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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through 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.
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Alist of all parts in the ISO 2859 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
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The procedures in this document differ in their scope from the procedures in ISO 2859-1 to ISO 2859-3.
The acceptance sampling systems specified in ISO 2859-1 to ISO 2859-3 are intended to be used in
bilateral agreements between two parties. The acceptance sampling procedures are supposed to be
used as simple, pragmatic rules for deciding on product release by inspection of only a limited sample
of a consignment, and therefore the procedures do not make reference (either explicitly or implicitly) to
any formally declared quality level.

Under acceptance sampling there is no sharp borderline between quality levels that should be
congider Forthe prpcedures in
ISO 2859-1, the two parties agree upon some acceptance quality limit (AQL) which is the-wofst tolerable
prodess average when a continuing series of lots is submitted. The switching rules-and the sampling

cU d cpldDICS dIld JuUd C OUlId DE I'e|c cl DV c procedure.

schefmes in ISO 2859-1 are designed to encourage the suppliers to have process ayerages

better than the AQL selected. In order to keep sample sizes moderate, the protection again
indiyidual lots of inferior quality may be less than that provided by sampling plans t
sentpncing individual lots. The procedures in ISO 2859-2, on the contrary, arg designed to p

ronsistently
5t accepting
argeted for
rovide good

protection against accepting individual lots of inferior quality (LQ), but at the expense of a possibly

high[risk of not accepting lots of qualities that both parties actually weould consider to be ac

The procedures in ISO 2859-1 to ISO 2859-3 are well suited for agceptance sampling purpog
shoyld not be used in reviews, audits, systematic tests, etc. to venify a quality that has been
some entity. The main reason is that the procedures have been’indexed in terms of quality
are felevant solely for the pragmatic purposes of acceptance sampling, and the various risk
balapced accordingly in a pragmatic attitude.

The procedures in this document have been developed as a response to the growing need fj
prodedures suitable for formal, systematic inspections such as reviews or audits or syste
When performing such a formal inspection, itis necessary both for the inspecting authority
body subject to inspection to consider the ri§ks of reaching an incorrect conclusion. These r
be agcounted for explicitly in the design efreview/auditing/testing procedures.

This| document provides guidance and rules to assist the user in accounting for the risks
condlusions in an informed manner.

The |rules in this document-have been devised such that there is only an acceptably si
contradicting the declared.quality level when in fact the actual level conforms to the declar

If it [were also desired\that there should be a similarly small risk of not contradicting t

ceptable.

es, but they
Heclared for
y levels that
s have been

br sampling
matic tests.
and for the
isks have to

bf incorrect
mall risk of

bd level.

he declared

qualfity level whendn fact the actual quality level does not conform to the declared quality level, then it

would be necessary’to investigate a rather large sample. Therefore, in order to obtain the

benefit of a

modeerate samplesize, the procedures in this document have been devised in such a way thalt they allow

a somewhathigher risk of failing to contradict the declared quality level when in fact the ag
leve] doesinot conform to the declared quality level.

ne 0 ne a men 00 () 1 MDAIANCEe pertween rne

tual quality

The wording a

of reaching

incorrect conclusions. For the levels I, II, and I1I, when the sample result contradicts the declared quality
level, there is strong evidence of nonconformance to the declared quality level. When the sample result
does not contradict the declared quality level, this should be understood as “we have not, in this limited
sample, found strong evidence of nonconformance to the declared quality level”.

CAUTION — It should be noticed that, for sampling plans with very small sample sizes, one
should be aware of the poor discriminatory power under such sample sizes by referring to the
entries in Tables B.1, B.2, B.3 and B.4.
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Sampling procedures for inspection by attributes —

Part 4:
Procedures for assessment of declared quality levels

1

This
the

qual
sam
decl
relat

factgrs of the sampling plans are compatible with the LQR factors forlevel I.

In cd
are

cont
sam

This
evid
sam
sam

The
vari

u
valuF Sampling plans are provided corresponding to four levels of discriminateryability. '

cope

document establishes single sampling plans for conformance testing, i.e., for a§sess
ality level of a relevant audit population (lot, process, inventory, file etc) conforins t

ity ratio (LQR) (see Clause 4) of each sampling plan is given for referénce. For lev

hred quality level. The risk of failing to contradict an incorrectly deglared quality ley
ed to the LQR is no more than 10 %. The sample sizes for level 0 aredesigned in a way 4

ntrast to the procedures in the other parts of the ISO 2859 séries, the procedures in thi
not applicable to acceptance assessment of lots. Generally, this document mainly
rolling type I error, which differs from the balancing ofithe risks in the procedures for
bling.

document can be used for various forms of“quality inspection in situations whei
ence of conformity to some declared quality-level is to be provided by means of insj

bles of individual items to be taken frontthe entity.

sampling plans provided in this décument are applicable, but not limited, to the insj
ety of targets such as:

bnd items;

romponents and raw matérials;
bperations;

aterials in pfogess;
suppliesn,Storage;

maintenance operations;

y

g whether
a declared
"he limiting
bls I-111, the

bling plans have been devised so as to obtain a risk no more than 5 %) 6f contradicting a correct

rel which is
hat the LQR

s document
focuses on
acceptance

e objective
bection of a

ble. The procedures are applicable to entities such as lots, process output, etc. that allow random

bection of a

ata or records;

administrative procedures;
accounting procedures or accounting entries;

internal control procedures.

This document considers two types of quality models for discrete items and populations, as follows.

i)

The conforming-nonconforming model, where each item is classified as conforming or
nonconforming, and where the quality indicator of a population of items is the proportion p of

nonconforming items, or, equivalently, the percentage 100 p of nonconforming items.
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The nonconformities model, where the number of nonconformities is counted on each item, and
where the quality indicator of a population of items is the average number A of nonconformities
found on items in the population, or, equivalently, the percentage 100 A of nonconformities on items
in the population.

2 Normative references

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

ISO 3534-1
probability

ISO 3534-2,
IS0 9000, @

3 Terms

3.1 Terni

For the pui
ISO 9000 ar

ISO and IEC

IECEle

3.1.1
non-reject
c

largest nunj
population

3.1.2
quality rat
QR

ratio of the

3.1.3
limiting qu

ISO Onlline browsing platform: available at https: //Www.iso.org/obp

Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms,us

Statistics — Vocabulary and symbols — Part 2: Applied statistics

pality management systems — Fundamentals and vocabulary

, definitions, symbols and abbreviated terms

)s and definitions

poses of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2
d the following apply.

ctropedia: available at http://www.eleetropedia.org/

on number

inder investigation that does not lead to contradiction of the declared quality level

10

nctual quality Tevel to the declared quality level of the entity under investigation

ality\ratio

maintain terminological databases for use in standardization at the following addresse¢s:

ed in

and

ber of nonconforming items-or nonconformities, respectively, found in the sample fron the

LQR

1 f h | A 4=l s 1. L 1 11 ol L L 1. b dn N > PR | 1
value of the (UAIICYy TdaCtIo CIdaC Is IIICet tO0 a SHIdIT TISK Ol TdIIITg C0 COItI aulICt all MICOTTeTt UeTl

quality leve

1

ared

Note 1 to entry: In this document, the risk of failing to contradict an incorrect declared quality level is no more

than 10 %.

3.1.4
audit popu

lation

totality of items under audit inspection

3.1.5
audit popu
state of the

lation conformance
audit population fulfilling imposed requirements
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DQL

LQR
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Symbols and abbreviated terms

non-rejection number of a sampling plan

number of nonconforming items or, respectively, nonconformities in the sample
sample size of a sampling plan

declared quality level

limiting quality ratio

QR

4.1

A siy
two
a)

b)

Excd
undg
leve

If th
DQL

NOT
decls

EXA

plan
LQR

4.2
The

methods of ranidom sampling from the entity.

Whs

quality ratio

Sampling and decision procedure

Identifying a sampling plan

gle sampling plan (n, ¢) with sample size n and non-rejection number c is identified froq
characteristics:

the DQL, ranging from 0,01 percent to 10,00 percent;
the LQR level, ranging over 0, I, 11, I1I.

br each LQR level, with ¢ = 0 under level 0, c = Zunder level I, ¢ = 2 under level II, and
I11.

e declared quality level is not one of the tabulated values, then the next higher tabula
shall be used to select the plan.

) This results in an LQR that is~semewhat higher, and to a probability of falsely contradict]
red quality level that is somewhat lower than the values given in Tables 2 to 5 (see 8.2).

MPLE If an LQR level I is\chiosen with a DQL of 0,65 % nonconforming items, Table 1 yield
with a sample size n of 127,-and a non-rejection number of nonconforming items c of 2, which
pf 6,45 (see Table 4).

Drawing of samples

sample shall‘be selected by simple random sampling or, where appropriate, by stratif

n stratified sampling is used, the number of items from each stratum shall be selected in

h Table 1 by

pt a few exceptions for very small and very large ,DQL, the non-rejection numbers alre constant

¢ = 3 under

ted value of

ing a correct

s a sampling
provides an

ed or other

proportion

to thesize of strata of the entity under investigation. The sub-sample from each stratym shall be
selei@d‘bymrmmﬁWMHNTﬂ—‘l.

When sampling from a lot or a consignment, stratified sampling may be used with strata corresponding

to id

entifiable sub-lots.

When sampling from a process, stratified sampling may be used with strata corresponding to identified

sour

ces of variation, for example tools, operators, shifts, etc.
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If the sample size exceeds the size of the entity under investigation, then all items of the entity shall be
inspected.

EXAMPLE If, in the example considered in 4.1, the entity under investigation is the computer records
of administrative transactions during five business days, and the number of transactions each day are
approximately equal, then the total sample of n = 127 transactions are selected as five sub-samples, three
consisting of 25 transactions and two consisting of 26 transactions, selected by simple random sampling from

the transactions on each of the five days.

4.3 Decision objective

The audit
nonconfor
the DQL. O
shall decidd
i) rejection,

by the DQL

4.4 Deci!

Each of the
respectively

Ifdisle
quality

If d exd
contrad

EXAMPLE
are found in
items. If thre

4.5 Disp

ing units, or percentage of nonconformities per item, respectively) is smaller oregu
therwise, the audit population is considered as nonconforming. The inspection'\obje
on the conformance of the population by taking one of two mutually exclusive'decis
i.e., contradict the quality declaration expressed by the DQL and classify the/populatic
nonconfornping; ii) non-rejection or acceptance, i.e., do not contradict the quality declaration exprej

hnd classify the population as conforming.

pion by sampling

1 items in the sample shall be inspected, and the total numbér d of nonconforming iten;
G, of the nonconformities on items in the sample shall be détermined.

ss than or equal to the non-rejection number c, the decision is non-rejection, i.e., the decl
level is not contradicted.

eeds the non-rejection number c, the decisioniis'rejection, i.e., the declared quality ley
icted.

he sample of 127 items. Then the sample result does not contradict the DQL of 0,65 % nonconfor
e or more nonconforming items are faund, the sample evidence contradicts the DQL.

psition of nonconforming.items

re of
al to
rtive
ons:
n as
ssed

S or,

ared

el is

Assume that, in the situation considered by the Example in 4.1, two or fewer nonconforming items

ming

rned
and

Any nonconfforming items or items exhibiting nonconformities found in the sample shall not be retu
to the rest |of the items unless the-nonconforming items are brought to a conforming condition
applicable gdministrative rules-are followed.

d in

Examples for the use of the“sampling and decision procedure in industrial practice are providg

AnnexA.

5 Principles

Any assess] an
erroneous decision due to the limited information conveyed by a sample. In the present context, there
are two types of erroneous conclusions on an audit population:

a) rejection although the population is actually conforming, i.e., the population quality indicator
(percentage of nonconforming units, or percentage of nonconformities per item, respectively) is
actually smaller or equal to the DQL;

b) non-rejection although the population is actually nonconforming, i.e., the population quality

indicator (percentage of nonconforming units, or percentage of nonconformities per item,
respectively) is actually exceeding the DQL.

The corresponding error risks are expressed by the respective error probabilities, namely a) the
probability of rejecting an actually conforming population; b) the probability of not rejecting an actually
nonconforming population. The latter two risks shall be balanced by the design of the sampling plans.

4 © IS0 2020 - All rights reserved
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The sampling plans for the LQR levels I, Il and III are, with few exceptions for large DQLs, d

4:2020(E)

evised such

that the probability of contradicting an actually correct quality declaration is less than 5 %. For the
LQR level 0, the probability of contradicting an actually correct quality declaration is bounded by 20 %.

See Tables 2 through 5 for the detailed values.

For the inspection authority, it is vital to have a small probability of not detecting an
declared quality level. The design of the sampling plans in this document focusses on
quality ratio (LQR): when the actual quality level is LQRxDQL, i.e., LQR times worse than t

incorrectly
the limiting
he declared

quality level DQL, the procedures in this document have a risk of less than 10 % of failing to contradict
the declared quality level (corresponding to a 90 % probability of contradicting/rejecting the incorrect

declared quality level).

The fideal LQR would be close to 1,00. The latter ideal case cannot be achieved with practi¢
sample sizes. This document considers four LQR levels 0, I, II and III. For all levels, the
range between 4 and 13, roughly. The sample sizes for level 0 are set to make sur€ that
approximately the same LQR as level I at the same DQL value where the LQR ranges from
largest DQL up to 12,34 for the smallest DQL. Under the latter design, it is inevitable that u
the probabilities of contradicting an actually correct quality declaration ate ,considerably
undér levels I, I1, and III.

TecHnical details on the design of the sampling plans are provided if<Annex B.

eclared quality level (DQL)

The DQL together with the LQR level is used for indexing‘the sampling plans provided in thi
The |values of DQL in the tables are known as prefetbed DQLs. The series of preferred
corrpspond to the series of preferred AQLs for inspe¢tion for nonconforming items given in

Thetge shall be a sound basis for the DQL us€d. The DQL shall not be deliberately ov
undé¢rstated.

When a DQL is designated for a certain type quality characteristic, it indicates that the s
good reason to believe that the quality,is not worse than this designated value.

ires that the sample size and inspection result be taken into account in order to i
uncertainty associated with the estimate. This uncertainty affects the assg¢
risks of making-inc¢orrect conclusions on the actual status of the entity of int
ification usually requires larger sample sizes than those used in the procedures d
document.

Sampling plans

Conoral

7.1

hlly feasible
LQR values
level 0 has
7,78 for the
nder level 0
higher than

b document.
DQL values
[SO 2859-1.

erstated or

upplier has

terest, the
n a sample
ncorporate
pssment of
brest. Such
pscribed in

TCITCTOT

The master Table 1 provides all single sampling plans (n, ¢) for the four LQR levels, indexed in the DQL
and the LQR level. Background on the choice of the LQR level and the properties of the corresponding

sampling plans are provided in 7.2 through 7.5.
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Table 1 — Master table of sampling plans

DQL LQR Level 0 LQR Level I LQR Level II LQR Level I1I
(% nonconforming items n c n c n c n c
or % nonconformities per item)
0,010 1866 0 3153 1 « -
0,015 1185 0 2001 1 « -
0,025 743 0 1255 1 3154 2 «
0,040 476 0 804 1 2001 2 3152 3
6,665 298 0 563 1 253 2 2-064 3
0,100 188 0 317 1 802 2 1252 3
0,150 119 0 202 1 502 2 803 3
0,250 75 0 127 1 317 2 503 3
0,400 49 0 82 1 202 2 317 3
0,650 31 0 52 1 127 2 202 3
1,000 20 0 34 1 82 2 127 3
1,500 13 0 22 1 52 2 82 3
2,500 9 0 15 1 34 2 52 3
4,000 - 10 1 22 2 34 3
6,500 - 7 1 15 2 22 3
10,000 - 5 1 10 2 16 3

The plans are|

«_»

— means: u

“w, »

< means: u

indexed by the declared quality level (DQL) of nonconformingproduct and the limiting quality ratio (LQR) le
be the sampling plan to the right, which corresponds toa'smaller limiting quality ratio

be the sampling plan to the left, which corresponds to-a higher limiting quality ratio

<
@
—=
n

7.2 LQR

Level 0 may
level may 1
correct dec
if the actua

evel 0

r be used when a large probabijlity of erroneously contradicting a correct declared qu
e tolerated. For level 0 sanipling plans, the probabilities of erroneously contradicti
ared quality level in Tablé 2 range in value from 16,3 % to 20,4 %, see Table 2. For exar]
|1 quality level equals the declared quality level 2,50 %, the probability of erroned
contradicting the declared quality)level is 20,4 %.

ality

hple,

Table 4 — LQR and proebability of falsely contradicting a correct DQL — LQR level 0 plans
DRL Probability of falsely
(% noncoirforming items n c LQR contradicting a correct
or [% nenconformities per item) DQL %, &
0,010 1866 0 12,34 17,0
0,015 1185 0 12,95 16,3
0,025 743 0 12,40 17,0
0,040 476 0 12,09 17,3
0,065 298 0 11,89 17,6
0,10 188 0 12,25 171
0,15 119 0 12,90 16,4
0,25 75 0 12,28 171
0,40 49 0 11,75 17,8
0,65 31 0 11,43 18,3
1,0 20 0 11,51 18,2
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EXAMPLE

Table 2 (continued)

ISO 2859-4:2020(E)

DQL Probability of falsely
(% nonconforming items n c LQR contradicting a correct
or % nonconformities per item) DQL %, «
1,5 13 0 11,81 17,8
2,5 9 0 10,23 20,4

Suppose that the plan n = 20, ¢ = 0, corresponding to a DQL of 1,0 % nonconforming items, is used.

For this plan, there is a 10 % risk of failing to contradict DQL when the actual quality level is 11,51 (LQR) times

wor

e than the DQL,i.e. the actual quality level is 11,51 % nonconforming items.

If, o1
nong

7.3

Leve
plan

LQR level 1

1 the contrary, the actual quality level had been the DQL, i.e. if the actual qualjty) e}
onforming items, then there is a risk of 18,2 % of falsely contradicting this corregt-DQL{.

Vel is 1,0 %

[ sampling

1 I may be used when a smaller sample size than levels II or III is desirable. For leve
s, the limiting QR range in value from 7,78 to 12,96, see Table 3.
fable 3 — LQR and probability of falsely contradicting a correct DQL — LQR level|l plans
DQL Probability of
(% nonconforming items n c LQR falsely contradicting
or % nonconformities per item) a correct DQL %,
0,010 3153 1 12,34 4,0
0,015 2001 1 12,96 3,7
0,025 1255 1 12,40 4,0
0,040 804 1 12,09 4,2
0,065 503 1 11,90 4,3
0,10 317 1 12,27 4,1
0,15 202 1 12,84 3,8
0,25 127 1 12,25 4,1
0,40 82 1 11,86 4,3
0,65 52 1 11,51 4,6
10 34 1 11,44 4,6
1,5 22 1 11,79 4,4
2,5 15 1 10,37 5,5
4,0 10 1 9,72 6,2
6,5 7 1 8,55 7,7
10,0 5 1 778 9,0

EXAMPLE

T

Suppose that the plan n =317, ¢ = 1, corresponding to a DQL of 0,10 %, is used. For this plan, there

is a 10 % risk of failing to contradict the DQL when the actual quality level is 12,27 (LQR) times worse than the
DQL, i.e. the actual quality level is 1,227 %. If, on the contrary, the actual quality level had been the DQL, i.e. if the
actual quality level had been 0,1 %, then there is a risk of 4,1 % of falsely contradicting this correct DQL.

7.4 LQRIlevel Il

Level II is the standard level that shall be used unless specific conditions warrant the use of another
level. For level Il sampling plans, the limiting QR range in value from 5,32 to 7,07, see Table 4.
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Table 4 — LQR and probability of falsely contradicting a correct DQL — LQR level II plans

DQL Probability of
(% nonconforming items n c LQR falsely contradicting
or % nonconformities per item) acorrect DQL %, o

0,025 3154 2 6,75 4,6
0,040 2001 2 6,65 4,7
0,065 1253 2 6,53 5,0
0,10 802 2 6,64 4,8
615 562 2 %07 4+
0,25 317 2 6,72 4,6
0,40 202 2 6,59 49
0,65 127 2 6,45 51
1,0 82 2 6,49 550
1,5 52 2 6,82 45
2,5 34 2 6,26 5,5
4,0 22 2 6,05 6,0
6,5 15 2 5,46 7,6
10,0 10 2 5,32 8,0

EXAMPLE
this plan, thg
than the DQI

If, on the c

Suppose the plan n =802, ¢ = 2, corresponding to a DQL 0f'0,1 % nonconforming items, is used
re is a 10 % risk of failing to contradict DQL when the actual quality level is 6,64 (LQR) times

,i.e. the actual quality level is 0,664 % nonconforming.jtems.

pntrary, the actual quality level had been the DQL, i.e. if the actual quality level is 0

nonconfornping items, then there is a risk of 4,8 % of falsely contradicting this correct DQL.

7.5 LQR

Level III is
level 111 san{

evel I11

for situations where a smaller QR is desired, at the expense of a larger sample size

pling plans, the limiting QR in Table 5 range in value from 4,18 to 5,55.

|. For
forse

1%

For

Table 5|— LQR and probability.of falsely contradicting a correct DQL — LQR level III planis
DQL Probability of
(% nonconformiing items n c LQR falsely contradicting
or|% nonconforfiities per item) acorrect DQL %, o

0,040 3152 3 5,30 3,9
0,065 2004 3 5,13 4,3

0,10 1252 3 5,34 3,8

0,25 503 3 5,31 3,9

0,40 317 3 5,27 4,0

0,65 202 3 5,09 4,4

1,0 127 3 5,26 4,0

1,5 82 3 5,43 3,6

2,5 52 3 5,14 4,3

4,0 34 3 491 49

6,5 22 3 4,67 5,7

10,0 16 3 4,18 7,9
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Suppose the plan n =1 252, ¢ = 3, corresponding to a DQL of 0,1 % nonconforming it

ems, is used.

For this plan, there is a 10 % risk of failing to contradict DQL when the actual quality level is 5,34 (LQR) times

Wwors

e than the DQL, i.e. if the actual quality level is 0,534 % nonconforming items.

If, on the contrary, the actual quality level had been the DQL, i.e. if the actual quality level is 0,1 %
nonconforming items, then there is a risk of 3,8 % of falsely contradicting this correct DQL.

8 Further information

8.1

The
cont

of the QR.

The
pref

8.2

Tabl
DQL

For

that
leve
disc

Tabl
actu

The
sma
size

Whd

ability is better than.indicated by the values in Tables 2 to 9. In particular, the actual LQ
the value indjeated in Tables 2 to 5 and, moreover, the actual probability of falsely confradicting a

than
corr

Curves showing the approximate probability of contradiction

curves shown in Figure 1 indicate the approximate probability that a sample res
radiction of the DQL. The curves give the approximate probability of contradiction a

curves in Figure 1 refer to situations where the DQL is one of the pteferred value
erred values of DQL, the information in Figure 1 does not apply.

Tables indicating discriminatory ability

ps 6 through 9 provide additional information about the probabilities of contradictiy
for different values of the QR.

bach individual sampling plan, Tables 2 to 5 shoW the value of the limiting quality
corresponds to a nearly 10 % risk (20 % for Table 2) of failing to contradict the declz
. This LQR together with the information presented in Tables 6 to 9 may be used tqg
[iminatory ability of each sampling plan.

bs 2 to 5 also show the probability.that the sample result (falsely) contradict the DQ
nl quality level is equal to the DQL.

values in Tables 2 to 9 have been determined under the assumption that the sample s
| fraction of the entity under'investigation. The values in these tables are valid when
is less than or equal to one tenth of the entity.

n the sample size is{alarger fraction of the entity under investigation, the actual dis

ect DQL is alse-smaller than that indicated in Tables 2 to 5.

11t leads to
5 a function

s. For non-

g incorrect

ratio (LQR)
red quality
assess the

L. when the

ze is only a
the sample

Criminatory
R is smaller
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Figure 1 — Curves showing the approximate probability of contradicting a DQL
for different values of the quality ratio

select the saqmpling plan. This results in a change to the balance of risks. On one hand, the risk of faJsely
contradicting a correct DQL is less than that'given in Tables 2 to 5. On the other hand, the actual LQR is
higher than|the tabulated value of LQR.fox the preferred DQL.

If the DQL {sed is not one of the preferred DQLs;-then the next higher preferred DQL shall be usg¢d to

The actual QR , is given by the formula:

DQL

LQRa:LQRxDQL

a

where

LQR |is thepreferred limiting quality ratio;

DQL |isthe preferred declared quality level;

DQL, isthe actual, non-preferred declared quality level.

The quality level corresponding to a 10 % risk of failing to contradict the actual (i.e. non-preferred) DQL
remains as given by the sampling plan and is determined as this preferred DQL times its tabulated LQR.

Tables 6 to 9 can still be applied to non-preferred DQLs with the understanding that the actual quality
level is the QR given in Tables 6 to 9, times the preferred DQL used (see the example below).

EXAMPLE Suppose a DQL of 0,125 % nonconforming items is to be assessed at a LQR level II. As this is a
non-preferred DQL, and the next higher preferred DQL is 0,15 %, Table 1 indicates that the sampling plan n = 502,
c=2istobeused.

From Table 4, it can be concluded that there is less than 4,1 % risk of falsely contradicting the (non-
preferred) DQL of 0,125 % nonconforming items. Furthermore, there is a 10 % risk of failing to
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contradict the non-preferred DQL when the actual quality level is 7,07 times 0,15 %, i.e. 1,06 %. For
the non-preferred DQL, the actual LQR is 7,07 x (0,15/0,125) = 8,48. In other words, there is a 10 %
risk of failing to contradict the non-preferred DQL when the actual quality level is 8,48 times higher
(8,48 x 0,125 % being equal to 1,06 %).

Using Table 8, for a QR of 5,0 and the preferred DQL of 0,15 % (corresponding to an actual quality level
of 5,0 x 0,15 % = 0,75 %), the probability of contradicting the non-preferred DQL of 0,15 % is 72,5 %.
Table 8 can similarly be used to find the probability of contradicting the non-preferred DQL for seven
other values of the QR.

Table 6 — Probability (%) of contradicting a DQL for different values of the QR —

LQR level 0 plans

ok DQL (% nonconforming items or % nonconformities per item)

0,010|0,015| 0,025 | 0,040 | 0,065 | 0,10 0,15 0,25 | 0,40 | 0,65 }*1,0 1,5 | 25
0,4 7,2 6,9 7,2 7,3 7,5 7,2 6,9 7,2 7,5 78 7,7 7,5 8,6
06 | 10,6 | 10,1 | 10,5 10,8 11,0 10,7 10,2 10,6 | 11,1 ¢),11,4 | 11,3 | |11,1 | 12,7
1,p 170 | 16,3 | 17,0 17,3 17,6 17,1 16,4 17,1 178/ | 18,3 | 18,2 | (178 | 204
1,b | 244 | 234 | 243 | 2438 25,2 24,6 23,5 24,5 ¢ 25,5 | 26,1 | 259 | (254 |28,6
3P | 429 | 41,3 | 42,7 | 43,5 44,1 43,1 41,5 43,0~ 44,5 | 454 | 451 | (443 | 491
5p |607|589]| 605 | 614 62,0 60,9 59,0 60,8 | 62,5 | 63,5 | 63,2 | [62,3 | 675
7,5 753 | 73,6 | 752 | 76,0 76,6 75,6 73,8 75,5 | 770 | 779 | 777 | |76,8 |81,5
10{0 | 84,5 | 83,1 | 844 | 851 85,6 84,7 83,2 84,7 | 859 | 86,7 | 86,5 | [858 |89,5
15j0 | 939 | 93,0 | 93,8 | 94,3 94,5 94,0 93,1 94,0 | 94,7 | 951 | 950 | [94,6 |96,6
2010 | 976 | 971 | 97,6 | 978 979 97,7 97,2 976 | 98,0 | 98,2 | 98,2 | |198,0 [989

EXAMPLE Suppose the plan corresponding to-a DQL of 0,10 % nonconforming items is used. Fpr a QR of 10
(the pctual quality level is 10 times the DQL, i.ex1,0 % nonconforming items), there is a probability of 84,7 % that
this gampling plan indicate contradiction of the DQL.

Table 7 — Probability (%) of contradicting a DQL for different values of the QR —

LQR level I plans

R DQL (% nonconforming items or % nonconformities per item)

0,010 | 0,015~/\0,025 | 0,040 | 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 1,5 2,5
0}4 0,7 0,7 0,7 0,8 0,8 0,7 0,7 0,7 0,8 0,8 0,8 0,8 1,0
016 1,6 14 1,6 1,6 1,7 1,6 1,5 1,6 1,7 1,8 1,8 1,7 2,1
140 4,0 3,7 4,0 4,2 4,3 4,1 3,7 4,1 4,3 4,5 4,5 4,3 53
115 832 7,5 8,1 8,5 8,7 8,3 7,7 8,3 8,7 9,2 9,2 8,7 | 10,7
310 24,4 22,8 24,3 251 257 | 24,6 | 23,1 | 24,7 | 258 | 269 | 27,2 | 6,0 | 31,0
5|0 46,7 44,2 46,5 47,8 48,6 | 470 | 44,7 | 471 | 488 | 50,4 | 50,7 | #9,1 | 559
7,5 68,4 65,8 68,1 69,4 70,3 | 68,7 | 66,3 | 68,7 | 704 | 72,0 | 72,3 | 70,8 | 771
10,0 82,3 80,1 82,0 83,1 83,8 | 82,5 (805|826 | 839 | 851 | 853 | 841 | 888
15,0 94,9 93,9 94,8 95,3 956 | 950 | 94,1 | 951 | 95,7 | 96,2 | 96,3 | 958 | 97,6
20,0 98,7 98,3 98,6 98,8 989 | 98,7 | 984 | 98,7 | 989 | 99,1 | 991 | 99,0 | 99,5

EXAMPLE Suppose the plan corresponding to a DQL of 0,10 % nonconforming items is used. For a QR of 10
(the actual quality level is 10 times the DQL, i.e. 1,0 % nonconforming items),there is a probability of 82,5 % that
this sampling plan indicate contradiction of the DQL.
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Table 8 — Probability (%) of contradicting a DQL for different values of the QR —
LQR level II plans

0R DQL (% nonconforming items or % nonconformities per item)

0,01 |0,015| 0,025 | 0,04 | 0,065| 0,1 0,15 | 0,25 04 | 0,65 1 1,5 2,5
0,4 0,7 0,7 0,4 0,4 0,5 0,4 0,4 0,4 0,4 0,5 0,4 0,4 0,5
0,6 1,6 1,4 1,2 1,3 1,4 1,3 1,1 1,3 1,3 1,4 1,3 1,2 1,4
1,0 4,0 3,7 4,6 4,7 49 4,8 4,1 4,6 4,8 51 4,9 4,3 53

1,5 8,2 7,5 11,7 12,1 | 12,5 | 12,1 | 10,5 | 11,8 | 12,3 | 12,8 | 12,6 | 11,2 | 13,4
9

20 2 40 4 42 7 45 0 44 6 41 C
T

TZ; T o7 TO; O 1,0 T

£

30 | og4—2281421 4314421432

50 | 467 |442]| 753 [ 762 | 772 | 763 | 72,5 | 756 | 768 | 780 | 776 | 747 \7P,6

75 | 484 | 658 | 934 |938 ] 943 | 939 | 920 | 935 | 941 | 946 | 944 | 931°( 9,3

100 | 2,3 [ 80,1 | 985 | 986 | 988 | 986 | 980 | 985 | 987 | 989 | 98,8 | 98,4 | 9,1

150 | 949 | 939 | 999 | 999 | 100,0| 999 | 999 | 999 |100,0 [ 100,0 | 10061 999 | 140,0
9 1

20,0 8,7 | 98,3 | 100,0 |100,0| 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 0,0

EXAMPLE Suppose the plan corresponding to a DQL of 0,15 % nonconforming itemsis used. For a QR of J (the
actual qualitly level is 5 times the declared quality level, i.e. 0,75 % nonconforming items),there is a probabil|ty of

72,5 % of thils sampling plan indicating a contradiction of the DQL.

Table 9 — Probability (%) of contradicting a DQL for difféerent values of the QR —
LQR level III plans

DQL (% nonconforming items or %.nohconformities per item)

R
Q 0,p10 | 0,015 | 0,025 | 0,040 | 0,065 | 0,10 | 0,15\| 0,25 | 0,40 | 0,65 1,0 1,5 3,5
0,4 , 0,7 0,4 0,2 0,2 0,2 052 0,2 0,2 0,2 0,2 0,2 0,2
0,8

3,7 4,6 39 4,3 3,8 3,4 39 4,0 4,4 39 3,5 4,1

7

0,6 1,6 1,4 1,2 0,8 0,8 0,7 0,6 0,7 0,8 0,8 0,7 0,7
0
2

1,0 4,

1,5 g, 7,5 11,7 | 12,4 | 13,5 \2,1 | 11,0 | 12,3 | 12,5 | 13,7 | 12,5 | 114 | 1B,0
3,0 2p4 | 22,8 | 42,1 | 52,3 | 548 | 51,7 | 48,8 | 52,1 | 52,7 | 555 | 52,9 | 50,4 | 54,7
50 46,7 | 44,2 | 753 | 874 /889 | 871 | 851 | 873 | 877 | 893 | 877 | 86,2 | 8B,8
7,5 6B,4 | 658 | 934 | 9855 988 | 984 | 979 | 984 | 98,5 | 98,8 | 98,5 | 98,2 | 9B,8
10,0 8R,3 | 80,1 | 98,5 }~999 | 999 | 998 | 99,8 | 999 | 999 | 999 | 999 | 99,8 | 90,9
15,0 9%9 | 939 | 998-1100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 10,0
20,0 98,7 | 98,3 (4000 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 100,0 | 140,0

EXAMPLE Supposeithe plan corresponding to a DQL of 0,25 % nonconforming items is used. For a Qf of 3
(the actual quality level is 3 times the DQL, i.e. 0,75 % nonconforming items) there is a probability of 52,1|% of
this sampling plan\indicating a contradiction of the DQL.
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Annex A
(informative)

Examples of use of the procedures

Example 1

During the audit of a sales department, it is revealed that the invoicing process is a sour¢e of
financial losses. The auditors estimate the percentage of invoices that were procgssed

(err
prog
prog

Man|
prog
proQ
the

disc
leve
of n
invo
inco
this
prog
inco
For :

A2

To increase the efficiency of the quality management system, the employees of an industri

enca
prod
indi
It is
iden|
effic
indi
of c3
rem

pgement decides to use this document to evaluate the effectiveness of the spec

fces should be verified. If no more than three inyeices in that sample are found to b

rs, delays, etc.) as equal to 5 % of the invoices. Management decides to introdige a spe
ramme with the aim to reduce this percentage to 1 % incorrectly proce$sed invoice
ramme is completed, management decides to assess its effectiveness.

ramme by selecting a declared quality level (DQL) of 1 %. Management also wa
ability of the positive evaluation of the training programmeé. in the case of no r
percentage of incorrectly processed invoices. Therefore, lével III of the LQR that ag
[imination between quality levels of 1 % and 5 % is chosén,)From Table 1, it is found t
[II and the DQL of 1 %, the sampling plan has a sample size of n = 127 and a non-reject
nconforming items of ¢ = 3. This plan is proposed fer the internal audit usage. A sampl

Frectly, the training programme can be considered successful. From Table 5, it is foy
plan there is a risk of 4,0 % of contradicting-a correctly declared quality level (1 %
essed invoices), and a risk of 10 % of failing“to contradict when the actual quality lev
Frectly processed invoices [i.e. the actual quality level is 5,26 (the LQR) times worse th{
idditional information of the discriminatory ability of this sampling plan, refer to Table

Example 2

uraged to inform management about the problems that may negatively influence th
uction. A closed-loop_quality control system is introduced in order to assure that all t}
ated by the employees are thoroughly investigated by the quality management of

Lified problemsremain without a solution. After one year, management decides to inv
iency of the system taking into account not only formal aspects but also complexity of tk
ated bythe employees. This requirement forces management to investigate only a limi
ises, therefore it is decided to select LQR level I with a system DQL of 2,5 % of t

nmng without a solutlon From Table 1, it is found that for LQR level I and the DQL 0|

sam

assumed that the/system can be considered as effective when no more than 2,5 % of

substantial
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rial training

s. Once the

al training

nts a small
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9.

al plant are
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this plant.
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ed number
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2,5 %, the

Therefore, the management decides to investigate 15 cases, and to consider the quality control system
as effective if no more than one case is without at least a prescribed solution.

From Table 3, it is found that, for this plan, there is a risk of 5,5 % of contradicting a correctly declared
quality level (2,5 % problems without a solution), and a risk of 10 % of failing to contradict when the
actual quality level is 25,925 % problems without a solution [i.e., the actual quality level is 10,37 (the
LQR) times worse than the DQL].

For additional information of the discriminatory ability of this sampling plan, refer to Table 7.
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A.3 Example 3

A company produces a certain product in a regular production. The manufacturing organization
performs 100 % inspection on outgoing lots. All nonconforming items found during inspection are
replaced by conforming items.

The inspection efficiency, E, of the final inspection is estimated independently on an ongoing basis as a
long time moving average. The inspection efficiency indicates the fraction of nonconforming items
detected among the nonconforming items submitted. Inspection errors arising from wrongly classifying
conforming items as nonconforming are rather unlikely and therefore such errors are not taken into
account.

At the end o¢f each week, the manufacturing organization reports the “outgoing quality rating/fer|that
week as:
1-E
Qoue =G ¥ ——
out fwi E
where
@,y 1% the outgoing quality rating, expressed in percent nonconformijiig items;
Qpyi 1% the quality found by the final inspection of that week's production, expressed in percent
nonconforming items;
E denotes the inspection efficiency (in fraction nonconforming items detected among non¢on-
fprming items submitted).
Assume that the current value of the inspection efficiency, E , is equal to 0,9 corresponding to 90 o of
the nonconforming items being detected.
Assume further that final inspection of this week's production of 20 000 items found (and replaced)

1 082 nonc¢nforming items.

The quality|found after final inspection, @, expressed as a percentage, is:

ﬂxmo, or 5,41 % nenc¢onforming items,

D000

1
Qp: =
fwi 2
ing for the inspection efficiency, the manufacturing organization reports the outgoing
hg for this weekuas:

and, adjust]
quality rati

41><1_0'9

Quut =5 yor 0,6 % nonconforming items.

24

The interne11 audit team desires to validate this value.

As the declared quality level, 0,6 % nonconforming items, is not one of the preferred values, the next
higher preferred value of DQL, namely DQL = 0,65 % nonconforming items, is used. From Table 1 and
for LQR level II, the sampling plan has a sample size of n = 127 and a non-rejection number of
nonconforming items of c=2.

In the audit, a sample of 127 items is selected from the outgoing lots. If no more than 2 nonconforming
items are found in the sample, the rating is not contradicted, and the rating may be maintained.

For the following determination of the discriminatory ability of the sampling plan n = 127 and c¢=2 for
the non-preferred DQL = 0,6 %, refer to 8.2.

From Table 4, the probability of contradicting a correct DQL of 0,6 % nonconforming items is less than
5,1 %. There is 10 % risk of failing to contradict the DQL of 0,6 % when the actual quality level is the
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