standard deviation, spg1 (the production and test
method standard deviation), can be calculated for a stable production period. spgt can also be determined
from production data over, for example, a period of one year. However, data from production runs in which
irregularities or outliers are known to have occurred shall not be used. For a two-sided precision interval of
99,73 %, the production data will be within the range * 3spg 1 (k-factor = 3) relative to the average value. For
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other levels of precision, the correct k-factor can be found in tables of the standard normal distribution
function. The data should preferably be evaluated by a statistician.

Other methods of determining or specifying the production limits, e.g. by mutual agreement between customer

and supplier,

may also be used, preferably in close consultation with a statistician.

5.3 Within-laboratory reproducibility

The test method needs to be such that it can be used to detect variations in the production process.
Therefore, the precision of the test method should be, at most, 30 % of the combined variability of the
production process and test method (see 5.2), and preferably less than 10 %. The test method precision

necessary w
For a stand4

SP&T, includg
method:

SpaT =

Il depend on the importance ot controlling the production process (see Annex B).

rd normal distribution production process, the production and test method standard.devi
s the standard deviation for the production process itself and the standard deviation'for th

roduction + test method

The precisio
within-labora
under the fol

on the s

at differd

The within-Ig

of the test method is defined here as the within-laboratory reproducibility of the test method
ory reproducibility, sp ., takes into consideration the variability-0f the measurements
owing conditions:

hme material;

by sevefal operators;

if applicable, using more than one test apparatus;

nt moments in time.

reproducibili

boratory reproducibility, sp 5, Of thectest method can be determined from a within-labo
investigation as described in 5.4

Comparison [of the repeatability, s,, of the-test method with the within-laboratory reproducibility, sy ..,
insight into the performance of the test laboratory. s, can be determined under the repeatability cond
described in [Reference [9]. For other calculations, e.g. the calculation of s, ,, from series of measureme

several and/

5.4 Calcu

SpLab Can be

SRLab =

r different production runs, a statistician should be consulted.

fation of 55 ;5 from a within-laboratory reproducibility investigation

calculated-from a within-laboratory reproducibility investigation as described below.

[ 2¢\2
SOt S;Lab

ation,
b test

. The
made

atory

gives
tions
hts in

where
SO iS

Siab 18

the operator standard deviation;

the within-laboratory repeatability;

and where
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and

S2L b =—T5

a

: (T3-p)
where

p _ P —5
T1=Z(niXXi) T2=Z(niXXi)

1 1

p
(5 = Z("i _1)XS(2)(1')
1

and
o6 is the individual standard deviation for the ith operator;
1 is the number of operators;

i is the number of measurements for the ith opgrator,

¥, is the mean value for the ith operator.

An example of such a calculation is given in Annex A.
A statistician should be consulted for evaluation of the data if 53, is found to be negative.

NOTEH An Excel-based tool for thecalculation of repeatability and reproducibility parameters has beer| developed by
ISO/TIC 61/SC 5 and is expected tofbecome available on the ISO web site for on-line calculations at some|future point in
time, Jnitially at a password-proteCted location reserved for those participating in the development of ISO gtandards. The
calculation model is based on that of ISO 5725 and is applicable to balanced and unbalanced data sets. The
withinflaboratory reproducibility;“sz o, Can also be calculated using the same tool, but instead of the “laboratory” data the
data ffom the operators is-usé&d.

5.5 |Interpretation of single-measurement data for production quality control purposes

If the| test ntethod is capable of being used to detect variations in the production process, produiction quality
contrpl can'be carried out using single measurements based on the following conditions:

, N— Titnits, Lp, and
Up., and the lower and upper warning limits, L,y and UW,_, shall be determlned by a statlst|C|an (see 5.2
and Figure 1).

The method described for determining the production limits by using X + 3spgT is commonly used, but
other methods of determining the production limits may also be used.

— For a standard normal distribution production process, the production limits, Lp, for a two-sided precision
interval of 99,73 % are given by

LP =Xi 3SP&T

© 1SO 2010 — All rights reserved 5
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where
X is the mean value of the parameter measured for the stable production process;
spgT Iis the standard deviation for the production process and test method.

The measurement system or the production process can be such that individual measurement values lie
outside the production limits. The warning limits, Ly, for quality control based on single measurements can be
determined by using the combined production process and test method standard deviation, spgt, and the

within-laboratory reproducibility of the test method, s ,,, as follows:

Ly = X[E(35paT ¥ K XS riab)
where k,, is @ constant for determining the warning limits, to be defined by the organization responsible for the
production pfocess.
NOTE A f,~value of 1,28 represents a single-sided confidence interval of 90 % [see Figures 1%),and 1 c)]. For other
confidence intgrvals, the constant is taken from a standard normal distribution table.
For measurement values outside the production limits but within the range

)?i(35|: &T +kw XsRLab)
the organization responsible for the production process shall have written procedures on how to handle the
product. Thepe procedures could include
— repeating the measurement;
— in the cdgse of batchwise production, carrying out the méasurement on a homogenized batch;
— acceptanfce of the product based on wider production limits.
Measuremer|t values outside the confidence interval X + (3spgt * ky, X 5p_ap) @re considered to be causged by
the productign process.
The lower ahd upper production limits;Zp; and Up_ (corresponding to X + 3spg7), based on a two-sided
precision intgrval, include 99,73 % of all production data (see Figure 1).
For an absojute real value equalto Lp or Up|, there is a probability of, at the most, 10 % that a gingle
measuremerjt value outside the-warning limits will result from the measurement system [see Figure 1 b)]. The
combined prpbability for the\production process and test method is, at the most, 0,013 5 %. In such a [ase,
the measurement is incorrectly indicated as being outside the warning limits.
For an absolute true-value equal to the lower warning limit, Ly, , or the upper warning limit, Uy, there is a
probability of, at«the most, 10 % that a single measurement value between Lp and Up_ will result frofn the
measuremerjt System [see Figure 1 ¢)]. The combined probability for the production process and test mgethod
iS, at the m st; 0,0135%\ t—such—=a Case; the—meastrement—is illuuncuﬂy idicated—as bcilly within the

production limits.

For an absolute real value between Lp and Ly, or between Upand Uy, there is a probability decreasing
from 50 % to 10 %, starting from the relevant production limit, that a single measurement value within the
production limits Lp; and Up_will result from the measurement system [see Figures1 b) and 1 c)].

For an absolute true value between the relevant production limit and warning limit, the combined probability
for the production process and test method is between 0,065 % and 0,013 %, respectively. In such a case, the
measurement is incorrectly indicated as being within the production limits [see Figures1 b) and 1 c)].

A method of reducing the risk of accepting a nonconforming product is given in Annex C.

© 1SO 2010 — All rights reserved


https://standardsiso.com/api/?name=92dc2e51d76c92c01619313e7d1ae5e5

ISO 25337:2010(E)

Y A
/ / Y L. L
=WL =FL N ~FL WL
|
» b | a | b | X
a)
Y A
1074
Ly, Lp X e U —
! -
| b | a | b | X
b)
YA
10%
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c)
Key
X measurement result UpL upper production limit
Y frequency of occurrence of a particular result Uy upper warning limit
Ly lower warning limit X mean value corresponding to stable production process

Lp_ lower production limit
a  Production range (X + 3spgt).
b Warning area.

Figure 1 — Interpretation of single measurements for product quality control
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6

Procedure

When using single measurements, the following procedure shall be followed. For a non-standard normal
distribution production process, the procedure shall start at step 5), where the production limits and the
warning limits shall be determined by a statistician (5.2, 5.5, Figure 1).

1)

2)

3)

4)

5)

6)

7)

8)

9)

Determine the production process and test method standard deviation, spgt, from production data over,
e.g., a period of one year or a stable production period, using basic statistics. Data from production runs
which are known to be affected by irregularities and outliers shall not be used.

Determine the within-laboratory reproducibility standard deviation, given by

[2, 2
SRLAD =S5O T SiLab >

from a Within-laboratory reproducibility investigation (see 5.4) or, in consultation with a statistician,| from
other avhilable production data.

Report the value of s, 5, @s a percentage of spg.
Determipe the production limits:

lower production limit Lp| = X — 3spg

upper production limit Up| = X + 3spgt

Other nethods of determining or specifying the production limits, e.g. by mutual agreement between
customgr and supplier, may also be used, preferably in close consultation with a statistician.

Determipe the warning limits for a one-sided confidence interval of 90 %:
lowgr warning limit Ly = X — 3spgt — ky X SgLab
upper warning limit Uy, =X + 3spgT + ky *5zLab

Report the confidence interval, if different from 90 %.

A k,-valtie of 1,28 represents a singléssided confidence interval of 90 %. For other levels of precisiop, the
constani is taken from a standard,normal distribution table and shall be reported.

For test|methods specifying,a\number of test specimens greater than two, considered as being a s$ingle
set, repart the reduction in-the‘number of specimens in the set.

For a measurement /result lying between the production limits, Ly and Up, the product shall be
considefed to be within the defined production limits. The measurement results shall be recorded in the
productipn quality~system.

For a mgasdrement result between the production limits and the warning limits, i.e. between Lp; and Ly,
or betwgen Up| and Uy, the product shall be considered to be outside the defined production limitp (i.e.
nonconforming), caused by the measurement system and/or the production process. The organization
responsible for the production process shall have written procedures on how to handle such cases and
how to determine the reason for the nonconformity. The measurement results, the conclusions and the
actions taken shall be recorded in the production quality system.

For a measurement result outside the warning limits, Ly, and U, , the deviation is considered to be
caused by the production process. The product shall be rejected and the measurement results shall be
recorded in the production quality system.

The “responsible authority” shall specify the use of the method described in this International Standard in
their production quality system. This International Standard shall be referenced in product or process
specifications, contracts, inspection instructions and other documents and the provisions set forth herein
shall apply. The “responsible authority” shall be designated in one of the above documents.
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Annex A
(informative)

Example of the calculation of sp|5, from a within-laboratory
reproducibility investigation

Operator
Measurement 1 2 3 4 5 | 6 | 7 8 [~P | 10
Measurement values

1 0,71 0,69 0,66 0,67 0,70 0,73 0,71 0,70

2 0,71 0,67 0,65 0,65 0,69 0,74 0,71 0,65

3 0,70 0,68 0,65 0,66 0,66 0,73 0,69 0,68

4 0,71 0,69 0,71 0,67 0,65

5 0,71 0,66 0,69 0,68 0,69

6 0,70 0,65 0,65 0,66

7 0,71 0,69 0,68 0,65

8 0,66

9 0,65

10 0,69

11 0,68

12 0,65

13 0,69

14 0,66

15

Operator details
II:O. df measurements, 7 5 14 3 5 3 7 7
Mearn value, X ; 0471 0,68 0,67 0,66 0,69 0,73 0,68 0,67
nixX; 4,95 2,04 9,33 1,98 3,45 2,20 4,79 4,68
nx X2 3,50 1,39 6,22 1,31 2,38 1,61 3,28 3,13
SOperhtor(i) SO() 0,005 0,010 0,017 0,010 0,019 0,006 0,021 0,021
(n; = 1) x sq(2 0,0001 | 0,0002 | 0,0039 | 0,0002 | 0,0014 | 0,0001|0,0028 | 0,0027
No. df operators, p; 1 1 1 1 1 1 1 1
Parameter calculations Repeatability and reproducibility report Iz?etf\?ds

Ty1=3(n;xX,) 33,42 Within-laboratory repeatability standard deviation SrLab 0,017
Ty = X(n; x)?iz ) 22,812 612 Operator standard deviation S0 0,020
T3 =Zn; 49 Within-laboratory reproducibility standard deviation| sg _.p 0,026
Ty =Zn2 395 Overall mean value X 0,68
Ts = X[(n; — 1) X s0(»?] | 0,011 388 1
X = T4/T3 0,682 040 8
p = 2p; 8

© 1SO 2010 — All rights reserved 9
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Formulae:
5§ ={[(T2 ><T3)_T12]/[T3 ><(p—1)}—s,2|_ab}x{[T3 X(p—1)]/(T32 —T4)}

2
siab =T5/(T3 - p)
Remark 1:

A problem might be encountered in calculating s, and/or s, if it is necessary to take the square root of a

negative number\Where variance pnmpnnnnf estimates-are in\/nl\lnrl’ nngnfi\/n variances - canoccur—Th y are

most probably caused by one of the following reasons:

— the variability in the data might be large enough to produce a negative estimate, even though the¢ true
value of[the variance component is positive;

— the data|contain outliers;

— a differgnt model for interpreting the data might be more appropriate (with same statistical mode|ls for
variancgd component analysis, negative estimates are an indication that some of the data is negdtively
correlatgd).

In such caseg, a statistician should be consulted to assist in evaluation of\the data.

Remark 2:

If there is orly one measurement for an operator, this data point should be discarded since it would dive a
value for (n; +1), and hence also for T, of zero.

10 © 1SO 2010 — All rights reserved
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Annex B
(informative)

Examples of the effect on production

limits of making duplicate and

triplicate measurements as opposed to single measurements

B.1

'General

Examples of the effect of making duplicate and triplicate measurements compared to single measurements

are gjven below and illustrated in Figures B.1 and B.2.

As s

hown in the examples, the effect on the production limits of duplicate anddriplicate mea

surements is

significant for a test method with a standard deviation which is large in comparison with the standard deviation

for the production process. However, for a test method with a standard deviation of < 30 % of
devidtion for the production process, the effect on the production limits is only’small.

B.2
grez

ter than that for production process
— Mean value of glass content

— Production standard deviation, sp

Test method standard deviation, sp 1

— Production and test method standard deyiation, spgt

[2 2
SP&T =4SP T SRLab

For 4

558+ (s aean )

Single measurements: 3x \/[sP2 + (SRLabN1 )2] =43 x

Duplicate: measurements:

I

Determination of glass content when standard deyiation for test metho

confidence interval of 99,73)%, based on the combined standard deviation for the produ
and the test method, the production and test method limits are calculated using the formula

3 xV[sp? + (spLap/V2)?] = 3 x 0,91 % = +2,74

the standard

d is

33 %

0,68 %
0,86 %
1,10 %

tion process

1,10 % = +3,30

O-Q4 0L e =t}

§ 4 Poy [r 2 . 7 L1217 L
CALT TTICTASUITITITIILS. [O AN Vl_s)P B \DRLab/VJ} = 1o X

Tripli

0,04 /6 = 12,99

B.3 Determination of glass content when standard deviation for test method is less

than 0,3 x that for production process

Mean value of glass content
— Production standard deviation, sp
— Test method standard deviation, sp 1

— Production and test method standard deviation, spg 1

© 1SO 2010 — All rights reserved
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For a confidence interval of 99,73 %, based on the combined standard deviation for the production process
and the test method, the production and test method limits are calculated, using the formula given in
Clause B.2, as follows:

Single measurements:
Duplicate measurements:

Triplicate measurements:

3 x V[sp2 + (spLap/N1)4 = £3 x 1,10 % =£3,30
3 x V[sp2 + (spLap/V2)4 = £3 x 1,08 % = £3,24

3 x V[sp2 + (spLap/V3)4 = £3 x 1,07 % = £3,21

Table B.1 — Comparison of the effect on the production limits of making single,

duplicate and triplicate measurements

Production and test Warning limits Production and test Warning_limits
method limits method limits
+3 x V[sp2 + (sgLap/Nn)2] | +(3spgr *+ 1,35zLab) +3 x V[sp2 + (srLan/N1)?] #(Bspgt + 1,35z ab)
Measuremerjts s = 1,10 % spar = 1,10 %
sp =0,68 sg=%4,05

SgLab = 0,86 % Sprab = 0,33 %
Single +3,30 4,41 +3,30 3,73
Duplicate 12,74 3,85 +3,24 3,66
Triplicate +2,53 3,64 13,21 3,63

12
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10/ | 107
O [T 0

a) Single measurements

ass content (%)

9
n
a  Production limits.
Production and test method limits.
Warning limits.
Singlp measurements
Mean|glass content:
Prodyction and test method standard deviation, spg 1
Test method standard deviation:

Number of determinations:

27 28 29 30 31 32 33 34 35 36 37 38 X

Limber of determinations giving a particular glass content

33,00 %

1,10
0,86
500

27 28 29 30 31 32 33 34 35 36|37 38

b) Duplicate measurements$

X

Figlire B.1 — Determination of glass content — Comparison of effect on production limit§ of making

single rather than duplicate measurements (s ,,/spgt = 0,78)

© 1SO 2010 — All rights reserved

13


https://standardsiso.com/api/?name=92dc2e51d76c92c01619313e7d1ae5e5

	Scope
	Normative references
	Terms and definitions
	Precision of test methods
	Single measurements for production quality control purposes
	General
	Variability of the production process and test method
	Within-laboratory reproducibility
	Calculation of sRLab from a within-laboratory reproducibilit
	Interpretation of single-measurement data for production qua

	Procedure

