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Foreword

1:2022(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The
desd

pDrocedaurc UScd SAYUS UOCUIT dI10 ." SJefesie O U d
ribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianet

iimenance are

bded for the
ce with the

e subject of
5. Details of
tion and/or

Any|trade name used in this document is information given for thé tonvenience of users apd does not

congtitute an endorsement.

For pn explanation of the voluntary nature of standards, the meaning of ISO specific| terms and

expijessions related to conformity assessment, as wellbas information about ISO's adherence to

the |World Trade Organization (WTO) principles inZthe Technical Barriers to Trade [(TBT), see
wwyv.iso.org/iso/foreword.html.

This| document was prepared by Technical Cammittee ISO/TC 69, Applications of statistiqal methods,

Subdommittee SC 5, Acceptance sampling.

This|third edition cancels and replaces thessecond edition (ISO 3591-1:2013), which has been technically

reviged.

The main changes are as follows:

— procedures have been introduced to accommodate measurement uncertainty;

— many of the sampling’plans have been adjusted to improve the match between theI" operating
Characteristic curves and the operating characteristic curves of the corresponding plaps for single
sampling by attributes in SO 2859-1.

Alisf of all parts'in the ISO 3951 series can be found on the ISO website.

Any [feedback or questions on this document should be directed to the user’s national standards body. A

completelisting of these bodies can be found at www.iso.org/members.html.

© IS0 2022 - All rights reserved v


https://www.iso.org/directives-and-policies.html
https://www.iso.org/iso-standards-and-patents.html
https://www.iso.org/foreword-supplementary-information.html
https://www.iso.org/members.html
https://standardsiso.com/api/?name=22c6baa0ca6dafb854727de2b19a090c

ISO 3951-1:2022(E)

Introduction

This document specifies an acceptance sampling system of single sampling plans for inspection by
variables. It is indexed in terms of the acceptance quality limit (AQL). A more comprehensive and
technical treatment of the AQL scheme is given in ISO 3951-2. This document is complementary to
ISO 2859-1.

The objectives of the methods laid down in this document are to ensure that lots of acceptable quality
have a high probability of acceptance and that the probability of not accepting inferior lots is as high as
practicable. This is achieved by means of the switching rules, which provide the following:

an auttl)matic protection to the consumer (by means of a switch to tightened inspectio

a) n or
discontfinuation of sampling inspection) should a deterioration in quality be detected; and

b) anincentive (at the discretion of the responsible authority) to reduce inspection costs (by meaps of
a switch to a smaller sample size) should consistently good quality be achieved.

In this docyment, the acceptance of a lot is implicitly determined from an estimate of the percentage of

nonconfornping items in the process, based on a random sample of items from thelot.

This document is intended for application to a continuing series of lots of diScrete products all supplied

by one producer using one production process. If there are different producers or production procepses,

this document is applied to each one separately.

This docunltent is intended for application to a single quality eharacteristic that is measurable on

a continuoys scale and is normally distributed. For two or_more such quality characteristics| see

[SO 3951-2.[For information on normality and data transforniations, see Clause 12.

It is assuméd in the body of this document that measurement error is negligible (see ISO 10576-1:2(003).

For informdtion on allowing for measurement error, sé¢ Annex B.

For double §pecification limits, this document cayers combined control. For other types of control, yefer

to ISO 3951}2.

CAUTION + The procedures in this document are not suitable for application to lots that have

been screepned for nonconforming itéms.

Inspection
possible md
user:

unknoy
since th

— asinglg

by variables for nonconforming items, as described in this document, includes sey
des, the combinatipn.of which leads to a presentation that may appear quite complex t

n standard«eviation, or originally unknown then estimated with fair precision, or kn
e start of inspection;

specification limit, or combined control of double specification limits;

reral
the

own

normal

ifispection, tightened inspection, or reduced inspection.

The choice of the most suitable variables plan, if one exists, requires experience, judgement, and some
knowledge of both statistics and the product to be inspected. Clause 5 of this document is intended
to help those responsible for specifying sampling plans in making this choice. They suggest the
considerations that should be kept in mind when deciding whether a variables plan is suitable and the
choices to be made when selecting an appropriate standard plan.

The basic definitions and notations are provided in Clauses 3 and 4. The basic operational rules are
contained in Clauses 5 through 9. Clause 10 informs about the relations between this document and
the attributes sampling standard ISO 2859-1. Clauses 11, 12 and 13 provide background on accounting
for measurement uncertainty, the normality assumption, and monitoring of inspection results and
the underlying process. All tables needed for the sampling procedure can be found in Clause 14 and
examples for the s-method and the o-method for both one and two specification limits can be found in
Clause 15.

vi © IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=22c6baa0ca6dafb854727de2b19a090c

ISO 3951-1:2022(E)

Nine annexes are provided. Annex A indicates how the sample standard deviation, s, and the presumed
known value of the process standard deviation, o, should be determined. Annex B provides procedures
for accommodating measurement uncertainty. Annex C shows five different sampling strategies.
Annex D gives the general formula for the operating characteristic of the o-method and provides tables
with values of the operating characteristics of single sampling plans with known o. Annex E gives the
general formula for the operating characteristic of the s-method and provides tables with values of the
operating characteristics of single sampling plans with unknown o. Annex F provides the statistical
theory underlying the calculation of the consumer’s risk qualities, together with tables showing these
quality levels for normal, tightened, and reduced inspection, as well as for the s-method and o-method.
Annex G provides similar information for the producer’s risks. Annex H give details of how Acceptance
diagrams for double specification limits are constructed, Annex | shows the use of the underlying
softyare (R package to support implementation of this document).
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Sampling procedures for inspection by variables —

Part 1:

Sp

ecification for single sampling plans indexed by

acceptance quality limit (AQL) for lot-by-lot inspection for

cyznnlityr ol vy ~E o

e

d luslc guarnty-cnaracter isticand=a oluslc ru,u..

1 Bcope

This{document specifies single sampling plans for lot-by-lot inspection under-the following fonditions:

a) Wwhere the inspection procedure is applied to a continuing series of lots of discrete pgroducts, all
supplied by one producer using one production process;

b) where only a single quality characteristic, x, of these products is'taken into consideratipn, which is
measurable on a continuous scale;

c) where production is under statistical control and the“quality characteristic, x, is [distributed
hccording to a normal distribution or a close approximation to the normal distribution;

d) where a contract or standard defines a lower specification limit, L, an upper specifi¢ation limit,
[J, or both. An item is qualified as conforming:if its measured quality characteristic, x,|satisfies as
hppropriate one of the following inequalities:

1) x=L (i.e. the lower specification lifit is not violated);
P)  x < U (i.e. the upper specification’limit is not violated);
B) x> Landx<U (i.e. neither the lower nor the upper specification limit is violated).

Inequalities 1) and 2) are cages-with a single specification limit, and 3) is a case with double specification

limits.

Where double specification limits apply, it is assumed in this document that conformfity to both
spedification limitsis-equally important to the integrity of the product. In such cases, it is
to apply a single‘AQL to the combined percentage of a product outside the two specification
is referred tqo-as(combined control.

2

ormative references

hppropriate
limits. This

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 2859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by
acceptance quality limit (AQL) for lot-by-lot inspection

[SO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in

prob

ability

ISO 3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

© IS0 2022 - All rights reserved
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ISO 3951-2, Sampling procedures for inspection by variables — Part 2: General specification for single
sampling plans indexed by acceptance quality limit (AQL) for lot-by-lot inspection of independent quality
characteristics

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2859-1, ISO 3534-1 and

ISO 3534-2

and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

— IS0 Onlline browsing platform: available at https://www.iso.org/obp

IECEle

31
inspection
inspection |

[SOURCE: I§

3.2
sampling i

Ctropedia: available at https://www.electropedia.org/

by variables
by measuring the magnitude(s) of a characteristic(s) of an item

0 3534-2:2006, 4.1.4]

hspection

inspection ¢f selected items in the group under consideration

[SOURCE: I

3.3
acceptancg
acceptance

[SOURCE: I

3.4
acceptancg
acceptance
from measy

[SOURCE: 1
sample fron

3.5
process frg
rate at whid

0 3534-2:2006, 4.1.6]

sampling inspection
inspection where the acceptability is deterntined by means of sampling inspection (3.2)

0 3534-2:2006, 4.1.8]

sampling inspection by variables
kampling inspection (3.3) in.which the acceptance of the process is determined statisti
rements from inspection by)variables (3.1)

b0 3534-2:2006, 4.241 modified — “on specified quality characteristics of each item
h a lot” has been replaced by “from inspection by variables”]

ction noneonforming
h nonconforming items are generated by a process

Note 1 to enflry: It is expressed as a proportion.

3.6

cally

in a

acceptance quality limit

AQL

(acceptance sampling) worst tolerable quality level (3.7)

Note 1 to entry: This concept only applies when an acceptance sampling scheme with rules for switching and for

discontinuat

ion, such as ISO 2859-1 and ISO 3951, is used.

Note 2 to entry: See 5.4.

[SOURCE: ISO 3534-2:2006, 4.6.15 modified — Notes 2 to 4 to entry have been deleted and Note 1 to
entry has been added.]
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quality level
quality expressed as the fraction nonconforming

[SOURCE: ISO 3534-2:2006, 4.6.16 modified — “or rate of number of nonconformities” has been
removed”.]

3.8

limiting quality

LQ

quality level (3.7), when a lot is considered in isolation, which, for the purposes of acceptance sampling

insp
Note
[SOU

39
non
non-

[Sou

3.10
non
unit

[sot
3.11

p*-method acceptance sampling plan

acce,
com

Note
resu

3.12

s-method acceptance sampling plan

acce
Note

[sot

acc

3.13
o-m

ction (3:3), 1S Iimited to a tow probability of acceptance

1 to entry: In this document: 10 %.

RCE: 1SO 3534-2:2006, 4.6.13, modified — Note 1 to entry has been added.]

conformity
fulfilment of a requirement

RCE: ISO 3534-2:2006, 3.1.11]

conforming unit
with one or more nonconformities

RCE: ISO 3534-2:2006, 1.2.15]

ptance sampling (3.3) plan by variablesywhere the the estimated fraction nonconfo
pared to the maximum acceptable value p*

1 to entry: The method is applicable to'both the s-method (3.12) and the o-method (3.13) and giv
ts. It has the advantage that it deals directly with the fraction nonconforming.

ptance sampling (3.3)plan by variables using the sample standard deviation

1 to entry: See £lause 6.

RCE: ISO 8534-2:2006, 4.3.10 modified — “s method” has been replaced by “s-m
bptance.Sampling plan” has been added]

ethod acceptance sampling plan

rming p is

bs equivalent

ethod” and

acceptance sampling (3.3) plan by variables using the presumed value of the process standard deviation

Note

1 to entry: See Clause 7.

[SOURCE: ISO 3534-2:2006, 4.3.9 modified — “sigma method” has been replaced by “c-method” and
“acceptance sampling plan” has been added]

3.14
specification limit
conformance boundary specified for a characteristic

[SOURCE: ISO 3534-2:2006, 3.1.3, modified — "limiting value stated" has been replaced with

"con

formance boundary specified".]
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3.15

lower specification limit

L

specification limit (3.14) that defines the lower conformance boundary

[SOURCE: ISO 3534 2:2006, 3.1.5, modified — "limiting value" has been replaced with "conformance
boundary".]

3.16
upper specification limit

specification

[SOURCE: 1$0 3534-2:2006, 3.1.4, modified — "limiting value" has been replaced with "corfermpnce
boundary".

3.17

combined ¢ontrol
requirement when both upper and lower limits are specified for the quality characteristic and an|AQL
(3.6) that applies to the combined percent nonconforming beyond the two limits-is given

Note 1 to entlry: See 5.4.

Note 2 to entfry: The use of combined control implies that nonconformity beyend either specification limit (3.]4) is
believed to ble of equal, or at least roughly equal, importance to the lack of ifitegrity of the product.

3.18

form k acc¢ptance constant
k

constant depending on the specified value of the acceptance quality limit (3.6) and the sample size, psed
in the criteffia for accepting the lot in an acceptance sampling (3.3) plan by variables

Note 1 to enffry: See Clause 6 and Clause 7.

[SOURCE: ISO 3534-2:2006, 4.4.4, modified"— "acceptability constant” has been replaced with
"acceptancg constant”. The original Note 1-to entry has been deleted, a new Note 1 to entry has been
added.]

3.19
form p* ac¢eptance constant
p*
constant depending on th€ specified value of the acceptance quality limit (3.6) and the sample size, ised
in the critetfia for acceptifig the lot in an acceptance sampling (3.3) plan by variables

[SOURCE: ISO 3534-2:2006, 4.4.4, modified — "acceptability constant” has been replaced with
"acceptancg constant”. The original Note 1 to entry has been deleted, a new Note 1 to entry has been
added.]

3.20
quality statistic
Q

function of the specification limit (3.14), the sample mean and the sample or process standard deviation,
used in assessing the acceptance of a lot

Note 1 to entry: For the case of a single specification limit, the lot can be accepted or rejected on the result of
comparing Q with the form k acceptance constant (3.18).

Note 2 to entry: See Clause 6 and Clause 7.

[SOURCE: ISO 3534-2:2006, 4.4.9, modified — In the Note 1 to entry, "may be sentenced" has been
replaced with " can be accepted or rejected”. Note 2 to entry has been added.]
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3.21
lower quality statistic

Q

function of the lower specification limit (3.15), the sample mean, and the sample or process standard
deviation

Note 1 to entry: For a single lower specification limit, the lot can be accepted or rejected on the result of comparing
Q, with the form k acceptance constant (3.18).

Note 2 to entry: See Clause 4, Clause 6, and Clause 7.

[SO RCE:1S0Q 3534.-2:2006,4.4.11 modified — Note 2 to entry hasbheen added ]

3.22
upper quality statistic
Qu
fundtion of the upper specification limit (3.16), the sample mean, and the sample or proceps standard
deviption

Note| 1 to entry: For a single upper specification limit, the lot can be accepted or rejected on the result of
comparing Q with the form k acceptance constant (3.18).

Note|2 to entry: See Clause 4, Clause 6, and Clause 7.
[SOURCE: ISO 3534-2:2006, 4.4.10, modified — Note 2 to entry has been added.]

3.23
maximum process standard deviation
MPSD

Umax
largest process standard deviation for a given~sample size code letter and AQL (3.6) for] which it is

posdible to satisfy the acceptance criterion farya double specification limit under all inspectign severities
(i.e. hormal, tightened and reduced) when the process variability is known

Note|1 to entry: The MPSD depends on whether the double specification limits are combined, separatg or complex,
but does not depend on the inspection‘severity.

Note|2 to entry: See 5.2.

[SOYRCE: ISO 3534-2:2006)4.4.8, modified — Note 2 to entry has been added.]

3.2

switiching rule
instruction within an acceptance sampling (3.3) scheme for changing from one acceptan¢e sampling
plan|to anothel of greater or lesser severity based on demonstrated quality history

Note| 1 to ‘entry: Normal, tightened, or reduced inspection or discontinuation of inspection are|examples of
‘severity,of sampling’.

Note 2 to entry: See Clause 9.
[SOURCE: ISO 3534-2:2006, 4.3.4, modified — Note 2 to entry has been added.]

3.25
measurement
set of operations to determine the value of some quantity

[SOURCE: ISO 3534-2:2006, 3.2.1, modified — "having the object of determining a value of a quantity"
has been replaced with " to determine the value of some quantity”. Notes 1 and 2 to entry have been
deleted.]

© IS0 2022 - All rights reserved 5
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4 Symbols

fs factor that relates the maximum process standard deviation to the difference between
Uand L (see 14.5)

the distribution of the standard beta distribution with parameters « and g . In this

Fpera(a,p)y (X)
document o = =n/2-1 throughout.

Ft(v 5) (x) the distribution function of the non-central t-distribution with v degrees of freedom
' and non-centrality parameter &

K, the upper p-quantile of the standardized normal distribution 1.€. x such that
1-®(x)=p, which corresponds to the process fraction nonconforming p

k form k acceptance constant for use with a single quality characteristic and a'§ingle
specification limit (see 14.1 for the s-method acceptance sampling plan.or 14.2 for|the
o-method acceptance sampling plan)

L lower specification limit (as a subscript to a variable, it denotes(ts value at L)

M unknown process mean

N lot size (number of items in a lot)

n sample size (number of items in a sample)

p estimate of the process fraction nonconforming

b, estimate of the process fraction nonconforming below the lower specification 1imi‘[

by estimate of the process fraction nonconforming above the upper specification limi

* form p* acceptance constant i.e:;the maximum acceptable value for the estimate of the

p process fraction nonconforming

P, probability of acceptance

D(x) the distribution futiction of the standardized normal distribution

Q quality statistic

Q lower quality statistic
NOTE,Q, is defined as (x —L)/s when the process standard deviation is unknown, and
asy(x —L)/o when itis presumed to be known.

Qu upper quality statistic
NOTE Qy, is defined as (U—X)/s when the process standard deviation is unknown, and
as (U-x)/o when itis presumed to be known.

S sample standard deviation of the measured values of the quality characteristic (also

an estimate of the standard deviation of the process), i.e.

2.0 =%
j=1

n-1
(See Annex A))

6 © IS0 2022 - All rights reserved
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o process standard deviation
NOTE o2, the square of the process standard deviation, is known as the process
variance.

O max maximum process standard deviation (MPSD)

C oot weighted root mean square of s

U upper specification limit (as a suffix to a variable, it denotes its value at U)

X: rad ] £1l 1L+ Lo + iekia faoun +h th s £l ]

j IIICdouIrITu vaiuc Ul UIIT L«lblClllL_y CIIdIdULUT IOUIU 1UL \JACJ ILCIIT UT LIIT Dallll}lc
X the arithmetic mean of the measured values of the quality characteristi¢/in| the sam-
ple, i.e.
n
2%
=12
n

5 [hoice of a sampling plan

5.1 | Choice between variables and attributes

The ffirst question to consider is whether it is desirableto'inspect variables rather than attfibutes. The

following points should be taken into account.

a) [n terms of economics, it is necessary to compare the total cost of the relatively simpl¢ inspection
pf a larger number of items by means of an' attributes scheme with the generally mote elaborate
procedure required by a variables scheme, which is usually more time-consuming angl costly per
tem.

b) [nterms of the knowledge gained,the advantage lies with inspection by variables as the information
pbtained indicates more pregisely the quality of the product. Therefore, earlier warhing can be
biven if the quality is slipping.

c) An attributes scheme-can be more readily understood and accepted. For example, two jphenomena
bf variables samplifig dre difficult to understand:

1) lots containing 100 % conforming items can be rejected, occasionally even with a high
probability (see example 3 in 15.1);

D) thebre\are cases of larger AQL and smaller lot size where lots containing 100 % nonconforming
items are accepted.

d) 1 amdard plans
for 1nspect10n by attributes, such as from ISO 2859 1, and the standard plans in this document,
the smallest samples are generally required by the o-method (used when the process standard
deviation is presumed to be known). The sample sizes for the s-method (used when the process
standard deviation is presumed to be unknown) are larger than for the o-method but are, in
general, substantially smaller than for sampling by attributes.

e) Inspection by variables is particularly appropriate in conjunction with the use of control charts for
variables.

f) Variables sampling has a substantial advantage when the inspection process is expensive, for
example, in the case of destructive testing.

g) Avariables scheme becomes relatively more complicated to operate as the number of measurements

to be taken on each item increases.

© IS0 2022 - All rights reserved
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NOTE For two or more quality characteristics, that need to be treated together using a single AQL, this
document does not apply. See ISO 3951-2 for details.

5.2 General

The sampling schemes found in this document, with their rules for switching and for discontinuation of
sampling inspection, are designed to encourage suppliers to keep the process fraction nonconforming
consistently better than the respective AQLs.

Otherwise, there is a high risk that the inspection severity be switched to tightened inspection, under
which the criteria for lot acceptance become more demanding. Once on tightened inspection, unless
action is tgken to improve the process, it is very likely that the rule requiring discontinuatiqn of
sampling infspection be invoked pending such improvement.

The followihg procedures shall be followed before starting an inspection by variables:

a) check that an AQL has been designated, and that it is one of the preferred AQLsifor use with|this
document (see Clause 5). If it is not, then the sampling tables of this documentarenot applicable;

NOTE If an AQL other than a preferred AQL is designated, then this document-is only applicable ynder
the advilce of a statistical expert.

b) checkthattheinspection level to be used has been designated. If none’has been given, the insped¢tion
level II ghall be used (see 5.4);

c) determifine the quality characteristic x and an upper limit U and/or a lower limit L for x;

d) for a gpality characteristic with double specification limits, check that nonconformities beyond
each lirhit are of equal importance. If this is not the case; refer to ISO 3951-2;

NOTE If the lot size, the inspection level, U, L or the*AQL change during the process, the user mightneed
to stop gnd begin again with 5.1.

e) check whether the s-method (Clause 6) is.to'be used initially or whether the standard deviatipn is
stable gnd known, in which case the o-fnethod (Clause 7) should be used (see 5.3);

f) for the p-method and a quality charaeteristic with double specification limits, a process capability
study i the following sense should be done:

1) entler Table 11 in 14.4 with the AQL to determine the value of the factor f;

2) calfulate the maximum allowable value of the process standard deviation using the formula
Onfax =(U—L) f

3) If g exceeds g, the process is not capable and sampling inspection is pointless until|it is

derhonstrated that the process variability has been adequately reduced.

g) obtain thé-sample size code letter with the inspection limit (normally level II) and the lot size from
Table 1.

5.3 Choice between the s-method and o-method

If the inspection by variables method as proposed in this document is chosen, the decision shall be
made whether to use the s-method or the 6-method. The o-method is the more economical in terms of
sample size, but before this method can be applied, it is necessary to have a reliable value of o, usually
obtained from previous process analyses.

In the case that no reliable assumptions on the value of ¢ can be made, it shall be necessary to begin
with the s-method, but subject to the agreement of the responsible authority and provided the quality
remains satisfactory, the operational rules of this document permit a change to the o-method and
consequently the use of a smaller sample size.
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If the variability is under control, a reliable estimation for the process standard deviation can be made
from the observed data, in which case it may be economical to change to the c-method. The size of the
sample is generally smaller and the acceptance criterion is simpler using the c-method (see Clause 7).

On the other hand, it shall still be necessary to calculate the sample standard deviation, s, for record
and continued monitoring purposes of the product quality and to keep the pattern or control charts up
to date (see Clause 13). Methods of determining s and o are given in Annex A.

In case of using the o-method, it is recommended to perform, periodically and systematically,
comparisons of observed data, i.e. observed process standard deviations with the assumption made on
o. In the framework of continued monitoring, this can be done in several ways:

lise of descriptive, graphical methods, e.g. pattern charts;
lise of statistical control charts;
Hescriptive numerical analysis; or

Gtatistical tests, e.g. Bartlett’s test for the comparison of variances.

If ba
neceq

sed on these analyses there is doubt in the reliability of the asSumptions made on |, it can be

ssary to switch to the s-method.

5.4 | Choice of inspection level and AQL

The
cont|
be o
does

AQL is the quality level that is the worst tolerable: nonconforming process fractjon when a
inuing series of lots is submitted for acceptance sampling. Although individual lots defermined to
[ “bad” quality may be accepted by the AQL with{fairly high probability, the designation of an AQL
not suggest that this is a desirable quality level.

The
For 3

AQL, together with the sample size code letter, is used to index the sampling plans in thi$ document.
W standard sampling plan, the inspectioen-evel, in conjunction with the size of the lots ajnd the AQL,

dete)
oper

The
desg
in th
AQL

The
resp
addy
two

rmines the size of the sample to be taken and governs the severity of the inspection. The
ating characteristic from AnnexE'shows the extent of the risk that is involved in such 3

ribed as “preferred AQLs/"They are only preferred in the sense that they are the AQL
e tabulations and charts. It follows that, if for any product or service, an AQL other than|

AQL to be used-shall be designated in the product specification or in the contraci
onsible autherity. Where both upper and lower specification limits are given, thi
esses onlysthie case of an overall AQL applying to the combined percent nonconforming]
[imits; tHis)is known as “combined control.” (See ISO 3951-2 for “separate” and “complej

double spe€ification limits.)

Fron

h(the definition of the AQL, it follows that the desired protection can only be ensu

hppropriate
plan.

16 AQLs given in this doctunent, ranging in value from 0,01 % to 10 % nonconf¢rming, are

values used
a preferred

is designated, then this document is only applicable under the advice of a statistical expert.

, or by the
. document
beyond the
x” control of

red when a

con

Nuing sertes of fots s provided for inspection.

The designation of an AQL shall not imply that the supplier has the right to supply knowingly any
nonconforming product.

The choice of inspection level and AQL is governed by a number of factors but is mainly a balance
between the total cost of inspection and the consequences of nonconforming items passing into service.

Three inspection levels, |, I1, and 111, are given in Table 1 for general use. Inspection level II shall be used
unless special circumstances indicate that another level is more appropriate. Level [ may be used when
less discrimination is needed, and level III when greater discrimination is required. Four additional
special levels, S-1, S-2, S-3, and S-4, are also given in Table 1 and may be used when relatively small
sample sizes are necessary and larger sampling risks can be tolerated, or when very high process
capability has been demonstrated.
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Table 1 — Sample size code letters and inspection levels

Lot or batch size Special inspection levels General inspection levels
S-1 S-2 S-3 S-4 I II III
2to8 B B B B B B
9to 15 B B B B B B C
16 to 25 B B B B B C D
26 to 50 B B B C C D E
51to 90 B B C C C E F
91 tg 150 B B C D D F G
151 t¢ 280 B C D E E G H
281 t$ 500 B C D E F H ]
501 to|1 200 C C E F G ] K
1201t 3200 C D E G H K L
3201tg 10000 C D F G ] L M
10 001 t¢ 35 000 C D F H K M N
35001 tg 150 000 D E G ] L N P
150 000 t¢ 500 000 D E G ] M P Q
500 000 aAnd over D E H K N Q R
NOTE Thelsample size code letters and inspection levels in this document ¢oxrespond to those given in ISO 2859-1 and
ISO 3951-2.
6 Standard procedures for the s-method
6.1 Gendral
The s-method shall be used if informationsabout the process standard deviation is missing or
unreliable. Using the s-method, the standard. deviation is estimated directly from each sample. As foon
as the condjtions for the use of the o-method are warranted, one may switch from the s-method t¢ the
o-method (§ee 5.3).
6.2 Single specification limits
Before starting the inspectiof by variables, see Clause 5.
The procedpire for a single specification limit is as follows.
a) Enter Table 25Table 3, or Table 4, as appropriate, with the code letter and the AQL to obtain the
sample|size, i,"and the acceptance constant, k.
b) Take a tatrdemsample-efsize-n-measure-the-characteristicxineachitemand-thenealewlate, the
sample mean, and s, the sample standard deviation (see Annex A).
NOTE Some sampling strategies are provided in Annex C.
¢) Calculate the quality statistic @y =(U-X)/s or @, =(x—L)/s and compare it with the acceptance
constant k. The lot is accepted if Qy =2k or Q 2k ; or rejected if Qy <k or Q| <k.
d) Proceed with Clause 9.
For examples of single lower and upper specification limits using the s-method, see Example 1 and
Example 2 in 15.1.
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Double specification limits

Before starting the inspection by variables, see Clause 5.

The
a)

b)

d)

For

Example 6 in 15.2.

7

7.1
The

prodess can be considered constant with a known value.

7.2

Befolre Starting the inspection by variables, see Clause 5.

The
a)

b)

procedure for double specification limits for the s-method is as follows.

Enter Table 2, Table 3, or Table 4, as appropriate, with the code letter and the AQL to obtain the
sample size, n, and the acceptance constant, k.

Take a random sample of size, n, measure the characteristic x in each item, and then calculate X,
the sample mean, and s, the sample standard deviation (see Annex A).

NOTE Some sampling strategies are provided in Annex C.
Determination of acceptance.
1) If x<L or Xx>U,reject the lot; or continue with the next step.

P) Plot (s,Xx) on the acceptance diagram, which can be obtained using’the accCurve|function in
the underlying software (see L5).

< * Xx—L
and Xg = m may be used in which case

- s
NOTE The standardized values (sg,Xg ) where sg = m

(SS ,Xg ) is plotted on the standardized acceptance diagram, which can be obtained using fhe accCurve

function in the underlying software without providingthe standardized lower and upper fpecification
limits L =0, U=1 (see L5).

B). If the plotted point is outside the acceptance tegion the lot is rejected; otherwise the lot is
accepted.

Proceed with Clause 9.

pxamples of combined control of doublée specification limits using the s-method, see Example 3 to

Standard procedures-for the o-method

General

o-method shallCenly be used when there is valid evidence that the standard deviatjon ¢ of the

Single specification limits

procedure for a single specification limit is as follows.

Enter Table 5, Table 6, or Table 7, as appropriate, with the code letter and the AQL and obtain the
sample size, n, and the acceptance constant, k.

Take a random sample of size n, measure the characteristic x in each item, and then calculate X, the
sample mean, and s, the sample standard deviation (see Annex A).

NOTE1 Some sampling strategies are provided in Annex C.
NOTE 2 The sample standard deviation is needed for the records (see Clause 13).

Calculate the quality statistic Qy =(U—X)/o or Q; =(X—L)/o and compare it with the acceptance
constant k. The lot is accepted if Qy 2k or Q, 2k; or rejected if Qy <k or Q, <k.
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For examples of single lower and upper specification limits using the o-method, see Example 1 and
Example 2 in 15.2.

7.3 Double specification limits

Before starting the inspection by variables, see Clause 5.

The procedure for double specification limits is as follows.

a) Enter Table 2, Table 3, or Table 4, as appropriate, with the code letter and the AQL and obtain the

sample

b) Take a yfandom sample of size n, measure the characteristic x in each item, and then calculate ¥|

sample
NOTE 1

NOTE 2

c¢) Determjination of acceptance.

1) If ¥<L or x>U, reject the lot; or continue with the next step.

2) Cal
lot

3) Ifa<0,750

4) If neither Q) or Qy are close to k accept the lot; otherivise use the p*-method in Clause 8.

d) Procee

For an exanjple of combined control of double specification limits using the c-method, see Examplg

15.2.

8 Thep

The p*-method acceptance samplifigiplan is an alternative to the standard procedures in Clause 6

Clause 7. Fo
Before star
The proced
a) Enter T

n=n; is
obtain

size, n, and the acceptance constant, k.

mean, and s, the sample standard deviation (see Annex A).
Some sampling strategies are provided in Annex C.

The sample standard deviation is needed for the records (see Clause 13).

lculate the quality statistics Q) =(Xx—L)/o and Qy =(U—-X)y'o .1f Q, <kor Qy <k, rejec
or continue with the next step.
max accept the lot; otherwise continue with'the next step.

| with Clause 9.

*-method

I the application of this method, distribution functions are calculated.
ing the inspection by variables, see Clause 5.
ire for the p* method for a single limit and double limits is as follows.

ables 8,°9vor 10 in 14.3 with the code letter and the AQL, to obtain the sample size, w|
the,samiple size for the s-method, and n = n, is the sample size for the o-method, ar
he-acceptance constant, i.e. the maximum fraction nonconforming, p*

, the

t the

3in

and

here
d to

b) Take a random sample of size n, measure the characteristic x in each item, and then calculate x, the

sample
NOTE 1

NOTE 2
records

mean, and s, the sample standard deviation (see Annex A).

Some sampling strategies are provided in Annex C.

In the case of known standard deviation, o, the sample standard deviation is needed for the

(see Clause 13).

c¢) Estimated fraction nonconforming:

1) unknown standard deviation: For a lower specification limit, calculate ﬁL , for an upper limit,

calculate f)U , and for two specification limits, calculate both,

12
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b=F /. |max 0,1—1X—_L\/; “F . . |max{ol|1-
BETA(E—l,E—l} 2 2 s n-1 BETA[E—LE—IJ 2

A~

=)

py =F 0o max 0,1—lu \/; =F 0o max O,1 1-0Qy \/;
BETA(E—LE—lJ 2 2 s n-1 BETA(E—LE—lJ 2 n-1

2) known standard deviation: For a lower specification limit, calculate p, , for an upper limit,

calculate [JU , and for two specification limits, calculate both,

d)

For
com

9

Swit
This
AQL
tight

L L-X% n _ B n
o[ o[l
. x-U n _ B n
pu_dj[ (o] n—l]_(p[ QU n—1]

NOTE The fraction nonconforming can be calculated with the R package) see Annex I.

Acceptance criteria:

1) single limit: A lot shall be accepted if p, < p* for a lower limit, and if p, < p* f
limit; if p, > p* or p;, > p* respectively, the lot is rejected;

P) double limits: A lot shall be accepted if p, + py, < p*;if p, + p; >p*, thelotisrg

Proceed with Clause 9.

examples of single specification limits see' Example 1 and Example 3 in 15.3. For ¢
bined control of double specification liniits see Example 2 and Example 4 in 15.3.

Switching between inspection severities

ching rules discourage the‘producer from operating at a quality level that is worse th
document prescribes a~switch to tightened inspection when inspection results indic
is being exceeded. I further prescribes a discontinuation of sampling inspection 4
ened inspection failsto stimulate the producer into rapidly improving this production

Tighitened inspection-dnd the discontinuation rule are integral and, therefore, obligatory pr

this
This
indi
how

document ifthe protection implied by the AQL is to be maintained.

document’also provides the possibility of switching to reduced inspection when insped
ate,that the quality level is stable and reliable at a level better than the AQL. This
eyer,optional (at the discretion of the responsible authority).

pr an upper

jected;

xamples of

an the AQL.
hte that the
ltogether if
process.

ocedures of

tion results
practice is,

When it has been necessary to discontinue acceptance sampling inspection, inspection as outlined by
this document shall not be resumed until action has been taken by the producer to improve the quality
of the submitted product.

The sampling system specified by this document can only work efficiently if the switching rules in 9.1
are obeyed (see also Figure 1), and therefore records of some values of the inspection plan need to be
kept (see 9.2).
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I Start I

- 10 succesive lots have been
accepted,

- these lots would have been
accepted if the AQL had been
one step tighter,

2 of 5 or fewer
consecutive lots
not accepted

5 lots not

- production is in statistical accepted

control, and

- reduced inspection is
considered desirable by the
responsible authority.

Normal 1g] tened

inspection

Stop

inspection

- Lot not accepted or

- production not in statistical
control or

5 consecutive
lots accepted

Supplier
improvesquality

- other conditions warrant

Figure 1 — Outline of the switching rules

inspeéctig

9.1 Rules for switching between inspection severities
Normal inspection is used at the start of inspection (unless<étherwise designated). It shall be psed
during insplection until tightened inspection becomes necessary or reduced inspection is allowed] For
further infqrmation about the three inspection severitiessee 5.4.
This docunjent prescribes a switch to tightened inspection when inspection results indicate that the
AQL is being exceeded, and also provides the possibility of switching to reduced inspection when
inspection fesults indicate that the quality levelis stable and reliable at a level better than the AQL| The
switch to rgduced inspection is, however, optional (at the discretion of the responsible authority).
The standard switching rules are as follows.
a) Withinnormal inspection:
1) when two lots are rejected within any five or fewer successive lots, tightened inspection ghall
be |nstituted;
NOTE Tightenediinspection is generally achieved by increasing the value of the acceptance constant k.
Thq values afe tabulated in Table 3 for the s-method and in Table 6 for the c-method.
2) after 10'successive lots have been accepted, reduced inspection may be instituted, proviided

tha‘t

i) these lots would have been accepted if the AQL had been one step tighter (e.g. 0,65 %
instead of 1,0 %),
NOTE 1

To determine this, it is useful to keep a record of the values of Q; or Q;, respectively.

Next, follow the procedures in Clause 6 or Clause 7 respectively, with the sample size code letter, the
new AQL, the values of @, or Q; and the last 10 values of X ands.

NOTE 2

method), refer to the supplementary acceptance constants provided in Table 13.

ii)

iii)

14

production is in statistical control (see 5.3), and

reduced inspection is considered desirable by the responsible authority.

If a value of k for the tighter AQL is not given in Table 2 (s-method) or Table 6 (o-
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NOTE1  When the previous 10 lots have been accepted under original inspection, reduced inspection can
be instituted without the condition that these lots would have been accepted if the AQL had been one step
tighter, subject to the approval of the responsible authority.

NOTE 2 Reduced inspection is conducted on a much smaller sample than normal inspection and the value
of the acceptance constant is also decreased. The values of n and k for reduced inspection are given in Table 4
for the s-method and Table 7 for the o-method.

Within reduced inspection: Normal inspection shall be reinstated if at least one of the following
occur:

1) alotisrejected;

P) production is no longer in statistical control or is delayed; or

B) reduced inspection is no longer considered desirable by the responsible autherity.
Within tightened inspection:

1) when five successive lots have been accepted, normal inspection shall be reinstated;

D) if the cumulative number of lots rejected in a sequence of consecutive lots on origingl tightened
inspection reaches five, the acceptance procedures of this dgeument shall be discontinued.

Inspection under the provisions of this document shall not be{resumed until action has begn taken by
the gupplier to improve the quality of the submitted productior service and the responsibje authority

has

9.2

ngreed that this action is likely to be effective. Tightened inspection shall then be used again.

Records for switching between inspection ‘severities

As g variables sampling inspection plan can \@nly operate efficiently if records are kept, this is an
important part of the inspection. For furtherinformation about the advantages of keeping rlecords, and

control charts especially, see Clause 13. In particular, the following values should be kept:

a)

the values of X and s, the lot size,the inspection level, the inspection severity, the codg letter, U, L
hnd the AQL (especially when they changed since the last inspection);

When one of the prescribed values changes, apart from the inspection severity, one needs td start again

with Clause 5.

b)

Any

permission of thedresponsible authority.

‘)
NOT

10

whether the lot was-accepted;

lot rejected by, the sampling plan shall not be resubmitted either in whole or in part without the

f the letthas been accepted; the values of Q;;and Q, , if they have been evaluated.

) These values are important for switching to reduced inspection.

Relation to ISO 2859-1

10.1 Similarities

The
a)

b)

similarities are as follows.

This document is complementary to ISO 2859-1; the two documents share a common principle and,
as far as possible, their procedures and vocabulary are the same.

Both use the AQL to index the sampling plans, and the preferred values used in this document are
identical to those given for percent nonconforming in ISO 2859-1 (i.e. from 0,01 % to 10 %).

© IS0 2022 - All rights reserved 15


https://standardsiso.com/api/?name=22c6baa0ca6dafb854727de2b19a090c

ISO 3951-1:2022(E)

d)

In both this document and in [SO 2859-1, lot size and inspection level (inspection level II) determine
a sample size code letter. General tables give the sample size to be taken and the acceptance
criterion, indexed by the sample size code letter and the AQL. Separate tables are given for the s-
method and o-method, and for normal, tightened, and reduced inspection.

The switching rules are essentially equivalent.

10.2 Differences

a)

b)

d)

f)

g)

h)

16

Determination of acceptance. In ISO 2859-1, acceptance for an attributes sampling plan for
percent nonconforming is determined by the number of nonconforming items found in the sample.
Acceptince for a plan for inspection by variables is based on the distance of the estimated,value
of the process mean from the specification limit(s) in terms of the estimated or presumed‘yalue
of the grocess standard deviation. In this document, two methods are considered: thé¢s=method,
for use[when the process standard deviation, ¢, is unknown, and the o-method, for tise wher] o is
presumjed to be known.

Normallity. In ISO 2859-1, there is no requirement relating to the distribution of the characterigtics.
Howev¢r, in this document, it is necessary for the efficient operation‘of the plans that| the
measurements be distributed according to a normal distribution (see 12.1),%or a close approximdtion
to a nonmal distribution, or that the data is appropriately transformed t¢-a normal distribution|(see
12.2).

Operatiing characteristic curves (OC curves). The OC curves of the variables plans in|this
documé¢nt are not identical to those of the corresponding attributes plans in ISO 2859-1. The curves
for s-mg¢thod plans have been matched by minimizing the area between the curves representing the
squares of the OC values, which gives greater emphasis'to the match at the top of the OC curvgs. In
most cdses, the resulting match between the OC curves is so close that, for most practical purpgses,
the attifibutes and variables of OC curves may be counsidered to be identical.

NOTE The o-method plans are derived by minimizing the area between the squared OC funcfions
subject fo keeping the same Form p* acceptance-constant as for the corresponding s-method plan, i.e|only
the sample size is open to choice, so the matchiis; in general, less perfect.

Produger’s risk. For process quality precisely at the AQL, the producer’s risk that a lot nqt be
acceptdd tends to decrease with-increments in sample size coupled with decrements in AQL, as
visible down the ‘right’ diagonals“of the master tables, i.e., the tables in Clause 14, running from
top right to bottom left. The-progressions of probabilities are similar, but not identical, to thofe in
ISO 2839-1.

NOTE The producet’s risks of the plans are given in Annex G.

Samplé¢ sizes. Thewariables sample sizes for given combinations of sample size code letter and|AQL
are usujally smaller than the corresponding attributes sample sizes. This is particularly true fof the
o-methpd. Moreover, due to the method by which the variables plans were derived, their sample
sizes vdry.over AQL for a given sample size code letter.

Double sampling plans. Double sampling plans by variables are presented separately in
ISO 3951-3.

Multiple sampling plans. There are no multiple sampling plans by variables in any part of ISO 3951
series.

Average outgoing quality limit (AOQL). The AOQL concept is mainly of value when 100 %
inspection and rectification is feasible for non-accepted lots. It follows that the AOQL concept
cannot be applied under destructive or expensive testing. As variables plans shall generally be
used under these circumstances, no tables of AOQL have been included in this document.
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11 Allowing for measurement uncertainty

The master tables, i.e. the tables in Clause 14, are based on the assumption that the quality
characteristic, x, of the items in the lots is normally distributed with unknown process mean, y, and
either known or unknown process standard deviation, o. The assumption is also made that x can be
measured without measurement error, i.e. that measurement of an item with the true value, x;, results
in the value x;. However, the tables in Clause 14 can also be used, with appropriate adjustments, in the
result of measurement error.

Ideally, as a prerequisite for the application of the proposed sampling schemes, the measurement
uncertainty, i.e. the measurement standard deviation, is determined by a structured measurement
analfysis followed by a measurement system capability assessment. If the measuremeft standard
deviption is not higher than 10 % of the process standard deviation, the measurement)sy§tem can be
condidered as capable and no further adjustments on sample sizes are required.

For measurement standard deviation higher than 10 % of the process standard deviation, the sample

size
the
mea
need

Detd

12

12.1

The
requ
asse

a)
b)

c)

12.3

For

fof 1

com

needs to be increased, although the acceptance constant remains the same. Moreovs
measurement standard deviation nor the process standard deviation*is’' known, moi
surement needs to be made on each sampled item and the total variability of the me
s to be separated into the components.

ils are provided in Annex B.

Normality, data transformations and outliers

| Normality

assumption of a normal distribution for thesinspected quality characteristic x is the f
irement for the application of the proposed variables sampling plans. Therefore, it is
ks the data normality before applying the’sampling plans, which can be done by several

hssessment based on practical, engineering experience and expertise;

hssessment based on graphical, descriptive methods, such as histograms, quantile
hormal probability plots (see1SO 5479); or

statistical tests for departure from normality, such as those given in ISO 5479 or in [SO 5
Clause 2.

Data transformations

he observed data x, so that Z = f(x) now follows an (approximate) normal distributio
morly used data transformations are (see ISO 16269):

r, if neither
‘e than one
hsurements

indamental
essential to
hpproaches:

quantile or

725-2:2019,

hon-normal‘distributed data, the first approach is usually to try to find a suitable transformation

n. The most

4o £, dos.
UWCT LI dIIS1IUTTIIAdUIUILLS,

Box-Cox transformations;

— Johnson transformations;

— transformations using Pearson functions.

For the transformed data, the goodness of fit to a normal distribution can be assessed using normal
probability plots and/or statistical tests for normality. For subsequent capability analyses and
assessments, the targets and specification limits of the quality characteristic x have to be transformed
in the same way as the observed process data.
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12.3 Outliers

An outlier (or an outlying observation) is one that appears to deviate markedly from other observations
in the sample in which it occurs. A single outlier, even when it lies within specification limits, increase
variability, changes the mean, and may consequently lead to non-acceptance of the lot (see ISO 16269-4).

Generally, outliers can be a result of

a) (unexpectedly high) natural process variability, and/or

b) presence of special causes not representing the controlled and capable process status.

For case b)
whereas fo
analysis in
decision on

When outli
and may iny

13 Monit

13.1 Moni

The results
the corresp
to detect ch
unacceptab
necessary g

Independen
product an

obtain a lorjg-term view of the production quality in addition to the information on lot-by-lot decisi

13.2 Proc

Before implementing this document;’it is recommended to assess the process capability, i.e. the alj

of the prod
in a scienti

capability dr performancé depending on the assumed process data distribution model are providg
[SO 22514-3.

13.3 Moni

For variabl

le quality level is reached. The adequate datarrecording of quality assessment resultg

it might be considered to exclude the outlying observations for the quality assessn
- case a), these values have to be considered in the analysis. Nevertheless, a sensit
luding and excluding the outliers can help to assess the impact of these values on
lot acceptance.

brs are detected, the disposition of the lot should be a matter for the responsible auth

rolve negotiation between the vendor and the vendee.

oring and recording of inspection results

toring of inspection results

of the quality assessment using the inspection by.variables sampling plans proposs
pnding tables should be monitored continuously. The monitoring results should be anal
anges or trends in the quality level of the produgt, so that warning can be given befor

rerequisite for monitoring.

t of the performed inspection, contintous monitoring should serve to assess the inhe
I process quality level of the production. Monitoring allows the user of this docume

pss capability and perfermance assessment

iction process to fulfil predefined quality requirements. These assessments shall be
fically planned ananner or performance study. Several methods for estimating prd

toring of process parameters

nent,
jvity
the

brity

d in
ysed
e an
isa

rent
Nt to
ons.

ility
Hone
cess
ed in

S on

e Ynspection procedures, monitoring of product and process quality mainly focuse]

process mean and process standard deviation. Whatever method used, s-method or c-method, records
should be kept of the values of X and s, preferably in the form of pattern or control charts.

An introduction to the use of control charts is given in ISO 7870, and special control chart applications
for assessing process means and standard deviations can be found for standard Shewhart control
charts in ISO 7870-2 or ISO 8258 and, for more complex CUSUM (cumulated sum) charts, in ISO 7870-4.

The process standard deviation should be monitored particularly when using the o-method in order
to verify that the values of s obtained from the samples fall within the limits of the prescribed value
of 0. With the s-method, the standard deviation shall be monitored to indicate whether a switch to
the o-method is possible. In particular, the values of s or g, respectively, and whether they exceed their
control limit should be kept.
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14 Tables

14.1 Form k for single sampling plans: s-method
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14.2 Form k for single sampling plans: o-method
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14.3 Form p* single sampling plans
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14.4 Values of f; for maximum process standard deviation (MPSD)

Table 11 — Values of f, for maximum process standard deviation for combined control of
double specification limits: c-method

Acceptance quality limit fs
(in percent nonconforming)
0,010 0,1285
0,015 0,1319
8,625 84365
0,040 0,141 2
0,065 0,146 6
0,10 0,152 0
0,15 0,157 5
0,25 0,165 4
0,40 0,173.%
0,65 041837
1,0 0,194 1
1,5 0,205 6
2,5 0,2231
4,0 0,243 5
6,5 0,2710
10 0,304 0

NOTE The MPSD is obtained by multiplying the standardized MPSD, f;, by the difference between the ypper

specification limit, U, and the lower specification limit,"{;d.e. MPSD = (U - L)f,..

The MPSD Indicates the greatest allowable . magnitude of the process standard deviation when ysing
plans for cdmbined control of double specification limits when the process variability is known. If the
process stapdard deviation is less than the MPSD, then there is a possibility, but not a certainty, that the

lot shall be accepted.

14.5 Supplementary acceptance constants for qualifying towards reduced inspection

Table 12(— Supplementary acceptance constants for qualifying towards reduced inspectipn

Sample sige code AQL Acceptance constant for AQL that is one step tighter
lettgr % s-method o-method
k p* k
er

B 4,0 1,114 8,502 0,918

C 2,5 1,409 3,041 1,325

D 1,5 1,601 n/a 1,562

E 1,0 1,825 n/a 1,752

F 0,65 2,029 n/a 2,013

G 0,40 2,209 n/a 2,161

H 0,25 2,390 n/a 2,379

] 0,15 2,530 n/a 2,523

K 0,10 2,689 n/a 2,667

NOTE For this document, n/a is “not applicable.”
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Sample size code AQL Acceptance constant for AQL that is one step tighter
letter % s-method o-method
k p* k
%
L 0,065 2,857 n/a 2,847
M 0,040 2,995 n/a 2972
N 0,025 3,143 n/a 3,131
r 0,015 3,404 n/a 31246
Q 0,010 3,385 n/a 31382
R 0,010 3,449 n/a 3}446
NOTE For this document, n/a is “not applicable.”
NOTE These constants were calculated so that the probability of acceptance,at)the next lowgr AQL is the
samg as the probability of acceptance at the given AQL. For example, the normal inspection s-method sampling
planffor sample size code letter B and AQL of 4,0 % is found from Table 2 to/e-n = 3 and k = 0,950} This can be

show

2,59
with
AQL,
than

15

15.1

Exa
det
a su

methods. The software that supportsthe use of this standard, described in Annex I, can g
the ¢

15.7

EXA

n to have a probability of acceptance of 96,440 4 % at process quality level 4,0 %. The next sy
0. The s-method form k acceptance constant that provides the same-probability of acceptancg
the same sample size n = 3 can be shown to be k = 1,114. Thus, in érder to be acceptable at a ong
the sample mean needs to be at least 1,114 times the sample standard deviation within specifig
the 0,950 times the sample standard deviation needed to be considered merely acceptable.

Examples

| General

ples are included for the s-method (15.2), the o-method (15.3) and the p*method
ils of the calculations and acceptance decisions given. The examples used for the p*-
bset of those used for the s-method and the o-method and this illustrates the equiva

alculations and acceptancesdecisions and produce the information given here.

l Examples for the-s-method

MPLE 1  Single uppér specification limit using the s-method.

The maximum-témperature of operation for a certain device is specified as 60 °C and tH
femperaturé~is known from previous experience to be normally distributed. Pr
nspectédvin lots of 100 items and the process standard deviation is unknown. Insp
[, notmal inspection with AQL of 2,5 % is to be used. From Table 1, the sample size
sAfound to be F; from Table 2, it is seen that the sample size, n, is 13 and the form k

naller AQL is
96,440 4 %
level tighter
ation, rather

(15.4) with
method are
ence of the
arry out all

e operating
pduction is
ection level
code letter
acceptance

ﬂnnctant ic 1’4_2A_ Quppr\cn that the moacuromontc are-as fnur\"l\'rc: c3 0{‘; |:7 OF; 40 0(“; [

8 °C; 59 °C;

54 °C; 58 °C; 56 °C; 50 °C; 50 °C; 55 °C; 54 °C; 57 °C. Conformity with the acceptance cr
be determined.

Information needed Values obtained
Sample size: n 13

Form k acceptance constant: k 1,426

Sample mean: x = Zx/n 54,62 °C

© IS0 2022 - All rights reserved
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Sample standard deviation: s= \/Z(Xj -x¥ /(n-1)
j
Upper specification limit: U

Upper quality statistic: @y = (U-X)/s

Acceptance criterion: Is @y 2k ?

3,330°C

60 °C
1,617

Yes (1,617 = 1,426)

The quality statistic is greater than or equal to the acceptance constant; therefore, the lot is accepted.

~ant

N t th t the—aceep koo tact ) Jz 3o oot olaont +o ol 3
0 e a IC a\.\.\,ybcuu,\, LLOL, l{U =N, 1o \.qulvau.ut. A v Lllbbl\llls

region bounjdary. This is shown in the following Figure 2.
X
60

nce

a tha oo
UVvVV LIIC Cal\—\'\'l.ll,

N \
) .\

52,5 N
50 \

47,3 2 \

’ \\

- \

40

0 5 10 15 S
Key
afceptance region boundary 1 reject
[ | spmple 2 accept
Figure 2 — Example of the use of an acceptance diagram, s-method

EXAMPLE 2 Single, lower specification limit using the s-method.

A certain pyrotechnic delay mechanism has a specified minimum delay time of 4,0 s. The process
standard deviation is unknown. Production is inspected in lots of 1 000 items and inspection level
II, normal inspection, is to be used with an AQL of 0,1 % applied to the lower limit. From Table 1,
it is seen that the sample size code letter is ]. However, on entering Table 2 with sample size code
letter ] and AQL of 0,1 %, it is found that there is an arrow pointing to the cell below. This means
that an entirely suitable plan is unavailable, and the next best plan is given by sample size code
letter K, with sample size, n = 28 and form k acceptance constant 2,580. A random sample of size 28
is drawn. Suppose the sample delay times, in seconds, are as follows:

42
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695 6,04 6,68 663 665 652 659 640 644 634 6,04 6,15 6,29 6,63
6,44 715 6,70 6,59 6,51 680 594 635 717 6,83 625 696 700 6,38

Conformity with the acceptance criterion is to be determined.

Information needed Values obtained
Sample size: n 28
Form k acceptance constant: k 2,580
Sample mean: >?=2x/n 6,551s
Sample standard deviation: s= \/Z(Xi -x) /(n-1) 0,3251s
J
Lowgr specification limit: L 40s
Lowpr quality statistic: @, = (x—-L)/s 7,847
Accgptance criterion: Is Q; 2k ? Yes (7,847 = 2,580)

The guality statistic is greater than or equal to the acceptancejeonstant; therefore, the lot i§ accepted.

Notq that the acceptance test, Q; >k, is equivalent to.checking that (s,X) is above the|acceptance
regipn boundary. This is shown in the following Figurec3.

X

7

6,5 =

6 /

5,5 y) ///

: ) /

4,5 // 1

4

0 01 0,2 0,3 0,4 0,5 0,6 0,7 08 S

Key

acceptance region boundary 1 reject
[ ] sample 2 accept

Figure 3 — Example of the use of an acceptance diagram, s-method
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EXAMPLE 3  Combined control of double specification limits using the s-method.

Torpedoes supplied in batches of 100 are to be inspected for accuracy in the horizontal plane.
Positive or negative angular errors are equally unacceptable, so combined control of the double
specification limits is appropriate. The specification limits are set at 10 m either side of the point of
aim at a distance of 1 km, with an AQL of 4 %. Because testing is destructive and very costly, it has
been agreed between the producer and the responsible authority that special inspection level S-2 is
to be used. From Table 1, the sample size code letter is found to be B; from Table 2, it is seen that the
sample size, n, is 3 and the form k acceptance constant is 0,950. Three torpedoes are tested, yielding
errors -5,0 m, 6,7 m, and 8,8 m. Conformity with the acceptance criterion is to be determined.

Information needed Value obtained
Sample size} n 3
Acceptance|constant: k 0,950
1 < 3,5m
Sampl gn: x== ;
ple megdn: x - Z X;
j=1
n 7,436 my
Sample standard deviation: s= 2 (x; -x /(n-1)
j=1
Upper specification limit: U 10,0 m
Lower specffication limit: L -10,0 m

Deternfination of acceptance. Neither X <L or x>U3so (s,X) can be plotted on the acceptpnce

diagrar, as shown in Figure 4. The point is outside the acceptance region; therefore the lpt is
rejectedl.

NOTE This lot is rejected even though all inspected items in the sample are within the specification limjits.
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X
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6 ~— 1
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Z \\
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-2 7
//
-4 —
//
© /’/
-8 _—
-10 / .
0 1 2 3 4 5 6 7 8 9 10[ S
Key
— acceptance region boundary 1 reject
[ ] sample 2 accept
Figure 4 — Example of'the use of an acceptance diagram, s-method
EXAMPLE4  Combined control af double specification limits using the s-method.
tems are being manufdctured in lots of size 25. The lower and upper specification linits on their
Hiameters are 82 mm tp°'84 mm. Items with diameters that are too large are equally ungatisfactory
hs those with diameéters that are too small, and it has been decided to control the tdtal fraction
nonconforming-iSing an AQL of 10 % at inspection level II. Normal inspection is to be ipstituted at
the beginning of inspection operations. From Table 1, the sample size code letter is foyind to be C;
from Table\2;-it is seen that the sample size, n, is 5 and the form k acceptance constant i 0,550. The
Hiameters,of five items from the first lot are measured, yielding diameters of 82,41 mm), 82,20 mm,
B3,10:mm, 82,09 mm and 82,70 mm. Conformity with the acceptance criterion is to be determined.
Information needed Value obtained
Sample size: n 5
1 & 82,50 mm
Sample mean: x = — ;
P X " z X]
j=1
n 0,408 2 mm
Sample standard deviation: s = 2 (xj - XP /(n-1)
j=1
Upper specification limit: U 84,0 mm
Lower specification limit: L 82,0 mm
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N
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U-L

)

e =
STU-L

Determination of acceptance. Neither X <L or Xx>U so (SS = ) can be plotted on

the standardized acceptance diagram, as shown in Figure 5. The point is not outside the acceptance
region; therefore the lot is accepted.

X

1 |

0,9 i 1
\\

0,8 i

o1 BN
0,4 \
0,9 2 \
0,4

0,3 /

_—

0,1 —
/

0
0 0,1 0,2 0,3 0,4 0,5 06 S
Key
afceptance region boundary 1 reject
[ ] shmple 2 accept
Figure 5 — Example of the use of a standardized acceptance diagram, s-method
EXAMPLE 5| Combined control of double specification limits using the s-method.

The mipimum temperature of operation for a certain device is specified as 60 °C and the maxijnum
temperpture as.70 °C. Production is in inspection lots of 80 items. Inspection level II, nofmal
inspectfion, with AQL of 2,5 %, is to be used. From Table 1, the sample size code letter is found to
be E; fjom, Table 2, it is seen that the sample size, n, is 13 and the form k acceptance const t is
1 475 C athao o A o . . N - =G

67,1 °C; 60,0 °C; 66,4 °C 62 8 °C; 68 O °C 63 4 °C 60 7 °C 65 8 °C. Conformlty with the acceptance
criterion is to be determined.

Information needed Value obtained

Sample size: n 13
Sample mean: )?:Zx/n 64,223 °C
2,789 9 °C

Sample standard deviation: s= \/Z(Xj -x)* /(n-1)
j
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Upper specification limit: U

Lower specification limit: L

ISO 3951-

70,0 °C
60,0 °C

Determination of acceptance. Neither X <L or x>U so (s,X) can be plotted on the

1:2022(E)

acceptance

diagram, as shown in Figure 6. The point is outside the acceptance region; therefore, the lot is

rejected.
X
70
\\
66 S
2 >
60
0 0,5 1 1,5 2 2,5 3|S
Key
acceptance region boundary 1 reject
[ ] sample 2 accept
Figure 6 — Example of the use of an acceptance diagram, s-method
EXAMPLE 6  Combined control of double specification limits using the s-method.
For a medical inhalation device, the cap removal force has a specification interval of [5 N, 10 N].
No reliable information on process standard deviation is available, so that the s-meth¢d has to be
lised. The usuallot size is ~100 000 units and with inspection level I, AQL = 1 %, from|Table 1, the
sample size code letter is found to be N; from Table 2, it is seen that the sample size, n}, is 186 and
the form k ‘@eceptance constant is 2,031. The observed measurement values were within a range of
7,03 N te 742 N and data normality can be assumed. Conformity with the acceptance crjiterion is to
be determined.
Information needed Value gbtained
Sample size: n 186
Sample mean: >?=2x/n 7,21°C
Sample standard deviation: s:\/Z(xj -x% /(n-1) 0,0538°C
J
Lower specification limit: L 5°N
Upper specification limit: U 10 °N
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Determ

_x-L
U-L

N
)

ination of acceptance. Neither X <L or Xx>U so (SS ) Xg

) can be plotted on

the standardized acceptance diagram, as shown in Figure 7. The point is not outside the acceptance

region;

X
1
09
0,8

therefore, the lot is accepted.
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Key

Q
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Fig

15.3 Examples for the o-method

EXAMPLE 1

The sp
500 ite
is to be

size codle letter is H~-From Table 5 for an AQL of 0,65 %, it is seen that the sample size, n, is 11

the for
mm? aj
criteria

Information needed

\V/

0,05 0,1 0,15 0,2 0,25 03 S

1
2

cceptance region boundary reject

hmple accept

ure 7 — Example of the use of a standardized acceptance diagram, s-method

Single, lower specificatiofi limit using the o-method.

ecified minimum yield -point for certain steel castings is 400 N/mm2. The next |
ns is submitted fot-inspection. Inspection level II, normal inspection, with AQL of 0,6
used. The valuelef o is considered to be 21 N/mm2. From Table 1, it is seen that the sa

m k acceptance constant is 2,046. Suppose the yield points of the sample specimens i
e: 431; 417; 469; 407; 450; 452; 427; 411; 429; 420; 400. Conformity with the accept
n is to be determined.

t of
5 %,
mple
and
n N/
ance

Value obtained

Sample size

Form k acce

Sample mean: x = zx /n

Known o

Lower specification limit: L

'n 11
ptance constant: k 2,046
428,5 N/mm?
21 N/mm?
400 N/mm?2
Lower quality statistic: Q, = (x-L)/o 1,355

Acceptance

48

criterion: Is Q;x>k? No (1,355 < 2,046)
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The sample does not meet the acceptance criterion; therefore, the lot is rejected.

Note that the acceptance test, Q; >k, is equivalent to checking that (s,X) is above the acceptance
region boundary. This is shown in the following Figure 8.

X
500

490

480

470

460

450 2 /’

430 )

420

410 1

400 |

0 5 10 15 20 25 S

Key
— acceptance region boundary 1 reject
[ ] sample 2 accept

Figure 8 — Example of the use of an acceptance diagram, c-method

EXAMPLE 2  Single, upper specification limit using the o-method.

Che actuation force of a medical inhalation device has to be below the upper specification limit of
PO N in erder to guarantee usability. Based on an extensive process validation study, the process
standard-deviation can be assumed to be known, so that in this case the 0 method can be applied.
With ‘an average lot size of ~200 000 units, with normal inspection level Il with an AQL = 0,4 %,
friom Table 1, the sample size code letter is found to be P; from Table 5, it is seen that]the sample
S1Z€, 1, 1S b1 and the form K acceptance constantis 2,337. The observed measurement values were
within a range of 12,41 N to 18,98 N and data normality can be assumed. Conformity with the
acceptance criterion is to be determined.

Information needed Value obtained
Sample size: n 51

Form k acceptance constant: k 2,337

Sample mean: x 15,8 N

Known o 1,42 N
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Specification limit: U
Upper quality statistic: @y = (U-X)/o

Acceptance criterion: Is @y >k ?

20N
2,958 N
Yes (2,958 = 2,337)

The sample meets the acceptance criterion; therefore, the lot is accepted.

Note that the acceptance test, Q; =k, is equivalent to checking that (s,X) is below the acceptance

region boundary. This is shown in the following Figure 9.

X

20

17,6

15

12,6

10 2

Key

Q

[ | spmple 2 accept

EXAMPLE 3 | “€ombined control of double specification limits using the o-method.

cceptance region beundary 1 reject

Figure'9 — Example of the use of an acceptance diagram, c-method

The specification for electrical resistance of a certain electrical component is (520 * 50) (). Production
is at a rate of 1 000 items per inspection lot. Inspection level 1], normal inspection, with a single AQL of
1,5 %, is to be used for the two specification limits (470 (2 and 570 Q). o is known to be 18,5 Q.

Information needed
Factor from Table 11: f;
Upper specification limit: U
Lower specification limit: L

Known o

50

Value obtained
0,205 6

570 Q

470 Q

18,5 Q

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=22c6baa0ca6dafb854727de2b19a090c

ISO 3951-1:2022(E)

[t is noted that the known o of 18,5 Q is less than (U - L) x MPSD = 20,56 Q so there is evidence that
there is a possibility that lots will be accepted so acceptance sampling can be undertaken. Entering
Table 1 with the lot size and inspection level, it is found that the sample size code letter is J; from
Table 2, it is seen that the sample size, n, is 19 and the form k acceptance constant is 1,677. Suppose
that the 19 sample values of the resistance, in (, are as follows: 515; 491; 479; 513; 521; 536; 483;
509; 514; 507; 484; 526; 532; 499; 530; 512; 492; 522; 488. Conformity with the acceptance criterion

is to be determined.

Further information needed Value obtained
Sample size: n 19

Accgptance constant (from Table 5) 1,677

Sample mean: x 508,1 Q

Lowpr quality statistic Q, =(x-L)/o 2,059

Uppé¢r quality statistic Q; =(U-X)/o 3,346

therefore the lot is accepted.

Notq that this acceptance test is equivalent to checking tHat*(s,x) is inside the accept

boumdary. This is shown in the following Figure 10.

X

L<Xx<U; k<Q, and k<Qy with neither Q, or @ close to k, even‘though 0 >0,750 4

570 |

560 1

550

540 —

530

520 2

510

500

| =15,417;

hnce region

490
* 7

480 1
/ |

470

0 2 4 6 8 10 12 14 16 18 20
Key
acceptance region boundary 1 reject

[ ] sample 2 accept

Figure 10 — Example of the use of an acceptance diagram, o-method
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15.4 Examples for the p*-method

EXAMPLE 1

Single upper specification limit using the s-method. Example 1 from 15.1.

The maximum temperature of operation for a certain device is specified as 60 °C and the operating
temperature is known from previous experience to be normally distributed. Production is
inspected in lots of 100 items and the process standard deviation is unknown. Inspection level II,
normal inspection with AQL of 2,5 % is to be used. From Table 1, the sample size code letter is
found to be F. From Table 8, it is seen that the sample size, n, is 13 and that the form p* acceptance
constant, is 0,072 0. Suppose that the measurements are as follows: 53 °C; 57 °C; 49 °C; 58 °C; 59 °C;
54 °C; 58 °C; 56 °C; 50 °C; 50 °C; 55 °C; 54 °C; 57 °C. Conformity with the acceptance criterion is to

be det:meea.
Information needed

Values obtained

rmal
1d to
tant
V °C;
the

Sample size: n 13

Form p* acdeptance constant: p* 0,072 0

Sample megn: X =Y x/n 54,62 °C

Sample standard deviation: s=\/2(xj -xY /(n-1) 3,330 °€

J
Upper specification limit: U 60 °C
Estimated firaction nonconforming
-% 0,046 3
p, =F " max 0,1—1—U X n
BETA[--—l,E—lj 2 2 s n-1

Acceptance|criterion: Is p, <p* Yes (0,046 3<0,072 0)

The sample|meets the acceptance criterion;(therefore, the lot is accepted.

EXAMPLE 2| Combined control of double:specification limits using the s-method. Example 5 from 15.1.
The mipimum temperature of @peration for a certain device is specified as 60 °C and the maxignum
temperpture as 70 °C. Production is in inspection lots of 80 items. Inspection level II, no
inspectfion, with AQL of 2,5%, is to be used. From Table 1, the sample size code letter is four
be E. Fijom Table 8, it js.seeen that the sample size, n, is 13 and that the form p* acceptance cons
is 0,064 7. Supposecthe’ measurements obtained are as follows: 63,5 °C; 61,9 °C; 65,2 °C; 61,
68,4 °G 67,1 °C; 60,0 °C; 66,4 °C; 62,8 °C; 68,0 °C; 63,4 °C; 60,7 °C; 65,8 °C. Conformity with
acceptgnce criterion is to be determined.

Informatioln needed Value obtained

Sample size

n

Form p* acceptance constant: p*

Sample mean: x = Zx /n

Sample standard deviation: s= \/Z(Xj -x) /(n-1)

J

Upper specification limit: U

Lower specification limit: L

52

13
0,064 7
64,223 °C

2,7899 °C

70,0 °C
60,0 °C
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Estimated fraction nonconforming 0,059 2

1 1%-L vn
2

X 1 1U-% n 0,011 6
y =F noon max40,— ————
BETA[——L——lJ 2 2 s n-1
2 2
b=b,+by 0,070 8
Accdptance criterion: s p< p No (0,0708> 0,064 7)

The pample does not meet the acceptance criterion; therefore the lot is rejected.

EXAMPLE 3  Single, lower specification limit using the o-method. Example 1 from 15.2.

Information needed Value obtained
Sample size: n 11

Form p* acceptance constant: p* 0,042 4

Sample mean: X 428,5 N/mm?

Known o 21 N/mm?

Lowgr specification limit: L 400 N/mm?2
Estinated fraction nonconférming 0,082 4

R L-X n

PL 7 d{ o n-1 j

Accdptance criterfon: Is p, <p*? No (0,082 4> 0,072 0)
The pample-does not meet the acceptance criterion; therefore, the lot is rejected.
EXAMPLE.4 Combined control of double specification limits using the c-method. Example 3 fromnj

[he specified minimum yield point for certain steel castings is 4000N/mm?Z. The
00 items is submitted for inspection. Inspection level II, normal inspection, with AQL

Lo be used. The value of o is considered to be 21 N/mm?2. From Table-1, it is seen that the
rode letter is H. From Table 8, it is seen that for an AQL of 0,65 %,\the sample size, n, is
the form p* acceptance constant is 0,015 9. Suppose the yield points of the sample spec|
mm? are: 431; 417; 469; 407; 450; 452; 427; 411; 429; 4205400. Conformity with the
Criterion is to be determined.

next lot of

bf 0,65 %, is

sample size
11 and that

imens in N/

acceptance

15.2.

The specification for electrical resistance of a certain electrical component is (520 + 50) . Production
is atarate of 1 000 items per inspection lot. Inspection level I, normal inspection, with a single AQL of
1,5 %, is to be used for the two specification limits (470 Q and 570 Q). o is known to be 18,5 Q.

Information needed Value obtained
Factor from Table 11: f; 0,2056

Upper specification limit: U 570 Q

Lower specification limit: L 470 Q

Known o 18,5 Q
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It is noted that the known o of 18,5 Q is less than (U - L) x MPSD = 20,56 Q so there is evidence that
there is a possibility that lots will be accepted so acceptance sampling can be undertaken. Entering
Table 1 with the lot size and inspection level, it is found that the sample size code letter is J; from
Table 8, it is seen that the sample size, n, is 19 and that the form p* acceptance constant is 0,042 4.
Suppose that the 19 sample values of the resistance, in {, are as follows: 515; 491; 479; 513; 521;
536; 483; 509; 514; 507; 484; 526; 532; 499; 530; 512; 492; 522; 488. Sample acceptability is to be

determined.
Further information needed Value obtained
Sample size: n 19
Form p* acdeptance constant: p* 0,042 4
Sample megdn: x 508,0 Q
Lower specification limit: L 470 Q
Upper specification limit; U 570 Q
Estimated firaction nonconforming 0,017 4
. L-|x n
E e
. xqU | n 0,000 3
Pu = [_G_ n-1 ]
b=p, +p, 0,017 7

Acceptance|criterion: Is p< p* Yes (0,017 7 < 0,042 4)

The sample|meets the acceptance criterion; therefore, the lot is accepted.
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Annex A
(informative)

Procedures for obtaining s and o

Procedure for obtaining s

1 Definition

hula (A.1).

D (x;-x)
j=1

n-1

e

Al

decimal fraction;

]

is the mean value of the Xj, i.e.

=T
Il
S|
>
~.

£ One-pass formula

pbserved value of a sample standard deviation is generally denoted by the symbol s. It is defined in

(A1)

is the value of the quality characteristic of the jRitem in a sample of n articles, expfessed as a

(A.2)

hula (A.1) for sis accurate'but requires two passes through the sample data. A number of alternative

mettods exist and these are analysed in Reference [17] and are described here. An algebraically

iivalent formula, which only requires a single pass through the sample data, is:

n n
DIEONNY
j=1 j=1

n(n-1)

5 =

A.1.

3““Potential numerical inaccuracy

(A.3)

Although Formula (A.3) is well suited for manual calculations it can produce poor results for difficult
problems where the variability is very small relative to the mean, i.e. s is very small in comparison with
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X . Although Formula (A.3) can be improved by subtracting a suitable arbitrary constant, a, from all the
values before computing s, i.e.

n

n2,

j=

S=

2
(x}-—a)z—[zxj —a]
j=1

1

n(n-1)

(A4)

it should be noted that there is no generally accepted guidance on how to choose this arbitrary constant
and if either of these formulae is used the result may be suspect should s/X turn out to be much less

than 1.

A.1.4 An

Both Formu

updating algorithm for sequential data

la (A.1) and (A.4) require complete recalculation in situations where additional sample

is to be adg
situations 4
deviation af
is preferabl

M1 :X]

Mj =M].

5j =ﬁ
A.1.5 Spr
Many spre
sometimes
n - 1. If it is

is equivaler]

ed to the initial sample, for example in double sampling or sequentialcsampling. In t
n updating algorithm due to West, which makes the sample mean and sample stan
any stage in the updating process and which is almost as accurate.as that for Formula

D

,T1=0
xX:—M;_
I—1+ ! .] : Jj=2,-,n
J
. X;j—=M; 4
1+(J—1)(X1‘Mj—1)£ — J J=2,n

/(j-1)

eadsheets and pocket calculators

hdsheets and pocket caleulators have a standard deviation function. Unfortung

the sample size, n, is used-by the machine in the denominator of Formula (A.1) insted
planned to use a spreadsheet or calculator, it is important to check that the formula
t to Formula (A.1)A)Simple check is to find the standard deviation of the three numbe

1, and 2. Thie sample size n is-3, the sample mean is 1, the deviations from the mean are -1, 0, and 1

squares of

one obtainsg

he deviations-atre 1, 0, and 1, the sum of squares of the deviations is 2. So from Formula

V151

data

hese
dard

[A.1)

A.5)

tely,
d of
1sed
rs 0,
, the

A1),

A.6)

If the spreadsheet or calculator is erroneously using n instead of n = 1 in the denominator, then the
result of the calculation is:

f
S=,|—=
3

0,816 5

Use of n in the denominator shall be avoided, for otherwise the acceptance criterion is weakened and
any protection to the consumer is lost. The result obtained from the spreadsheet or calculator shall be
scaled by (n - 1)/n to obtain the correct result.

NOTE It

56

is instructive to work through the use of Formula (A.3) for this example. It is found that
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\/3x(02+12+22)—[0+1+2)2 \/3x(0+1+4)—32 [3x5-9 \F .
S= = = =,.|—=
3%(3-1) 3x2 6 6

as before.

A.2

Procedure for obtaining o,

A.2.1 Definition

If it pppears from the controt chart that the value of 5 IS I CONtrot, 0,,,, Can be presum

weig

whe

hted root mean square of s given by the following Formula (A.7):

m  is the number of lots;
is the sample size from the ith lot;

is the sample standard deviation from the ithdot.

A.22 Simplication for equal sample sizes

If th

e sample sizes from each of the lots aré«equal, then Formula (A.7) simplifies to
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Annex B
(informative)

Accommodating measurement variability

B.1 General

The master
quality cha
u, and eithe
be measure

tables, i.e. the tables in Clause 14, are based on the assumption that the true values,'6
facteristic, x, of the items in the lots are normally distributed with unknown process nj
r known or unknown process standard deviation, o; the assumption is also made that }
d without measurement error, i.e. that the measurement of an item with“the true v

x;, results in the value x;. This annex explains how the tables in Clause 14 can be used in the resy

measuremeg

In the case
assumed th

the me:

measuy
standai

measuf
deviati

It follows t
standard de

O'total =

NOTE o

If it is knov
standard de

O'total <

nt error. For further technical background, see Reference [19].

pf measurement error, the measured value of an item with true value, x;, differs from x;
At

ement error inflates the perceived process variation andis independent of the actual prd
d deviation;

ement error is normally distributed with knewn or unknown measurement stan
DN, O,

hat the distribution of the measured yalues is a normal distribution with mean p,

viation, given by Formula (B.1):

oc“+op,

otal 1S always larger than g.if measurement error exists.

/n that o, < 0/10, i.e. the ratio y=0,, /0 of measurement standard deviation to prg
viation is less than. 10 %, the total standard deviation is given by Formula (B.2):

o2 +(0,16Y=0/1+0,01=1,0050

i.e. the sta

ardideviation is increased by less than 0,5 %, which is negligible and hence, the samj

plans do nof need to be adjusted for measurement error.

|

isurement method is unbiased, i.e. the expected value of theymeasurement error is zerof

Lthe

ean,
r can
nlue,
It of

Itis

cess

dard

and

[B.1)

cess

B.2)

pling

In cases where o, > 0,10, the sampling plans of this document shall be used with the following
adjustments.

a)

alter th

e acceptance constant, k or p*.

Increase the sample size, n, in order to compensate for the perceived inflated variability, but do not

b) When the process standard deviation, o, is known, use o in calculating the test statistic, X ko or
p; otherwise, use an estimate s of o in calculating the test statistic x ks or p.

Further det

58

ails are given in B.2 to B.4 for three distinct cases.
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B.2 Process standard deviation 0 and measurement standard deviation o, are
both known

a) Increase the sample size, n, of the sampling plan to

n*:n(1+7/2) (B-3)

b) Use the process standard deviation, o, in calculating the test statistic x+ ko or p.

iation o, is known

a) [ncrease the sample size, n, of the sampling plan as given by Formula (B.4):

n*=n(1+7%) (B4)

whefe 7 is an estimated upper bound of y=0,, /0.

NOTE As 7 increases, the operating characteristic curve of the sampling plan turns clockwisp around the
indifference quality point (psy %, 0,5), i.e. the point where the probability of acceptance of the lotis[50 %. If ¥ is
overgstimated (¥ larger than 7y ), the sampling plan is better than required, i.e. its probabilities df acceptance
are lprger than required for P > pg, % and smaller than requited for P > ps, %. Hence, overestimation of y
ensufres a sampling plan that is better than required.

b) PUse the estimate given by Formula (B.5):
s¥=ys? —02 (B.5)

of thle process standard deviation instead of s in calculating the test statistic X + ksor p.

If 32—6,2,1 <0,uses*=0.

B.4| Process standard'deviation 6 and measurement standard deviation g, are
both unknown

Increase the sample-size, n, in accordance with Formula (B.4), perform duplicate (qr multiple)
meapurements on-€ach sampled item, and use the measurement results to estimate the process
standard deviation separately from the measurement standard deviation, as shown belqw. Use this
estinate instedd of s in calculating the test statistic X + ksor p.

a) Estimation of the process and measurement standard deviations.

To denote the jth measurement on the ith item by x;, the mean for the ith item by X, and the overall
mean by X . The number of measurements for the ith item shall be denoted by n,. The total sum of
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squares of the measurements about their overall mean can be partitioned as given in the following

Formula (B.6):

n

ZZ X; X)—ZZ(X, -X; +X; —x)
ij j

i=1j=1 i=1j=1

=3 (g~ 2+ (% % ) + 20—, )% %) |
j=1

i=1

—ZZ(XU x; ) +Zn (x; -x ) +2Z(x -X )Z(XU X)) B.6)

i=1j=1

n n;

—ZZ(XU X;) +2n (x;. )?")2+0

i=1j=1

n n

_ZZ(XU X; ) +Zn (x; —X)

i=1 j=1
=W+B

where
W is the within-items sum of squares;

B isthe between-items sum of squares.

The expectations of these sums of squares are given im\Formula (B.7):

n
2 2
E(W)=lon Y, (n—1)=0p(N-n) B.7)
i=1
J n
where N = Lni is the total number 6f pbservations, and following Formula (B.8):
=1

E(B)=¢Z(n-1)+(N-n)a? B.8)

Hence, Grzn Can be estimated by Formula (B.9)

o2 =W|/(N-n) B.9)

and o2 can pe@stimated by Formula (B.10)
2 =62 = [B—(n—1)é§1}/(1v—n) (B.10)

EXAMPLE

A manufactured component has a dimension with an upper specification limit of 13,05 cm. The process
standard deviation, o, and measurement standard deviation, o,,, are unknown, but from previous
experience, it is known that the ratio o,,/0 is greater than 0,1 but less than 0,2. Lots of size 1 000 of
these components are to be inspected. Normal inspection is to be instituted with an AQL of 0,15 %.

From Table 1, it is found that the sample size code letter is J. As only one specification limit is being
controlled, form k can be used; from Table 2, the sampling plan for an AQL of 0,15 % in the absence of
sampling errorisn = 23, k = 2,425.
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As o, / o exceeds 0,1, it is necessary to adjust the sample size to allow for measurement uncertainty.

In the presence of the worst conceivable measurement error, the appropriate sample size (from
Formula B.3) is given by

n*=n(1+7%)=23(1+(0,2)" ) =23x1,04=23,92.

The sample size should be an integer so, in order to provide at least the required AQL protection, n* is
rounded up to n* = 24. A random sample of 24 of the components is taken from the next lot, and, in order
to be able to assess the measurement uncertainty, each component is measured twice. The results for

the earanlefram thao firct 1ot ovn ac choyazn 300 TN D 1
J ulllylb IT1TUIITI VIIU TIT OUITUL JAdI'CU do o1IUVVIT 11T 1 AUIC 1.1,

Table B.1 — Sample results for the example of B.4

Iten},
i

Item,
i

Item,
i

Item,
i

Item,
Xi1 Xi2 Xi1 Xi2 Xi1 Xi2 Xi1 Xi2 i i1 Xi2

12)9972(129997| 6 [13,0231{13,0219| 11 |129562(129621| 16 |129578}12:9527| 21 [13,0009(12,9993
12,9848(129731| 7 [129930(129937| 12 |129886(129867| 17 |129765)(129674| 22 |[13,0034|12,9945
8
9

1
2
31 112,9646(12,9630 129589(129439| 13 |[13,0071(13,0083| 18 [12,9991|13,0010| 23 |12,p651|12,9625
4
5

12,9543(12,9539 12,9589(12,9524| 14 |[129787(129738| 19 18,0029(|13,0067| 24 |12,p865|12,9852
12,9763(129802| 10 |[13,0150(13,0164| 15 |(129274|129277| .20 |12,9688|12,9762

The [accuracy of subsequent calculations can be improved by subtracting an arbitrary cqnstant that
redyces the number of significant figures. Denote the constant by c and set ¢ = 12,9. The resulting values
of y1=x;; = 12,9 are as given in Table B.2.

Table B.2 — Sample results with subtraction of 12,9 for the example of B.4

Item, Item, Item, Item, Item,
i i1 Yiz i i Yiz i i1 Yiz i i1 Yiz i Yi1 Yiz

1| 10,0972|0,0997 0,1231)0,121.9)" 11 |0,0562|0,0621| 16 |0,0578(0,0527| 21 |0,4009|0,0993
21 10,0848(0,0711 0,0930(0,0937| 12 |0,0886|0,0867| 17 |0,0765|0,0674| 22 |0,1034|0,0945
3| 10,0646|0,0630 0,0589(0,0439| 13 |0,1071/|0,1083| 18 |(0,0991|0,1010| 23 |0,4651{0,0625
4
5

Nel el N N o)}

0,0543|0,0539 0,0589(0,0524| 14 |0,0787|0,0738| 19 |0,1029|0,0992| 24 |0,4865|0,0852
0,0763(0,0802| 10,0,1150|0,1164| 15 |0,0274|0,0277| 20 |0,0688(0,076 2

24\ 2

The pum of the y;; is ZZyii =3,839 9.

i=1 j=1

The pample miegn value of yis y = 3,839 9/48 = 0,079 998.

Henge, the’sample mean value of xis x = ¢ +y =129+ 0,079 998 = 12,979 998.

24 2
The total sum of squares of yis T =22y,-2j =0,332 791 15.
i=1 j=1
The total sum of squares, T, about the overall sample mean is given by Formula (B.11):

24 2 24 2

2
SNy Dy | /2 (B.11)
1

i=1 j=1 i=1| | j=
=0,33279115-0,307 184 00
=0,025607 15
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The within-items sum of squares, W, is given by Formula (B.12):

24 2

w=>> (-.Y

i=1 j=1

24 2 24

2 2
=Ny Dy | /2 (B.12)

i=1 j=1 i=1\ j=1
=0,332 791 15-0,332 407 52

=0,000 383 63
By subtractfion, the between-item sum of squares, B, is given by Formula (B.13):

B=T-W
=0,045 607 15-0,000 383 63 (B.13)

=0,045 223 52
The measuifement error variance is estimated as

22 _uk _ —
6% =W /(N —n)=0,000 383 63/ (48 —24) = 0,000 015 984 6

The procesg variance is estimated as

s% = 67 :[B—(n—l)arzn}/(N—n)
=[0{025 223 52 -23x 0,000 015 984 6]/ (48 — 24)
:0,124 855 87 / 24

=0,001 035 66
so the proc¢ss standard deviation is estimated as

s=0=4/0,001 035 66 =0,032 182
U-2,4355=13,05-2,425%0,032182=12,972
As x=12,980>12,972, the lot isrejected.
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Sampling strategies

1:2022(E)

The sampling strategy is an important part of statistical sampling. Figure C.1 illustrates how the n
sample units are obtained from the lot.

For industrial applications, the following sampling strategies can be differentiated.

a) [Simple) Random sampling (SRS) - Each item in the lot has the same probability.to be selected for
Fhe sample.

b) [onvenience sampling (CS) - Items that are most convenient and easy to-select are taken.

c) Pystematic sampling (SyS) - The items in the sample are systematically (by time, nimber, etc.)
spread over the lot.

d) Ptratified sampling (StS) - The lot is divided into sub lots (stfata) from which (random) samples are
Laken. Usually sub lots and sub lot samples have equal size;but also different sizes of siib lots and/
br samples are feasible.

e) [luster sampling (CIS) - The lotis divided into sub lets (clusters) from which sub lots are|(randomly)
celected. For these selected sub lots all items are'sampled (100 % inspection).

The frawings in Figure C.1 illustrate the differen@sampling strategies for a two-dimensional[population,

e.g. fablets spread open for a drying process.

: I:II:I o o o -—lilﬁ o o o o o o
o O g o [ o o o
o Og o o o
o0 @ o o o
B g d o o o
o0 o o o
o [m] o o
o o o o
o a o o u] o
a)) SRS b) CS c) SyS
E = o oo o o DD o o"°
— DD Pl oo o 0O o o
o - 0 o m] Op o0 o
0 O go BE® o B g o o
o o ofg o o
o o
o o L o o o
d) StS e) CIS

Figure C.1 — Examples of different sampling strategies with a two-dimensional population

Generally, there is no statistical guidance on which sampling strategy is superior to the others. Some
statistical comparisons of different sampling strategies has been carried out (see Reference [3]).

However, this standard and associated probabilities does assume that random sampling is being used
no matter which sampling strategy is selected. There is risk for the validity of the results if convenience
(biased) sampling is used.

© IS0 2022 - All rights reserved
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ISO 2859-4:2020 specifies: “The items selected for the sample shall be drawn from the lot by simple
random sampling. However, when the lot consists of sub-lots or strata, identified by some rational
criterion, stratified sampling shall be used in such way that the size of the subsample from each sublot
or stratum is proportional to the size of that sublot or stratum”.

Under general conditions, i.e. if there are no technically or practically founded assumptions on the
existence of specific nonconformity patterns, a sampling strategy, including a systematic as well as a
random component, yields successful sampling in most practical applications.
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Annex D
(informative)

Operating characteristics for the o-method

Probability of acceptance for the o-method

The
p, Wi

whe

D.2

Cong
ao-
Tabll
acce
and

D.3

It is
agre
tablg

exact probability of lot acceptance for a single specification limit at process fraction hon
hen the process standard deviation is known is given by Formula (D.1):

P, =1-®[(k—K, )Vn]

e

() isthe distribution function of the standardized normal distribution;
n is the sample size;
[ is the upper p-quantile of the standardized normakdistribution;

k is the o-method acceptance constant.

Example

ider the calculation of the probability of'dcceptance at a process quality of 2,5 % noncon
method plan with an AQL of 1,0 % and sample size code letter M under normal inspecti
b 5 with sample size code letter M ahd AQL of 1,0 %, it is found that the sample size, n, i
ptance constant, k, is 1,963. The process fraction nonconforming under consideration is
Kp =1,960. Hence,

P, =1-®[(1,963-1,960)V39 |=1-®(-0,018 7)=1-0,5075=0,492 5.

Comparison with tabulated value for the s-method

instructive' to observe that this probability of acceptance for the o-method is very
ementWwith the corresponding probability of acceptance for the s-method. From the co
e withicode letter M in Annex E for AQL of 1,0 %, it is seen that a process quality level o

ronforming,

(D.1)

forming for
n. Entering
5 39 and the
p=0,0250,

roughly in
lumn of the
2,43 %, i.e.

P=(

,024 3, corresponds to a probability of acceptance of 50 %, i.e. to P, = 0,500.
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Annex E

(informative)

Operating characteristic for the s-method - tabulated values for
single sampling plans, normal inspection

ability of acceptance for the s-method

L )(kJE )

n—1,Kp\/E

and noncentrality 6;

is the sample size;

is the o-method acceptance constant:

is the upper p-quantile of the standardized normal distribution;

is the distribution function of the noncentral ¢t-distiibution with v degrees of freedd

] — AQL (%) |
N _+4,0
[ ——— —+6,5 ]
NS ——— — 1 —
\\ N ///
AN\
\
T~
\‘
s

robability of acceptance for a single specification limit at process fraction nonconforiing
process standard deviation is unknown is given by Formula (E.1). In additien, Figur
perating characteristic curves for single sampling plans for normal inspe¢tion, Code L

p E.1
ptter

(E.1)

m

E.1 Prob
The exact g
p, when thg
shows the g
B.
P,=1-
where
Fyv 5y (-
n
KP
Y
100
90
80
70
60
50
40
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0
Key

X process quality (in percent nonconforming)

Y  percent of lots expected to be accepted (P,)

|
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 X

Figure E.1 — Operating characteristic curves for single sampling plans, normal inspection,

66

Code Letter B
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Table E.1 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter B: s-method

P, Acceptance quality limit (normal inspection) in percent - sample size code letter B P,
% 4,0 — 6,5 10,0 — %
99,0 0,458 1,34 2,06 3,35 13,65 99,0
95,0 1,94 3,73 511 7,37 20,19 95,0
90,0 3,73 5,98 7,80 10,64 24,33 90,0
75,0 9,32 11,85 14,40 18,18 32,15 75,0
5050 2049 2192 25;16 29,57 #4187 50,0
25)0 36,55 35,40 38,75 43,34 52711 25,0
1040 53,01 49,17 52,27 56,44 61,22 10,0
5, 62,60 57,47 60,26 64,00 66,43 5,0
1,0 78,03 71,75 73,82 76,56 75,33 1,0

6,5 — 10,0 — —
Acceptance quality limit (tightened inspection) in percent - sample’size code letter B
15 | 2,5 | 4,0 | 6,5 10,0
Acceptance quality limit (reduced inspection) in percent - sample size code letter D
T4ble E.2 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letterC:'s-method
P Acceptance quality limit (normal inspectioh) in percent - sample size code letter C P,
% 2,5 — 4,0 6,5 10,0 — %
990 0,224 0,827 1,20 1,87 491 15,80 99,0
95)0 1,02 2,25 2599 4,22 9,38 22,38 95,0
90,0 2,03 3,60 4,61 6,20 12,72 26,44 90,0
75)0 5,45 7,23 8,72 10,98 19,96 33,97 75,0
50)0 13,04 13,79 15,82 18,73 30,33 43,14 50,0
25)0 25,31 23,30 25,69 29,01 42,51 52,70 25,0
1040 39,48 34,03 36,51 39,88 54,11 61,19 10,0
0 48,59 41,10 43,52 46,77 60,93 66,05 50
0 65,06 54,73 56,84 59,65 72,67 74,43 1,0
4,0 — 6,5 10,0 — —
Acceptance quality limit (tightened inspection) in percent - sample size code letter C
1,0 15 | 25 | 4,0 6,5 10,0
Acceptance quality limit (reduced inspection) in percent - sample size code letter E
67
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Table E.3 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter D: s-method

P, Acceptance quality limit (normal inspection) in percent - sample size code letter D P,
% 1,5 — 2,5 4,0 6,5 10,0 — %
99,0 0,194 0,488 0,828 1,23 2,23 6,34 14,51 99,0
95,0 0,746 1,35 1,97 2,69 4,84 11,05 20,81 95,0
90,0 1,40 2,18 2,98 3,93 6,99 14,39 24,74 90,0
75,0 3,53 4,49 5,56 6,95 12,05 21,33 32,10 75,0
50,0 B;24 8,89 16,1t 12561 26,07 36,92 4118 50,0
25,0 16,26 15,70 16,75 19,08 30,50 41,97 50,76 25,0
10,0 36,37 23,94 24,51 27,08 41,37 52,48 59,36 10,0
5,0 33,48 29,70 29,85 32,49 48,20 58,72 64,32 b,0
1,0 47,88 41,62 40,84 43,42 60,87 69,71 72,95 1,0
2,5 — 4,0 6,5 10,0 — —
Acceptance quality limit (tightened inspection) in percent - sample size-code letter D
0,65 0 | 15 | 25 | 40 6,5 10,0
Acceptance quality limit (reduced inspection) in percent - sample size code letter F
Table E.4 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter E: s-method
P, Acceptance quality limit (normal inspection) in pe¥cent - sample size code letter E P,
% ,0 — 1,5 2,5 4,0 6,5 10,0 — %
99,0 0J168 0,313 0,549 0,785 1,36 3,79 7,26 18,19 99,0
95,0 0552 0,839 1,25 1,68 2,92 6,70 11,44 23,93 95,0
90,0 0975 1,35 1,87 244 4,22 8,83 14,25 27,36 90,0
75,0 2,28 2,77 3,46 4,81 7,36 13,40 19,89 33,57 75,0
50,0 513 5,56 6,30 7,51 12,55 20,06 27,50 41,03 50,0
25,0 10,08 10,05 10,58 12,16 19,74 28,31 36,27 48,83 25,0
10,0 16,68 15,80 15,84 17,70 27,80 36,81 44,82 55,90 10,0
5,0 21,59 20,02 19,62 21,62 33,22 42,23 50,06 60,05 b,0
1,0 32,44 29,31 27,87 30,01 44,13 52,64 59,79 67,51 1,0
,5 — 2,5 4,0 6,5 10,0 — —
Acceptafice quality limit (tightened inspection) in percent - sample size code letter E
d40 0,65 0 | 15 | 25 | 40 6,5 10,0
Aceeptance quality limit (reduced inspection) in percent - sample size code letter G
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Table E.5 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter F: s-method

P, Acceptance quality limit (normal inspection) in percent - sample size code letter F p,
% 0,65 — 1,0 1,5 2,5 4,0 6,5 10,0 — %
99,0 0,102 0,231 0,365 0,552 0,940 2,57 4,67 10,19 13,02 | 99,0
95,0 [ 0,339 0,584 0,821 1,14 1,95 4,43 7,33 14,24 17,73 95,0
90,0 | 0,605 0,918 1,22 1,63 2,79 5,79 9,13 16,76 20,63 | 90,0
75,0 1,45 1,84 2,25 2,84 4,81 8,72 12,84 21,60 26,06 | 75,0
50, 3;35 3;63 4713 4,92 872 13;69 18,60 2786 32784 | 50,0
25p 6,82 6,57 7,04 8,01 13,05 18,71 24,25 34,73 40123 | 25,0
10,p 11,70 10,45 10,74 11,79 18,74 24,78 30,70 41,44 47119 10,0
5, 15,50 13,39 13,48 14,54 22,71 28,83 34,86 45,58 5141 5,0
1,( 24,31 20,15 19,69 20,67 31,17 37,07 43,08 58,43 59)23 1,0
1,0 — 1,5 2,5 4,0 6,5 10,0 — -
Acceptance quality limit (tightened inspection) in percent - sample’size code letter F
0,25 040 | 065 | 10 | 15 | 25 2,0 6,5 1d,0
Acceptance quality limit (reduced inspection) in percent > sample size code letter H
T4ble E.6 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter G:'s-method
P Acceptance quality limit (normal inspectigh)in percent - sample size code letter G P,
%, 0,40 — 0,65 1,0 1,5 2,5 4,0 6,5 — 10,0 — %
99,p | 0,0772 | 0,144 | 0,231 | 0,335 | 0,604\} 1,58 2,88 6,02 7,85 9,85 | 11,96 | 99,0
95p | 0,236 | 0,362 | 0,514 | 0,697 | 1,23 2,73 4,51 8,54 | 10,76 | 13,12 | 15,56 | 95,0
90,p [ 0,406 | 0,568 | 0,762 | 1,00 1,75 3,57 563 | 10,16 | 12,59 | 15,13 | 1,74 | 90,0
75p | 0932 1,14 1,41 1,76 3,00 541 797 | 13,34 | 16,09 | 1893 | 21,79 | 75,0
50,p 2,10 2,28 2,60 3,10 5,16 8,24 | 11,32 | 17,57 | 20,65 | 23,75 | 26,84 | 50,0
25,p 4,25 4,21 4,49 5,14 8,32 | 11,99 | 15,53 | 22,53 | 25,86 | 29,16 | 32,40 | 25,0
10,p 7,37 6,85 6,97 773 | 12,17 | 16,21 | 20,04 | 27,56 | 31,05 | 34,46 | 3},76 | 10,0
5,0 9,86 8,90 8,86 9,67 | 1496 | 19,12 | 23,06 | 30,81 | 34,34 | 37,78 | 41,09 | 5,0
1,0 1594 | 13,82 | 13,30 | 14,13 | 21,13 | 25,29 | 29,30 | 37,26 | 40,81 | 44,22 | 4}47 | 1,0
0,65 — 1,0 1,5 2,5 4,0 6,5 — 10,0 — —
Acceptance quality limit (tightened inspection) in percent - sample size code letter G

015 | 025 | 040 | 065 | 1,0 | 15 | 25 | 40 | 65 | — | 100
69
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Table E.7 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter H: s-method

Acceptance quality limit (normal inspection) in percent - sample size code letter H P,
% 0,25 — 0,40 | 0,65 1,0 1,5 2,5 4,0 — 6,5 — 10,0 %

99,0 10,0478(0,0966| 0,153 | 0,225 (0,398 | 1,01 | 1,85 | 3,85 | 503 | 6,22 749 | 10,21 | 99,0

95,0 | 0,146 | 0,237 | 0,334 | 0,457 | 0,797 | 1,73 | 2,88 | 543 | 6,85 | 829 | 977 | 1290 | 95,0

90,0 | 0,253 | 0,368 | 0,492 | 0,650 | 1,13 | 2,26 | 3,60 | 6,46 | 8,01 | 9,57 | 11,18 | 14,51 | 90,0

75,0 | 0,586 | 0,734 | 0901 | 1,13 | 192 | 3,45 | 509 | 849 | 10,25 | 12,03 | 13,82 | 1749 | 75,0

o 34 = Lo & 100 2241 | mlilla¥al Lo B N A 14234 EEalalal El=ilalal 417 34 24 .24 -
50,0 1,3 47 1,67 1,90 5,01 3,29 7,27 I15,24 | 10,22 19,22 17,21 [ 25,21 0,0

25,0 | 2,79 2,72 2,90 3,30 | 538 | 780 | 10,06 | 14,55 | 16,71 | 1891 | 21,07 | 25,3% }/P5,0

10,0 | 4,94 4,47 4,54 5,01 796 | 10,71 | 13,14 | 18,01 | 20,28 | 22,64 | 24,92 | 2937 | [L0,0

50 [ 6,75 5,87 5,82 6,30 | 9,87 | 12,76 | 15,24 | 20,30 | 22,61 | 25,04 | 27,38 | 3191 | |5,0

1,0 | 11,27 | 9,32 8,90 9,36 | 14,25 | 17,25 | 19,72 | 24,99 | 27,34 | 29,87 | 3228 | 36,89 | (1,0

0,40 — 0,65 1,0 1,5 2,5 4,0 6,5 — — 10,0 —
Acceptance quality limit (tightened inspection) in percent - sample size-code letter H
010 | 0,15 | 0,25 | 040 | 065 | 1,0 | 1,5 | 25 | 40 [« | 65 | 100

Acceptance quality limit (reduced inspection) in percent - sample size code letter K

T
|

Table E.§ — Tabulated values for operating characteristic curves for single sampling plan:
sample size code letter J: s-method

Acceptance quality limit (normal inspection) in peréent - sample size code letter ] P,
% 0,15 — 0,25 | 0,40 | 0,65 1,0 1,5 2,5 — 4,0 — 6,5 — 10,0 %
99,0 (0,0334(0,0625| 0,102 | 0,144 | 0,251 | 0,645 | 1,15 | 2339 | 3,11 | 3,84 | 4,62 | 6,30 | 8,06 | 9,86 | P9,0
95,0 {0,0971| 0,150 | 0,216 | 0,288 | 0,498 | 1,09 | 1,79«{)3,37 | 4,24 | 512 | 6,04 | 796 | 995 | 11,97 | pP5,0
90,0 | 0,164(| 0,232 | 0,315 | 0,408 | 0,701 | 1,42 | 2;23- | 4,01 | 497 | 593 | 692 | 897 | 11,08 | 13,21 | P0,0
75,0 | 0,372]| 0,459 | 0,569 | 0,707 | 1,20 | 2,16((,3,17 | 529 | 6,39 | 748 | 8,60 | 10,86 | 13,16 | 15,46 | [5,0
50,0 | 0,841(| 0,915 | 1,04 | 1,24 | 2,07 | 3,3L | 456 | 705 | 830 | 9,54 | 10,79 | 13,27 | 15,75 | 18,24 | 0,0
250 1,74 || 1,71 | 1,81 | 2,08 | 3,394,590 | 6,37 | 9,20 | 10,59 | 11,97 | 13,34 | 16,00 | 18,65 | 21,30 | 5,0
10,0 | 3,11 || 2,84 | 2,86 | 3,18 | 509)| 6,78 | 8,41 | 11,51 | 1299 | 14,48 | 1594 | 18,74 | 21,52 | 24,29 | [L0,0
50 | 427|| 3,76 | 3,68 | 4,03,.[\6)37 | 813 | 9,84 | 13,06 | 14,59 | 16,14 | 17,64 | 20,50 | 23,34 | 26,17 | |5,0
1,0 | 727 || 6,08 | 570 | 609 938 | 11,16 | 1293 | 16,32 | 1791 | 19,53 | 21,10 | 24,04 | 26,96 | 29,89 | 1,0

0,25 — 0,40 £ 0)65 1,0 1,5 2,5 4,0 — — 6,5 — 10,0 —
Acceptarice quality limit (tightened inspection) in percent - sample size code letter ]
0,065 0,10 [035 [ 0,25 | 040 [ 065 | 10 | 1,5 | 25 [ — | 40 | 65 | — | —

Acceptance quality limit (reduced inspection) in percent - sample size code letter L
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Table E.9 — Tabulated values for operating characteristic curves for single sampling plans -

sample size code letter K: s-method

P, Acceptance quality limit (normal inspection) in percent - sample size code letter K P,
% 0,10 — 0,15 0,25 0,40 0,65 1,0 1,5 — 2,5 — 4,0 — 6,5 — 10,0 %
99,0 0,0227|0,0422|0,0664|0,0944| 0,169 | 0,420 | 0,741 | 1,53 1,98 2,45 2,94 3,99 5,09 6,22 8,64 | 10,49 | 99,0
95,0 {0,0640/0,0988| 0,139 | 0,187 | 0,328 | 0,703 | 1,14 2,15 2,70 3,27 3,84 5,06 6,30 7,57 | 10,23 | 12,25 | 95,0
90,0 | 0,107 | 0,151 | 0,202 | 0,263 | 0,457 | 0,912 | 1,43 2,56 3,16 3,78 4,40 571 7,03 8,37 | 11,16 | 13,27 | 90,0
75,0 | 0,239 | 0,295 | 0,364 | 0,453 | 0,772 | 1,38 2,02 3,38 4,08 4,78 5,48 6,93 8,38 9,84 | 12,83 | 15,09 | 75,0
50,0 | 0,539 | 0,585 | 0,667 | 0,794 | 1,32 2,12 2,92 4,52 5,32 6,11 6,91 8,51 | 10,09 | 11,69 | 14,88 | 17,29 50,0
250 12 T,09 T 16 .33 2,17 315 7,10 5793 5,83 7,71 8,59 | 10,33 | 12,04 | 13,76 | 17,14 || 19,68 | 25,0
10,0)| 2,01 1,82 1,85 2,05 3,27 4,39 5,45 7,46 8,45 9,39 | 10,33 | 12,18 | 13,98 | 15,81 | 1933/ 21,98 10,0
5,0 2,78 2,43 2,39 2,61 4,10 5,29 6,41 8,50 9,53 | 10,51 | 11,49 | 13,39 | 15,24 | 17,127}'20,72 || 23,43 5,0
1,0 4,83 3,98 3,75 3,99 6,11 7,35 8,53 | 10,73 | 11,82 | 12,84 | 13,88 | 15,87 | 17,79 | 19,%6 | 23,47 || 26,27 1,0

0,15 — 0,25 0,40 0,65 1,0 1,5 2,5 — - 4,0 —_ 6,5 — 10,0 —
Acceptance quality limit (tightened inspection) in percent - sample size code lette} K
0,04 | 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 | 1,5 | — | 2,5 | 4,0 | < | — | _ —_
Acceptance quality limit (reduced inspection) in percent - sample sizelcode letter M
Taple E.10 — Tabulated values for operating characteristie/curves for single sampling plans -
sample size code letter L: s-method
P, Acceptance quality limit (normal inspection) in perceiit - sample size code letter L P,
% 0,065 — 0,10 0,15 0,25 0,40 0,65 1,0 — 1,5 — 2,5 — 4,0 — 6,5 %
99,0]/0,01490,0266|0,0432|0,0610( 0,108 | 0,264 | 0,470 | 0,959 | 124 1,53 1,84 2,48 3,15 3,86 5,34 6,47 99,0
95,0]/0,0410/0,0618(0,0890| 0,119 | 0,207 | 0,440 | 0,720 | 1,34 1,68 2,03 2,40 3,14 391 4,70 6,33 7,58 95,0
90,0]/0,0680/0,0944| 0,128 | 0,166 | 0,287 | 0,570 | 0,894 | 1560 1,97 2,35 2,75 3,55 4,37 5,21 6,92 8,23 90,0
75,0(| 0,150 | 0,184 | 0,229 | 0,285 | 0,483 | 0,862 | 1,27 2,11 2,54 2,98 3,42 4,32 5,22 6,14 7,99 9,39 75,0
50,0(| 0,336 | 0,367 | 0,418 | 0,497 | 0,827 | 1,33 1,82 2,83 3,32 3,83 4,32 5,32 6,31 7,32 9,31 || 10,82 | 50,0
25,0(| 0,697 | 0,690 | 0,729 | 0,835 | 1,36 1,98 2,57 3,73 4,28 4,85 5,39 6,50 7,57 8,66 | 10,78 || 12,39 | 25,0
10,0 1,27 1,16 1,16 1,29 2,06 2,78 3,43 4,72 5,31 594 6,52 7,71 8,85 | 10,00 | 12,24 || 13,93 10,0
5,0 1,76 1,56 1,51 1,65 2,60, 3,37 4,04 5,40 6,02 6,67 7,27 8,50 9,68 | 10,87 | 13,16 || 1491 5,0
1,0 3,11 2,60 2,39 2,54 392 4,72 5,42 6,87 7,52 8,22 8,84 | 10,16 | 11,39 | 12,64 | 15,03 || 16,85 1,0
0,10 - 0,15 0,25 0,40 0,65 1,0 1,5 — — 2,5 —_ 4,0 — 6,5 —
Agceptance quality limit (tightened inspection) in percent - sample size code letter L
0,025 | 0,04 | 0,065,010 | 0,15 | 025 [ 040 [ 065 | 10 | — | 15 [ 25 | — | — [ — | —
Acceptance quality limit (reduced inspection) in percent - sample size code letter N
71
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Table E.11 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter M: s-method

Acceptance quality limit (normal inspection) in percent - sample size code letter M P,
% 0,04 — 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 — 1,0 — 1,5 — 2,5 — 4,0 %
99,0 10,0097|0,0172{0,0278{0,0391{0,0685| 0,170 | 0,299 | 0,610 | 0,787 | 0,973 | 1,17 | 1,58 | 2,00 | 2,44 | 3,36 | 4,09 | 99,0
95,0 10,02630,0395|0,0568|0,0755| 0,131 | 0,282 | 0,457 | 0,85 | 1,07 | 1,29 | 1,52 | 1,99 | 2,48 | 2,98 | 4,00 | 479 | 95,0
90,0 10,0434|0,0601|0,0816/| 0,106 | 0,181 | 0,364 | 0,567 | 1,01 | 1,25 | 1,49 | 1,74 | 2,25 | 2,77 | 3,30 | 4,38 | 5,20 | 90,0
75,0 10,0952 0,117 | 0,145 | 0,180 | 0,305 | 0,548 | 0,803 | 1,34 | 1,61 | 1,89 | 2,17 | 2,74 | 3,31 | 3,89 | 506 | 595 75,0
50,0 | 0,213 | 0,233 | 0,265 | 0,315 | 0,524 | 0,842 | 1,16 | 1,80 | 2,11 | 2,43 | 2,75 | 3,38 | 4,02 | 4,65 | 592 | 687 | 50,0

25,0 | 0,444 439 | 0,465 | U,532 | 0,868 | 1,20 5% 2,37 2,73 3,09 3% 7,13 71,84 5,52 5,89 7,89 5,0
10,0 | 0,813 | [0,746 | 0,743 | 0,826 | 1,33 1,77 | 2,19 | 3,02 | 3,40 | 3,79 | 417 | 491 568 | 639 | 785 | 89T 10,0
5,0 1,14 ||1,00 | 097 | 1,06 | 1,68 | 2,16 | 2,60 | 3,46 | 3,86 | 4,27 | 466 | 543 | 6,23 | 697 | 847 |955 5,0
1,0 | 2,04 ||169 | 1,55 | 1,65 | 2,57 | 3,05 | 3,51 | 444 | 485 | 529 | 570 | 6,51 7,37 8,14 | 9,73\ 10,86 1,0
0,065 — 0,10 0,15 | 0,25 | 0,40 | 0,65 1,0 — — 1,5 — 2,5 — 40 —

Acceptance quality limit (tightened inspection) in percent - sample size code letter M

0,015 | 0,025| 0,04 |0,065| 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | — | 1,0 | 1,5 | — | _ | — | —

Acceptance quality limit (reduced inspection) in percent - sample size code letterP

Table E.12 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter N: s-method

Acceptance quality limit (normal inspection) in percent - sample'size code letter N P,
% | 0,025 — 0,04 | 0,065| 0,10 | 0,15 | 0,25 | 0,40 — 0,65 N~ 1,0 — 1,5 — 2,5 %
99,0 10,0064 (6,0111{0,0176{0,02500,0445| 0,109 | 0,190 | 0,387 | 0,497 | 0,694\ 0,735 | 0,991 | 1,26 | 1,54 | 2,12 | 2,57 b9,0
95,0 10,01696,0251{0,0358{0,04800,0837| 0,178 | 0,289 | 0,538 | 0,673 |¥813 | 0,956 | 1,25 | 1,56 | 1,87 | 2,51 | 3,01 P5,0
90,0 10,0276(6,0380(0,0513{0,0668| 0,115 | 0,230 | 0,358 | 0,639 | 0,787<{ 0,940 | 1,10 | 1,41 1,74 | 2,07 | 2,75 | 3,27 P0,0
75,0 10,0602 (¢,0737(0,0912| 0,114 | 0,193 | 0,345 | 0,506 | 0,842 |~1,01 | 1,19 | 1,37 | 1,72 | 2,08 | 2,45 | 3,19 | 3,74 75,0
50,0 | 0,134 | |0,146 | 0,167 | 0,198 | 0,330 | 0,531 | 0,730 | 1,8 |[" 1,33 | 1,53 | 1,73 | 2,13 | 2,53 | 2,93 | 3,73 | 4,33 50,0
25,0 | 0,280 | 0,277 | 0,293 | 0,335 | 0,547 | 0,796 | 1,03_NNJ50 | 1,72 | 1,95 | 2,17 | 2,61 | 3,05 | 3,48 | 435 | 498 R5,0
10,0 | 0,515 | |0,473 | 0,471 | 0,521 | 0,836 | 1,12 | 1,39~ 191 | 2,15 | 2,40 | 2,64 | 3,12 | 3,58 | 4,05 | 497 | 564 10,0
50 | 0,725 | p,640 | 0,618 | 0,671 | 1,06 | 1,37 J \h65 | 2,20 | 2,45 | 2,71 | 296 | 3,45 | 3,94 | 4,42 | 537 | 6,06 5,0
1,0 | 1,32 ||1,09 | 1,00 | 1,05 | 1,63 | 195 | 2,25 | 2,83 | 3,10 | 3,38 | 3,64 | 416 | 4,67 | 518 | 6,19 | 691 1,0
0,04 — 0,065 | 0,10 | 0,15_] 0,25 | 0,40 | 0,65 — — 1,0 — 1,5 — 2,5 -

Acceptance quality limit (tightened inspection) in percent - sample size code letter N

0,01 |o,015 | 0,025| 0,04 |0,065| 0,10 | 0,15 | 0,25 | 0,40 | — | 0,65 | 1,0 | — | — | — | —

Acceptance quality limit (reduced inspection) in percent - sample size code letter Q
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Table E.13 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter P: s-method

P, Acceptance quality limit (normal inspection) in percent - sample size code letter P P,
% 10,015 — 0,025 | 0,04 [ 0,065| 0,10 | 0,15 | 0,25 — 0,40 — 0,65 — 1,0 — 1,5 %
99,0 10,0041{0,0070| ,0113 |,0158 | ,0286 | ,0682 | 0,119 | 0,243 | 0,312 | 0,385 | 0,461 | 0,620 | 0,787 | 0,960 | 1,32 | 1,60 | 99,0
95,0 10,0108(0,0158| ,0227 | ,0301 | ,0531 | 0,112 | 0,180 | 0,337 | 0,421 | 0,509 | 0,598 | 0,783 | 0,973 | 1,17 | 1,57 | 1,88 | 95,0
90,0 (0,0175/0,0239|0,0323| ,0419 |,0728 | 0,143 | 0,223 | 0,399 | 0,492 | 0,588 | 0,685| 0,883 | 1,09 | 1,29 | 1,72 | 2,04 | 90,0
75,0 {0,03780,0461|0,0573|,0710 | 0,121 | 0,215 | 0,316 | 0,526 | 0,634 | 0,743 | 0,854 | 1,08 | 1,30 | 1,53 | 1,99 | 2,34 | 75,0
50,0 {0,0838|0,0914| 0,104 | ,124 | 0,206 | 0,331 | 0,456 | 0,705 | 0,831 | 0956 | 1,08 | 1,33 | 1,58 | 1,83 | 2,33 | 2,70 | 50,0
25,0{ 0,175 | 0,173 | 0,183 | ,210 | 0,341 | 0,498 | 0,647 | 0936 | 1,08 | 1,22 | 1,36 | 1,63 | 191 | 2,18 | 2,72 | 3,12 | 25,0
10,0]| 0,323 | 0,297 | 0,296 | ,328 | 0,522 | 0,705 {0,873 | 1,19 | 1,35 | 1,50 | 1,66 | 195 | 2,25 | 2,54 |-3,11"| 3,53 | 10,0
50| 0,456 | 0,404 | 0,389 | ,423 | 0,665 0,862 | 1,04 | 1,38 | 1,54 | 1,70 | 1,86 | 2,17 | 2,47 | 2,78 |,3,36 | 3,80 5,0
1,010,836 | 0,694 | 0,632 | ,668 | 1,03 | 1,24 | 1,42 | 1,78 | 195 | 2,12 | 2,30 | 2,62 | 294 | 3,27 | 3,88 | 4,35 1,0
0,025 — 0,04 | 0,065| 0,10 | 0,15 | 0,25 | 0,40 — — 0,65 — 1,0 — 1,5 —
Acceptance quality limit (tightened inspection) in percent - sample size codeé-letter P
— | 0,01 [0,015]0,025| 0,04 [0,065] 0,10 | 015 [ 025 | — [o040 |06 — | — | — | —
Acceptance quality limit (reduced inspection) in percent - sample size-code letter R
Taple E.14 — Tabulated values for operating characteristiccurves for single sampling plans -
sample size code letter Q: s-method
P, Acceptance quality limit (normal inspection) in¢pepcent - sample size code letter Q P,
% 0,01 | 0,015 | 0,025 | 0,04 | 0,065| 0,10 | 0,15 | 0,25 — 0,40 — 0,65 — 1,0 %
99,9 (0,0027|0,0073(0,0102|0,0184|0,0440|0,0767| 0,156+ 0,246 | 0,295 | 0,396 | 0,504 | 0,614 | 0,845 || 1,02 | 99,0
95,0 (0,0070|0,0146(0,0193|0,0341|0,0715| 0,116 | 0,2%6 | 0,325 | 0,383 | 0,500 | 0,622 | 0,747 | 1,00 || 1,20 | 95,0
90,9 (0,0113/0,0207(0,0269|0,0467|0,0919| 0,143 | 0,256 | 0,376 | 0,438 | 0,565 | 0,695 | 0,827 | 1,10 1,30 | 90,0
75,0 10,0242|0,0366|0,0455{0,0775| 0,138 | 0,202-| 0,336 | 0,476 | 0,546 | 0,689 | 0,833 | 0978 | 1,27 || 1,49 | 75,0
50,0 [0,0536|0,0667|0,0795| 0,132 | 0,212+.0,292 | 0,451 | 0,613 | 0,693 | 0,853 | 1,01 1,17 | 1,49 1,73 | 50,0
250 | 0,112 | 0,117 | 0,135 | 0,219 | 0,319~ 0,415 | 0,599 | 0,782 | 0,872 | 1,05 | 1,22 | 1,40 1,74 || 2,00 | 25,0
10,0 | 0,208 | 0,190 | 0,212 | 0,336 {0453 | 0,562 | 0,766 | 0968 | 1,06 | 1,26 | 1,44 | 1,63 | 2,00 || 2,27 | 10,0
5,0 | 0,294 | 0,250 | 0,274 | 0,430_} 0,555 | 0,670 | 0,883 | 1,10 1,20 | 1,40 | 1,59 1,79 | 2,16 || 2,44 | 5,0
1,0/ | 0,544 | 0,410 | 0,435 [-0,669 | 0,799 | 0920 | 1,14 | 1,37 | 1,48 | 1,70 1,90 | 2,11 | 2,50 || 2,80 1,0
0,015 | 0,025 | 0,04470,065| 0,10 | 0,15 | 0,25 — 0,40 — 0,65 — 1,0 —
Acceptance quality limit (tightened inspection) in percent - sample size code letter Q
73
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Table E.15 — Tabulated values for operating characteristic curves for single sampling plans -
sample size code letter R: s-method

Acceptance quality limit (normal inspection) in percent - sample size code letter R P,
% — 0,01 | 0,015 | 0,025 | 0,04 | 0,065| 0,10 | 0,15 — 0,25 — 0,40 — 0,65 %
99,0 10,0070{0,0046(0,0065|0,0115(0,0277|0,0482|0,0976| 0,312 | 0,155 | 0,461 | 0,249 | 0,315 | 0,384 | 0,528 | 99,0
95,0 10,0158{0,0092(0,0122{0,0212{0,0449(0,0726| 0,135 | 0,421 | 0,204 | 0,598 | 0,313 | 0,389 | 0,467 | 0,627 | 95,0
90,0 10,0239(0,0130{0,0168|0,0290(0,0576|0,0897| 0,160 | 0,492 | 0,235 | 0,685 | 0,353 | 0,434 | 0,517 | 0,686 | 90,0
75,0 |0,0461{0,0229(0,0285(0,0482(0,0862| 0,126 | 0,210 | 0,634 | 0,297 | 0,854 | 0,430 | 0,521 | 0,611 | 0,795 | 75,0
50,0 {0,09140,0416|0,0496(0,0824| 0,132 | 0,182 | 0,282 | 0,831 | 0,382 | 1,08 | 0,533 | 0,633 | 0,732 | 0,932 | 50,0
25,0 | 0,173{| 0,073 | 0,084 | 0,137 | 0,200 | 0,259 | 0,376 | 1,08 | 0,489 | 1,36 | 0,656 | 0,766 | 0,873 | 1,09| R5,0
10,0 | 0,297]| 0,119 | 0,132 | 0,212 | 0,284 | 0,352 | 0,481 | 1,35 | 0,605 | 1,66 | 0,786 | 0,906 | 1,02 | 1,25/] [L0,0
5,0 | 0,404|| 0,157 | 0,172 | 0,272 | 0,349 | 0,420 | 0,556 | 1,54 | 0,685 | 1,86 | 0,874 | 0,999 | 1,12 135 5,0
1,0 | 0,694(| 0,259 | 0,274 | 0,426 | 0,505 | 0,579 | 0,723 | 195 | 0,861 | 2,30 | 1,06 | 1,20 | 132" | 1,57 | |1,0
0,010(| 0,015 | 0,025 | 0,04 | 0,065 | 0,10 | 0,15 — 0,25 — 0,40 — 0,65 —

Acceptance quality limit (tightened inspection) in percent - sample size code letterR
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Annex F
(informative)

Consumer’s risk qualities

F.1 The consumer’s risk quality for the s-method plans

For 4 given sampling plan, the consumer’s risk quality is the process quality for which the pitobability of
accepting a given lot is 10 %.

For fhe s-method, the consumer’s risk quality is the solution in p such that the pnebability off acceptance
is 0,10 i.e.

l—Ft(n_l‘Kpﬁ)(k\/EFO,lO
where
n is the sample size,
e is the s—-method acceptance constant;
K, is the upper p-quantile of the standardized normal distribution

Ft(n—l K<) ()  isthe distribution function®f the non-central t-distribution with n-1 degrees of
b freedom and non-centrality parameter K, Jn .

F.2 | Tables for the consumerisrisk qualities for the s-method plans

Congumer’s risk qualities for the:s~method plans of this document are given in Table F.1, Tdble F.3, and
Tablp F.5 for normal, tightened;-and reduced inspection, respectively.

F.3 | The consumer’s risk quality for the o-method plans

For {he o-method)the consumer’s risk quality is the solution in p such that the probability ofacceptance
is 0,10 and is given by the formula:

-0 |k=K10 /vn |=1-@[k-1,2816/n]

where
n is the sample size,
k is the o-method acceptance constant

@(.) isthe distribution function of the standardized normal distribution.

F.4 Tables for the consumer’s risk qualities for the c-method plans

Consumer’s risk qualities for the c-method plans of this document are given in Table F.2, Table F.4, and
Table F.6 for normal, tightened, and reduced inspection, respectively.
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Annex G
(informative)

Producer’s risks

conforming is equal to the AQL.

For the s-mlethod, the producer’s risk is given by the following Formula (G.1):

Ft(n—1,1<,,ﬁ) (kv/n)
where
n is the sample size,
p is the AQL expressed as a fraction nonconforming,
is the s-method acceptance constant,
K, is the upper p-quantile of the standard’normal distribution
Ft(n_LK Jn) (.) is the distribution function of thé-non-central t-distribution with degrees of free

G.2 Tabl

Producer’s
for normal,

G.3 The
For the o-n

@[ n(

n - 1 and non-centrality paraimeter vnKp.

es for the producer’s risks for the s-method plans

[isks for the s-method plahs of this document are given in Table G.1, Table G.3, and Tabl¢

tion
cess

G.1)

Hom

174

G.5

tightened, and reduced inspection, respectively.

producer’srisk for the o-method plans

<—Kp)]

ethod, the)producer’s risk is given by by the following Formula (G.2):

G.2)

where

®()

82

is the sample size,

is the AQL expressed as a fraction nonconforming,

is the o-method acceptance constant,

is the upper p-quantile of the standard normal distribution,

is the distribution function of the standard normal distribution.
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G.4 Tables for the producer’s risk for the c-method plans

Producer’s risks for the o-method plans of this document are given in Table G.2, Table G.4, and Table G.6
for normal, tightened, and reduced inspection, respectively.
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