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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
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Clause 4, process mean (6th line): the symbol

ted version of ISO 3951-1:2013 incorporates the following corrections:

“w_.n “w, n

been replaced with “unknown process mean”;

Vi

16.2, before Example 1: “Qu < k” and “QL, < k” have been replaced with “Qu < k” and “Q < k”;

m” has been replaced with “u”, and “process mean’

Part 3: Double sampling schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection

Part 5: Sequential sampling plans indexed by acceptance quality limit (AQL) for inspection by variables

" has
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— 16.4.2, Formula (4): "[ (1—Q\/§ /2)/2} ” has been replaced with “[\/(1—(2\/5 /2)/ 2} ",

— 17.2, Example: “it is seen that for an AQL of 1,0 %” has been replaced with “it is seen that for an AQL
of 0,65 %";

— N.2, Formula (N.2): “[(1 - Q\/g / 2) 2} ” has been replaced with "[(1 - Q\/g / 2)/2] "

— 0.4, Formula (0.6): in the fourth line, the question mark has been replaced with a “0”, thus correcting
a typographic error.
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Introduction

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

The objectives of the methods laid down in this part of ISO 3951 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:

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

discont]

b) anince
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In this part
percentage

This part o
supplied by
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This part of
a continuou

It is assunjed in the body of this part of ISO 3951 that measurement error is negligible
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unknoy
since th

— asinglg

normal

inuation of sampling inspection) should a deterioration in quality be detected;

htive (at the discretion of the responsible authority) to reduce inspection costs (by mea
n to a smaller sample size) should consistently good quality be achieved.

of ISO 3951, the acceptability of a lot is implicitly determined from~an estimate o

F ISO 3951 is intended for application to a continuing series of lots of discrete product
one producer using one production process. If there are different producers or produd
his part of ISO 3951 is applied to each one separately.

ISO 3951 is intended for application to a single quality characteristic that is measurab
s scale. For two or more such quality characteristics,'see ISO 3951-2.

:2003). For information on allowing for measiirement error, see Annex O, which was der
nce [20] in the Bibliography.

pecification limits, this part of [SO 3951 treats combined control. For other types of cor
3951-2.

- The procedures in this part of ISO 3951 are not suitable for application to lots
screened for nonconforming items.

by variables for percent nonconforming items, as described in this part of ISO 3951, incl
bible modes, the combination of which leads to a presentation that may appear quite conf

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;

ifispection, tightened inspection, or reduced inspection.

of nonconforming items in the process, based on a random sample of.items from the lot]

or
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Table 1 is intended to facilitate the use this part of ISO 3951 by directing the user to the paragraphs and
tables concerning any situation with which he may be confronted. The table only deals with Clauses 15,

16,20,21,a

viii

nd 22; in every case, it is necessary, first of all, to have read the other clauses.
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Table 1 — Summary table

ISO 3951-1:2013(E)

Inspection Single specification limit Double specification limits with combined control
s-method o-method s-method o-method
Clauses or | Tables/ |Charts|Clausesor | Tables/ |Charts|Clausesor| Tables/ |Charts|Clausesor | Tables/ |Charts
sub-claus- | Annexes sub-claus- | Annexes sub-claus- | Annexes sub-claus- | Annexes
es es es es
Normal 16.1,16.2,| A1,B.1, | BtoR | 171,172, | A.1,C.1, |[BtoRa| 16.1,16.4,| A.1,D.1, |s-Dto | 171,173 | A.1,C.1, |[BtoRa
inspection 16.3,21.1 BtoR 21.1 BtoRa 21.1 F1 (for |s-R, B| and21.1 | E.1,Bto
n=3),G.1| toRa Ra
(forn=3
or4),B
toRa

Switghing be- | 21.2,21.3 | B.1,B.2 | BtoR | 21.2,21.3 | C.1,C.2 |BtoRa| 21.2,21.3 | D.1,D.2 |s-Dto | 21.2,21.3"|'Gl1,C.2, |BtoRa
tweeh normal s-R, B E.1
and tjghtened to Ra
inspgction
Swit¢hing be- | 21.4,21.5 | B.1,B.3 | BtoR | 21.4,21.5 [C.1,C.3,1{BtoRa| 21.4,21.5 | D.1,D.3, |s-Dto/N21.4,21.5 | C|{1,C.3, [BtoRa
tweeh normal G.1 (for | s-R'B E1l
and rleduced n=3or4) |40-Re
inspgction
Swit¢hing 22 B.2 BtoR 22 C.2 |BtoRa 22 D.2 s-D to 22 E.l |[BtoRa
betwgen s-R,B
tightgned to Ra
and dis-
contipued
inspqction
Swit¢hing 23 Annex ] 23 Annex ] 23 Annex] 23 Annex E,
betwgen the Annex ]
s-method and
o-mefhod
a Bufsee 8.4.
Fiftden annexes are provided. Annexes A to I\provide the tables needed to support the procedures.

Ann

bx | indicates how the sample standard deviation, s, and the presumed known value of

the process

standard deviation, o, should be determined. Annex K provides the statistical theory underlying the

calcyilation of the consumer’s risk qualities, together with tables showing these qualit

y levels for

norrhal, tightened, and reduced inspection as well as for the s-method and o-method. Annex L provides

simi

reas

prodedures for accommedating measurement uncertainty.

ar information for the producer’s risks. Annex M gives the general formula for th
charfacteristic of the o-methodyAnnex N provides the statistical theory underlying the es
the process fraction nonconforming under the s-method for sample sizes 3 and 4, which, f
pns, are treated differently from the other sample sizes in this part of ISO 3951. Annex

e operating
timation of
br technical
O provides
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Sampling procedures for inspection by variables —

Part 1:
Specification for single sampling plans indexed by
acceptance quality limit (AQL) for lot-by-lot inspection for

cyznnlityr ol vy ~E o

a

This

nd
lllSIC tlualll,y Clidl aLtCl lDl,lL auu a Dlllslc ﬂ\{..‘

Scope
part of ISO 3951 is primarily designed for use under the following conditions:

where the inspection procedure is to be applied to a continuing series of lots of discre
hll supplied by one producer using one production process;

where only a single quality characteristic, x, of these products$.is taken into considerd
must be measurable on a continuous scale;

where production is stable (under statistical control) and the quality characteristic, x, is
hccording to a normal distribution or a close approximation to the normal distribution;

where a contract or standard defines a lower specification limit, L, an upper specifi
[J, or both; an item is qualified as conforming:if and only if its measured quality char
satisfies the appropriate one of the followinginequalities:

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).

Ine

alities 1) and 2) are called cases with a single specification limit and 3), a case Y

spedification limits.

Wheqre double specification limits apply, it is assumed in this part of ISO 3951 that conformz
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-asicombined control.

2

ormative references

te products

tion, which

distributed

ation limit,
hicteristic, x,

vith double

nce to both
hppropriate
limits. This

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. 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 2859-2, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexed by limiting
quality (LQ) for isolated lot inspection

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

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

© IS0 2013 - 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.

31
inspectionby-variables
inspection by measuring the magnitude of a characteristic of an item

[SOURCE: 130 3534-2]

3.2
sampling inspection
inspection ¢f selected items in the group under consideration

[SOURCE: I§0 3534-2]

3.3
acceptancg sampling inspection
acceptancg sampling

sampling infspection (3.2) to determine whether or not to accept-a lot or other amount of progduct,
material, on]service

[SOURCE: I$0 3534-2]

3.4
acceptancg sampling inspection by variables
acceptance yampling inspection (3.3) in which thejacceptability of the process is determined statistigally
from measyrements on specified quality characteristics of each item in a sample from a lot

3.5
process frgction nonconforming
rate at whidh nonconforming itemssare’generated by a process

Note 1 to enffry: It is expressed as-aproportion.

3.6
acceptancg quality limit
AQL
worst tolergble process fraction nonconforming (3.5) when a continuing series of lots is submitted for
acceptance yampling (3.3)

Note 1 to enffry:See Clause 5.

3.7
quality level
quality expressed as a rate of occurrence of nonconforming units

3.8

limiting quality

LQ

quality level (3.7), when a lot is considered in isolation, which, for the purposes of acceptance sampling
inspection (3.3), is limited to a low probability of acceptance

[SOURCE: ISO 3534-2]

Note 1 to entry: See 14.1.

2 © IS0 2013 - All rights reserved
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Note

39

ISO 3951-1:2013(E)

2 to entry: In this part of ISO 3951: 10 %.

nonconformity

non-

3.10

fulfilment of a requirement

nonconforming unit

unit

with one or more nonconformities

[SOURCE: ISO 3534-2]

3.11

s-method acceptance sampling plan

acce,
[soU
Note

3.12

ptance sampling (3.3) plan by variables using the sample standard deviation
RCE: ISO 3534-2]

1 to entry: See Clause 16.

o-mlethod acceptance sampling plan

acce,
[SoU
Note

3.13
speq
conf]

ptance sampling (3.3) plan by variables using the presumed value€ of the process standaj
RCE: ISO 3534-2]

1 to entry: See Clause 17.

ification limit
prmance boundary specified for a characteristic

[SOYRCE: ISO 3534-2]

3.14

low¢r specification limit

L
spec

fication limit (3.13) that defines the lower conformance boundary

[SOURCE: ISO 3534-2]

3.15

upp
U
spec

br specification limit

fication Jimit (3.13) that defines the upper conformance boundary

[SOURCEISO 3534-2]

31

combined control
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 entry: See 5.3.

d deviation

Note 2 to entry: The use of combined control implies that nonconformity beyond either specification limit (3.13) is
believed to be of equal, or at least roughly equal, importance to the lack of integrity of the product.

© IS0 2013 - All rights reserved
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3.17

acceptability constant

k

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

[SOURCE: ISO 3534-2]
Note 1 to entry: See 16.2 and 17.2.

3.18

quality stagistie
Q
function of the specification limit (3.13), the sample mean, and the sample or process standarddevigtion
used in assgssing the acceptability of a lot

[SOURCE: 1§0 3534-2]

Note 1 to enftry: For the case of a single specification limit (3.13), the lot may be sentenced on the resylt of
comparing (with the acceptability constant (3.17) k.

Note 2 to enffry: See 16.2 and 17.2.

3.19
lower qualjty statistic

QL

function of|the lower specification limit (3.14), the sample mean, and the sample or process stanflard
deviation

Note 1 to entlry: For a single lower specification limit (3.14), the'lot is sentenced on the result of comparing Q[with
the acceptabjlity constant (3.17) k.

[SOURCE: IS0 3534-2]
Note 2 to enffry: See Clause 4, 16.2, and 17.2.

3.20
upper quality statistic
Qu
function of|the upper specification) limit (3.15), the sample mean, and the sample or process stanflard
deviation

Note 1 to enkry: For a singlesupper specification limit (3.15), the lot is sentenced on the result of comparing Qu
with the acc¢ptability constant (3.17) k.

[SOURCE: I§0 3534-2]

Note 2 to enllry: See Clause 4, 16.2, and 17.2.

3.21
maximum sample standard deviation
MSSD

Smax
largest sample standard deviation for a given sample size code letter, inspection severity, and acceptance

quality limit (3.6) for which it is possible to satisfy the acceptance criteria for the combined control of
double specification limits (3.13) when the process variability is unknown

Note 1 to entry: See 16.4.

4 © IS0 2013 - All rights reserved
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3.22

maximum process standard deviation

MPSD

Omax

largest process standard deviation for a given sample size code letter and acceptance quality limit (3.6)
for which it is possible to satisfy the acceptance criterion for double specification limits with a combined
AQL (3.6) requirement under tightened inspection with known process variability

[SOURCE: ISO 3534-2

]
Note 1 to entry: See 17.3.

3.2

swifching rule
instruction within an acceptance sampling (3.3) scheme for changing from one acceptance sampling
(3.3] plan to another of greater or lesser severity based on demonstrated quality history

[SOURCE: ISO 3534-2]

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

Note|2 to entry: See Clause 21.

3.2
measurement
set df operations to determine the value of some quantity

[SOYRCE: ISO 3534-2]

4 BSymbols

The symbols used are as follows:

cy factor for determining the uppeér, control limit for the sample standard deviation (See Annex H.)

fs factor that relates the maximum sample standard deviation to the difference between U and|L (See
Annex D)
fo factor that relates thie maximum process standard deviation under tightened inspection to the differ-

ence between U and)l. (See Annex E)

k Form k acceptability constant for use with a single quality characteristic and a single specifi¢ation limit
(See Annex/B for the s-method or Annex C for the o-method)

L lower specification limit (As a subscript to a variable, it denotes its value at L.)
U unknewhn process mean

N lot size (number of items in a lot)

n sample size (mumber of items in a sample)

p estimate of the process fraction nonconforming

ﬁL estimate of the process fraction nonconforming below the lower specification limit

Py estimate of the process fraction nonconforming above the upper specification limit

p* maximum acceptable value for the estimate of the process fraction nonconforming

P, probability of acceptance
Q quality statistic
QL  lower quality statistic
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NOTE Q. is defined as (X —L)/s when the process standard deviation is unknown, and as (X —L)/o

it is presumed to be known.

upper quality statistic

NOTE Quis defined as (U —X)/s when the process standard deviation is unknown, and as (U —X)/c

it is presumed to be known.

ard deviation of the process), i.e.

n
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j=1

when
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continuing
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maximum sample standard deviation (MSSD)

maximum process standard deviation (MPSD)

tance quality limit (AQL)

n [—
Annex J.)

ard deviation of a process that is under statistical control

02, the square of the process standard deviation, is known as the proeéss variance.

specification limit (As a suffix to a variable, it denotes its value.atU.)
ired value of the quality characteristic for the jth item of the sample

ithmetic mean of the measured values of the quality characteristic in the sample, i.e.

n
b X
L)
j=1

n

ept

the quality level that-is the worst tolerable process fraction nonconforming wh
beries of lots is submitted for acceptance sampling. Although individual lots with quali
QL may be accepted'with fairly high probability, the designation of an AQL does not sug
a desirable quality level. The sampling schemes found in this part of ISO 3951, with
itching and fer-discontinuation of sampling inspection, are designed to encourage supp
process fractions nonconforming consistently better than the respective AQLs. Othery
gh risk-that the inspection severity will be switched to tightened inspection, under w
forzlet-acceptance become more demanding. Once on tightened inspection, unless aq
improve the process, it is very likely that the rule requiring discontinuation of samj

sample standard deviation of the measured values of the quality characteristic (also an estimate of the

en a
[y as
gest
heir
liers
vise,
hich
tion
pling

inspection

5.2 Use

1 . 1 1 1 1
1T ODC IIIVOKCU pl::uulug SUCLII lllllJI OVCIIICIIL.

The AQL, together with the sample size code letter, is used to index the sampling plans in this part of

ISO 3951.

5.3 Specifying AQLs

The AQL to be used will be designated in the product specification or in the contract, or by the
responsible authority. Where both upper and lower specification limits are given, this part of ISO 3951
addresses only the case of an overall AQL applying to the combined percent nonconforming beyond the
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two limits; this is known as “combined control.” (See ISO 3951-2 for “separate” and “complex” control of

double specification limits.)

5.4 Preferred AQLs

The 16 AQLs given in this part of ISO 3951, ranging in value from 0,01 % to 10 % nonconforming, are

described as preferred AQLs. They are only preferred in the sense that they are the AQL values used in

the tabulations and charts. It follows that, if for any product or service, an AQL other than
AQL is designated, then this part of ISO 3951 is not applicable. (See 14.2.)

a preferred

5.5

Val il
Ldutiolil

Fron
cont|

n the definition of the AQL in 5.1, it follows that the desired protection can only b€ ensy
inuing series of lots is provided for inspection.

5.6 | Limitation

The
nong

designation of an AQL shall not imply that the supplier has the right to supply knd
onforming product.

6 Bwitching rules for normal, tightened, and reduced inspection

Swit
This
the 4
tight

ching rules discourage the producer from operating at\a quality level that is worse th
part of ISO 3951 prescribes a switch to tightened inspection when inspection results i
\QL is being exceeded. It further prescribes a discontinuation of sampling inspection g
ened inspection fails to stimulate the producer into rapidly improving his production g

Tighitened inspection and the discontinuation rule are integral and, therefore, obligatory pr
this part of ISO 3951 if the protection impliedyby the AQL is to be maintained.

This| part of ISO 3951 also provides the possibility of switching to reduced inspection wher
resullts indicate that the quality level is'stable and reliable at a level better than the AQL. T
is, hpwever, optional (at the discretion of the responsible authority).

Whan there is sufficient evidénce from the control charts (see 20.1) that the variability is i
control, consideration should-be given to switching to the o-method. If this appears advant
condistent value of s (the 'sample standard deviation) shall be taken as o (see Clause 23).

Whan it has been necéssary to discontinue acceptance sampling inspection, inspection und
of IS0 3951 shalknot'be resumed until action has been taken by the producer to improve th
the qubmitted preduct.

Detdils of.theoperation of the switching rules are given in Clauses 21, 22, and 23.

red when a

wingly any

an the AQL.
hdicate that
ltogether if
rocess.

ocedures of

| inspection
his practice

h statistical
ageous, the

er this part
e quality of

7.1 Similarities

The similarities are as follows.

a) This part of ISO 3951 is complementary to ISO 2859-1; the two documents share a common
philosophy and, as far as possible, their procedures and vocabulary are the same.

b) Both use the AQL to index the sampling plans, and the preferred values used in this part of ISO 3951
are identical with those given for percent nonconforming in ISO 2859-1 (i.e. from 0,01 % to 10 %).

c) In both International Standards, lot size and inspection level (inspection level Il in default of other

instructions) determine a sample size code letter. General tables give the sample size

© IS0 2013 - All rights reserved
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d)

and the acceptability 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.

7.2 Differences

a)

b)

d)

f)

g)

h)

Determination of acceptability. Acceptability for an ISO 2859-1 attributes sampling plan for
percent nonconforming is determined by the number of nonconforming items found in the sample.
Acceptability 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 value
of the process standard deviation. In this part of ISO 3951, two methods are considered:the s-
method, for use when the process standard deviation, s, is unknown, and the o-method,fo11 use
when s|is presumed to be known. In the case of a single specification limit, the acceptability [may
be calcplated from a formula (see 16.2 and 17.2), but for the s-method, it is also easily. established
by a grjaphical method (see 16.3). In the case of combined control of double specification limits
under the s-method, this part of ISO 3951 provides only for a graphical method of determiﬁ?ing
acceptdbility (see 16.4); for combined control of double specification limits under the c-methpd, a
numeriral method is given.

ity. In ISO 2859-1, there is no requirement relating to the distribiition of the characterigtics.
However, in this part of ISO 3951, it is necessary for the efficient@peration of the plans that the
measurements be distributed according to a normal distribution/or a close approximation|to a

ing characteristic curves (OC curves). The OC curves of the variables plans in this part of
[SO 3941 are not identical to those of the corresponding@ttributes plans in ISO 2859-1. The culrves
for unklnown process standard deviation have been matched by minimizing the area between the
curves [representing the squares of the OC valuesiZa method that gives greater emphasis tq the
match at the top of the OC curves. In most cases, the resulting match between the OC curves fis so
close tHat for most practical purposes, the attributes and variables OC curves may be consider¢d to
be identical. The plans for known process standard deviation were derived by minimizing the area
between the squared OC functions subjéctto keeping the same form p* acceptability constant as

for the corresponding case for unknown process standard deviation, i.e. only the sample size|was
open tq choice, so the match was, ifi;general, less perfect.

Produger’s risk. For process quality precisely at the AQL, the producer’s risk that a lot wil|] not
be accgpted tends to decrease with one-step increases in sample size coupled with oned{step
decreages in AQL, i.e. dewn’diagonals of the master tables running from top right to bottom|left.
The pragressions of propabilities are similar, but not identical, to those in ISO 2859-1.

NOTE The produrcer’s risks of the plans are given in Annex L.

Sample sizes..The variables sample sizes for given combinations of sample size code letter| and
AQL are¢ usually smaller than the corresponding attributes sample sizes. This is particularly [true
for the |o=method. Moreover, due to the method by which the variables plans were derived, their
sample sizes vary 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. No multiple sampling plans by variables are given in this part of
SO 3951.

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 will generally be used
under these circumstances, no tables of AOQL have been included in this part of ISO 3951.
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8 Consumer protection

8.1 Use of individual plans

This part of ISO 3951 is intended to be used as a system employing tightened, normal, and reduced
inspection on a continuing series of lots to provide consumer protection while assuring the producer
that acceptance will be very likely to occur if quality is better than the AQL.

Some users may select specific individual plans from this part of ISO 3951 and use them without the
sw1tch1ng rules. For example a purchaser may be usmg the plans for verlflcatlon purposes only. This is

not
not
simyj
cury

8.2

If th
to li
cons

e referred to as “inspection in compliance with ISO 3951-1.” When used in such a way]
ly represents a collection of individual plans indexed by the AQL. The operating ch
es and other measures of a plan so chosen shall be assessed individually from the table

Consumer’s risk quality (CRQ) tables

e series of lots is not long enough to allow the switching rules to be\applied, it may
mit the selection of sampling plans to those, associated with a désignated AQL value

for this purpose can be selected by choosing a consumer’s risk quality and a consumer’

dSSO
corr

How
by v|
sam

8.3

Ann
whe

8.4

The
ont
sam
cury
in C
prod
this

The{
also

esponding to a consumer’s risk of 10 %.

ever, application of this part of ISO 3951 to isolated.lots is deprecated, as the theory
hriables applies to a process. For isolated lots, it is&appropriate and more efficient to u
bling by attributes, such as from ISO 2859-2. (See-also Reference [5] in the Bibliographyj

Producer’s risk tables

bx L gives the probability of non-ac¢eptance under the s-method and o-method for lo
h the process fraction nonconforming equals the AQL. This probability is called the pro

Operating characteristic'(OC) curves

tables for consumer’s risk quality and producer’s risk provide information about only]
he operating characteristic curves. The degree of consumer protection provided by aj
bling plan at any-precess quality level may, however, be judged from its operating ch
e. OC curves for\the normal inspection s-method sampling plans of this part of ISO 39
harts B to R{ivhich should be consulted when choosing a sampling plan. Also given 4

part of ISO'3951.

way should

[SO 3951-1
aracteristic
5 provided.

e desirable
that give a

umer’s risk quality (CRQ) not worse than the specified limiting‘quality protection. Sampling plans

5 risk to be

ciated with it. Annex K gives values of consumer’s risk quality for the s—-method and o-method

of sampling
se plans for

L

's produced
Hucer’s risk.

two points
h individual
aracteristic
1 are given
re tables of

ess qualjtiesat nine standard probabilities of acceptance for all of the s-method sampling plans in

bst of them

e OC curves and tables apply to a smgle spec1f1cat10n limit under the s- method M

1 of double

specification llmlts partlcularly for the larger sample sizes. If more accurate OC values are required for
the o-method, refer to Annex M.

9 Allowing for measurement uncertainty

The master tables of this part of ISO 3951 are based on the assumption that the quality characteristic,
X, of the items in the lots is normally distributed with unknown process mean, u, 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 master tables can also be used, with appropriate adjustments, in the presence of
measurement error.
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If the measurement standard deviation is no greater than 10 % of the process standard deviation, it can
be ignored. For measurement standard deviation greater than 10 % of the process standard deviation,
the sample size will need to be increased, although the acceptability constant remains the same.
Moreover, if neither the measurement standard deviation nor the process standard deviation is known,
more than one measurement will need to be made on each sampled item and the total variability of
the measurements will need to be separated into the components due to the measurements and to the
process.

Details are provided in Annex O.

10 Plannjng

The choice pf the most suitable variables plan, if one exists, requires experience, judgement,(and Jome
knowledge poth of statistics and the product to be inspected. Clauses 11 to 13 of this part-of ISO 3951
are intenddqd to help those responsible for specifying sampling plans in making this- choice. They
suggest the|considerations that should be borne in mind when deciding whether a variables plan wjould
be suitable pnd the choices to be made when selecting an appropriate standard plan.

11 Choice between variables and attributes

The first question to consider is whether it is desirable to inspect by variables rather than by attribptes.
The following points should be taken into account.

a) In terms of economics, it is necessary to compare the totalccost of the relatively simple inspe¢tion
of a larjger number of items by means of an attributes scheme with the generally more elabadrate
procediire required by a variables scheme, which is usually more time consuming and costly per item.

b) Intermfs ofthe knowledge gained, the advantage lieswith inspection by variables as the informgtion
obtaindd indicates more precisely how good the*product is. Earlier warning may, therefor¢, be
given ifithe quality is slipping.

c) An attrjbutes scheme can be more readilyunderstood and accepted; for example, it may at first be
difficulf to accept that, when inspecting by variables, a lot can be rejected on measurements taken
of a samiple that does not contain any:nonconforming items. (See the examples in 16.4.2 and 16/4.4.)

d) From alcomparison of the size(of the samples required for the same AQL from standard plang for
inspectfion by attributes, su¢hjas from ISO 2859-1, and the standard plans in this part of ISO 3951,
it will e seen that the snxdllest samples are generally required by the o-method (used when the
procesg standard deviation is presumed to be known). The sample sizes for the s—-method (hised
when the process standard deviation is unknown) are also, in general, substantially smaller than
for samppling by attributes.

e) Inspectlion by¥ariables is particularly appropriate in conjunction with the use of control charts for
variablgs.

f) Variablessamphng trasa substantial advantage WHem te IMSPection process 15 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. (For two or more quality characteristics, this part of ISO 3951
does not apply. See ISO 3951-2 for details.)

h) The use ofthis partof ISO 3951 is only applicable when there is reason to believe that the distribution
of measurements of the quality characteristic is normal. In case of doubt, the responsible authority
should be consulted.

NOTE1 Departure from normality may be caused by the presence of outliers, the assessment and
accommodation of which is considered in ISO 16269-4.

NOTE 2  ISO 5479 gives detailed procedures for tests for departure from normality.
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12 Choice between the s-method and o-method

If it is desired to apply inspection by variables, the next question is whether to use the s-method or the
o-method. The o-method is the most economical in terms of sample size, but before this method may
be employed, the value of ¢ has to be established.

Initially, it will be necessary to begin with the s-method, but subject to the agreement of the responsible
authority and provided the quality remains satisfactory, the standard switching rules will permit a
switch to reduced inspection and the use of a smaller sample size.

The question then is, if the variability is under control and lots continue to be accepted, whether it
will i . i i smaller and
the acceptability criterion simpler under the o-method. (See 17.2) On the other hand, iDwill still be
necgssary to calculate the sample standard deviation, s, for record purposes and te‘kKeep|the control
chants up to date. (See Clause 20.) The calculation of s can appear daunting at first sight, but the
diffifulty is more apparent than real; this is especially true if a calculator orpcomputer is available.
Metlods of determining s and o are given in Annex J.

13 Choice of inspection level and AQL

pts and the
ection. The
he extent of

For
AQL

appt
the 1

h standard sampling plan, the inspection level, in conjunction)with the size of the |

determines the size of the sample to be taken and goveriis the severity of the insp
opriate OC curve from Charts B to R or the appropriate tablé from Tables B to R shows t
isk that is involved in such a plan.

The
betv

choice of inspection level and AQL is governed by a number of factors but is mainl
een the total cost of inspection and the consequences of nonconforming items passing i

y a balance
nto service.

Thr
insp

e inspection levels, |, 11, and IlI, are given incTable 1 for general use. The normal pract
pction level 11, unless special circumstances indicate that another level is more approf

[ maly be used when less discrimination is n€eded or level III when greater discrimination

ce is to use
riate. Level
is required.

Fouy additional special levels, S-1, S-2, 853, and S-4, are also given in Table 1 and may belused when
relafively small sample sizes are necéssary and larger sampling risks can be tolerated.

14 Choice of sampling scheme

14.1 Standard plans

The standard procédire can be used only when the production of lots is continuing.

This| standard-procedure, with its semi-automatic steps from lot size to sample size, using inspection
leve] I and-beginning with the s-method, has been found in practice to produce workablle sampling
planfs; butiit rests on the assumption that the order of priority is first the AQL, second the $ample size,

and

ast, the limiting quality.

The acceptability of this system is due to the fact that the consumer is protected by the switching rules
(see Clauses 21, 22, and 23), which quickly increase the severity of inspection and finally terminate
inspection altogether if the quality of the process remains worse than the AQL.

NOTE It should also be remembered that the limiting quality is the quality which, if offered for inspection,
would have a 10 % probability of acceptance. The actual risk taken by the consumer varies according to the
probability that goods of such a low quality are offered for inspection.

If, in certain circumstances, the limiting quality has a higher priority than the sample size, a suitable
plan in this part of ISO 3951 may be selected by using Chart A. Construct a vertical line through the
acceptable value for the limiting quality and a horizontal line through the desired quality with a 95 %
probability of acceptance (i.e. approximately equal to the AQL). The point of intersection of these two
lines will lie on, or under, a line indexed with the sample size code letter of a standard normal inspection
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plan that meets the specified requirements. This should be verified by inspecting the OC curve from
among Charts B to R relating to this code letter and AQL.

However, use of this method is deprecated for isolated lots or short series of lots. (See 8.2.)

EXAMPLE Suppose that an acceptable value for the limiting quality is 6,0 % nonconforming and that the
desired quality with a 95 % probability of acceptance is 2,0 % nonconforming. A vertical line on Chart A at 6,0 %
nonconforming and a horizontal line at 2,0 % nonconforming intersect just below the sloping line indexed by
the letter L. Examining Chart L, it is seen that a plan with sample size code letter L and AQL 1,5 % meets the
requirements.

If the horizontal and vertical lines intersect at a point above the line marked R in Chart A, this implies that the
specification] cannot be met by any of the plans in this part of ISO 3957T.

14.2 Specjal plans

If standard|plans are not acceptable, it will be necessary to devise a special plan. It‘then has to be
decided whjch combination of AQL, limiting quality, and sample size is most suitable;remembering|that
these are n¢t independent for, when any two have been chosen, the third follows,

This choice| is not completely unfettered; the fact that the size of the sampl@’is necessarily a whole
number imposes some limitations. If a special scheme is necessary, it should be devised only with the
assistance ¢f a statistician experienced in quality control.

15 Preliminary operations
Before starting inspection by variables:

a) check that production is considered to be continuifig and that the distribution of the quplity
charactleristic can be considered to be normal;

NOTE 1| For tests for departure from normality, see, for example, ISO 16269-3.

NOTE 2| If lots have been screened foryhonhconforming items prior to acceptance sampling, thenp the
distribultion will have been truncated and this part of ISO 3951 will not be applicable.

b) check whether the s-method is to be used initially or whether the standard deviation is stablg and
known)in which case the o-méthod should be used;

c) check that the inspection leyel to be used has been designated. If none has been given, inspe¢tion
level 11 ghall be used;

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

e) check that,an”AQL has been designated, and that it is one of the preferred AQLs for use with|this
part of [SO,3951. If it is not, then the tables are not applicable.

16 Standard procedures for the s-method

16.1 Obtaining a plan, sampling, and preliminary calculations
The procedure for obtaining and implementing a plan is as follows:

a) With the inspection level given (normally this will be level II) and with the lot size, obtain the
sample size code letter using Table A.1.

b) For a single specification limit, enter Table B.1, B.2, or B.3 as appropriate with this code letter and
the AQL and obtain the sample size, n, and the acceptability constant, k. For combined control of
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double specification limits when the sample size is 5 or more, find the appropriate acceptance
curve from among Charts s-D to s-R.

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 ]). If X lies outside the specification
limit(s), the lot can be judged unacceptable without even calculating s. It is, however, necessary to

calculate s for record purposes.

16.2 Acceptability criteria for single specification limits

If single specification limits are given, calculate the quality statistic

or

as appropriate, then compare the quality statistic (Qu or Q1) with the.acceptability constant

fron
stati
not 4

Thu

or, if

EXA
The

is known from previous.experience to be normally distributed. Production is inspected in lots of 1
the grocess standard deviation is unknown. Inspection level II, normal inspection with AQL of 2
used| From Table A4 the sample size code letter is found to be F; from Table B.1, it is seen that a sam
is required and.that the acceptability constant, k, is 1,426. Suppose that the measurements are as fq
57 °(; 49 °C; 58.°C; 59 °C; 54 °C; 58 °C; 56 °C; 50 °C; 50 °C; 55 °C; 54 °C; 57 °C. Compliance with the
critefion is-to be determined.

Information needed

_U-X
N

Ly

-L
s

X

L.

Table B.1, B.2, or B.3 for normal, tightened, or reduced _ixspection, respectively. If
stic is greater than or equal to the acceptability constant; the lot is acceptable; if it is le
cceptable.

, if only the upper specification limit, U, is given, the lot is
hcceptable if Qu = k, and

hot acceptable if Qu < k,

only the lower specification limit, L, is given, the lot is
hcceptable if Q, 2 k, and

hot acceptable if Q, < k.

MPLE 1  Single upper specification limit.

aximum temperature'of operation for a certain device is specified as 60 °C and the operating

Values obtained

)

(2)

k, obtained
the quality
ss, the lot is

temperature
D0 items and
5 % is to be
ple size of 13
llows: 53 °C;
hcceptability

Sample size: n 13
Sample mean: X = Zx/n 54,62°C
2 3,330°C
Sample standard deviation: s= \/Z(XJ' -x)“/(n-1)
J
(See K.1.2)
Specification limit (upper): U 60 °C
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Upper quality statistic: Qu=(U—-X) /s 1617
Form k acceptability constant: k (from Table B.1) 1,426
Acceptability criterion: Is Qu = k? Yes (1,617 > 1,426)

The lot meets the acceptability criterion and is therefore acceptable.
EXAMPLE 2 Single, lower specification limit, requiring the use of an arrow in the master table.

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 A.1, it is seen that the sample size code
letter is ]J. HQwever, on entering Table B.1 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 hextbest
plan is giver] by sample size code letter K, i.e. sample size 28 and acceptability constant k = 2,580,"A rarjdom
sample of sige 28 is drawn. Suppose the sample delay times, in seconds, are as follows:

695 po04 668 663 665 652 659 640 644 634 6,04 6150 629 643
644 [115 6,70 659 651 680 594 6,35 717 683 625(%9% 700 6,38

Compliance with the acceptability criterion is to be determined.

Informatioh needed Values obtained
Sample size{n 28
Sample meajn: )?zZX/n 6,551 s
p 0,3251s
Sample standard deviation: s= \/Z(Xf -x)/(n-1)
(See K.1.2) )
Lower speciffication limit: L 4,0s
Lower quality statistic: Qu=(x—L) /s 7,847
Form k acceptability constant: k (from Table B.1) 2,580
Acceptabilitly criterion: Is Q, = k? Yes (7,847 > 2,580)

The lot megts the acceptabilitycriterion, so it is acceptable.

16.3 Graphical methed for a single specification limit
When a graphical criterion is desired, draw the line

X =U — ks (for@n upper limit

or

X =L+ ks (for alower limit)
as appropriate on graph paper with x as the vertical axis and s as the horizontal axis. When the
inspection concerns an upper specification limit, the accept zone is the zone below the line. When a

lower specification limit is considered, the accept zone is the zone above the line. Plot the point (s, x ) on
the graph. If this point lies in the accept zone, the lot is acceptable; if outside, it is not acceptable.

EXAMPLE Graphical method for upper specification limit.
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Using the data given in EXAMPLE 1 of 15.2, mark the point U= 60 on the X (vertical) axis and draw a line through
this point with a slope -k [As k = 1,426, this means that the line passes through the points (s = 1, x = 58,574),
(s=2, x =57148), (s = 3, x =55,722), etc.]. Select a suitable point and draw a straight line through both it and
(s=0, x =60),i.e. (0, U). The accept zone is then the area under this line.

The calculated values of s and X are 3,330 and 54,62. The point (s, X ) is seen from Figure 1 to lie within the
accept zone; the lot is therefore acceptable.

x=U=60

x 959

58

REJECT
ZONE

57

x|
Il
(9]
o
|
=
N
o
o1
(%]

ACCEPT
96 ====7"-ZONE S A e s A A

55

X =54,62

54 :
00 05 10 15 20 25,30 T3.5 40 45 [5.0
s =3,330 S

Figure 1 — Example of the use of an acceptance chart for a single specification limit, s—method

The

poinft (s, x ) may be plotted to determine whether or not the lot is acceptable.

16.4

16.4.1 General

For t
AQL
prov
sizes
likel
stan

grap

Nun]
sizes

graph can be prepared before beginning thé inspection of a series of lots. Then, for g¢ach lot, the

| Acceptability criterion for combined control of double specification limits

he s-method with comBbinéd control of the upper and lower specification limits, i.e. with an overall
for the percentage of items from the process outside the specification limits, this part|of ISO 3951
ides a graphical method for determining lot acceptability for all sample sizes except for sample

3 and 4. (ISO 3951-2 provides numerical methods only.) The larger the sample variability, the less
y it is that the requirement is satisfied. If the value of s exceeds the value of the maxinpum sample
dard deviation (MSSD) obtained from Table D.1, D.2, or D.3, no further calculation or reference to
hs is redquired, for the lot shall be immediately judged unacceptable.

eri€al methods are provided for the combined control of double specification limits| for sample
3-and 4.

16.4.2 Procedure for sample size 3

It may be seen from Annex B that there are three cases where the required sample size is 3 for the s-
method, i.e. for sample size code letter B under normal inspection for an AQL of 4 %, for sample size
code letter B under tightened inspection for an AQL of 6,5 %, and for sample size code letter range B to
D under reduced inspection for an AQL of 1,5 %.
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For sample size 3, proceed as follows. After calculating the sample mean, X, and the sample standard
deviation, s, find the applicable value of the coefficient f; from Table D.1, D.2, or D.3. Determine the
MSSD (i.e. the maximum allowable) from Formula (3).

MSSD =

Smax = (U - L)fs

(3)

Then compare s with spax. If s is greater than spax, then the lot may be rejected without further

calculation.

Otherwise, determine the values of Qu = (U- x) /sand QL = (x - L) / s. Multiply Qu and Qf, by \/§/2

(i.e. approx
items in thq

NOTE1 N
that specific
part of ISO 3

process frac
subtracting
an estimate

process that are nonconforming beyond the upper and lower limits, respectively.

egative values of Q correspond to estimates of the process fraction nonconforming in excess of
btion limit and will consequently always result in lot non-acceptance under the provisions o
D51. However, in order to obtain a numerical value for record-keeping purposes; the estimate d

Fion nonconforming may be obtained by entering Table F.1 with the absolute’yalue of \/§Q/2
he result from 1,0. E.g. if Qu = -0,156, then \/§QU/2 =-0,135; entering-Table F.1 with 0,135
f0,456 9; subtracting this from 1,0 gives p;; = 0,543 1.

NOTE 2  The basis of Table F.1 is given in Annex K. Instead of using Table(F.1, the estimate of the pr
fraction non¢onforming beyond each specification limit when n = 3 may be-galculated directly as
( ifQ>2/43
h = -%arcsin[\/(l—Q\/g/Z)/Z} if —2/V3<0<293
L if Q<-2/43
These two ¢stimates must be added to obtain the estimate p = p; + p; of the overall process fra

nonconfornping. If p does not exceed the applicable maximum allowable value, p* given in Table

the lotis co

EXAMPLE
sample size i

hsidered to be acceptable; otherwise, the lot is considered unacceptable.

S 3.

Torpedoes syipplied in batches of 200.are to be inspected for accuracy in the horizontal plane. Positive or neg|

angular errg
The specific
Because test

rs are equally unaceeptable, so combined control of the double specification limits is approp
ition limits are setat 10 m either side of the point of aim at a distance of 1 km, with an AQL of}
ing is destructiveé and very costly, it has been agreed between the producer and the resporn

mately 0,666) and use lable I.1 to determine the estimates p;; and p; of the fractign of

,5 at
F this
f the

and

bives

cess

(4)

tion
| G.1,

Determination of acceptability for combined control of double specification limits when the

ative
Fate.
4 %.
sible
to be
,0 m,

authority th4t special in§pection level S-2 is to be used. From Table A.1, the sample size code letter is found
B. From Table B.1, it is'seen that a sample of size 3 is required. Three torpedoes are tested, yielding errors -5
6,7 m, and 8,8 m. Comipliance with the acceptability criterion under normal inspection is to be determined.
Informatioh meeded Value obtained
Sample size: n 3

13 3,5m
Sample mean: X =; Z X

j=1
7,436 m
n

Sample standard deviation: s = Z (Xj - )?)2 /(n-1)
(See].1.2) j=1
Value of f; for MSSD (Table D.1) 0,475
MSSD, smax = (U - L)fs = [10 - (-10)] x 0,475 9,50

16
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Since s = 7,436 < spax = 9,50, the lot may be acceptable, so continue with the calculations.

Qu=(U—X)/s=(10-3,5) /7436 0,874 1
Qu=(X—L)/s=(3,5+10) /7,436 1,815
V3Qy /2 0,757
\/§QL/2 1,572
ﬁU 0,226 7
py, [from Table F.1) 0,000 0
b+ by + b 0,2267
p* |(from Table G.1, normal inspection) 0,1924

Sincg p > p* thelotis not acceptable.

NOT
limit]

This lot is not acceptable even though all inspected items in the sample are within the ppecification

vl La]

16.4.3 Procedure for sample size 4

For $ample size 4 under the s-method, proceed as follows! After calculating the sample mgan, X, and
the Jample standard deviation, s, find the applicable value of the coefficient f; from Table D.1} D.2, or D.3.
Detdrmine the MSSD (i.e. the maximum allowable) frem Formula (5)

MSSD = Smax = (U - L)fs (5)

Then, compare s with the MSSD. If s exceeds the MSSD, then the lot may be rejected without further
calctilation.

Othgrwise, determine the values'ef Qu=(U- x) /sand QL = (x — L) / s. Calculate

1 ifQUS -15
by = 0,5—QU/3 if —1,5 < Qy < 1,5 (6)
0 ifQUZ 1,5
and
1 ifQLS -15
6L & O,S—QL/3 if —1,5 < Q. < 1,5 (7)
0 ifO > 118
|_ “ L

Add these two estimates to obtain the estimate f)zf)UJrﬁL of the overall process fraction

nonconforming. If p does not exceed the applicable maximum allowable value, p*, given in Table G.1,
the lot is considered to be acceptable; otherwise, the lot is considered unacceptable.

NOTE The basis of Formulae (6) and (7) is given in Annex N.

EXAMPLE Items are being manufactured in lots of size 25. The lower and upper specification limits on their
diameters are 82 mm to 84 mm. Items with diameters that are too large are equally unsatisfactory as those with
diameters that are too small, and it has been decided to control the total fraction nonconforming using an AQL of
2,5 % at inspection level II. Normal inspection is to be instituted at the beginning of inspection operations. From
Table A.1, the sample size code letter is found to be C. From Table B.1, it is seen that a sample of size 4 is required.
The diameters of four items from the first lot are measured, yielding diameters of 82,4 mm, 82,2 mm, 83,1 mm,
and 82,3 mm. Compliance with the acceptability criterion under normal inspection is to be determined.

© ISO 2013 - All rights reserved 17


https://standardsiso.com/api/?name=756698bbc2bd1d7820a634a61b741a23

IS0 3951-1:2013(E)

Information needed Value obtained
Sample size: n 4

n 82,50 mm

— 1
Sample mean: X = ; Z X
j=1
0,408 2 mm
n

Sample standard deviation: s = Z (xj - )?)2 /(n-1)
(See Annex ], ].1.2)) j=1
Upper specification limit: U 84,0 mm
Lower speciffication limit: L 82,0 mm
Value of f; fqr MSSD (Table D.1) 0,365
Smax=(U - LYfs = (84 - 82) x 0,365 0,730 mm

Since s = 0,408 2 < spax = 0,730, the lot may be acceptable, so continue with the ¢alculations.

Further infprmation needed Value obtained
Qu=(U-x)/s=(84-82,5) /0,408 2 3,674’7
Qu=(x - L)/s=(82,5-82)/0,408 2 {2%n 9
ﬁU [from Formula (6) above] 0,0000
py, [from Fgrmula (7) above] 0,0917
p = py H by, 0,0917
p* (from Tble G.1, normal inspection) 0,086 0

Since p > p*, the lot is not acceptable.

16.4.4 Prdcedure for sample sizes'greater than 4

After calculating the sample mean, x, and the sample standard deviation, s, find the applicable yalue
of the coefflcient fs from Table.D.1, D.2, or D.3. Determine the MSSD (i.e. the maximum allowable) from
the formuld

MSSD = Smax = (U ~ L)f;

Compare s Wit spax. If s is greater than spax, then the lot may be rejected without further calculatjon.

Otherwise, from dITTOIITg thartss=btosR;comsutt the chart tabetted-withr the dppropT Tate bdmplc size
code letter and select the acceptance curve with the AQL specified for the two limits.

Calculate the values of s / (U - L) and (x - L) / (U - L) and plot a point representing these values on a
copy of the graph. If the point lies inside the curve, the lot is acceptable; if it lies outside, the lot is not
acceptable.

It is recommended that before the inspection operations begin, the required acceptance curves for
normal, tightened, and reduced inspection be copied. The scales should be adjusted so that sand X can
be plotted directly (i.e. the upper specification limit is given instead of 1,0 and the lower specification
limit instead of 0,0 on the vertical scale).
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Plot a point on the chart representing the values of s and x found from the sample. If the point lies

inside the curve, the lot is acceptable; if it lies outside, the lot is not acceptable.

EXAMPLE Determination of acceptability for combined control of double specification limits when the

sample size is 5 or more.

The minimum temperature of operation for a certain device is specified as 60 °C and the maximum temperature

as 70 °C. Production is in inspection lots of 80 items. Inspection level II, normal inspection, with

AQL of 1,5 %, is

to be used. From Table A.1, the sample size code letter is found to be E; from Table B.1, it is seen that a sample of
13 isrequired, and from Table D.1, that the value of f; for the MSSD under normal inspection is 0,274. Suppose the
measurements obtained are as follows: 63,5 °C; 61,9 °C; 65,2 °C; 61,7 °C; 68,4 °C; 67,1 °C; 60,0 °C; 66,4 °C; 62,8 °C;

68,0 °C; 63,4 °C; 60,7 °C; 65,8 °C. Compliance with the acceptability criterion is to be determined.

Infgrmation needed Value obtained
Sample size: n 13
Sample mean: X = Zx / n 64,223°C
> 2,7899°C
Sample standard deviation: s = \/Z(Xf -x)/(n-1)
(SedK.1.2) j
Uppkr specification limit: U 70,0 °C
Lower specification limit: L 60,0 °C
Valye of f; for MSSD (Table D.1 for normal inspection) 0,274
MSSD = smax = (U - L)fs = (70 - 60) x 0,274 2,74 °C

This lot is not acceptable even thoughyall inspected items in the sample are within the gpecification

Suppose that the AQL had been 2,5 %,instead of 1,5 %. In this case, the value of f; would be 0,285, so
Smaxlis equal to (70 - 60) x 0,285,=2,85 °C. Since s is now less than sy 5, it is not possible tp determine

immediately whether or not theslot is acceptable.

The pppropriate acceptance.curve is taken from Chart s-E. If the scales have been adjusted to the real
meapurements, plot the ‘\point (s = 2,79, x =64,22), as on Figure 2. The point lies just joutside the

acceptance curve for,.an-AQL of 2,5 % so the lot is not acceptable.

¥

70 |

69 REJECT

68 ZONE

67 —

6 ACCEPT N

o ZONE >— % =(422

o —3=
/

63

62 REJECT

61 ZONE

60 '

0.0 0.5 1.0 15 2.0 25 30 s
5=279

Figure 2 — Example of the use of an acceptance chart for combined control of double

specification limits: s-method with actual scales
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If the scale of the chart has not been adjusted to the values of s and X, the following additional
calculations are required:

a) standardized sample mean: (x - L)/ (U-L)=(64,22-60) /(70 - 60) =0,422;
b) standardized sample standard deviation: s / (U - L) = 2,79/(70 - 60) = 0,279.

The point (0,279, 0,422) is plotted on Figure 3. Since it lies outside the acceptance curve for AQL of
2,5 %, the lot is not acceptable.

17 Standard prnrpdnrpe for the a-method

17.1 Obtajining a plan, sampling, and preliminary calculations

The o-method shall only be used when there is valid evidence that the standard deyiation ¢ of the
process can be considered constant with a known value.

From Table|A.1, obtain the sample size code letter. Then, depending on the severityof inspection, gnter
Table C.1, CJ2, or C.3 with the sample size code letter and the specified AQL to@btain the sample site, n,
and acceptgbility constant, k.

(7 - L)AU =L

1.0 S
0.9

0.8

0.7 —

0.6 =

~ oLk D)
0.5 _[].427
0.4 / <~

— A
0.2
0.1
/
0.0 sAU -1
0.00 0.05 0.10 0.15 0.20 0.25 0.30

il - £)=0.279

Figure 3 — Example of the use of an acceptance chart for combined control of double
specification limits: s-method with normalized scales

Take a random’sample of this size_measure the characteristic under inspection, x, for all items of the
sample, and calculate the sample mean, X . (The sample standard deviation, s, should also be calculated
but only for the purpose of checking the continued stability of the process standard deviation. See
Clause 20.)

17.2 Acceptability criteria for a single specification limit

The acceptability criterion can be found by following a procedure similar to the one given for the
s-method.

First, replace the s derived from the individual samples by g, the presumed known value of the standard
deviation of the process, and then compare the calculated value of Q with the value of the acceptability
constant, k, obtained from one of the Tables C.1, C.2, and C.3.
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Note, for example, that the acceptability criterion Qu [ = (U - X) / a] 2 k for an upper specification may
be written as X < U - ko. Since U, k, and ¢ are all known in advance, the acceptance value x y [ = U - ko]
should therefore be determined before the inspection begins.

For an upper specification limit, a lot will be
acceptable if X < Xy [ =U - ko], and
not acceptable if x > Xy [=U - ko].

Similarly, for a lower specification limit, a lot will be

acceptable if x 2x [, [ =L + ko], and
not gdcceptable if X < X1, [ =L + kol.

EXAMPLE Determination of acceptability for a single specification limit using the g-method.

The fspecified minimum yield point for certain steel castings is 400 N/mm?2. The next lot of 500 items is
subnpitted for inspection. Inspection level I, normal inspection, with AQL of 0,65 % is to be used. Tlhe value of o
is copsidered to be 21 N/mm?2. From Table A.1, it is seen that the sample size codeletter is H. Then, frpm Table C.1,
itis deen that for an AQL of 0,65 %, the sample size, n, is 11 and the acceptability’constant, k, is 2,046{ Suppose the
yield points of the sample specimens are: 431; 417; 469; 407; 450; 452; 427;"411; 429; 420; 400. Conjpliance with
the acceptability criterion is to be determined.

Information needed Value obtained

Accgptability constant: k 2,046

Knon o 21 N/mm?2

Prodluct: ko 42,97 N/mm?2

Spegification limit: L 400 N/mm?2

Accgptance value: X ,=L + ko 442,97 N/mm?

Sum| of measurement results: ), x 471 3 N/mm?2

Samjple size: n 11

Samiple mean: X 428,5 N/mm?
No

Accdptability criterion: Is X > X17?

The pample mean of thelotdoes not meet the acceptability criterion; therefore, the lot is notjacceptable.

17.3 Acceptability criterion for combined control of double specification limits

For pombined control of the upper and the lower specification limits, i.e. where there i§ an overall
AQL|for the-percentage of the process outside the specification limits, the following approximative
prodedutre/may be used.

L 1 i Tollo o 1 L R ) AT 4 doi s | ] £ £ " £
a CIUTT S4Alllplllly, TIICT 1dUITC L. 1L WILIT LT AUL TU UTLCTTHIITIT LT V4dIiut Ul LT 1dLTUTL jg.

b) Calculate the maximum allowable value of the process standard deviation using the formula
OmaX = (U_ L)fo‘ fOI‘ the MPSD

c) Compare the value of the process standard deviation, g, with omax. If 0 exceeds oyax, the process
is unacceptable and sampling inspection is pointless until it is demonstrated that the process
variability has been adequately reduced.

d) If o < omax then use the lot size and given inspection level to determine the sample size code letter
from Table A.1.

e) From the sample size code letter and inspection severity (i.e. whether inspection is normal,
tightened, or reduced), determine the sample size, n, and acceptability constant, k, from Table C.1,
C.2,0rC.3.
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f) Calculate the upper allowable bound, X y, to sample means from the formula X y = U - ko, and the
lower allowable bound, X ;, from the formula x ; = L + ko.

g) Select a random sample of size n from the lot and calculate the sample mean, x. The acceptability
criterionis: If X, < X < Xy, the lotis acceptable; if X < X, or X > Xy, the lot is not acceptable.

NOTE If X< X < Xybuto>0,750maxand X is close to either X, or Xy, the exact method given in 17.3 of
ISO 3951-2 shall be preferred.

EXAMPLE Determination of acceptability for combined control under the o-method.

The specific  rate
of 1 000 itenps per inspection lot. Inspection level II, normal inspection, with a single AQL of 1,5 %, is to be [used
for the two specification limits (470 Q and 570 (). ¢ is known to be 18,5 Q.

Informatioh needed Value obtained
Factor from|Table E.1: f; 0,194

Upper specification limit: U 570 Q

Lower speciffication limit: L 470 Q
Maximum pfocess standard deviation, omax = (U - L)fs 19,4 Q

Known o 18,50

Since o is lefs than omay, the sample is analysed further for lot acceptability.

Entering Tdble A.1 with the lot size and inspection level, it is found that the sample size code letfer is
J; from Tabilé C.1, it is seen that a sample size of 19 is requiredunder normal inspection, with a Form k
acceptance |constant of 1,677. Suppose that the 19 sample values of the resistance, in Q, are as follpws:
515; 491; 479; 513; 521; 536; 483; 509; 514; 507; 484;:526; 532; 499; 530; 512; 492; 522; 488| Lot
acceptabilitly is to be determined.

Further infprmation needed Value obtained
Sample size{ n (from Table C.1) 19
Acceptabilitly constant (from Table C.1) 1,677
Upper bounfl for X : Xy = U — ko 53890
Lower bounf for X: x|, = L + ko 501,19
Sum of meagurement results: . X 10,160 Q

'd 508,0 Q

Sample mean: X

Since the ¥ at 508,0 ©-lies between the acceptance limits for x of 501,1 Q and 538,9 Q, the lpt is
acceptable.

NOTE1  Ajtheugh o> 0,750max, X is close to neither x| nor Xy, so the approximative method is suitable

NOTE 2 Atftthecatcutations otier tiram the tasttwo tines shoutd-becompteted-before samphing begits:

NOTE 3 If, for example, o had been known to be, say, 20, then ¢ exceeds the MPSD and, therefore, sampling
inspection should not even have taken place.

18 Procedure during continuing inspection
As a variables sampling inspection plan can only operate efficiently if
a) the characteristic being inspected is normally distributed,

b) records are kept, and

c) the switching rules are obeyed,
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it is necessary to ensure that these requirements are being met.

19 Normality and outliers

19.1 Normality

The responsible authority should have checked for normality before sampling began. In case of doubt,
a statistician should advise whether the distribution appears suitable for sampling by variables or use
should be made of the tests for departure from normality such as those given in ISO 5479 or in Clause 2
of ISO 5725-2.

19.2 Outliers

An outlier (or an outlying observation) is one that appears to deviate markedly from other opservations
in the sample in which it occurs. A single outlier, even when it lies within gpecification|limits, will
produce an increase in variability, change the mean, and may consequentlylead to non-adceptance of
the lot. (See ISO 16269-4.) When outliers are detected, the disposition ofthe’lot should be 4 matter for
negqtiation between the vendor and the vendee.

20 Records

20.1 Control charts

One [of the advantages of inspection by variables is that trends in the quality level of the product can
be detected and a warning given before an unacceptable standard is reached. This is only possible if
adequate records are kept.

Whagtever the method used, s-method or gemethod, records should be kept of the values|of X and s,
preferably in the form of control charts. (Seé€, for example, ISO 7870 and ISO 8258.)

This| procedure should be applied especially with 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 o.

For ¢ombined control of double)specification limits, the values of the MSSD, given in Table]D.1, D.2, or
D.3, should be plotted on the-s'control chart, as an indication of an unacceptable value.

NOTE Control chartsare used to detect trends. The ultimate decision as to the acceptability of 4n individual
lot is|governed by the-pfocedures given in Clauses 15 and 16.

20.2 Lots that'are not accepted

Partliculatseare shall be taken to record all lots that are not accepted and to see that switchipg rules are
implemented. Any lot not accepted by the sampling plan shall not be resubmitted either in|whole or in

part without the pprmiccinn of the respon sible :nlfhnrify

21 Operation of switching rules

The standard switching rules are as follows.

21.1 Normal inspection is used at the start of inspection (unless otherwise designated). It will be used
during the course of inspection until tightened inspection becomes necessary or reduced inspection is
allowed.
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21.2 Tightened inspection shall be instituted when two lots on original normal inspection are not

accepted wi

thin any five or fewer successive lots.

Tightened inspection is generally achieved by increasing the value of the acceptability constant k. The
values are tabulated in Table B.2 for the s-method and Table C.2 for the o-method.

21.3 Tightened inspection shall be relaxed when five successive lots on original inspection have been
accepted on tightened inspection; then, normal inspection shall be reinstated.

21.4 Reduced inspection may be instituted after 10 successive lots have been accepted under normal

3 i dad el o
PIUVIUCU LIIdu

inspection,

— these Ipts would have been acceptable if the AQL had been one step tighter (e.g. 0,65 %,ins

of 1,0 9
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inspection

Inspection
taken by t

lative number of lots not accepted in a sequence of consecutive lots on original tight
eaches{ive, the acceptance procedures of this part of ISO 3951 shall be discontinued.

nderfthe provisions of this part of ISO 3951 shall not be resumed until action has

tead

er to

pection is conducted on a much smaller sample than normalinspection and the value of the

lable

y be
one

ccur

bned

been
sible

supplier to improve the quality of the submitted product or service and the respon

authority has agreed that this action is likely to be effective. Tightened inspection shall then be used as
if 21.2 has been invoked.

23 Switching between the s-method and o-method

23.1 Estimating the process standard deviation

While this part of ISO 3951 is being used, the weighted root mean square of the values of s shall be
calculated periodically as estimates of the process standard deviation o for both the s-method and the
o-method. (See ].2.) The value of o shall be re-estimated at five-lot intervals, unless the responsible
authority specifies another interval. The estimate shall be based on the preceding 10 lots, unless the
responsible authority specifies another number of lots.
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23.2 State of statistical control

Calculate the upper control limit for each of the 10 lots (or other number of lots specified by the
responsible authority) from the expression cyo, where cy is a factor that depends on the sample size, n,
and is given in Table H.1. If none of the sample standard deviations, s;, exceed the corresponding control
limit, then the process may be considered to be in a state of statistical control; otherwise, the process
shall be considered to be out of statistical control.

NOTE1 Ifthe sample sizes from the lots are all equal, then the value of cyo is common to all the lots.

NOTE 2  If the sample sizes from each lot vary, it is not necessary to calculate cyo for those lots for which the

samplestandard-deviationsistessthaneregaattes———m

23.3 Switching from the s-method to the o-method

If the process is considered to be in a state of statistical control under the s-method, then the c-method
may|be instituted using the latest value of o.

NOTE This switch is made at the discretion of the responsible authority.

23.4 Switching from the o-method to the s-method

It is|recommended that a control chart for s be kept, even under the o-method. If s exce¢ds cyo, the
prodess is considered to be out of statistical control and inspection shall be switched to the|s-method.
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p95 quality level at probability of acceptance 95 % (in percent nonconforming)
Figure 4(— ChartA: Sample size code letters of standard single sampling plans for specifi¢d
qualities at probabilities of acceptance 95 % and 10 %
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24 Charts B to R — Operating characteristic curves and tabulated values for single
sampling plans, normal inspection: s-method

24.1 Operating characteristic curves and tabulated values for sample size code letter B:
s-method

Y 100 - AQL (%)
90 N~ 40 .
80 —— — 16,5 =
70 \; — | —T | 10 ]
60 NN — ——

/

50 \i:\\ —T |
40 \\\\ <

NN
30 A
20 \.\
10

0 T A T

0 4 8 12 16 20 24 28 32 36 40 44 48 52 5660 64 68 72 76 (80

Key
X  process quality (in percent nonconforming)
Y  percent of lots expected to be accepted (Py)

Figure 5 — Chart B: Operating characteristic_curves for single sampling plans, nprmal
inspéction

Tabulated values for operating'characteristic curves for single sampling plans

Py Acceptance quality limit (normal inspection) in percent — sample size code letter B P,
% 4,0 6,5 10,0 %
99,( 0,458 534 2,06 3,35 13,65 99,0
95,( 1,94 3,73 511 7,37 20,19 95,0
90,( 3,73 598 7,80 10,64 24,33 90,0
75,( 9,32 11,85 14,40 18,18 32,15 75,0
50,( 20,49 21,92 25,10 29,57 41,87 50,0
25,( 36,55 35,40 38,75 43,34 52,11 25,0
10,4 53,01 49,17 52,27 56,44 61,22 10,0
5,0 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
1,5 2,5 | 4,0 | 6,5 10,0
Acceptance quality limit (reduced inspection) in percent — sample size code letter D
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24.2 Operating characteristic curves and tabulated values for sample size code letter C:

s-method

100 AQL (%)

Y 9 %\\ 25

80 N N S =140

70 \\\ _,,...._>< | —— e 6’5

60 Y\k ™ """ — et 16

50 N\ — T~ —"] —T
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40 N \’-/ "]
N \\

30 i

20

18 — ~—

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

Key

X  process quality (in percent nonconforming)

Y  percentpflots expected to be accepted (P,)

Figure 6 — Chart C: Operating characteristic curves for singlé.sampling plans, normal

Tabulated values for operating characteristic curves for single sampling plans

inspection

P, Acceptance quality limit (normal inspection) in percent — sample size code letter C Py
% 2,5 4,0 6,5 10,0 %
99,0 0,224 0,827 1,20 1,87 491 15,80 D9,0
95,0 [,02 2,25 2,99 4,22 9,38 22,38 D5,0
90,0 .03 3,60 4,61 6,20 12,72 26,44 D0,0
75,0 b,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 05,0
10,0 39,48 34,03 36,51 39,88 54,11 61,19 10,0
5,0 48,59 4110 43,52 46,77 60,93 66,05 5,0
1,0 45,06 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 1,5 | 2,5 | 4,0 6,5 10,0
Acceptance quality limit (reduced inspection)in percent — sample size cade letter E

28
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24.3 Operating characteristic curves and tabulated values for sample size code letter D:

s-method
100 AQL (%)
Y 90 N\ 1,5
AN N\ —T
80 — 2,5
70 1N N —" —1 140
—t I ’
60 \ N T | | T 145
" | //
50 — 10
40 \ — N — _—
20 NS T [
20 N ~
10 e
O T T T X
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76| 80
Key
X  process quality (in percent nonconforming)
Y  percent of lots expected to be accepted (Py)
Figure 7 — Chart D: Operating characteristic curves fersingle sampling plans, nprmal
inspection
Tabulated values for operating characteristic curves for single sampling plans
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, 0,194 0,488 0,828 1,23 2,23 6,34 14,51 99,0
95, 0,746 1,35 1,97, 2,69 4,84 11,05 20,81 95,0
90, 1,40 2,18 2,98 3,93 6,99 14,39 24,74 90,0
75, 3,53 4,49 5,56 6,95 12,05 21,33 32,10 75,0
50, 8,24 8,89 10,11 12,01 20,07 30,92 41,18 50,0
25, 16,26 15,70 16,75 19,08 30,50 41,97 50,76 25,0
10, 26,37 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 64,82 5,0
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 1,0 | 1,5 | 2,5 | 4,0 6,5 10{0
Acceptance quality limit (reduced inspection) in percent — sample size code letter F
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24.4 Operating characteristic curves and tabulated values for sample size code letter E:
s-method

v 100 AQL (%)

90 \\\ [ — 1 ’0
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b0 ™ S ™.
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0 e X

Key
X  process quality (in percent nonconforming)
Y  percentpflots expected to be accepted (P,)

Figure 8 — Chart E: Operating characteristic curves for single sampling plans, normal
inspection

T3qbulated values for-operating characteristic curves for single sampling plans

Py Acceptance quality limit (normal inspection) in percent — sample size code letter E Py
% 1, 1,5 2,5 4,0 6,5 10,0 %
99,0 0,148 0,313 0,549 0,785 1,36 3,79 7,26 18,19 99,0
95,0 0,552 0,839 1,25 1,68 2,92 6,70 11,44 2393 95,0
90,0 0,975 1,35 1,87 2,44 4,22 8,83 14,25 27,36 90,0
75,0 2,2 257 3546 473+ 736 1346 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 5,0
1,0 32,44 29,31 27,87 30,01 44,13 52,64 59,79 67,51 1,0

1,5 2,5 4,0 6,5 10,0
Acceptance quality limit (tightened inspection) in percent — sample size code letter E

0,40 065 | 10 | 15 | 25 | 40 6,5 10,0
Acceptance quality limit (reduced inspection) in percent — sample size code letter G

30 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=756698bbc2bd1d7820a634a61b741a23

ISO 3951-1:2013(E)

24.5 Operating characteristic curves and tabulated values for sample size code letter F:

s-method

100 ey AQL (%)
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Figure 9 — Chart F: Operating.characteristic curves for single sampling plans, nprmal
inspection

Tabulated valuesfor'operating characteristic curves for single sampling plans

P, Acceptance-quality limit (normal inspection) in percent — sample size code letter F Py
% 0,65 1,0 15 2,5 4,0 6,5 10,0 %
99, 0,102 03231 0,365 0,552 0,940 2,57 4,67 10,19 1B,02 99,0
95, 0,339 0,584 0,821 1,14 1,95 4,43 7,33 14,24 17,73 95,0
90, 0,605 0,918 1,22 1,63 2,79 5,79 9,13 16,76 20,63 90,0
75, 145 1,84 2,25 2,84 4,81 8,72 12,84 21,60 26,06 | 75,0
50, 3,35 3,63 4,13 4,92 8,21 13,09 18,00 27,80 3p,84 | 50,0
25,0 6,82 6,57 7,04 8,01 13,05 18,71 24,25 34,73 40,23 25,0
10,0 11,70 10,45 10,74 11,79 18,74 24,78 30,70 41,44 47,19 10,0
5,0 15,50 13,39 13,48 14,54 22,71 28,83 34,86 45,58 51,41 5,0
1,0 24,31 20,15 19,69 20,67 31,17 37,07 43,08 53,43 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 0,40 065 | 10 | 15 | 25 4,0 6,5 10,0
Acceptance quality limit (reduced inspection) in percent — sample size code letter H
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24.6 Operating characteristic curves and tabulated values for sample size code letter G:
s-method
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Figurgd 10 — Chart G: Operating characteristic curves for single sampling plans, normal
inspection

Tqbulated values for pperating characteristic curves for single sampling plans

Py Acceptance quality limit (normal inspection) in percent — sample size code letter G Py
% 0,40 0,65 1,0 1,5 2,5 4,0 6,5 10,0 %
99,00 | 0,017 2 | 0,144 0,231 0,335 0,601 1,58 2,88 6,02 7,85 9,85 11,96 99,0
95,0 0,236 0,362 0,514 0,697 1,23 2,73 4,51 8,54 10,76 13,12 15,56 5,0
90,0 0,406 0,568 0,762 1,00 1,75 3,57 5,63 10,16 12,59 15,13 17,74 0,0
75,0 0,982 1,14 1,41 1,76 3,00 541 797 13,34 16,09 18,93 21,79 | 15,0
50,0 2,10 2,28 2,60 3,10 5,16 8,24 11,32 17,57 20,65 23,75 26,84 0,0
25,0 4,25 4,21 4,49 5,14 8,32 11,99 15,53 22,53 25,86 29,16 32,40 | 25,0
10,0 7,37 6,85 6,97 7,73 12,17 16,21 20,04 27,56 31,05 34,46 37,76 10,0
5,0 9,86 8,90 8,86 9,67 14,96 19,12 23,06 30,81 34,34 37,78 41,09 5,0
1,0 15,94 13,82 13,30 14,13 21,13 25,29 29,30 37,26 40,81 | 44,22 4747 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 | o065 | 10 | 15 | 25 | 40 | 65 | | 10,0

Acceptance quality limit (reduced inspection) in percent — sample size code letter ]
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24.7 Operating characteristic curves and tabulated values for sample size code letter H:

s-method
100 AQL (%)
y 90 NN 10,25
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Tabulated values for operating characteristic curves for single sampling plans

inspection

Figure 11 — Chart H: Operating characteristic curves for single sampling plans, 1

jormal

Py Aceeptance quality limit (normal inspection) in percent — sample size code letter H P,
%l | o025 0,40 | 0,65 1,0 1,5 2,5 4,0 6,5 100 | %
99,0 |0,047.8,0,096 6| 0,153 | 0,225 | 0,398 1,01 1,85 3,85 5,03 6,22 749 |1p,21 99,0
95, 0,146 | 0,237 | 0,334 | 0,457 | 0,797 1,73 2,88 5,43 6,85 8,29 9,77 [1R,90 95,0
90, 0,253 | 0,368 | 0,492 | 0,650 1,13 2,26 3,60 6,46 8,01 9,57 11,18 |1#,51 90,0
75,0 | 0,586 | 0,734 | 0,901 1,13 1,92 3,45 5,09 8,49 10,25 | 12,03 | 13,82 [17,49 75,0
50,0 1,35 1,47 1,67 1,98 3,31 5,29 7,27 11,24 | 13,22 15,22 17,21 |21,21 50,0
25,0 | 2,79 2,72 2,90 3,30 5,38 7,80 10,06 | 14,55 | 16,71 | 1891 | 21,07 |25,34 | 25,0
10,0 4,96 4,47 4,54 5,01 7,96 10,71 13,14 18,01 | 20,28 | 22,64 | 24,92 |29,37 10,0
5,0 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 | 32,28 [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 | 015 | 025 | 040 | 065 | 1,0 | 15 | 25 | 40 | | 65 | 100
Acceptance quality limit (reduced inspection) in percent — sample size code letter K
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24.8 Operating characteristic curves and tabulated values for sample size code letter J:
s-method
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Figure¢ 12 — Chart J: Operating charaecteristic curves for single sampling plans, normal
inspection

T3qbulated values for 0Operating characteristic curves for single sampling plans

P Acceptance quality limit (normal inspection) in percent — sample size code letter ] P,
% 0,15 0,25 | 040 | 065 | 1,0 | 1,5 | 2,5 4,0 6,5 10,0 | %
99,4,0 10,0334 |0,0625| 0,102 | 0,144 | 0,251 | 0,645 | 1,15 | 2,39 | 3,11 | 3,84 | 4,62 | 6,30 | 8,06 | 9,86 |99,0

950 ]0,097.4,M0,150 | 0,216 | 0,288 | 0,498 | 1,09 | 1,79 | 3,37 | 4,24 | 5,12 | 6,04 | 796 | 9,95 | 11,97 |95,0
9040 0,64 | 0,232 | 0,315 | 0,408 | 0,701 | 1,42 | 2,23 | 4,01 | 497 | 593 | 6,92 | 897 | 11,08 | 13,21 |90,0

750 0,372 | 0,459 | 0,569 | 0,707 | 1,20 | 2,16 | 3,17 | 5,29 | 6,39 | 7,48 | 8,60 |10,86| 13,16 | 15,46 |75,0
50,0 0,841 | 0915 | 1,04 | 1,24 | 2,07 | 3,31 | 4,56 | 7,05 | 8,30 | 9,54 |10,79|13,27 | 15,75 | 18,24 |50,0

25,0 1,74 1,71 | 1,81 | 2,08 | 3,39 | 490 |6,37| 9,20 |10,59(11,97|13,34|16,00| 18,65 | 21,30 |25,0
10,0 3,11 2,84 | 2,86 | 3,18 | 509 | 6,78 |8,41|11,51|12,99|14,48|1594|18,74| 21,52 | 24,29 |10,0
50 4,27 3,76 | 3,68 | 4,03 | 6,37 | 8,13 |9,84 |13,06|14,59|16,14|17,64|20,50 | 23,34 | 26,17 | 5,0

1,0 7,27 6,08 | 570 | 6,09 | 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

Acceptance quality limit (tightened inspection) in percent — sample size code letter ]

0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 | 1,5 | 2,5 | | 4,0 | 6,5 | |

Acceptance quality limit (reduced inspection) in percent — sample size code letter L
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24.9 Operating characteristic curves and tabulated values for sample size code letter K:

s-method
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Figure 13 — Chart K: Operating characteristic curves for single sampling plans, 1

inspection

jormal

Tabulated values for operating characteristic curves for single sampling plaps
P, Acceptance quality limit (normal inspection) in percent — sample size code letter K Py
%[ o010 0,15 | 0,25 | 0,40 |0,65| 1,0 | 1,5 2,5 4,0 6,5 100 %
99,4 |0,0227]0,042 20,0664 {0,094 40,169 |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,d 10,064.00,0988| 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
90,4 |.0,107 | 0,151 | 0,202 | 0,263 |0,457(0,912| 1,43 | 2,56 | 3,16 | 3,78 | 4,40 | 5,71 | 7,03 | 8,37 |11,1¢|13,27| 90,0
75'(: n}'):zo ﬂ")OE n'QAA n’AEQ f\,'7’7’) 1,'2Q '7'n') Q’QQ /I‘nQ /1,’7Q E'AQ A'OQ Q’QQ OJQA 1'7’Q 15,09 75'0
50,0 [ 0,539 | 0,585 | 0,667 | 0,794 | 1,32 | 2,12 | 292 | 4,52 | 5,32 | 6,11 | 691 | 8,51 [10,09|11,69|14,88|17,29| 50,0
25,0 1,12 1,09 1,16 1,33 | 2,17 | 3,15 | 4,10 | 593 | 6,83 | 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|545| 746 | 845 9,39 (10,33|12,18|13,98|15,81|19,33|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|17,12|20,72|23,43| 5,0
1,0 | 483 | 398 | 3,75 | 399 |6,11 | 735 |8,53(10,73|11,82|12,84|13,88|15,87|17,79|19,76 (23,47 |26,27| 1,0
0,15 0,25 | 040 [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 K
0,04 |0065| 010 | 015 [025]040 065| 10 | 15| [25[40| | | |
Acceptance quality limit (reduced inspection) in percent — sample size code letter M
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24.10 Operating characteristic curves and tabulated values for sample size code letter L:
s-method
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Figurg 14 — Chart L: Operating characteristic curves for single sampling plans, normal
inspection

Tqbulated values for-operating characteristic curves for single sampling plans

Pq Acceptance’quality limit (normal inspection) in percent — sample size code letter L Pq
% 10,065 0,10+70,15 | 0,25 | 040 | 0,65 | 1,0 1,5 2,5 4,0 65| %
99,0 10,014 9| 0,026 6 | ;0432 | 0,0610 | 0,108 | 0,264 | 0,470 | 0,959 | 1,24 | 1,53 | 1,84 | 2,48 | 3,15 | 3,86 | 5,34 | 6,47 | 99,0
95,0 [0,041 0|| 0,061 8¥10,0890| 0,119 | 0,207 | 0,440 | 0,720 | 1,34 | 1,68 | 2,03 | 2,40 | 3,14 | 3,91 | 4,70 | 6,33 | 7,58 ] 95,0
90,0 10,068 0| 0,0944| 0,128 | 0,166 | 0,287 | 0,570 | 0,894 | 1,60 | 1,97 | 2,35 | 2,75 | 3,55 | 4,37 | 5,21 | 6,92 | 8,23 90,0
75,0 | 0,150 I 0484 | 0,229 | 0,285 0483 | 0,862 1,27 211 254|298 | 342 (4325221614799 1939175,0
50,0 | 0,336 | 0,367 | 0,418 | 0,497 | 0,827 | 1,33 1,82 | 2,83 |3,32| 3,83 | 432 |5,32]6,31| 732|931 (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 | 539 |6,50| 757 |8,66[10,78(12,39|25,0
10,0 1,27 1,16 1,16 1,29 2,06 2,78 3,43 4,72 531 | 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 | 540 | 6,02 | 6,67 | 727 |8,50(9,68[10,87|13,16|1491]| 5,0
1,0 3,11 2,60 2,39 2,54 3,92 4,72 542 | 6,87 | 752 | 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

Acceptance quality limit (tightened inspection) in percent — sample size code letter L
0,025 | 004 | 0065 | 010 | 015 | 025 | 040 | 0,65 | 1,0 | |15 |25 | | |

Acceptance quality limit (reduced inspection) in percent — sample size code letter N
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24.11 Operating characteristic curves and tabulated values for sample size code
letter M: s-method
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Key
X  process quality (in percent nonconforming)
Y  percent of lots expected to be accepted (Pa)

Figure 15 — Chart M: Operating characteristic curves for single sampling plans, normal
inspection

Tabulated values'for operating characteristic curves for single sampling plahs

Py Acceptance quality limit (normal inspection) in percent — sample size code letter M P,
%[ | 0,04 0065 | 0,10 | 0,15 [0,25|0,40 | 0,65 1,0 1,5 2,5 4,0 | %
99,4 (0,0097{0,01%270,027 8{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
95,4 {0,026 3{0,0395(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|| 4,79 | 95,0
90,4 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
75,4 }0,0952| 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|5,06 | 595 | 75,0
50,046243—623318265168345—652 4268012243233 8482465592+ 6,87 | 50,0
25,0 | 0,444 | 0,439 | 0,465 | 0,532 | 0,868 | 1,26 | 1,64 | 2,37 | 2,73 | 3,09 | 3,44 4,13 |4,84(5,52|6,89| 7,89 | 25,0
10,0 | 0,813 | 0,746 | 0,743 | 0,826 | 1,33 | 1,77 | 2,19 | 3,02 | 3,40 | 3,79 | 4,17 | 491 |5,68|6,39|785| 891 | 10,0
5,0 1,14 1,00 | 097 1,06 | 1,68 |2,16|2,60|3,46 | 3,86 | 4,27 |4,66|5,43|6,23|697|8,47| 9,55 | 5,0
1,0 | 2,04 | 1,69 1,55 1,65 | 2,57 [3,05|3,51|444|485|529|5,70(6,51|737|8,14|9,73| 10,86 | 1,0

4 faWe}
U

0,065 0,10 0,15 0,25 0,40 |0,65| 1,0 1,5 2,5 4,0
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]040] 065 | lo|1s] | | |

Acceptance quality limit (reduced inspection) in percent — sample size code letter P
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24.12 Operating characteristic curves and tabulated values for sample size code letter N:
s-method

100 AQL (%)
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Figurg 16 — Chart N: Operating characteristic curves for single sampling plans, normal
inspection

Tqbulated values for pperating characteristic curves for single sampling plans

Py Acceptance quality limit (normal inspection) in percent — sample size code letter N Py
% | 0,025 0,04 150,065 | 0,10 | 0,15 | 0,25 | 0,40 0,65 1,0 1,5 2,5 [| %
99,0 10,0064|0,0111{0,01%640,0250|0,0445|0,109{0,190|0,387|0,497| 0,614 (0,735|0,991| 1,26 | 1,54 | 2,12 | 2,57 | P9,0
95,0 10,0169|0,0251 [0;0358{0,0480{0,0837|0,178{0,289|0,538|0,673|0,813|0,956| 1,25 | 1,56 | 1,87 | 2,51 | 3,01 | P5,0
90,0 10,027 4|0,0380+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 10,0603|0,6737(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 | /5,0
50,0 | 0,134 | 0,146 | 0,167 | 0,198 | 0,330 [0,531(0,730] 1,13 | 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 | 1,50 | 1,72 | 1,95 | 2,17 | 2,61 | 3,05 | 3,48 | 4,35 | 4,98 | 25,0
10,0 | 0,515 | 0,473 | 0,471 | 0,521 | 0,836 | 1,12 | 1,39 | 1,91 | 2,15 | 2,40 | 2,64 | 3,12 | 3,58 | 4,05 | 4,97 | 5,64 | 10,0
50 | 0,725 | 0,640 | 0,618 | 0,671 | 1,06 | 1,37 | 1,65 | 2,20 | 2,45 | 2,71 | 296 | 3,45 | 394 | 4,42 | 5,37 | 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 | 5,18 |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 | 0,015 | 0,025 | 0,04 | 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | loes| 10| | | |

Acceptance quality limit (reduced inspection) in percent — sample size code letter Q
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24.13 Operating characteristic curves and tabulated values for sample size code letter P:

s-method
100 - AQL (%)
Y 90 PN S 0015
80 |\ N - —— 0,025
70 \ \ \ \ N ] 0.040
\ N . T 0,
60 A\ AN — - — T 0,065
50 AN — =T — 010
30 \\ u " // L —
20 N ~——
10 — =
0 ‘ | ‘ e —— X
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
100 - AQL (%)
\ N N, -
80 p— 0,40
70 \ AN I — — 0,65
60 (""“("‘J\ — "’"‘—_‘ — 1 ’0
o NN N———
e NN NN NS ——15
30 \ \\ \ \(// ]
20 N \\ NN N
10 N ST S~
0 T —— T — T ~——r x
0.0 0.4 0.8 1.2 16 2.0 2.4 2.8 3.2 3.6 4.0
Key

X  process quality (in percent nonconforming)

Y  percent of lots expected to be accepted (P4)

inspection

Tabulated values for operating characteristic curves for single sampling plans

Figure 17 — Chart P: Operating characteristic curves for single sampling plans, normal

© IS0 2013 - All rights reserved

P, Acceptance quality limit (normal inspection) in percent — sample size code letter P P,
% 0,015 0,025 0,04 0,065 0,10 | 0,15 | 0,25 0,40 0,65 1,0 1,5 %
99,0 ,0041 1,0070(,0113|,0158|,0286 (,0682| 0,119 | 0,243 |0,312|0,385| 0,461 | 0,620 | 0,787 0,960 | 1,32|1,60| 49,0
95,6 ,0108 |,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 ,0175 1,0239,0323,0419 |,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 ,0378 |,0461),05731,071010,12110,21510,31610,526/0,63410,74310,854| 1,08 | 1,30 | 1,53 119912,34]75,0
50,0 ,0838 |,0914| ,104 | ,124 |0,2060,3310,456|0,705(0,831|0,956| 1,08 | 1,33 | 1,58 | 1,83 |2,33|2,70|50,0
25,0 175 2173 | ,183 | ,210 | 0,341 (0,498 (0,647 0,936 | 1,08 | 1,22 | 1,36 | 1,63 | 1,91 | 2,18 |2,72|3,12| 25,0
10,0 ,323 ,297 | ,296 | ,328 |0,522(0,705|0,873| 1,19 | 1,35 | 1,50 | 1,66 | 1,95 | 2,25 | 2,54 |3,113,53] 10,0
5,0 456 ,404 | ,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
1,0 ,836 ,694 | ,632 | ,668 | 1,03 | 1,24 | 1,42 | 1,78 | 1,95 | 2,12 | 2,30 | 2,62 | 2,94 | 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 code letter P
| 0,01 |0,015|0,025| 0,04 |0,065| 0,10 | 0,15 | 0,25 | | 0,40 | 0,65 | | |
Acceptance quality limit (reduced inspection) in percent — sample size code letter R
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24.14 Operating characteristic curves and tabulated values for sample size code letter Q:
s-method

100 AQL (%)
v 90 NN 0,010
80 NN N — 0,015
\ "1 ]
70 NN\ N —] 0,025
50 1 \\\ TN — —
o A\ NG S — 0,065
30 \ e 4 0,10
20
10 Iy — I
0 ; : X
0.4 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
100 +—< AQL (%)
Y 90 ‘Q\ NN\ ™~ 050,15
80 LN N N - = 025
o e v VO N e ey 0
—X" N N—— _——0.
0 A — e Ne—— 10
30 \ \ ¥‘/ \__/“"'/
20 \\ \\ \\ \\
10 \\ \\\ \\_ \\\
0 \§=—} T X

op 02 04 06 08 10 12 14 16 148 20 22 24 26 28 3.0 32

Key
X  process uality (in percent nonconforming)
Y  percentpflots expected to be accepted (P,)

Figurg 18 — Chart Q: Operating characteristic curves for single sampling plans, normal
inspection

T3qbulated values foroperating characteristic curves for single sampling plans

P, Acceptance-gquality limit (normal inspection) in percent — 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 %
99,0 {0,002y |0,007310,0102|0,0184|0.04400,0767| 0,156 | 0,246 | 0,295 | 0,396 | 0,504 | 0,614 | 0,845 | 1,02 | 99,0
95,0 10,007p|0,0146(0,0193|0,0341|0.0715| 0,116 | 0,216 | 0,325 | 0,383 |0,500| 0,622 | 0,747 | 1,00 | 1,20 | 95,0
90,0 [0,011B 16,0207 {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(0,03660,0455(0,0775| 0.138 | 0,202 | 0,336 | 0,476 | 0,546 | 0,689 0,833 | 0,978 | 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
25,0 {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 | 0.453 | 0,562 | 0,766 | 0,968 | 1,06 | 1,26 | 1,44 | 1,63 | 2,00 | 2,27 | 10,0
50 10,294 | 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 10,544 | 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| 0,04 |0,065| 0,10 | 0,15 | 0,25 0,40 0,65 1,0

Acceptance quality limit (tightened inspection) in percent — sample size code letter Q
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24.15 Operating characteristic curves and tabulated values for sample size code letter R:

s-method
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Figure 19 — Chart R: Operating characteristic curves for single sampling plans, normal
inspection
Tabulated values for operating characteristic curves for single sampling plahs
Py Acceptance quality limit (normal inspection) in percent — sample size code letter R Py
% 0;01v | 0,015 | 0,025 | 0,04 | 0,065 | 0,10 0,15 0,25 0,40 0,65 %
99, 10,007 040,0046(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,¢ |0,015810,0092(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,¢ ¢0,0239(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 10,0461]0,0229(0,0285(0,048210,0862 0,126 | 0,210 | 0,634 | 0,297 | 0,854 | 0,430 | 0,521 | 0,611 | 0,795 | 75,0
50,0 [0,0914|0,0416/|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 | 25,0
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 | 10,0
50 | 0404|0157 | 0,172 | 0,272 | 0,349 | 0,420 | 0,556 | 1,54 | 0,685 | 1,86 | 0,874 | 0,999 | 1,12 1,35 50
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 1,32 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 letter R
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25 Charts s-D to s-R — Acceptance curves for combined control of double
specification limits: s-method
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Figure 20 — Chart s-D: Acceptance curves for combined control of double specification limits
for sample size code letter D under normal and tightened inspection and for sample size code
letter F under reduced inspection
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Figure.21 — Chart s-E: Acceptance curves for combined control of double specificat
forsample size code letter Eunder normal and tightened inspection and for sample

letter G under reduced inspection
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(®- LYKU- L)

1.0 (normal, F)
AQL %
0,65
- i\ 1,0
) N — 1,5
NN 25
\\ \\ N 4,0
0.8 N \\\ \\ ?,05
NN \\\
07 \§ \Q\ 1\
(tightened, F)\\
IR NN

—

1,0 —_

1,5 —_|

2,5

6,5 —
10 —
0.4

4
(reduced, H)
0.3 / AQL %
/ / v / / / 10
/// / 6,5
/,// p 40
/ 1,5
///;/ 1,0
0.1 ,/é// 0,65
0,40
=
0.0
0.00 0.05~6:10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60

siU- L)

Figure 22 — Chart s-F: Acceptance curves for combined control of double specification limjts
for sample size code letter F under normal and tightened inspection and for sample size cdde
letter H under reduced inspection
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¥- I)AU- L
- D ) (normal, G)
10 AQL %
0,40
0,65
0.9 \&\ 1,0
\\\\ 1,5
2,5
o5 \ NN 4,0
\ \ N \ 6,5
A\ 10
0.7 \ L\ RN
(tightened, G) \ \
AQL % A
0.€ 0,65
10— ] \
1,5
0. 2,5 -
4,0 ———
6,5 /
10—
0.4 7
/ (reduced, J)
g / AQL %
03 10
// / 65
4,0
' @ 1,5
/ %/// 10
0,65
/ 0,25
0,15
0.0 )
0.0 0.1 0.2 0.3 0.4 0.5
siU- L)
Figure 23" =~Chart s-G: Acceptance curves for combined control of double specificatjon limits
for sample size code letter G under normal and tightened inspection and for sample|size code
letter ] under reduced inspection
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(- DIU- L)

(normal, H)
1.0 AQL %
0,25
N\ 0,40
0.9 N xR~ 0,65
N\ \\\\ 1,0
1,5
4,0
\ \ &\\ 8.5
. N \\\& \\ 10
(tightened, H) N \\ \
AQL %
D6 — 0,40 \\\\\ \
' 0,65
1,0 \
\
D5 — 2,5
s // / / /
6,5 /
D.4 — 10 A // (reduced, K)
/ / AQL %
/ / / y
.3 4 A, — bl / 6,5
4,0
/ /%y 7 25
/%% 0,65
0,40
.1 Ay/ 0,25
0,15
0,10
D.0
0.00 0.05 010 0.15 0.20 0.25 0.30 0.35 0.40 0.45
sIU- L)
Figure 24 — Chart s-H: Acceptance curves for combined control of double specification limfits
for sample size.code letter H under normal and tightened inspection and for sample size cqde
letter K under reduced inspection
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(J?1-OL)/(U- L) (normal, J)
’ AQL %
0,15
N 0,25
0.9 R 0,40
\\§ 0,65
\ 1,0
0.8 x\\ 1,5
\ 2,5
N\\\\&\ 40
. NN NN %
(tightened, J) \\ \\ \
AQL % \ \ \
: 0,40 N N
0,65
1,0 \
0.5 —— 1,5
o /
s / / /
04 % g 4 7 g (reduced L)
: 10 reduce
/ / a4 AQL %
/ / / o
0.3 o4 va 4,0
7 d 2,5
1,5
1,0
0.2 0.65
0,40
0,25
0.1 0,15
0,10
0,065
0.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
sU- 1)
Figure 25~ Chart s-J: Acceptance curves for combined control of double specification limits
for sample size code letter ] under normal and tightened inspection and for sample [size code
letter L under reduced inspection
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(- DKU- L)

1.0 (normal, K)
AQL %
0,10
0.9 - 0,15
\\\ 0,25
0,40
0.8 \\& 0,65
& \\ I~ 1.5
O 7 T 1 \\\\\ \\\ \\ \ 215
. (tightened, K) N s Y \ 4.0
AQL % \\\\ 6.5
0,15 \ \ \ \ 16
06— 0,25 N\ X \\
040 | AN LNRN
065______ | \
05 +— 10 =
] 1,5 |
25 / J
40 ____ — (reduced, M)
04 +— 6,5 4 y  AQL %
i 777 73K
2,5
o | | &
0,65
0.2 % /// 0,40
0,25
/ / / 0,15
o ==
: / d 0,065
/ 0,040
0.0 !
0.po 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
sH{U- L)
Figure 24 — Chart $:K: Acceptance curves for combined control of double specification limlfits
for sample size €ode letter K under normal and tightened inspection and for sample size cqde
letter M under reduced inspection
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(x- LYIU- L)

ISO 3951-1:2013(E)

10 (normal, L)
' AQL %
0,065
0,10
0.9 0,15
N 0,25
\\ 0,40
0.8 \\\ (1),25
‘&\\ 1,5
o7l THa.,S- 25
(tightened, L) & \ \ 4.0
AQL % \\\\\ 6,5
0,10
0.6 +—— 0,15 \\\ N ‘&
025 — ) N\ \\ N\
040 |
0,65 \ \\
0.5 +— 10 __
16 __
25___
0.4 +— 4,0 7 A (reduced, N
6,5 % % / AQL %
2,5
03 | é %//A 15
74 1.0
/ / 0,65
/ 0,40
02 /%/ 0,25
// 0,15
0,10
0.1 - 0,065
0,040
0,025
0.0 | |
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.4
s/U -
Figure 27— Chart s-L: Acceptance curves for combined control of double specificat
forf sample size code letter L under normal and tightened inspection and for sample
letter N under reduced inspection
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(x- L)I{U- L)

normal, M
10 ( )

AQL %
0,040
0,065
0,10
0,15
0,25
0,40
0,65
1.0
1,5
2,5
4,0

0.9 A

0.8

N

DN

(tightened, M)~
AQL %

0,065

046 +—— 0,10
0,15
0,25

0,40
4° 1 0,65
1,0 /
15
q4 +—— 2.5 4 o

7 fese?
1,5

2 % 1,0

74 0,65

%
) 040
7

4,0

0,15
0,10
/ 0,065
q1 0,040
0,025
0,015
.0
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
sIU- L)

Figure 28 — Chart.s-M: Acceptance curves for combined control of double specification limits
for samplpe size code letter M under normal and tightened inspection and for sample size code
letter P under reduced inspection
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x- DAU- L) (normal, N)
1.0 AQL %
0,025
0,040
09 4 0,065
0,10
0,15
0.8 N 0,25
0,40
\\ 0,65
0.7 +—— (tightened, N) N 12
AQL % x b
0,040 ’
e 0,065 N
. N
0,10 \
0,151
0,25 h
05 4+—mm 0,40 /
e w
1,04
044+ 154 5 (reduced, Q)
2,5 / / 1A%1'- %
= 0,40
0,25
0" / 0,15
: 7 0,10
* 0,065
0,040
0.1 1 0,025
0,015
0,010
0.0 - -
0.00 0,05 0.10 0.15 0.20 0.25 d.30

sIU- L)

Figure 29.°-)Chart s-N: Acceptance curves for combined control of double specificatjon limits
for] sample size code letter N under normal and tightened inspection and for sample|size code
letter Q under reduced inspection
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(- DKU- D)

10 (normal, P)
' AQL %
0,015
0,025
0.9 1 0,040
0,065
0,10
0.8 S 0,15
0,25
0,40
0.7 - (tightened, P) \\\§ 385
AQL % 1’ 5
0,025 - \ ’
04 0,040
0,065 N
N
i 0,15
09 0,25 /
0,40 |
0,65 |
0.4 - 1,0 > //
15 / (reduced, R)
T AQL %
0.3 é 0,65
N & 0,40
0,25
0,15
0.4 0,10
0,065
0,040
0.1 0,025
0,015
0,010
0.q
D.00 0.05 0.10 0.15 0.20 0.25
sIE7 - L)
Figure 3() — Charts<P: Acceptance curves for combined control of double specification limjits
for samplle size.code letter P under normal and tightened inspection and for sample size cdde
letter R under reduced inspection
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(- L)IL/- L)

ISO 3951-

1:2013(E)

(normal, Q)
1.0 AQL %
0,010
0,015
0.9 0,025
0,040
0,065
0,10
0.8 0,15
0,25
0,40
0.7 (tightened, Q) 0,65
AQL % 1,0
0,015 =
0.6 0,025 -
0,040 \\\\
0,065 \
0.5 8’::2 - \
008 D779 y
0,40 _ /
0.4 0,65 zZd
1,0 _
0.2
0.1
0.0
0.00 0.05 0.10 0.15 0.20 g.25
sHO- L)
Figure 31°=~Chart s-Q: Acceptance curves for combined control of double specificatjon limits
for sample size code letter Q under normal and tightened inspection
© IS0 2013 - All rights reserved 53


https://standardsiso.com/api/?name=756698bbc2bd1d7820a634a61b741a23

IS0 3951-1:2013(E)

(x- DIU- D) (normal, R)

1.0 AQL %
0,010
0,015
0.9 0,025
0,040
0,065
0,10
08 N\ 0,15
0,25
0,40

0.7 |} (tightened, R) 0,65
AQL % \

0,010f—ou | \
0.6 0,015 ——u \
0,025 \\
0,040 \
os| 00 A
0,15
0,25
04 0,40 ———
0,65———| /

0.3 /

02 4

0.1

0.0
0Jjoo 0.05 0.10 0.15 0.20 0.25

siU- L)

Figure 32 — Chart $-R: Acceptance curves for combined control of double specification limiits
for sample size code letter R under normal and tightened inspection
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Annex A
(normative)

ISO 3951-1:2013(E)

Table for determining the sample size code letter

Table A.1 — Sample size code letters and inspection levels

.ot or batch size

Special inspection levels

General inspection

levels

wn
d
[aN

S-2

S-3

¢
KN

Il

111

2to8
9to 15
16 to 25

w

o~]

26 to 50
51to 90
91 to 150

151 to 280
281to 500
501to 1200

1201to 3200
3201to 10000
10 001 to 35000

5001 to 150 000
150 001 to 500 000
00 000 and over

O oo o o0 W ww w wlw o w w

D

m mgo U oo o0 0w W W|lw W

E

O Q| mm mim O o 0 W|lw W

H

— — | O QO|lm MmO 0O 0" W w

=~

2 o] — Do m mlo old|lw @ w|—~
v Z|I2 0 R|j—m - aoalm m Ol w W

N Q

O vz 2 R — D)o m m|ou o w

el

NOT]

The sample size code letters and inspection levels in this part of ISO 3951 correspond to those given in ISO 2859-1 4

nd ISO 3951-2.
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IS0 3951-1:2013(E)
Annex B
(normative)

Form k for single sampling plans: s-method

Table B.1 — Single sampling plans of Form k for normal inspection: s-method

Acceptance quality limit (in percent nonconforming)

Code

041 |0,015|0,025( 0,04 (0,065 0,10 | 0,15 | 025 (040|065 | L0 | 1.5 | 25 | 40 | 65 100

letter| L n n n n n n n n n n n n n n n

k k k k k k k k k k k k k k k

B 3 4 4
0,958)0,735| 0586

c 4 6 6 5
1242(1,061|0,939( 0550

D 6 9 9 6 7
1476|1,323|1,218|0,887| 0507

8 9 13 13 9 9 9

1:69611.569|1,475(1,190| 0,869 0,618
11 \17 | 18 | 13 | 14 | 14 14

F 18891769 (1,682 1.426(1,147(0,935| 0,601
G 15 ) 22 | 23 18 | 20 | 21 | 21 21

2,07911,972|1,893|1,659| 1,411 1,227| 0,945| 0724
H 18 |28 | 30 | 24 | 27 | 30 | 32 | 33 33

2,25%2,153(2,079|1,862|1,636|1,471|1,225|1,036| 0806

23.()36 | 38 | 31 | 37 | 41 | 46 | 49 | 52 53
J 2(425|2,331|2,263|2,061|1,853|1,702| 1.482| 1.316| 1,120 0911

28, | 44 | 47 | 40 | 48 | 54 | 63 | 69 | 75 | 79 82

K 2.580(2,493|2,428(2,237(2,043|1,904|1,702| 1,552(1,377| 1,195 0946
L 34(|)54 | 58 50 | 6l 71 84 | 94 [ 105 | 115 124
2737|2,653|2,592|2,412(2,230|2,101 |1,914|1,777| 1,619| 1.456| 1,239
M 40\ |64 69 | 60 76 | 89 | 108 | 124 | 143 | 159 | 178
2.882(2,802|2,744|2,573(2,400|2,279(2,104|1,977(1,832| 1,683 1,488
N 47 4=75 | B2 71 | 93 | 110 | 137 | 159 | 186 | 213 | 247
3.023]2,948|2,892|2,728|2,564| 2,449 (2,285|2,166(2,031|1,894| 1,716
T 25--hvB8 96 | 86 | 112 | 134 | 171 | 202 | 239 | 277 | 332

3,161(3.089|3.036|2,879|2.723|2,614( 2.459|2,347 | 2,220(2,092| 1,928
3 101 | 110 | 102 | 132 | 159 | 207 | 244 | 293 | 348 | 424
Q 3,788 3. 2193, 167 3,016 28067 | 2,762 | Z.615 | 2,508 | 2388 [ 2268 [ Z.I1Z

116 | 127 | 120 | 155 | 189 | 247 | 298 | 362 | 438 | 541
3,351|3,301|3,156|3,012|2,912|2,771|2,670| 2,556 |2,443 | 2,298

R

NOTE1 The sample size code letters in this part of ISO 3951 correspond to those given in ISO 2859-1 and
1SO 3951-2.

NOTE 2 Symbols There is no suitable plan in this area; use the first sampling plan below the arrow. If

the sample size equals or exceeds the lot size, carry out 100 % inspection.

7'\ There is no suitable plan in this area; use the first sampling plan above the arrow.
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Table B.2 — Single sampling plans of Form k for tightened inspection: s-method

Acceptance quality limit (in percent nonconforming)
Code 551 10,015[0,025] 0,04 [0,065] 0.10| 0.15| 025|040 0,65 ] L0 | 15 | 25 | 40 | 65 | 100
[letter
n n n n n " n n n n n n M M n
k k k k k k k k k k k k k k k k
3 4
B ‘ 0950 0735
~ < (] 6
= 1.242(1,061] | 0,939
D -] 9 9 6
1.476|1.325|1.218| | 0.887
E 9 13 | 1] 9 9
1.696|1.569{1:475|1.190| [ 0.869
F 11 | 17 |08 ] 13 | 14 14
1,889|1.769\1.682|1.426|1.147| | 0.935
G 15 22 23 18 20 | 21 21
2.079(1,9741.893|1.659|1.411|1.227| [ 0.945
H 18 | 28 |(30°| 24 | 27 | 30 | 32 33
2,254(2,158|2.079|1.862(1.636|1.471|1.225| | 0,954
] 23 36 38 | 31 37 | 41 46 | S50 53
2,425|2,331|2:263|2,061(1,853|1,702|1.482(1,245| | 1.010
K 28 | 44 | 47 | 40 | 48 | 54 | 63 | 71 | 7B 82
2,580(2,493{2.428|2,237|2,043|1.904|1,702| 1.489|1.281| | 1.045
L 34 | 54 | 58| 50 | 61 | 71 | 84 | 99 | 111 | 122
2,737|2,653(£592|2,412|2,230|2,101|1.914|1.720|1.533| 1,325
M 40 64 |69 | 60 76 89 | 108 | 131 | 150 | 170
2,882|2.802|2.744(2,573|12.400|2.279|2,104|1.924[1.752| 1.564
N 47 | 75 [-€2F] 73 | 93 | 110 | 137 | 169 | 201 | 233
3.023|2,948|24892|2,728|2.564| 2.449|2,285|2.117|1,958|1.785
p 55 | 88 | 86 | 86 | 112 | 134 | 171 | 214 | 260 | 312
3.161(3.080{3.)036|2.879|2.723|2.614| 2,459|2,300|2,152| 1,992
Q 63 | 101 [1%0/]| 102 | 132 | 159 | 207 | 262 | 323 | 395
3,288|3,219{3/167|3.016|2867(2.762(2,615|2,464|2,324|2,174
R 90 | 116 |27 120 | 155 | 189 | 247 | 320 | 398 | 498
3.408|3.35118:301|3.156|3.012|2912|2,771(2,628| 2.495|2.354
NOTE1 The-sample size code letters in this part of ISO 3951 correspond to those given in ISQ 2859-1 and
ISO 3951-2.
NOTE~Z_“Symbols 3 There is no suitable plan in this area; use the first sampling plan below the arrow. If
the sample size equals or exceeds the lot size _carry out 100 % inspectioh
'Y There is no suitable plan in this area; use the first sampling plan above the arrow.
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Table B.3 — Single sampling plans of Form k for reduced inspection: s-method
Code Acceptance quality limit (in percent nonconforming)
0,01 {0,015/0,025| 0,04 |0,065| 0,10 0,15]0,25|0,40 | 0,65| 1,0 | 1,5 | 25 | 40 | 6,5 | 10,0
letter | n n n n n n n n n n n n n n n
k k k k k k k k k k k k k k k k
B-D ‘ 3| 4| 4| 4|7
0,950(0,850(0,735|0,586(0,218
E 4 6 6 6 5 9
1,24211,155|1,061|0,939|0,550|0,162
F [§] 3 9 9 § 4 3
1,476|1,406|1,323|1,218|0,887(0,507 0,23
G 9 11 | 13 | 13 9 9 9 12
1,696(1,642|1,569|1,475|1,190|0,869|0;618|0,237
H 11 15 17 18 13 14 14 14 13
1,889(1,835|1,769|1,682|1,426|1,147]0,935|0,601|0,454
J 15 19 22 23 18 20 | 24 21 21 21
2,079|2,033|1,972(1,893|1,659|1,411|1,227|0,945|0,830(0,62¢
K 18 | 24 | 28 | 30 | 24 | 27 | 30¢|*32 | 33 | 33 | 33
2,25412,209|2,153|2,079|1,862|1,6361,471|1,225(1,126 (0,954 |0,806
L 23 | 30 | 36 | 38 | 31 | 37 | 41 )46 | 48 | 50 | 52
2,425|2,385(2,331|2,263|2,0611,853|1,702|1,482|1,394|1,245(1,120 |
M 28 | 37 | 44 | 47 | 40 48 54 63 66 71 75
2,580(2,543|2,493|2,428|2,237|2,043|1,904|1,702|1,622|1,489(1,377 |
N 34 | 44 | 54 | 58 | 50 | 61 | 71%}»'84 | 90 | 99 | 105
2,737|2,701(2,653(2,592|2,412|2,230|2,101(1,914|1,842{1,720(1,619 |
P 40 52 64 | 69 60 76 89 \\N108 | 117 | 131 | 143
2,882|2,848|2,802(2,744|2,573|2,400|2279|2,104|2,037|1,924|1,832 |
Q 47 61 75 82 | 73 93 | 11044137 | 149 | 169 | 186
3,023|2,991|2,948(2,892|2,728|2,564)2,449|2,285|2,222|2,117|2,031 |
R ||71 | 88 | 96 | 86 | 112 | 134 1471 | 187 | 214 | 239 1
,131(3,089|3,036(2,879|2,723|2,614|2,459|2,399|2,300|2,220
NOTE1 The sample size code letters,in this part of ISO 3951 correspond to those given in ISO 2859-1 and
ISO 3951-2.
NOTE 2 Symbols There'is no suitable plan in this area; use the first sampling plan below the arroyv. If
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the sample size equals or exceeds the lot size, carry out 100 % inspection.

There is no suitable plan in this area; use the first sampling plan above the arroy.
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Annex C
(normative)

Form k for single sampling plans: o-method

Table C.1 — Single sampling plans of Form k for normal inspection: o-method

Code
letter Acceptance quality limit (in percent nonconforming)
0,01 {0,015(0,025| 0,04 |0,065| 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 | 1,5 | 25 }. 40 | 6,5 |[10,0
n n n n n n n n n n n n n n n n
k k k k k k k k k k k k k k k k
B 3 4 3
0,709(0,571| 0,417
C 3 5 5 4
1,115|0,945/0,821 (0,436
D 4 6 6 5 5
1,406(1,240(1,128|0,770| 0,431
E 4 7 8 7 7 7
1,595(1,506(1,419(1,115{0,792| 0,555
F 5 8 9 8 10 9 11
1,845(1,720|1,635|1,366(1,094|0,877| 0,564
G 5 9 10 9 12 13 13 15
2,006/1,934|1,856|1,610(1,370|1,186|0,906 | ¢,694
H 6 10 11 10 13 16 16 19 23

2,218|2,122(2,046|1,820|1,599|1,439|1,191 (1,009 | 0,786

J 2,401/2,3022,234|2,025|1,823|1,677|1,456|1,293|1,102| ¢,897

K 2,541|2,468(2,401(2,210(2,018|1,882|1,683(1,533|1,361|1,182| 0,937
L 8 13 15 14 19 24 32 34 42 52 66
2,710(2,6292,573(2,387|2,2092,083|1,900(1,761|1,606|1,446|1,231
M 8 14 16 15 21 27 36 39 50 61 79
2,8442,780(2,726|2,550(2,3822,264|2,092|1,963|1,821|1,674|1,481
N 9 15 17 17 24 30 40 45 57 72 94
2,996|2,9292,87412,709|2,550(2,437|2,274|2,155|2,022|1,887|1,710
P 10 17 19 19 26 33 45 51 65 82 | 110

3,141|3,069(3,023|2,865(2,7112,603|2,450(2,337|2,212|2,086(1,923
11 19 20 20 20 20 4.0 L7 v ko) 02 12|:

Q 3,275|3,2073,155(3,002|2,856|2,752|2,607(2,500(2,381|2,262 2,110

19 21 22 30 38 54 64 81 | 105 | 142
3,339(3,2893,145|3,002|2,903 2,764 {2,663 |2,550|2,438 (2,294

NOTE1 The sample size code letters in this part of ISO 3951 correspond to those given in ISO 2859-1 and
SO 3951-2.

NOTE 2 Symbols There is no suitable plan in this area; use the first sampling plan below the arrow. If

the sample size equals or exceeds the lot size, carry out 100 % inspection.

7'} There is no suitable plan in this area; use the first sampling plan above the arrow.
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Table C.2 — Single sampling plans of Form k for tightened inspection: c-method

Acceptance quality limit (in percent nonconforming)
Code

0,01 (0,015|0,025| 0,04 |0,065| 0,10 (0,15 0,25 |040| 065 | 1,0 | 1,5 | 25 | 40 | 65 | 10,0
n n n ] n H ] n n nH H H

k k k k k K k k k k k k k k k ke

B 3 4
0,709|0,571

letter

C 5 5
1115094510821

D 4 6 6 5
1,406|1,240|1,128{0,770

E 4 7 3 7 7
1,595|1,506|1,4191/115|0,792

F 5 8 9 3 10 9
1,845|1,720|1,635(1,866|1,094|0,877

G 5 9 10 9 12 13 13
2,006|1,934|1,856(1,610(1,370|1,186|0,906

H 6 10 11 10 13 16 16 20

2,218|2,122|2,046(1,820(1,599|1,439(1,191|0,929

7 11 12 11 15 19 21 25 32
J 2,401|2,302|2,234/2,025|1,823|1,677(1,456|1,223|0,994

7 12 13 3 17 21 27 31 39 49

K 2,541(2,468|2,402{2,210|2,018(1,882|1,683|1,471|1,267|1,035
L 8 13 15 14 19 24 32 37 | 47 61
2,710|2,629(|2,573}2,387|2,209(2,083|1,900(1,705|1,521|1,316
M 8 14 16 | 15 21 27 36 43 55 72
2,844(2,780(2,726{2,550(2,382(2,264(2,092|1,912|1,742|1,556
N 9 15 17 L7 | 24 30 | 40 | 49 65 85
2,996(2,929|2,874|2,709(2,550(2,437|2,274|2,106|1,950|1,779
P 10 17 19 19 | 26 | 33 | 45 55 74 99
3,142|3,076|3,02312/865(2,711|2,603 |2,450(2,291|2,145|1,987
Q 11 18 | 20 20 28 | 35 49 61 83 | 112
3,275(3,207(3,155{3,002|2,856|2,752|2,607 |2,456|2,318|2,169

R 4 19 21 22 30 38 | 54 | 6B | 92 | 126

3591(3,339(3,289]3,145|3,002|2,903|2,764|2,621 |2,490| 2,350

NOTE1 The samplesize code letters in this part of ISO 3951 correspond to those given in ISO 2859-1 and
[SO 3951-2.

NOTE 2 Symbels There is no suitable plan in this area; use the first sampling plan below the arroyv. If
the sample size equals or exceeds the lot size, carry out 100 % inspection.

7'} There is no suitable plan in this area; use the first sampling plan above the arrow.
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Table C.3 — Single sampling plans of Form k for reduced inspection: 6-method

IS0 3951-1:2013(E)

Acceptance quality limit (in percent nonconforming)
Code | 0,01 |0,015|0,025| 0,04 |0,065| 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 1,5 2,5 4,0 6,5 | 10,0
letter| R R R n R R ] i/ R
k k k k k k k k k k k k k k k k
B-D 3 | 4| 4| 3|6
0,709(0,679(0,571(0,417(0,187
E 3 5 5 5 4 8
T II5[L,0&7(0,935| 0,821 0F$6|0,145
F 4 5 6 6 5 5 7
1,406|1,314|1,240(1,128|07/0/0,451|0,204
G 4 6 7 8 7 7 7 11
1,595|1,581|1,506|1,419|1,115|0,792|0,5%5|0,220
H 5 7 8 9 8 10 9 11 11
1,845|1,788|1,720|1,635|1,366(1,094|0,877|0,5¢64|0,424
I 5 7 9 10 9 12 13 13 14 16
2,006|1,982|1,934|1,856|1,610({1,370(1,186|0,906|0,796|0,601
K 6 8 10 11 10 13 16 16 18 2 23
2,218(2,171|2,122|2,046|1,820|1,599|1,439|1,191|1,096|0,929|0,786
L 7 9 11 12 11 15 19 21 22 25 29
2,401|2,355|2,302|2,234|2025(1,823|1,677|1,456|1,369|1,223|1,12
M 7 10 12 13 13 17 21 27 26 31 35
2,541(2,518(2,468(2,401|2,210|2,018|1,882|1,683|1,601|1,471|1,361
N 8 10 13 15 14 19 24 32 31 37 42
2,710|2,669|2,629|2,573|2,387(2,209(2,083|1,900|1,825|1,705|1,606
P 8 11 14 16 15 21 27 36 38 43 50
2,844|2,822|2,780(2,726/2/(550|2,382|2,264(2,092|2,024|1,912|1,821
9 12 15 17 17 24 30 40 45 49 57
Q 2,996|2,969|2,929|2,874|2,709|2,550|2,437(2,274(2,212|2,106|2,022
R 13 17 19 19 26 33 45 50 55 65
3,113|3,076|3,023|2,865(|2,711|2,603|2,450|2,390|2,291|2,212
NOTE1 The sample_siZe’code letters in this part of ISO 3951 correspond to those given in ISQ 2859-1 and
ISO 3951-2.
NOTE 2 Symbols There is no suitable plan in this area; use the first sampling plan below the arrow. If
the sample size equals or exceeds the lot size, carry out 100 % inspectioh.
'Y There is no suitable plan in this area; use the first sampling plan above the arrow.
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ISO 3951-

Values of f; for maximum sample standard deviation (MSSD)

1:2013(E)

Annex D

(normative)

Table D.1 — Values of fs for maximum sample standard deviation for combined control of

3 1.1 =L o 3= e 3= s +1 3
UOUupuIC SPTLIICALIUIT TS, IO Idar IISPTltiull, 5TIICLtIou

Code Acceptance quality limit (in percent nonconforming)
letter |[o0,010 | 0,015 | 0,025 | 0,040 | 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 15 | 25 | 40 6,50 10,0
A A A A A A A A A A A A A S
B W | 0478|0447 | 0479
C 0,365 | 0,3667] 0,388 | 0,484
D 0,303 | 0,312}, 0:328 | 0,399 | 0,494
E 0,265 | 0,274 | 0285+ 0,333 | 0,395 | 0,458
F 0,241 | 0,248 | 0,257 0)292 | 0,334 | 0,375 | 0,461
G 0,221 | 0,227 | 0,234 | 0,260 } 0,290 | 0,318 | 0,371 | 0,424
H 0,206 | 0,211 | 0,216 | 0,237 J-0260 | 0,280 | 0,316 | 0,350 | 0,401
] 0,192 | 0,197 | 0,201 | 0,218 | 0,238 N0,251 | 0,277 | 0,301 | 0,333 | 0,376
K ¥ 0.182 0,185 0,189 | 0,203 | 0,218 | 4:230 | 0,250 | 0.268 | 0,291 | 0,319 | 0367
L 0,172 | 0,175 | 0,179 | 0,190 | 0,203 | 0,21%[\0229 | 0,242 | 0,259 | 0,279 | 0.312
M 0,164 | 0,167 | 0,170 | 0,180 | 0,190 | 0,199 | 0,272 | 0,222 | 0,236 | 0,251 | 0.275
N 0,157 | 0,160 | 0,162 | 0,171 | 0,180 | 0,187 | 0,198 [\(:206 | 0,217 | 0,230 | 0,248
P 0,151 | 0,153 | 0,155 | 0,163 | 0,171 | 0,177 | 0,186 | 0,193"| 0,202 | 0,212 | 0,226
Q 0,145 | 0,147 | 0,149 | 0,156 | 0,163 | 0,168 | 0,176 | 0,183 |'9¥90 | 0,199 | 0.210
R o142 ] 0,144 | 0,150 | 0,156 | 0,161 | 0,168 | 0,173 | 0,180 | 0,187 | 0,196 A
NOTE The MSSD is obtained by multiplying the standardized MSSD, f;, by the difference between the 4
specification limit, U, and the lower specificatiorrlimit, L, i.e. MSSD = syax = (U - L) fs.
The above MSSDs indicate the greatest allowable magnitudes of the sample standard deviation under no

inspection y
unknown. If
that the lot w

rill be accepted.

pper

rmal

Fhen using plans for comhined control of double specification when the process variability is
the sample standard deviatjon is less than the MSSD, then there is a possibility, but not a cert3

inty,
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Table D.2 — Values of f; for maximum sample standard deviation for combined control of
double specification limits: tightened inspection, s-method

Code Acceptance quality limit (in percent nonconforming)
letter | 0,010 | 0,015 | 0,025 | 0,040 | 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 15 2,5 4,0 65 | 10,0
LA /S S O S S S S S S S S A Je

B v 0,475 | 0,447
C 0,365 | 0,366 | 0,388
D 0,303 | 0,312 | 0,328 | 0,399
E 0,265 | 0,274 | 0,285 | 0,333 | 0,395
F et T O 28T 0257 029 0733¢ | 0,375
G 0,221 | 0,227 | 0,234 | 0,260 | 0,290 |N0,34p | 0,371
H 0,206 | 0,211 | 0,216 | 0,237 | 0,260 | 0,280 0,31f | 0,367
] 0,192 | 0,197 | 0,201 | 0,218 | 0,236 | 0,251 | ‘0,277 | 0.31p | 0,354
K 0,182 | 0,185 | 0,189 | 0,203 | 0,218 | 0,230 | 0,€50 | 0,276 | 0,30p | 0,347
L 0,172 | 0,175 | 0,179 | 0,190 | 0,203 | 0,212 | 0,2297}.0248 | 0,269 | 0.29P

M 0,164 | 0,167 | 0,170 | 0,180 | 0,190 | 0,199 | 0,212 | 0227 | 0,244 | 0,265

N 0,157 | 0,160 | 0,162 | 0,171 | 0,180 | 0,187 | 0,198 | 0,210 0224 | 0.240

P 0,151 | 0,153 | 0,155 | 0,163 | 0,171 | 0,177 | 0,186 | 0,196 | 0,207 | 0.221

Q 0,145 | 0,147 | 0,149 | 0,156 | 0,163 | 0,168 | 0,176 | 0,185 | 0,195.[<0.206

R 0,140 | 0,142 | 0,144 | 0,150 | 0,156 | 0,161 | 0,168 | 0,175 | 0,183 | 0,292 *

NOT
spec

The
insp
unkr
that

D The MSSD is obtained by multiplying the standardized MSSD, f;, by the difference betwelen the upper
fication limit, U, and the lower specification limit, L, i@ MSSD = spax = (U - L)fs.

hbove MSSDs indicate the greatest allowable magnitudes of the sample standard deviation under normal
bction when using plans for combined control”of double specification when the process yariability is
own. If the sample standard deviation is less than the MSSD, then there is a possibility, but noft a certainty,
the lot will be accepted.
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Table D.3 — Values of f; for maximum sample standard deviation for combined control of
double specification limits: reduced inspection, s-method

Code Acceptance quality limit (in percent nonconforming)
letter | 0,010 | 0,015 | 0,025 | 0,040 | 0,065 | 0,10 | 0,15 | 0,25 | 0,40 | 0,65 | 1,0 | 15 | 25 | 40 65 | 100
J /0 A I S B A S B S P S R 5 | S| I Js
B-D v 0,475 | 0,426 | 0,447 | 0479 | 0,602
E ‘ 0,365 | 0,350 | 0,366 | 0,388 | 0,484 | 0,632
F 0,303 | 0,303 | 0,312 | 0,328 | 0,399 | 0,494 | 0,598
G 0,265 | 0,267 | 0,274 | 0,285 | 0,333 | 0,395 | 0,458 | 0,599
H U 22T 0233 U238 [ 0,257 | 0,29 U333 0,375 [ U020l [ U510
] 0,221 | 0,223 | 0,227 | 0,234 | 0,260 | 0,290 | 0,318 | 0,371 | 0,397 | 0452
K 0,206 | 0,207 | 0,211 | 0,216 | 0,237 | 0,260 | 0,280 | 0,316 | 0,333 | 0,367 ‘0401
L 0,192 | 0,194 | 0,197 | 0,202 | 0,218 | 0,233 | 0,251 | 0,277 | 0,289 | 0,312 | 0583
M 0,182 | 0,183 | 0,185 | 0,189 | 0,203 | 0,218 | 0,230 | 0,250 | 0,259 | 0,276 | 0.292
N 0,172 | 0,173 | 0,175 | 0,179 | 0,190 | 0,203 | 0,212 | 0,229 | 0,235 | 0,248 | 0,259
P 0,164 | 0,165 | 0,167 | 0,170 | 0,180 | 0,190 | 0,199 | 0,212 | 0,217 | 0,227 | 9236
Q ,157 | 0,158 | 0,160 | 0,162 | 0,171 | 0,180 | 0,187 | 0,198 | 0,202 | 0,210 | 0217
R 151 | 0,153 | 0,155 | 0,163 | 0,171 | 0,177 | 0,186 | 0,190 | 0,196 | 0,202 *
NOTE The MSSD is obtained by multiplying the standardized MSSD, f)by the difference between the ypper
specification limit, U, and the lower specification limit, L, i.e. MSSD = spyax=(U - L)fs.
The above MSSDs indicate the greatest allowable magnitudes of the, sample standard deviation under reduced
inspection When using plans for combined control of doubley$pecification when the process variability is

unknown. If
the lot will b
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e accepted.

the sample standard deviation is less than the MSSD, there is a possibility, but not a certainty]

that
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Values of f; for maximum process standard deviation (MPSD)

Table E.1 — Values of f; for maximum process standard deviation for combined control of

Annex E
(normative)

ISO 3951-1:2013(E)

Tl 1.1 L i 3z R +1 3
UOUDIC SPTLIICAalIUVIL HTIIIGS. o=1HIcLou

Acceptance quality limit
(in percent nonconforming) Jo

0,0107 0,125

0,015 0,129

0,025 0,132

0,040 0,137

0,065 0,141

0,10 0,147

0,15 0,152

0,25 0,157

0,40 0,165

0,65 0,174

1,0 0,184

1,5 0,194

2,5 0,206

4,0 0,223

6,5 0,243

10 0,271

NOT

The MPSD indicates thig-greatest allowable magnitude of the process standard deviation when us
combined control ofidotble specification limits when the process variability is known. If the proc

) The MPSD is obtainled by multiplying the standardized MPSD, f;, by the difference betwe|
spec|fication limit, U, and thielower specification limit, L, i.e. MPSD = (U - L)fs.

devigtion is less thamthe MPSD, then there is a possibility, but not a certainty, that the lot will be acdepted.
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IS0 3951-1:2013(E)
Annex F
(normative)

Estimating the process fraction nonconforming for sample size 3:
s-method

Table F.1 —+ Estimated process fraction nonconforming, p, as a function of the quality statistic Q

Third decimal place of Q\/S_’ /2
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,909

p p p p p p p p p p
0,00 | 0,5000 | 04997 | 04994 | 04990 | 04987 | 0,4984 | 0,4981 | 0,497-8 | 0,497 5 | 0,497 1

0,01 | 04968 | 04965 | 04962 | 0,4959 | 0,4955 | 0,4952 | 0,4949 {0,4946 | 0,4943 | 0,494 0
0,02 104936 | 04933 | 0,4930 | 04927 | 04924 | 0,4920 | 0,4917 [ 0,4914 | 0,4911 | 0,4908
0,03 104904 | 04901 | 04898 | 04895 | 0,4892 | 0,4889 | 044885 | 0,4882 | 0,4879 | 0,487 6
0,04 |04873| 04869 | 04866 | 04863 | 0,4860 | 0,485 7~ 04854 | 04850 | 0,4847 | 0,484 4
0,05 |104841| 04838 | 04834 | 04831 | 04828 | 0,482%5 | 04822 | 04818 | 0,4815 | 0,4812
0,06 |04809 | 0,4806 | 0,4803 | 0,4799 | 0,4796 | 0,4793 | 0,4790 | 0,4787 | 0,4783 | 0,480
0,07 | 04777 | 04774 | 04771 | 0,476 7 | 0,476 40,4761 | 0,4758 | 0,4755 | 0,4751 | 0,474 8
0,08 | 04745 | 04742 | 04739 | 04735 | 0,4782 | 04729 | 04726 | 0,4723 | 0,4720 | 0,416
0,09 | 04713 | 04710 | 04707 | 0,4704 | 04700 | 0,4697 | 0,4694 | 0,4691 | 0,4688 | 0,468 4
0,10 | 04681 | 0,4678 | 0,467 5 | 0,467.2_) 0,4668 | 0,4665 | 0,4662 | 0,4659 | 0,4656 | 0,4p5 2
First 0,11 | 04649 | 0,4646 | 0,4643 | 0,464-0 | 0,4636 | 0,4633 | 0,4630 | 0,4627 | 0,4624 | 0,4p20
0,12 | 04617 | 04614 | 04611, 04607 | 04604 | 0,4601 | 0,4598 | 0,4595 | 0,4591 | 0,458 8

two
decimal 0,13 0,4585 | 0,4582 | 0,4579,| 0,4575 | 0,4572 | 0,4569 | 0,4566 | 0,4563 | 0,4559 | 0,4b56
places 0,14 0,4553 | 0,4550 | 04546 | 0,4543 | 0,4540 | 04537 | 0,4534 | 04530 | 0,4527 | 0,4b24
¢ 0,15 0,4521 | 0,4518(| 0,4514 | 0,4511 | 0,4508 | 0,4505 | 0,4501 | 0,4498 | 0,4495 | 0,449 2
0

0,16 | 04489 | 04485 04482 | 04479 | 04476 | 04472 | 0,4469 | 0,4466 | 0,4463 | 0,459
Q\/E/Z 0,17 | 0,4456 (04453 | 0,4450 | 0,4447 | 04443 | 04440 | 04437 | 0,4434 | 0,4430 | 0,4#27
0,18 | 0,4424 [)0,4421 | 0,4417 | 04414 | 04411 | 0,4408 | 0,4404 | 0,4401 | 0,4398 | 04895
0,19 | 0,4392 | 0,4388 | 0,4385 | 0,4382 | 0,4379 | 0,4375 | 0,4372 | 0,4369 | 0,4366 | 0,4B62
0,20 §0,4359 | 04356 | 04353 | 04349 | 04346 | 04343 | 0,4340 | 0,4336 | 04333 | 0,4830
0,21»>)04327 | 04323 | 04320 | 0,4317 | 04314 | 0,4310 | 04307 | 0,4304 | 0,4300 | 0,4297
0,22 04294 | 04291 | 04287 | 0,4284 | 0,4281 | 0,4278 | 0,427 4 | 0,4271 | 0,4268 | 0,4P65
U,25 U426 1 | U,4258 | U, 4255 | U425 1 | U424 3 | U424 5 | U424 2 | U,42338 | U,423 5 | U,4232
0,24 | 04229 | 04225 | 0,4222 | 0,4219 | 0,4215 | 0,4212 | 0,4209 | 0,4206 | 0,4202 | 0,4199
0,25 [ 04196 | 04192 | 04189 | 0,4186 | 0,4183 | 0,4179 | 0,4176 | 0,4173 | 0,4169 | 0,416 6
0,26 | 04163 | 04159 | 0,4156 | 0,4153 | 0,4150 | 0,4146 | 0,4143 | 0,4140 | 0,4136 | 0,413 3
0,27 104130 | 0,4126 | 04123 | 0,4120 | 0,4117 | 0,4113 | 0,4110 | 0,4107 | 0,4103 | 0,4100
0,28 104097 | 04093 | 04090 | 0,4087 | 0,4083 | 0,4080 | 0,4077 | 0,407 3 | 0,4070 | 0,4067

NOTE For negative values of @, enter the table with the absolute value of Q\/3_’/2 and subtract the result
from 1,0.
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Table F.1 — (continued)

Third decimal place of Q\/§/2
0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009

p p p p p p p p p p
0,29 | 04063 | 04060 | 0,4057 | 0,4053 | 0,4050 | 0,4047 | 0,4043 | 0,4040 | 0,4037 | 0,403 3

0,30 | 0,4030 | 0,4027 | 0,4023 | 0,4020 | 0,4017 | 0,4013 | 0,4010 | 0,4007 | 0,4003 | 0,4000
0,31 10,3997 0,3993|0,3990 | 0,3987 | 0,3983 | 0,3980 | 0,3977 | 0,3973 | 0,3970 | 0,3967
0,32 10,3963 | 0,3960 | 0,3956 | 0,3953 | 0,3950 | 0,3946 | 0,3943 | 0,3940 | 0,3936 | 0,393 3
0,33 10,3930 0,3926 | 0,3923 | 0,3919 | 0,3916 | 0,3913 | 0,3909 | 0,3906 | 03902 | 0,3899
0,34 10,3896 0,3892|0,3889 | 0,3886 | 0,3882 | 0,3879 | 0,3875 | 0,387 2 (~0,3869 | 0,386 5
0,35 10,3862 | 0,3858 | 0,3855 | 0,3852 | 0,3848 | 0,3845 | 0,3841 | 0,383-8|4 0,3835 | 0,383 1
0,36 10,3828 0,3824|0,3821 |0,3818 | 0,3814 | 0,3811 | 0,3807 | 03804 | 0,3800 | 0,3797
0,37 10,3794 0,3790 | 0,3787 | 0,3783 | 0,3780 | 0,377 6 | 0,377 3-\0;3770 | 0,376 6 | 0,376 3

0,38 [0,3759 | 0,3756 | 0,3752 | 0,3749 | 0,3745 | 0,3742 | 0,373 9’| 0,3735 | 0,3732 | 0,3728

0,39 |0,3725|0,3721| 0,3718 | 0,3714 | 0,3711 | 0,3707 | @;3704 | 0,3701 | 0,369 7 | 0,369 4

0,40 |[0,3690 | 0,3687 | 0,3683 | 0,368 | 0,367 6 | 0,367 3x| 0,3669 | 0,3666 | 0,366 2 | 0,3659

0,41 | 03655 | 0,3652 | 0,3648 | 0,3645 | 0,3641 | 0,3638| 0,3634 | 0,3631 | 0,3627 | 0,362 4

042 |0,3620| 03617 | 0,3613 | 0,3610 | 0,3606 }~0,3603 | 0,3599 | 0,3596 | 0,359 2 | 0,3589

0,43 | 03585 0,3582 | 0,3578 | 0,3575 | 0,357}, /10,3567 | 0,3564 | 0,356 | 0,35%7 | 0,3553

first 044 |0,3550 | 0,3546 | 0,3543 | 0,3539 | 0,353%6 | 0,3532 | 0,3528 | 0,3525 | 0,3521 | 0,351 8
Fwo 045 10,3514 | 0,3511|0,3507 | 0,3504 40,3500 | 0,3496 | 0,3493 | 0,3489 | 0,348 6 | 0,348 2
dgcimal 0,46 |0,3478 | 0,3475 | 0,3471 | 0,3468, | 0,3464 | 0,3461 | 0,3457 | 0,3453 | 0,345 0 | 0,344 6
pjaces 0,47 10,3443 0,3439| 0,3435 | 0,3432 | 0,3428 | 0,3424 | 0,3421 | 0,3417 | 0,341 4 | 0,341 0
of 0,48 |0,3406 | 0,3403 | 0,3399 (10,3395 | 0,3392 | 0,3388 | 0,3385 | 0,3381 | 0,3377 | 0,337 4

0 /5/2 049 10,3370 0,3366 | 0,3363 | 0,3359 | 0,3355 | 0,3352 | 0,3348 | 0,3344 | 0,3341 | 0,3337
0,50 10,3333 0,3330 |0,8826 | 0,3322 | 0,3319 | 0,3315 | 0,3311 | 0,3308 | 0,3304 | 0,3300
0,51 | 0,3296 | 0,3293+]| 0,3289 | 0,3285 | 0,3282 | 0,3278 | 0,327 4 | 0,3270 | 0,326 7 | 0,326 3
0,52 10,3259 | 0,3256 | 0,3252 | 0,3248 | 0,3244 | 0,3241 | 0,3237 | 0,3233 | 0,3229 | 0,3226
0,53 10,3222 |(0,3218 | 0,3214 | 0,3211 | 0,3207 | 0,3203 | 0,3199 | 0,3196 | 0,3192 | 0,3188
0,54 | 0,318(4 )°0,3180 | 0,3177 | 0,3173 | 0,3169 | 0,3165 | 0,3161 | 0,3158 | 0,3154 | 0,3150
0,55 | 0,314%6 | 0,3142 | 0,3139 | 0,3135 | 0,3131 | 0,3127 | 0,3123 | 0,3120 | 0,311 6 | 0,3112
0,56 40,3108 | 0,3104 | 0,3100 | 0,3096 | 0,3093 | 0,3089 | 0,3085 | 0,3081 | 0,3077 | 0,307 3
0,57<10,3069 | 0,3066 | 0,3062 | 0,3058 | 0,3054 | 0,3050 | 0,3046 | 0,3042 | 0,3038 | 0,303 4
0,58 |[0,3031|0,3027 | 0,3023 | 0,3019 | 0,3015 | 0,3011 | 0,3007 | 0,3003 | 0,2999 | 0,2995
0,59 [0,2991 |0,2987 | 0,2983 | 0,2979 | 0,2975 | 0,2972 | 0,2968 | 0,2964 | 0,29¢ 0 | 0,2956
0,60 |0,2952 | 0,2948 | 0,2944 | 0,2940 | 0,2936 | 0,2932 | 0,2928 | 0,2924 | 0,2920 | 0,2916

0761 072912102908 0;2904T0;2900T0;2896 10289202888 T0;2883T0;2879 | 0,2875
0,62 |0,2871 | 0,2867 | 0,2863 | 0,2859 | 0,2855 | 0,2851 | 0,2847 | 0,2843 | 0,2839 | 0,283 5
0,63 10,2831 0,2826|0,2822 | 0,2818 | 0,2814 | 0,2810 | 0,2806 | 0,2802 | 0,2798 | 0,279 3
0,64 |0,2789 | 0,2785 | 0,2781 | 0,2777 | 0,2773 | 0,2769 | 0,2764 | 0,276 0 | 0,2756 | 0,2752

NOTE For negative values of Q, enter the table with the absolute value of Q\/§/2 and subtract the result
from 1,0.
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Table F.1 — (continued)

Third decimal place of Q\/§/2
0,000 | 0,001 | 0,002 | 0,003 | 0,004 | 0,005 | 0,006 | 0,007 | 0,008 | 0,009

p p p p p p p p p p
0,65 10,2748]0,274310,2739]0,2735|0,2731]0,272710,2722]0,271 80,271 40,271 0

0,66 10,2706]0,270110,2697]0,2693]0,2689]0,2684(0,2680(0,267 60,267 20,266 7
0,67 10,2663]0,265910,2654]0,2650]0,2646/0,26410,2637/0,2633(0,2628(0,262 4
0,68 10,2620]0,2615(0,2611]0,2607(0,2602(0,2598(0,25940,2589(0,2585]0,2580
0,69 10,2576]0,257210,2567]0,256 30,2558/ 0,25540,2550(0,2545(0,254 10,2536
0,70 (0,2532(0,2527]0,2523(0,2518]0,2514]0,2509]0,2505]0,25000,249 60,2491
0,71 (0,2487(0,24820,247 8(0,2473]0,2469]0,246410,2460]0,2455]0,2451|0,244 6
0,72 10,2441]0,243710,2432]0,2428]0,2423]0,2418(0,2414(0,2409(0,2405 |0,240 0
0,73 10,2395]0,239110,2386(0,2381(0,2377]0,2372]0,2367/0,2362(0,235.8(0,235 3
0,74 (0,2348(0,2344]0,2339(0,2334]0,2329]0,2324]0,2320]0,2315]0,2310]0,2305
0,75 10,2301(0,2296(0,2291(0,2286|0,2281]0,227 60,227 2|0,226.7-{0,226 2| 0,225 7
0,76 (0,2252(0,2247]0,2242(0,2237]0,2232]0,2227]0,2222|0;2217]0,2213]0,2208
0,77 10,2203]0,219810,2193]0,2188]0,2183|0,217 70,2172 0,216 7| 0,216 2| 0,215 7
0,78 10,2152(0,21470,2142(0,2137(0,2132|0,2127|0,212/1]0,211 60,211 1| 0,210 6
0,79 10,21010,2096(0,2090(0,2085]0,20800,207 50,2069 0,206 40,2059 0,205 4
0,80 10,204 810,204 3(0,2038/0,2032(0,2027(0,20224 0,201 60,201 1(0,2006|0,2000
two 0,81 10,1995]0,198910,1984]0,19780,197 3 |0;196 70,196 20,1956 | 0,1951 0,194 5
decimal | 0,82 |0,19400,1934]0,1929]0,1923 0,191 7 0,191 20,190 6| 0,190 00,1895/ 0,188 9
plages | 0,83 |0,1883(0,1878(0,1872|0,1866 (0,186’0 |0,18550,1849|0,1843(0,1837|0,183 1
of 0,84 10,1826(0,1820]0,1814|0,1808¢09,1802]0,17960,1790]0,17840,1778] 0,177 2
Q\/é /2 0,85 10,176 610,176 00,1754 0,1748 | 0,174 2| 0,173 60,1729 (0,1723(0,1717 (0,171 1
0,86 10,1705]0,1698 0,169 2 40,168 6 (0,168 0| 0,167 3| 0,166 7| 0,166 0| 0,165 4| 0,164 8
0,87 10,164110,1635(0,1628|0,1622(0,1615(0,1609(0,1602|0,1595(0,1589( 0,158 2
0,88 10,1575]0,1569 | 0,$562|0,1555(0,1548(0,1542(0,1535(0,1528 (0,152 1| 0,151 4
0,89 |0,1507]0,1500]0;1493]0,1486 10,1479 0,147 20,146 5] 0,1457 | 0,1450) 0,144 3
0,90 |0,14360,142)810,1421]0,1414|0,1406/0,1399/0,1391/0,1384(0,1376 0,136 8
091 10,136 1.40,4353(0,1345|0,1338(0,1330(0,13220,1314|0,1306(0,12980,1290
092 10,128210,12740,126 60,1257 0,12490,12410,12320,1224 10,1215 0,120 7
093 (0,x198(0,1189|0,1181(0,1172]0,1163]0,1154]0,1145]0,1136]0,1127]0,1118
0,94. 10,1108 0,1099]0,1089]0,10800,1070/0,1061]0,1051/0,1041]0,1031]0,102 1
0,95 10,1011]0,1001]0,0990]0,0980/0,0969]0,0959]0,0948/0,0937(0,0926(0,0915
0,96 (0,0903(0,0892]0,0880(0,0869]0,0857]0,0845]0,0832]0,0820]0,0807]0,0795
0,97 10,078 210,076 8 10,075 51 0; 0741+ 10;072 710,071 310,069 910,068 410,066 5100653
0,98 |0,0638]0,0621]0,0605]0,0588|0,0570/0,0552]0,0533/0,0514(0,0494(0,047 3
0,99 10,0451]0,042710,0403]0,0377]0,0349|0,0318]0,0285/0,0247]0,0201]0,014 2
1,00 (0,0000(0,0000]0,0000(0,0000]0,0000]0,0000/]0,0000/0,0000]0,0000/0,0000

Firfst

NOTE For negative values of Q, enter the table with the absolute value of Q\/S_’/Z and subtract the result
from 1,0.
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Annex G
(normative)

Single sampling plans of Form p*

Table G.1 — Maximum allowable values, p*, of the estimated process fraction nonconforming
fUl bdlllplc DiLCB 3 dlld “l‘. .)‘lllt:t}lud

Inlspection Sample Acceptance quality limit (in percent nonconforming)
deverity size code 1.0 15 25 40 65 10
letter - - - - .
p* p* p* p* p* p*
) B - — — — 0,192 5 0,2550
Tightened
C - - - 0,086(0 — -
B - — - 0,292’5 0,2550 0,304 7
Normal
C - - 0,086 0 - — -
B—D — 0,1925 0,216 7 0,2550 0,304 7 0,4879
Redpced
E 0,086 0 — — — - —
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Annex H

(normative)

Values of cy for upper control limit on the sample standard
deviation

Tahle H.1 — Values of cy for upper control limit on the sample standard deviation

Sample | F4ctor, | Sample | Factor, | Sample | Factor, | Sample | Factor, | Sample | Factor, | Sample\]) Fadtor,

size, n cy size, n cy size, n cy size, n cy size, n cy size; n qu
3 2,96 8 27 1,361 6 51 1,260 0 82 1,2039 124 1,165 2 213 1,1256
4 2,p64 7 28 1,354 8 52 1,257 4 83 1,2026 | 125 1,164 5 214 1,1253
5 1p241 29 1,348 4 53 1,254 9 84 1,201 4 126 1,16348 233 1,1200
6 1,827 3 30 1,342 2 54 1,252 5 85 1,200 2 127 1,163 2 239 1,118 5
7 1,555 31 1,336 4 55 1,2501 88 1,196 7 131 1,160 6 244 1,117 3
8 1,p99 5 32 1,3309 57 1,2456 89 1,195 5 132 1,160 0 247 1,116 5
9 1,p543 33 1,3257 58 1,243 4 90 1,194 4 134 | 1,1588 | 260 1,113 6
10 1,p16 8 34 1,320 6 60 1,2392 92 1,1923 137 1,157 0 262 1,1131
11 1,p850 35 1,3159 61 1,237 2 93 1,1912 142 1,154 2 277 1,110 0
12 1,p57 7 36 1,3113 63 1,2333 94 1,190 2 143 1,1537 293 1,106 9
13 1,p338 37 1,306 9 64 1,2314 96 1,188 1 149 1,150 5 298 1,106 0
14 1,p128 38 1,302 7 65 1,229 6 99 1,185 2 150 1,150 0 312 1,103 6
15 1,494 0 39 1,298 6 66 1,227 8 101 1,183 3 155 1,147 5 320 1,102 3
16 1,477 1 40 1,294 7 68 1,224:3 102 1,182 4 159 1,145 6 323 1,101 8
17 1,619 41 1,2910 69 1,222 7 105 1,179 8 169 1,141 2 332 1,100 4
18 1,448 0 42 1,287 4 71 1,219 4 108 1,177 2 170 1,1408 | 348 | 1,0980
19 1,#353 43 1,283 9 72 1,217 9 110 1,1755 171 1,140 4 362 1,096 1
20 1,423 6 44 1,280 6 73 1,216 3 111 1,174 7 178 1,137 5 395 1,092 0
21 14128 45 1,2778 74 1,214 8 112 1,173 9 186 1,134 5 398 1,091 6
22 1,4027 46 127472 75 1,213 4 115 1,171 6 187 1,134 1 424 1,0887
23 1,B93 4 47 12712 76 1,2119 116 1,170 9 189 1,1334 | 438 | 1,0873
24 1,847 48 1,268 3 78 1,209 1 117 1,170 1 201 1,129 3 498 1,081 8
25 1,B76 5 49 1,265 4 79 1,207 8 120 1,168 0 202 1,129 0 541 1,085
26 1,688 50 1,262 7 81 1,205 2 122 1,166 6 207 1,127 4

NOTE  Tabfeentriesarey T tr—trwhere—ri—is they—fractiteof thechi-squaredtistribttion

with n-1 degrees of freedom and y = 0,950'1

70

= 0,994 884.
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(normative)

1:2013(E)

Supplementary acceptability constants for qualifying towards

reduced inspection

Table I.1 — Supplementary acceptability constants for qualifying towards reduced i
Acceptability constant for
Sample size AQL AQL that is one step tighter
code letter (%) s-method o-method
k p* (%) K

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 nja 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

L 0,065 2,857 n/a 2,847

M 0,040 2,995 n/a 2,972

N 0,025 3,143 n/a 3,131

P 0,015 3,254 n/a 3,246

Q 0,010 3,385 n/a 3,382

R 0,010 3,449 n/a 3,446

NOTE ,Forthis part of ISO 3951, n/a is “not applicable.”

NOTE These constants were calculated so that the probability of acceptance at the next lowd
samg as the probability of acceptance at the given AQL. For example, the normal inspection s-metH
planffor sample size code letter B and AQL of 4,0 % is found from Table B.1 to be n = 3 and k= 0,950
shown to havé a)probability of acceptance of 96,440 4 % at process quality level 4,0 %. The next s
2,5 %. The ssmethod form k acceptability constant that provides the same probability of acceptanc
with|the§ame sample size n = 3 may be shown to be k= 1,114. Thus, in order to be acceptable at a ond
AQL,|theysample mean needs to be at least 1,114 times the sample standard deviation within specifig

nspection

r AQL is the
od sampling
This may be
naller AQL is
£ 96,440 4 %
level tighter
ation, rather

1 o oma . 3 3 1 33 P 3l 1 P 3 3 13
than LIIC U, 70U LHIIES LIIC SAIIPIC StdlUdlt UEVIdUOITIICCUCU LU DC COIISTUCTEU ITICITLYy dLLCPLADIC,
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J.1 Procedure for obtaining s

J1.1  The
symbol s. It

where Xjis
decimal fra

Annex ]
(normative)

Procedures for obtaining s and o

estimate from a sample of the standard deviation of a population is generally denaoted b}
value may be obtained from Formula (].1).

he value of the quality characteristic of the jth item in a sample-of n articles, expressed
ction, and X is the mean value of the x;, i.e.

-1
x= Z Xj
J=1
J.1.2  Formula (J.1) for s is not recommended for the piirpose of computation, as it tends to intro
an unnecesgary amount of rounding error. An equivaleht but computationally better formula is
2 S 2
nY, X = (2 x)
s — j=1 j=1
n(n — 1)
J.1.3  If the variability is very small relative to the mean, i.e. s is very small in comparison wit
Formula (J.3) can be improvedrupon still further by subtracting a suitable arbitrary constant, a, fro
the values df before computing\s; i.e.
2
n 5 n
nZ(xj <J)a)” — Z(xj —-a)
i=1 j=1

n(n — 1)

7 the

(.1

as a

(J.2)

Juce

(J.3)

h x
m all

(J.4)

J.1.4 Many pocket calculators have a standard deviation function key. Unfortunately, sometimes the
sample size, n, is used by the machine in the denominator of Formula (].1) instead of n - 1. If it is planned
to use a calculator function or a computer program, it is important to check that the formula used by
the machine is equivalent to Formula (J.1). A simple check is to find the standard deviation of the three
numbers 0, 1, and 2. The sample size n is 3, the sample mean is 1, the deviations from the mean are -1,
0, and 1, the squares of the deviations are 1, 0, and 1, the sum of squares of the deviations is 2. So from

Formula (]J.1), we have

72
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=E=ﬁ=1

(J-5)

If the computer or calculator is erroneously using n instead of n — 1 in the denominator, then the result
of the calculation will be

s=\/Z:0,8165
3

Use of n in the denominator must be avoided, for otherwise the acceptance criterion is weakened and

the AOQL protectionto the consurmer 15 1ost:

NOTE It is instructive to work through the use of Formula (J.3) for this example. It is found\that

| 3k 0%+ 1% +2%) (0 + 1+ 2)2 \/3x(0+1+4)—32 Bx5-9
5 = = —
3x(3-1) 3x2 6

as bé¢fore.

J.2

J.2.1

weighted root mean square of s given by the following formula:

whele

J.2.21 If the sample sizes from each of the lots are equal, then Formula (J.6) simplifies to
2 si
2 Aji=1

m  is the number of lots;
; is the sample sizefrom the ith lot;

b, is the samplestandard deviation from the ith lot.

Procedure for obtaining o

If it appears from the control chart that the value of's is in control, ¢ may be presumled to be the

V' m
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