INTERNATIONAL
STANDARD

ISO

3951-5

First edition
2006-03-01

Sampling procedures for inspectio
variables —

Part 5:
Sequential sampling plans indexecd
acceptance quality limit (AQL) for
inspection by variables (known st3g
deviation)

Regles d'échantillonnage pour les contréles par mesures —

n by

| by
ndard

Partie 5:'Plans d'échantillonnage séquentiels indexés d'aprés la limite

d'acceptation de qualité (LAQ) pour l'inspection par variable
typéconnu)

s (écart-

Refe

rence number

ISO 3951-5:2006(E)

© ISO 2006


https://standardsiso.com/api/?name=c0e594c4be88767898413b1e5ed231d1

ISO 3951-5:2006(E)

PDF disclaimer

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

Adobe is a trademark of Adobe Systems Incorporated.

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

© 1S0O 2006

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

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. +412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=c0e594c4be88767898413b1e5ed231d1

ISO 3951-5:2006(E)

Contents Page
0 =TT oo iv
Lo T 11T o o v
1 £ ) o - PR 1
2 Normative references ... e 2
3 Terms and definitions.........ccociiiinii e e e 2
4 R0 1] oo =3 SRR/ SSPSTR PR 6
5 Acceptance quality limit (AQL).....c.ccooerrreermrrrrerrrrresmrerrssseeeeesssnresessne e e s (efandenssme e sesssmee e e desne e eessneenanas 7
6 Switching rules for normal, tightened and reduced inspection .....cu...5ccceeecccccccceen e, 7
7 = 1013 T T vt S R 9
8 Choice between variables and attributes...........cccccviiinini e L e, 9
9 Choice of inspection level and AQL ..........ccoccriiciccemnnceesfandomeeriscsnessssssessssssseesssssssessssssedessssnnesssnens 9
10 Preliminary operations..........cccc i e s s 10
1 T2 T 0 o] T T I o = 1T P HTR 10
12 Further information..........cccoi e S —————— 21
13 [ €= 1 o = 0 A 22
14 LI 1+ 1 SR, 24
Annex A (normative) Sampling plans for nermal, tightened and reduced inspection..............)oceeeeennn. 25
Annex B (normative) Critical values forymaximum standard deviation.........cccccceeiiccccieeven deccceceeenn, 29
Annex C (informative) Statistical €haracteristiCs..........ccovomiiiriiiccciicr e e 32
(=1 01 (oo T = o] 172 S 36
© 1SO 2006 — All rights reserved iii


https://standardsiso.com/api/?name=c0e594c4be88767898413b1e5ed231d1

ISO 3951-5:2006(E)

Forewor

d

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
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Introduction

In contemporary production processes, quality is often expected to reach such high levels that the number of
nonconforming items is reported in parts per million. Under such circumstances, popular acceptance sampling
plans by attributes, such as those presented in ISO 2859-1, require prohibitively large sample sizes. When it is
possible to apply acceptance sampling plans by variables, such as those presented in ISO 3951-1, the sample

sizes

aramuch cmallar Howwavar acnaciallvin tha caca of accantanca-of a-nroduct of axtramaelys
ot HHeH-SHanet—rT1ewWwe et Speciary—H—+He a6 6ePaRGe-0aPproaucto-extrerery

thos
that
that
simil
there
used

sizes.

The
aver,

given lot or process quality level. The use of sequential sampling plans leads to a smaller ave

num
plan

actugl number of items to be inspected, where n is the samplg;size of the corresponding single s

Oths

a)

e sample sizes are still too large. Therefore, there is a need to apply standardized statistica
require the smallest possible sample sizes. Sequential sampling plans are the only statistical
satisfy that need. It has been mathematically proved that among all possible sampling {
is a strong need to present sequential sampling plans which are statistically equivalent to th
acceptance sampling plans from I1SO 3951-1, but which require significartly-smaller ave
principal advantage of sequential sampling plans is the reduction“in”the average samp
hge sample number is the average of all the sample sizes that may* occur under a samplin
per than single sampling plans having the equivalent operating characteristic. For the sequen
5 in this part of ISO 3951, a curtailment rule has been introduced involving an upper limit of
r factors that should be taken into account are as fellows:

Complexity

The rules of a sequential sampling plan®are more easily misunderstood by inspectors tha
rules for a single sampling plan.

Variability in the amount of inspection

As the actual number of items inspected for a particular lot is not known in advance, the use
sampling plans brings about various organizational difficulties. For example, scheduling q
bperations may be difficult.

Fase of drawing-sample items

f drawing_sample items is at different times rather difficult, the reduction in the average sa
sequential. sampling plans may be cancelled out by the increased sampling cost.

PDuration of test

high quality,
procedures
procedures
lans having

br statistical properties, the sequential sampling plan has the smallest average sample siz¢. Therefore,

e commonly
rage sample

e size. The
g plan for a
rage sample
tial sampling
,5 ng on the
ampling plan.

n the simple

pf sequential
f inspection

mple size by

If the test of a single item is of long duration and a number of items can be tested simultaneously,
sequential sampling plans are much more time-consuming than the corresponding single sampling plans.

Variability of quality within the lot

If the lot consists of two or more sublots from different sources and if there is likely to be an
difference between the qualities of the sublots, drawing of a random sample under a sequen
plan is more awkward than under the corresponding single sampling plan.

y substantial
tial sampling

The balance between the advantage of a smaller average sample number of the sequential sampling plan and
the above disadvantages leads to the conclusion that sequential sampling plans are suitable only when
inspection of individual items is costly in comparison with inspection overheads.
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The choice between single and sequential sampling plans should be made before the inspection of a lot is
started. During inspection of a lot, it is not permitted to switch from one type of plan to another, because the
operating characteristics of the plan may be drastically changed if the actual inspection results influence the
choice of acceptability criteria.

Although a sequential sampling plan is on average much more economical than the corresponding single
sampling plan, it may occur, during inspection of a particular lot, that acceptance and non-acceptance comes
at a very late stage because the cumulative leeway (the statistic used for the determination of lot acceptability)
remains between the acceptance value and the rejection value for a long time. With the graphical method, this

corresponds

to the random progress of the step-wise linear curve remaining in the indecision zone.

In order to a
started, and
determinatio
curtailment &

For sequent
usage, lead
operating ch
account, so

feviatethisdisadvantage; thesampte size cortaitment vatue is—set beforethe-imspectiomrof =
inspection terminates if the cumulative sample size reaches the curtailment value, ng Wi
n of lot acceptability. The acceptance and non-acceptance of the lot is then determined usin
cceptance and rejection values.

al sampling plans in common use, curtailment usually represents a deviation frem their inte
ng to a distortion of their operating characteristics. In this part of 1S©,3951, however
aracteristics of the sequential sampling plans have been determined wijth, curtailment taker
curtailment is an integral component of the provided plans.

lot is
hout
j the

nded
the
into

Vi
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Sampling procedures for inspection by variables —

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

1 BScope

This|part of ISO 3951 specifies a system of sequential sampling plans (schemes)for lot-by-lot ihspection by

varigbles. The schemes are indexed in terms of a preferred series of acceptance quality limit (AQL) values,

rang|ng from 0,01 to 10, which are defined in terms of percent nonconforming'items.

The pchemes of ISO 3951 are intended to induce a supplier through the(economic and psycholog|cal pressure

of lof non-acceptance to maintain a process average at least as goodras the specified AQL value| while at the

same time providing an upper limit for the risk to the consumer of.-accepting the occasional poor Idt.

The pchemes are designed to be applied to a continuing series of lots, that is, a series long endqugh to allow

the gwitching rules (Clause 6) to be applied. These switching rules provide:

— putomatic protection to the consumer (by meanstof a switch to tightened inspection or discontinuation of
sampling inspection) should a deterioration in quality be detected;

— Bn incentive (at the discretion of the responsible authority) to reduce inspection costs (by| means of a
switch to reduced inspection) should.consistently good quality be achieved.

This|part of ISO 3951 is designed for use under the following conditions:

a) Wwhere the inspection procedure is to be applied to a continuing series of lots of discrete|products all
supplied by one producer-using one production process. If there are different producers gr production
brocesses, apply this-part of ISO 3951 to each one separately;

b) Wwhere only a single’ quality characteristic, x, of these products is taken into consideration, which must be
Mmeasurable an-a‘continuous scale;

c) where thewncertainty of the measurement system is negligible with respect to the production process
standard deviation;

d) here production is stable (under statistical control) and the quality characteristic, x, is distributed

according to a normal distribution (or a close approximation to the normal distribution) or a distribution
which may be mathematically transformed to a normal distribution;

e) where the standard deviation of the quality characteristic, x, is known;

CAUTION — The procedures in this part of ISO 3951 are not suitable for application to lots that have
been screened previously for nonconforming items.

f)

an item is qualified as conforming if and only if its measured quality characteristic, x,
appropriate one of the following inequalities:

© 1SO 2006 — All rights reserved
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1) x<
2) x>

3)

U (i.e. the single upper specification limit is not violated);

L (i.e. the single lower specification limit is not violated);

L < x < U (i.e. the upper and lower double specification limits are not violated).

In this part of ISO 3951, it is assumed that, where double specification limits apply, conformance to both
specification limits is either equally important to the integrity of the product or is considered separately for both
specification limits. In the first case, it is appropriate to apply a single AQL to the combined percentage of
product outside the two specification limits. This is referred to as a combined AQL requirement. In the second
case, separate AQLs apply to nonconformity beyond each of the limits, and this is referred to as a separate

AQL requirement.

In this part

nonconforming items in the process, based on a random sample of items from the lot. As¢uch, it i
applicable fpr judging the acceptability of isolated lots or short series of lots. Refer to\ISO 2859-

applicable s

2 Normative references

The followir
references,

document (ipcluding any amendments) applies.

ISO 2859-1:
acceptance

ISO 3534-1,
probability

ISO 3534-2,

ISO 3951-1:
plans indexg
single AQL

3 Terms and definitions

For the purg
and I1SO 395

3.1
inspection
inspection b

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

mpling plans in this case.

g referenced documents are indispensable for the application of this document. For g
only the edition cited applies. For undated references, the latest edition of the refere

1999, Sampling procedures for inspection by attributes ~— Part 1: Sampling schemes indexs
uality limit (AQL) for lot-by-lot inspection

Statistics — Vocabulary and symbols — Partt: General statistical terms and terms us§

Statistics — Vocabulary and symbols <+ Part 2: Applied statistics

D005, Sampling procedures for inspection by variables — Part 1: Specification for single sam
d by acceptance quality limit (AQL) for lot-by-lot inspection for a single quality characteristic §

oses of this decument, the terms and definitions given in 1ISO 3534-1, ISO 3534-2, 1ISO 28
1-1 and the follewing apply.

Dy variables
measuring the magnitude(s) of the characteristic(s) of an item

pe of
5 not
P for

ated
nced

d by

bd in

pling
nd a

b9-1,

[ISO 3534-2

3.2
sampling in

spection

inspection of selected items in the group under consideration

[ISO 3534-2]

3.3
acceptance

sampling

sampling after which decisions are made to accept or not to accept a lot, or other grouping of product, material
or service, based on sample results

[1SO 3534-2]
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acceptance sampling inspection by variables
acceptance sampling (3.3) inspection in which the acceptability of a process is determined statistically from
measurements on specified quality characteristics of each item in a sample from a lot

[ISO

3.5

3534-2]

process average

rate at which nonconforming items are generated by a process

3.6

accgptance quality limit

AQL

(acceptance sampling) worst tolerable quality level

[1ISO|3534-2]

NOTE 1 This concept only applies when a sampling scheme with rules for switching-and for discontinuati
ISO 2859-1, ISO 3951-1 or this part of ISO 3951 is used.

NOTE 2  Although individual lots with quality as bad as the acceptance quality limit may be accepted
probTri]:)iIity, the designation of an acceptance quality limit does not suggesthat this is a desirable quality Ig
schenes found in International Standards such as I1ISO 2859-1, 1SO 3951:7 or this part of ISO 3951, with
switching and for discontinuation of sampling inspection, are designed t6 encourage suppliers to have prog

cons

stently better than the AQL. Otherwise, there is a high risk that\the inspection severity will be switche

inspgction under which the criteria for lot acceptance become moré demanding. Once on tightened insp

actio
pend

3.7
qual
qual

3.8

) is taken to improve the process, it is very likely thatthe rule requiring discontinuation of sampl
ng such improvement will be invoked.

ity level
ty expressed as a rate of occurrence of nonconforming units

non¢onformity

non-
[ISO

3.9

fulfilment of a requirement

3534-2]

non¢onforming unit

unit
[ISO

3.10
“O”

with one or more nonconformities

3534-2]

bn, such as in

ith fairly high
vel. Sampling
their rules for
ess averages
d to tightened
Bction, unless
ng inspection

sigma method
acceptance sampling plan by variables using the presumed value of the process standard deviation

NOTE Adapted from ISO 3534-2.

3.11

specification limit

limiti

[ISO

ng value stated for a characteristic

3534-2]
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it are

3.12

lower specification limit

L

specification limit (3.11) that defines the lower limiting value

[ISO 3534-2]

3.13

upper specification limit

U

specification limit (3.11) that defines the upper limiting value

[ISO 3534-2

3.14

combined AQL requirement

requirement|/when both upper and lower limits are specified for the quality characteristic and,an AQL is given
which applies to the combined percent nonconforming beyond the two limits

NOTE The use of a combined AQL requirement implies that nonconformities beyond:either specification lim

believed to bg

3.15
separate A(
requirement

of equal, or at least roughly equal, importance to the lack of integrity of the prodtct.

DL requirement
when both upper and lower limits are specified for the quality characteristic and separate A
ich apply to each limit

ne use of separate AQL requirements implies that nonconformities beyond either specification limit are
of different importance to the lack of integrity of the praduct or it is desired to control them separately.

maximum process standard deviation

are given wh
NOTE T
believed to bg
3.16

MPSD

Omax

largest procé¢ss standard deviation for a given sample-size code letter and acceptance quality limit (3.¢

which it is pj
under all ins

NOTE 1 T
control, but d

NOTE2 A
3.17
switching r

instruction
another of g

pssible to satisfy the acceptance ‘criterion for the combined control of double specification
bection severities (i.e. normalytightened and reduced) when the process variability is known
es not depend on theinspection severity.

Hapted from 1ISQ3534-2.

ile

vithin \an acceptance sampling scheme for changing from one acceptance sampling pla
eater or lesser severity of sampling based on demonstrated quality history

\QLs

bither

5) for
imits

ne MPSD depends on whether the double specification limits are under combined, separate or cofplex

n to

NOTE
sampling”.

[ISO 3534-2]

3.18

measurement
set of operations having the object of determining a value of a quantity

[ISO 3534-2]

Normal, tightened or reduced inspection, or discontinuation of inspection, are examples of “severity of

© I1SO 2006 — All rights reserved
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3.19
leeway
quantity derived from a measured value of an item

NOTE In the case of a single lower specification limit and in the case of double specification limits, the leeway is
obtained by subtracting the numerical value of the lower specification limit from the measured value. In the case of an
upper specification limit, the leeway is obtained by subtracting the measured value from the numerical value of the upper
specification limit.

3.20

cumulative leeway
value_calculated by su
the ifem last inspected

1ding, that of

3.21
cumulative sample size
total|number of inspected items, counting from the start of the inspection up to, andhincluding, the item last
inspected

3.22

acciptance value for sequential sampling

valu¢ derived from the specified parameters of the sampling plan and thescumulative sample size

NOTE Whether the lot may yet be accepted is determined by comparing the cumulative leeway with the acceptance
valug.

3.23

reje¢tion value for sequential sampling
valu¢ derived from the specified parameters of the sampling plan and the cumulative sample size

NOTE Whether the lot may yet be considered unacceptable is determined by comparing the cumulatie leeway with
the re¢jection value.

3.24
responsible authority
congept used to maintain the neutrality of this part of ISO 3951 (primarily for specificationp purposes),
irrespective of whether it is being-invoked or applied by the first, second or third party
NOTE The responsible authority may be:

a) fhe quality departmentwithin a supplier's organization (first party);

b) [he purchaser or procurement organization (second party);

c) pnindependent verification or certification authority (third party).

© 1SO 2006 — All rights reserved 5


https://standardsiso.com/api/?name=c0e594c4be88767898413b1e5ed231d1

ISO 3951-5:2006(E)

4 Symbols

The symbols used are as follows:

A
Ay

fo

oum
L)

nt

Omax

NOTE

acceptance value for sequential sampling

acceptance value corresponding to the curtailed value of the cumulative sample size

factor given in Tables B.1 and B.2, that relates the maximum process standard deviation to the

difference between U and L

nlumpller of the cumulative sample size that Is used to determine the acceptance values an
rejection values (slope of the acceptance and rejection lines)

(@)

bnstant that is used to determine the acceptance values (intercept of the acceptanceling)

(@)

bnstant that is used to determine the rejection values (intercept of the rejection.line)

gqwer specification limit (as a suffix or a superscript to a variable, denotes ifs'value at L)

gt size (number of items in a lot)

n

bmple size (number of items in a sample)

O

imulative sample size

n

bmple size of the corresponding single sampling plan
cprtailment value of the cumulative sample size (#;= 1,5 n)
pfobability of acceptance

rejection value for sequential sampling

C

bper specification limit (as a suffix‘or a superscript to a variable, denotes its value at U)

measured value of the quality Characteristic for the measured item of the sample

deway, defined as
y=U-x ~for a single upper specification limit
y=x4£L" fora single lower specification limit

% <x—-L for double specification limits

 the

cumulative Teeway obtained by adding the leeways up 1o, and Including, the item last Inspected
process mean
standard deviation of a process that is under statistical control

maximum process standard deviation

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

© I1SO 2006 — All rights reserved
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5 Acceptance quality limit (AQL)

5.1 Principle

The AQL is the quality level that is the worst tolerable process average when a continuing series of lots is
submitted for acceptance sampling. Although individual lots with quality as bad as the acceptance quality limit
may be accepted with fairly high probability, the designation of an acceptance quality limit does not suggest
that this is a desirable quality level. The sampling schemes found in this part of ISO 3951, with their rules for
switching and for discontinuation of sampling inspection, are designed to encourage suppliers to have process
averages consistently better than the AQL. Otherwise, there is a high risk that the inspection severity will be
switched to tightened inspection, under which the criteria for lot acceptance become more demanding. Once
on tightened inspection, unless action is taken to improve the process, it is very likely that the_ rule requiring
discontinuation of sampling inspection will be invoked pending such improvement.

5.2 | Use

The |AQL, together with the sample-size code letter, is used to index the sampling plans in| this part of
ISO B951.

5.3 | Specifying AQLs

The JAQL to be used will be designated in the product specification; contract or by the responsible authority.
Where both upper and lower specification limits are given, this part of ISO 3951 addresses two cages:

— rombined AQL requirement (this is known as “combined‘control of double specification limits); and

— peparate AQL requirements (this is known as “separate control of double specification limits”)

5.4 | Preferred AQLs
The |sixteen AQLs given in this part of 1ISO;3951, ranging in value from 0,01 % to 10 % noncorjforming, are

desgribed as preferred AQLs. If, for any-product or service, an AQL is designated other than a pre¢ferred AQL,
thenl|this part of ISO 3951 is not applicable.

5.5 | Caution

From the above definition:of the AQL, it follows that the desired protection can only be assyred when a
continuing series of lots is-provided for inspection.

5.6 | Limitation

The |designation of an AQL shall not imply that the supplier has the right to supply knpwingly any
nondonfarming product.

6 Switching rules for normal, tightened and reduced inspection

6.1 General

Switching rules discourage the producer from operating at a quality level that is worse than the AQL. This part
of ISO 3951 prescribes a switch to tightened inspection when inspection results indicate that the AQL is being
exceeded. It further prescribes a discontinuation of sampling inspection altogether if tightened inspection fails
to stimulate the producer into rapidly improving his production process.

Tightened inspection and the discontinuation rule are integral, and therefore obligatory, procedures of this part
of ISO 3951, if the protection implied by the AQL is to be maintained.

© 1SO 2006 — All rights reserved 7
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This part of ISO 3951 also provides the possibility of switching to reduced inspection when inspection results
indicate that the quality level is stable and reliable at a level better than the AQL. This practice is, however,
optional (at the discretion of the responsible authority).

When it has been necessary to discontinue sampling inspection, inspection shall not be resumed until action

has been tak

en by the producer to improve the quality of the submitted product.

Details of the operation of the switching rules and the discontinuation rule are given in 6.2 and 6.3.

6.2 Stand

ard switching rules

6.2.1 Norn

Normal insp|

used during
allowed.

6.2.2 Tigh

Tightened in
any five or fg

6.2.3 Tight

Tightened in
tightened ins

6.2.4 Redu

Reduced ing

hal inspection

pction is used at the start of inspection (unless otherwise designated) and shall continue f{

the course of inspection until tightened inspection becomes necessary or reducedinspecti

tened inspection instituted

spection shall be instituted when two lots on original normal inspectieh are not accepted v

wer successive lots.

ened inspection relaxed

spection shall be relaxed when five successive lots on original inspection have been accepts

pection; then normal inspection shall be reinstated.

ced inspection instituted

pection may be instituted after ten successive lots have been accepted under normal inspe
provided that

ulative sample size for each lot does’' not exceed 0,5n;

on is in statistical control;

inspection is considered desirable by the responsible authority.

ced inspection-ceased and normal inspection reinstated

pection shall~¢ease and normal inspection be reinstated if any of the following occur on ori

ot.accepted;

o be
DN is

ithin

don

tion,

ginal

a) the cum
b) product
c) reduced
6.2.5 Redu
Reduced ins
inspection:
a) alotis
b)

c) reduced
6.3 Disco

production becomes irregular or delayed;

inspection is no longer considered desirable by the responsible authority.

ntinuation and resumption of inspection

If the cumulative number of lots not accepted in a sequence of consecutive lots on original tightened
inspection reaches 5, the acceptance procedures of this part of ISO 3951 shall be discontinued.

Inspection under the provisions of this part of ISO 3951 shall not be resumed until action has been taken by
the supplier to improve the quality of the submitted product or service. Tightened inspection shall then be used

asif6.2.2 ha

d been invoked.
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7 Planning

The choice of the most suitable variables plan, if one exists, requires experience, judgement and some
knowledge both of statistics and the product to be inspected. Clauses 8 and 9 are intended 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 would be suitable, and the choices to be made when

selecting an appropriate standard plan.

8 Choice between variables and attributes

The [first question to consider is whether it is desirable to inspect by variables rather than bycatjributes. The

folloying points should be taken into account.

a) |n terms of economics, it is necessary to compare the total cost of the relatively simple ingpection of a
arger number of items by means of an attributes scheme with the generally more elaborate procedure
required by a variables scheme, which is usually more time-consuming and cestly per item.

b) |n terms of the knowledge gained, the advantage lies with inspection. by variables, as thg information
pbbtained indicates more precisely how good the product is. Earlier warning will therefore bg given if the
uality is slipping.

c) An attributes scheme can be more readily understood and<accepted; for example, it may at first be
Hifficult to accept that, when inspecting by variables, a lot can be rejected on measurements taken of a
sample that does not contain any nonconforming items.

d) |nspection by variables is particularly appropriate in:conjunction with the use of control charts|for variables.

e) Mariables sampling has a substantial advantage’when the inspection process is expensive, fqr example in
he case of destructive testing.

f) A variables scheme becomes relatively‘more complicated to operate as the number of meagurements to
be taken on each item increases.

g) [The use of this part of ISO 3951 is only applicable when there is a reason to believe that the distribution
bf measurements of the quality characteristic is normal. In case of doubt, the responsible authority should
be consulted.

NOTE 1 ISO 5479 gives-detailed procedures for tests for departure from normality.

NOTE 2  Departure\from normality is also dealt with in Clause 2 of ISO 2854:1976, which provides| examples of

graphical methods_which can be used to verify that the distribution of the data is sufficiently normal to jus}ify the use of

sampling by variables.

9 [Choice of inspection level and AQL

The choice of inspection level and AQL is governed by a number of factors, but is mainly a balance between
the total cost of inspection and the consequences of nonconforming items passing into service. For a standard
sampling plan, the inspection level in conjunction with the size of the lots and AQL determines the expected
size of the sample to be taken, and governs the severity of the inspection. The OC curves of equivalent single
sampling plans given in ISO 3951-1 (see Annex M of 1ISO 3951-1:2005) should be used for the evaluation of
involved risks.

The normal practice is to use general inspection level ll, unless special circumstances indicate that another
level is more appropriate.
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10 Preliminary operations

Before starting inspection by variables:

a)

can be considered to be normal;

NOTE

b)

check that production is considered to be continuing and that the distribution of the quality characteristic

If lots have been screened for nonconforming items prior to acceptance sampling, then the distribution will

have been truncated and this part of ISO 3951 will not be applicable.

check that the inspection level to be used has been designated. If none has been given, inspection level Il

shall be[used;

check,
are of
specific

c)

d) check t

designated, and that the designated value (or each of the designated values)\belongs to the s

preferre

e) determi

11 Samp

11.1 Inspe

The inspecti
are given in
when less d
levels, S-1

necessary a

The inspecti

r a quality characteristic with double specification limits, that nonconformities beyond-each
qual importance. If this is the case, apply the procedure for the combined conttol” of dg
btion limits;

hat an AQL (or AQLs, in the case of separate control of double specification limits) has

d AQLs for use with this International Standard. If it is not, then the tables are not applicable;

ne the value of the standard deviation o (see ISO 3951-1:2005, Annex J).

ing plans

ction level

bn level designates the relative amount of inspection. Three general inspection levels, I, Il an
Table 3 for general use. Unless otherwise-specified, level Il shall be used. Level | may be
scrimination is needed or level Il when, greater discrimination is required. Four additional sp
fo S-4 are also given in Table 3 and"may be used where relatively small sample sizes
hd larger sampling risks can be tolerated.

pbn level required for any particular application shall be specified by the responsible authority.

allows the a

At each inspection level, the switehing rules shall operate to require normal, tightened and reduced inspe

The choice
level that ha
inspection.

In the desig
these inspeq
which the lo

thority to require greater discrimination for some purposes and less for others.

f inspection level-is\quite separate from these three severities of inspection. Thus, the inspe
5 been specified shall be kept unchanged when switching between normal, tightened and red

hation of.inspection levels S-1 to S-4, care shall be exercised to avoid AQLs inconsistent|
tion, levels. For instance, it will be seen that the code letters under S-3 go no further than
vest'AQL is 1,0 %, so it is of no use specifying S-3 if the AQL is 0,65 % or less.

limit
uble

been

et of

d I,
used
ecial

are

This

ttion.
ction
uced

with
H for

The amount of information about the quality of a lot gained from examining samples drawn from the lot
depends upon the absolute size of the samples, not upon the relative size of the sample to the lot size,

provided the
In spite of th

a) whenth

sample is small relative to the lot that is examined.
is, there are three reasons for varying the sample size with the lot size:

e loss due to a wrong decision is high, it is more important to make the correct decision;

b) with a large lot, a sample size can be afforded that would be uneconomic for a small lot;

c)

10

truly random sampling is relatively more difficult if the sample is too small a proportion of the lot.
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11.2 Sample size code letters

Sample sizes are designated by sample size code letters. Table 3 shall be used to find the applicable code

lette

NOT!

r for the particular lot size and the prescribed inspection level.

E

letter” is sometimes used.

11.3 Obtaining a sampling plan

shalllb

of n
may
auth

For

the g
singl
singl
the

code letter shall be used to obtain the sampling plan from Ta

e used to obtain the sampling plan from the table for normal, tightened and reduced inspgct

N -, cl cl cl O atro O - cl cl

no sampling plan is available for a given combination of AQL and sample size code letter,
s direct the user to a different code letter. The sampling plan to be used is given by-the new
letter, not by the original letter. If this procedure leads to different curtailment yalues for diffg
pnconforming items, the sample size code letter corresponding to the largest)curtailment v
be used for all classes of nonconforming items, when designated or. approved by the
Drity.

some combinations of AQL and sample size code letter, the entry in the table is a star (*) in
ecision cannot be made before the cumulative sample size reaches the sample size of the cq

e sampling plan, and the user is advised to use the simplersingle sampling plan of ISO 3951
nore complicated sequential sampling plan.

11.4 Operation of a sequential sampling plan

11.4

Befol
speo

11.4

As a
orde

sam

11.4

Follg

cum

Calc

1 Specification of the plan

re operation of a sequential sampling\plan, the inspector shall record on the sampling d
ified values of the parameters, &5, Aixand g, and the curtailment value, .

2 Drawing a sample item
rule, the individual sample’items shall be drawn at random from the lot and inspected one |

F in which they were. drawn. If, for convenience, successive items are drawn, the order in
ble item is inspected Shall be at random.

3 Leeway and-cumulative leeway

wing thé.inspection of each item, record the inspection result x against the current value,
Llative sample size.

For economy of space in the tables or to avoid unnecessary repetition in the text, the abbreviated term “code

bles A1, A2

e code letter
ion.

arrows in the
sample size
rent classes
alue derived
responsible

dicating that
prresponding

e sampling plan. In such a case, the sequential sampling plan’ does not have any advantage over the

1 in place of

bcument the

y one in the
which each

of the

neums

late the Ipnwny, v, for that item as

in the case of combined control of double specification limits or a single lower
limit;

y=x-1L

y=U-x inthe case of a single upper specification limit.

specification

Record the cumulative leeway, Y, as the sum of the leeways found so far in the sample from the lot.

11.4

.4 Choice between numerical and graphical methods

This part of ISO 3951 provides two methods of operating a sequential sampling plan: a numerical method and
a graphical method, either of which may be chosen.

© 1SO 2006 — All rights reserved

11


https://standardsiso.com/api/?name=c0e594c4be88767898413b1e5ed231d1

ISO 3951-5:2006(E)

The numerical method uses an acceptability table for operating, and has the advantage of being accurate,
thereby avoiding disputes relating to marginal decisions about acceptance or non-acceptance. An
acceptability table can also be used as an inspection record sheet, after inscribing the inspection results.

The graphical method uses an acceptability chart for operating, and has the advantage of displaying the
increase in the information on the lot quality as additional items are inspected, information being represented
by the piecewise linear curve within the indecision zone, until the line reaches, or crosses, one of the
boundaries of that zone. On the other hand, the method is less accurate, due to the inaccuracy inherent in
plotting points and in drawing lines.

In case of double specification limits, acceptability charts for sequential sampling plans from this part of

ISO 3951

Therefore, in

The numerig
the numeric
table be don

11.4.5 Numerical method for a single specification limit

+ ES L. £ Ll o L Hadl dalbilit L £, ] | (e}
Yy TIUL VT TAoy U UOoT VTLAUOT Ul UiThl TTncu TCaudullity (oTLT, TUT TAAITIYIC, T TyUlTo 4 di

such a case it is recommended to use both methods simultaneously.

al method is the standard method so far as acceptance or non-acceptance is concerned. |
bl method is applied, it is recommended that the calculation and preparation of an’acceptd
e using appropriate software.

d 3).

Vhen
bility

11.4.5.1 Agceptance and rejection values
When the ndmerical method is used, the following calculations shall be carried out and an acceptability fable
shall be prepared.
For each value, n,,, of the cumulative sample size, that is less than‘the curtailment value of the sample [size,
the acceptarce value, 4, is given by the following equation;

A=gonfym +hpo. (1)
For each value of ng,, the rejection value, R, is givenpy the following equation;

R = gonpym — hro- (2)
The acceptance value 4, corresponding ta.the curtailment sample size n; is determined as

Ay = goky. 3)
The values, |4 and R, given by Equations (1) and (2), shall be recorded with one decimal place more than the

inspection rg

11.45.2 D

Inscribe the
11.4.5.1, aft

sults.

ptermination-of acceptability

leeway and the cumulative leeway into the acceptability table prepared in accordance
er.the. inspection of each item.

with

Compare the cumulative leeway, Y, with the corresponding acceptance value, 4, and rejection value, R.

a) If the cumulative leeway, Y, is greater than or equal to the acceptance value, 4, for the cumulative sample
size, ny,,, the lot shall be considered acceptable and the inspection shall be terminated.

b) If the cumulative leeway, 7, is less than or equal to the rejection value, R, for the cumulative sample size,
neum» the lot shall be considered not acceptable and the inspection shall be terminated.

c) If neither a) nor b) is satisfied, another item shall be sampled and inspected.

When the cumulative sample size reaches the curtailment value, n;, the lot shall be considered acceptable if
Y > 4,, otherwise the lot shall be considered not acceptable.

12
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11.4.6 Graphical method for a single specification limit

11.4.6.1 Acceptance chart

When the graphical method is used, an acceptability chart shall be prepared in accordance with the following
procedures. Prepare a graph with the cumulative sample, n,,,, as the horizontal axis, and the cumulative
leeway, Y, as the vertical axis. Draw two straight lines with the same slope, go, corresponding to the
acceptance and rejection values, 4 and R, given by Equations (1) and (2). The lower line with the intercept
of -hg is designated the rejection line, and the upper line with the intercept of /, is designated the acceptance
line. Add a vertical line, the curtailment line, at n ., = n;.

The lines define three zones an the chart
— [The acceptance zone is the zone above (and including) the acceptance line together with'that part of the
curtailment line that is above and includes the point (n, 4;).
— [The rejection zone is the zone below (and including) the rejection line together with thaf part of the
curtailment line that is below the point (;, 4;).
— [The indecision zone is the strip between acceptance and rejection (lines that is to the left of the
Ccurtailment line.
An example of the prepared graph is given as Figure 1.
Y A
700
/ Ay
-
600
1 / /
500
) / /
300
/ /\ 5
200
/ 3
100 / / n,
ol ¥ v o o b b b b ey
0 2 4 6 8 10 12 14 16 18 N cum
-100 * >
Key
1 acceptance zone 4 acceptance line
2 indecision zone 5 rejection line

3 rejection zone

Figure 1 — Acceptability chart for the sequential sampling plan for a single specification limit
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11.4.6.2 Determination of acceptability
When the graphical method is used, the following procedures shall be followed.

Plot the point (n.,,, ¥) on the acceptability chart prepared in accordance with 11.4.6.1, after the inspection of
each item.

a) If the point lies in the acceptance zone, the lot shall be considered acceptable and the inspection shall be
terminated.

b) If the point lies in the rejection zone, the lot shall be considered not acceptable and the inspection shall be
terminated.

c) If the po|nt lies in the indecision zone, another item shall be sampled and inspected.

The successive points on the acceptability chart shall be connected by a step curve to show up-any trepd in
the inspectign results.

CAUTION — If the point is close to the acceptance or rejection lines, the numerical method shall be
used to make the decision.

11.4.7 Numerical method for combined control of double specification limits

11.4.7.1 Maximum values of process standard deviation
In the case ¢f the combined control of double specification limits, sequential sampling is only applicable |f the

process stapdard deviation o is sufficiently small in relation to the specification interval (U — L). The linpiting
value of the process standard deviation is given by the MPSD, gjay

Omax = (U 7L)fo-
where f_ degends only on the value of AQL, and can befound in Table B.1.

If, in the case of the combined control of (deuble specification limits, o exceeds MPSD, the lot |shall
immediately|be judged not acceptable without a sample being drawn.

11.4.7.2 Afgceptance and rejection-values

When the ndmerical method is ysed, the following calculations shall be carried out and an acceptability fable
shall be prepared.

For each value, n,,, of the cumulative sample size, that is less than the curtailment value of the sample [size,
a pair of acceptance vallles and a pair of rejection values, are determined.

The upper afceptance value, 4y, is found as

Ay =(U=T=80)Ticum — A0 (4)
The lower acceptance value, 4;, is found as

Ap = g0noym +hao (5)
The upper rejection value, R, is found as

Ry = (UfL aga)ncum +hgo (6)
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The lower rejection value, R;, is found as

R; = gongym —hro

7)

Whenever the value of 4;; is less than corresponding value of 4;, the cumulative sample size is too small to
allow acceptance of the lot.

The acceptance values 4; ;; and 4; ; corresponding to the curtailment sample size are determined as

At,U = (U -L 7g0')nt

(8)

and

The
resu

11.4

Insctibe the leeway and the cumulative leeway into the acceptability”table prepared in accq

11.4

Com

At,L =gon;

acceptance and rejection values shall be recorded with one decimal place{more than th
ts.

7.3 Determination of acceptability

7.2, after the inspection of each item.

pare the cumulative leeway Y with the corresponding upper.and lower acceptance values, 4

©)

e inspection

rdance with

and 4;, and

the dorresponding upper and lower rejection values R;; and Ry.

a) If, for the cumulative sample size, n.,,, the cumulative leeway, Y, is greater than or equal|to the lower
cceptance value, 4; and less than or equal to the upper acceptance value, A, the [lot shall be
onsidered acceptable and the inspection shall be terminated.

b) If, for the cumulative sample size, n,;the cumulative leeway, Y, is either less than or equall to the lower

c)

Whej
Ay

11.4

11.4

Whej

If neither a) nor b) is satisfied;s.another item shall be sampled and inspected.

ejection value, R;, or greater or equalto the upper rejection value, Ry, the lot shall be co
cceptable and the inspection shallbe terminated.

h the cumulative sample Size reaches the curtailment value, #,, the lot shall be considered
Y < A4y 1, otherwise'the lot shall be considered not acceptable.

8 Graphical.method for combined control of double specification limits

8.1 Acceptance chart

h the graphical method is used, an acceptability chart shall be prepared in accordance with
pdUres. Prepare a graph with the cumulative sample, rn.,,.,, as the horizontal axis, and thg

hsidered not

acceptable if

the following
b cumulative

proc

leeway, Y, as the vertical axis. Draw two straight lines with the same slope, U-L-go, corresponding to the
upper acceptance and rejection values, 4;; and R, given by Equations (4) and (6), and two straight lines with
the same slope, go, corresponding to the lower acceptance and rejection values, 4; and R;, given by
Equations (5) and (7). Add a vertical line, the curtailment line, at n,, = n.

The uppermost line with the slope U-L-go and intercept igo is called the upper rejection line. The upper
acceptance line has the slope U-L-go and intercept —h1p 0. The lowermost line with the slope go and intercept
—hrois called the lower rejection line. The lower acceptance line has the slope goand the intercept /5 0.
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The lines define the following zones on the chart.

— The acceptance zone is the triangular sector on the chart which is bounded above by the upper
acceptance line, below by the lower acceptance line and to the right by the curtailment line. The
acceptance zone includes the two acceptance lines; moreover that part of the curtailment line which is
between (and including) the points (n;, 4; ;) and (n;, 4; ;) belongs to the acceptance zone.

— The upper rejection zone is the zone above (and including) the upper rejection line together with that part
of the curtailment line that is above the point (ny, 4; ;).

— The lower rejection zone is the zone below (and including) the lower rejection line together with that part

of the cprtatimenttinethatisbetow-the pU;I rt (nt, At L)'

— The indecision zone is the V-shaped strip between the acceptance and rejection zones that is to'the left
of the cuirtailment line.

An example [of the prepared graph is given as Figure 2.

2500

2000 LA

1500

1000

500

1 3 5 7 9 11 13 15 17 19 219 23 256 27 29 nedm

Key

upper rejection zone
acceptance zone
lower rejection zone
indecision zone

A WON -~

Figure 2 — Acceptance chart for the sequential sampling plan for combined control of
double specification limits
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11.4.8.2 Determination of acceptability

When the graphical method is used, the following procedures shall be followed.

Plot the point (
each item.

neum» Y) ON the acceptability chart, prepared in accordance with 11.4.8.1, after the inspection of

a) If the point lies in the acceptance zone, the lot shall be considered acceptable and the inspection shall be
terminated.

b) If the point lies in either of the rejection zones, the lot shall be considered not acceptable and the
inspection shall be terminated.

c) |f the point lies in either of the indecision zones, another item shall be sampled and inspectéd

The uccessive points on the acceptability chart shall be connected by a step curve to,show up|any trend in
the inspection results.

CAUTION — If the point is close to the acceptance or rejection lines, the numerical method shall be
used to make the decision.

11.4|/9 Numerical method for separate control of double specification limits

11.4/9.1 Maximum values of process standard deviation

In the case of the separate control of double specification limits, sequential sampling is only apglicable if the
process standard deviation o is sufficiently small in relationo the length of the specification [nterval. The
limitihg value of the process standard deviation is given by'the MPSD, o,,,:

Omax = (U 7L)fo-

whete 1, depends only on the values of the AQL specified for the upper and lower limit, and car| be found in
Table B.2.

If, in[the case of the separate control of.double specification limits, o exceeds MPSD, the lot shalllimmediately
be jydged not acceptable without assample being drawn.

11.4/9.2 Acceptance and rejection values

When the numerical methad'is used, the following calculations shall be carried out and an acceptability table
shalllbe prepared.

For g¢ach value, ug,,,, of the cumulative sample size, that is less than the curtailment value of the sample size,
a palr of acceptance values and a pair of rejection values are determined.

The pcceptance value, 4, for the upper specification limit is found as

4 (rr 1

/1U —\U _L_gUU)llcum_l,lA‘UU (10)

The acceptance value, 4;, for the lower specification limit is found as

4, =g 0ngum+ha 0 (11)
The rejection value, R, for the upper specification limit is found as

Ry =(U-L-gyo)ngym +hryo (12)
The rejection value, R;, for the lower specification limit is found as

Ry =gongm—hg, o (13)
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The acceptance values 4; ; and 4; ; corresponding to the curtailment sample size are determined as
4y = (U -L —gUO') ny

and
Ary = gron

The acceptance and rejection values shall be recorded with one decimal place more than the inspe
results.

(14)

(15)

ction

11.4.9.3 Dletermination of acceptability

Inscribe the
11.4.9.2, aft

leeway and the cumulative leeway into the acceptability table prepared in accerdance
pr the inspection of each item.

The acceptq
specification
has been co

bility criteria in 11.4.9.3.1 and 11.4.9.3.2 shall be applied to determine the aecceptability for
limit separately. The lot shall be considered acceptable and inspection,shall terminate if th
hsidered acceptable with respect to both limits according to 11.4.9.3.1 a)-and 11.4.9.3.2 a).

11.4.9.3.1 Petermination of acceptability for the upper specification limit

Compare th¢ cumulative leeway, Y, with the corresponding acceptance value, 4, and rejection value, R;
If the cu

size, ng
inspectid

a) mulative leeway, 7, is less than or equal to the acceptance value, 4, for the cumulative sa

n with respect to that limit shall be terminated.

b) If the cu
size, ng,

terminat|

mulative leeway, 7, is greater than or equal.to-the rejection value, R, for the cumulative sa
ed.

If neithe
specifica

c) I a) nor b) is satisfied, another item shall be sampled and inspected with respect to the U

tion limit.

When the cu
if Y < 4 arn

mulative sample size reaches the curtailment value, #;, the lot shall be considered not accep
d inspection shall terminate.

When the cyimulative samplecsize reaches the curtailment value n; and Y < 4; ¢, the lot shall be consig
acceptable with respect to the~upper limit. If the lot has already been considered acceptable with respg
the lower limit, or if ¥ > 4y the lot shall be considered acceptable and inspection shall terminate, othe
the Iot shall be considered not acceptable, and inspection shall terminate.

11.4.9.3.2 Petermination of acceptability for the lower specification limit

with

each
e lot

mple

m» the lot shall be considered acceptable with respgct to the upper specification limit ang the

mple

v the lot shall be considered not acceptable and the inspection with respect to both limits shall be

pper

table

ered
ct to
wise

Compare th

cumutative tfeeway, 1, wittT the corresponding acceptarnce vatue, A7, and rejection vatue, k.

a)

b)

c)

18

If the cumulative leeway, Y, is greater than or equal to the acceptance value, 4;, for the cumulative
sample size, ng,,,, the lot shall be considered acceptable with respect to the lower specification limit and
the inspection with respect to that limit shall be terminated.

If the cumulative leeway, 7, is less than or equal to the rejection value, R;, for the cumulative sample size,
neym» the lot shall be considered not acceptable and the inspection with respect to both limits shall be
terminated.

If neither a) nor b) is satisfied, another item shall be sampled and inspected with respect to the lower
specification limit.
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When the cumulative sample size reaches the curtailment value, n;, the lot shall be considered not acceptable
if Y > 4; ; and inspection shall terminate.

When the cumulative sample size reaches the curtailment value n; and Y > 4; ;, the lot shall be considered
acceptable with respect to the lower limit. If the lot has already been considered acceptable with respect to the
upper limit, or if ¥ < 4 1> the lot shall be considered acceptable and inspection shall terminate, otherwise the
lot shall be considered not acceptable, and inspection shall terminate.

11.4

11.4.

.10 Graphical method for separate control of double specification limits

10.1 Acceptance chart

Wh

the graphical method is used, an acceptability chart shall be prepared in accordance-with

the following

procgdures. Prepare a graph with the cumulative sample n,,, as the horizontal axis, @nd th¢ cumulative

lee

y, ¥, as the vertical axis. Draw two straight lines with the same slope, U-L-g; ;0% gorrespg

uppgr acceptance and rejection values, 4;; and Ry, given by Equations (10) and (12),"and two
with [the same slope, g; o, corresponding to the lower acceptance and rejection values, 4; and
Equations (11) and (13). Add a vertical line, the curtailment line, at ng,, = ny.

The
acce
inter

ha L

The

uppermost line with the slope U-L-g;;,o and intercept s ;o is called the’ upper rejection ling.
ptance line has the slope U-L-g;o and intercept —ip ;0. The lowermost line with the slg
Lept —hg ;o is called the lower rejection line. The lower acceptanceline has the slope 870§
D,

ines define the following zones on the chart.
The acceptance zone for the upper specification limit-is the zone below (and including) the

ine for the upper specification limit together with ‘that part of the curtailment line that i
ncludes the point (ny, 4 ().

The rejection zone for the upper specification limit is the zone above (and including) the reje
he upper specification limit together with that part of the curtailment line that is above the poi

The indecision zone for the upper specification limit is the strip between acceptance and rejeq
he upper specification limit that is to the left of the curtailment line.

The acceptance zone farthe lower specification limit is the zone above (and including) the
ine for the lower specification limit together with that part of the curtailment line that is above
he point (n, 4; ;)¢

The rejection'zone for the lower specification limit is the zone below (and including) the reje
he lower¢specification limit together with that part of the curtailment line that is below the poin

Thetindecision zone for the lower specification limit is the strip between acceptance and rejed

nding to the
straight lines
R;, given by

. The upper
pe g;o and
nd intercept

acceptance
5 below and

ction line for

tion lines for

acceptance
and includes

iction line for
t (nt, At,L)

tion lines for

he lower specification limit that is to the left of the curtailment line.

An example of the prepared graph is given as Figure 3.
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Figure 3 — Acceptance chart for the sequential sampling plan for separate control of
double specification limits

CAUTION — If the point’isclose to the acceptance or rejection lines, the numerical method shall be
used to make the decision.

11.4.10.2 Dptermination of acceptability

11.4.10.2.1 Generat
When the graphical method is used, the following procedures shall be followed.

Plot the point (n,,, ¥) on the acceptability chart prepared in accordance with 11.4.10.1, after the inspection of
each item.

The acceptability criteria in 11.4.10.2.2 and 11.4.10.2.3 shall be applied to determine the acceptability for each
specification limit separately. The lot shall be considered acceptable and inspection shall terminate if the lot
has been considered acceptable with respect to both limits according to 11.4.10.2.2 a) and 11.4.10.2.3 a).

The successive points on the acceptability chart shall be connected by a step curve to show up any trend in
the inspection results.
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11.4.10.2.2 Determination of acceptability for the upper specification limit

a) If the point lies in the acceptance zone for the upper specification limit, the lot shall be considered
acceptable with respect to the upper specification limit and inspection with respect to that limit shall
terminate.

b) If the point lies in the rejection zone for the upper specification limit, the lot shall be considered not
acceptable with respect to the upper specification limit and inspection with respect to both limits shall
terminate.

c) |If the point lies in the indecision zone for the upper specification limit, another item shall be sampled and

o el A b dlo H'+ ' L HY
INOPTLICTU WIUTTTOPTULTU UTC UPPTT SPTULITILAtiulT TifTit.

11.4{10.2.3 Determination of acceptability for the lower specification limit

a) |f the point lies in the acceptance zone for the lower specification limit, the Not“shall bg considered
hcceptable with respect to the lower specification limit and inspection with.réspect to that limit shall
erminate.

b) |f the point lies in the rejection zone for the lower specification limit;the lot shall be copsidered not
hcceptable with respect to the lower specification limit and inspection with respect to both limits shall
erminate.

c) |f the point lies in the indecision zone for the lower specification limit, another item shall be $ampled and
nspected with respect to the lower specification limit.

12 Further information

12.1| Operating characteristic (OC) curves

The |operating characteristic curves for ngrmal and tightened inspection indicate the percentagg of lots that
may|be expected to be accepted undef the various sampling plans for a given process quality. Tlhe sampling
plan$ in this part of ISO 3951 have ‘been determined such that their operating characteristics [(OC) curves
matgh as closely as practicablesthe OC curves of the corresponding sampling plans in 1SO[3951-1 and
ISO P859-1. The OC curves forithese sampling plans may be calculated from a formula given irf Annex M of
ISO B951-1:2005, and producer’s risks when the process average is equal to AQL afe given in
Tables L.2,L.4 , and L.6 ofNSO 3951-1:2005.

12.2 Use of individual plans

This|part of 1ISO\3951 is intended to be used as a system employing tightened, normal and reducgd inspection
on a|successivé series of lots to achieve consumer protection while assuring the producer that acgeptance will
occur mest/of the time if quality is better than the AQL.

Occasiormatty;specificindividuat-ptans—are—setectedfromthis part of1S6-395+=andused-—withoutthe switching
rules. For example, a purchaser may be using the plans for verification purposes only. This is not the intended
application of the system given in this part of ISO 3951 and its use in this way shall not be referred to as
“inspection in compliance with 1SO 3951-5:2006”. When used in this way, this part of 1ISO 3951 simply
represents a repository for a collection of individual sequential sampling plans indexed by AQL. The operating
characteristic curves and other measures of a plan so chosen shall be assessed individually for a plan from
the tables provided in ISO 3951-1.
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13 Examples

EXAMPLE 1

The specified minimum yield point for certain steel castings is 400 N/mmZ.
A lot of 500 items is submitted for inspection.

Inspection level Il, normal inspection, with AQL = 1,5 %, is to be used.

The value of ois considered to be 21 N/mm?2.

From Table 3| it is seen that the sample size code letter is H. Then, from Table A.1, it is seen that for an AQL of 1(5,%s the
parameters of the sequential procedure are the following: 5 = 2,135, hg = 3,063, g = 1,665, and n; = 18.

Suppose the |yield points of the consecutive sample specimens are 431; 417; 469; 407; 450; 452; 427y411; 429 420;
400; ... Compliance with the acceptability criterion is to be determined.

Information peeded Value obtained
g slope of the acceptance and rejection lines 1,665
hp intercept of the acceptance line 2,135
hR intercept of the rejection line 3,063
ng curtailment value 18
c known standard deviation 21 N/mm?2
L lower specification limit 400 N/mm?2

Table 1 — Example of the operation of the sequential sampling plan
in the case of a single specification limit

Cumulatjve Inspection result L o Cumulative Acceptange
sample sjze X eeway Rejection value leeway value
Noum N/mm?2 y R Y A
1 431 31 -29,358 31 79,8
2 417, 17 5,607 48 114,765
3 469 69 40,572 117 149,73
4 407 7 75,537 124 184,695
5 450 50 110,502 174 219,66
6 452 52 145,467 226 254,625
7 427 27 180,432 253 289,59
8 411 11 215,397 264 324,555
9 429 29 250,362 293 359,52
10 420 20 285,327 313 394,485
11 400 0 320,292 313 429,45
The lot is rejected

The estimated mean of the lot does not meet the acceptability criterion so the lot is not acceptable.

22 © ISO 2006 — All rights reserved


https://standardsiso.com/api/?name=c0e594c4be88767898413b1e5ed231d1

ISO 3951-5:2006(E)

EXAMPLE 2
The specification for electrical resistance of a certain electrical component is 520 + 50 Q.
Production is at a rate of 2 500 items per inspection lot.

Inspection level Il, normal inspection, with a single AQL of 4 %, is to be used for the two specification limits (470 and 570).
The value of o is known to be 21,0.

Entering Table 3 with the lot size and inspection level, it is found that the sample size code letter is K. Then, from
Table A.1, it is seen that for an AQL of 4 % the parameters of the sequential procedure are the following: hp = 2,764,
hr = 3,895, g =1,383, and n; = 27.

Suppose the values of the sample resistance in Q are as follows: 515; 491; 479; 507; 543; 521; ...

Information needed Value obtained

fo factor from Table B.1 0,223
g slope of the acceptance and rejection lines 1,383
hp  intercept of the acceptance line 2,764
hr  intercept of the rejection line 3,895
ny curtailment value 27

c known standard deviation 210

L lower specification limit 470 Q
U upper specification limit 570 Q

Maximum process standard deviation, MPSD: (TF=L) f, 22,30

As ofis less than the MPSD, the sample is analysed further for lot acceptability.

Table 2 —(Example of the operation of the sequential sampling plan
in the Case of the combined control of double specification limits

Cuinulative | Inspection Rejection | Acceptance | Cumulative | Acceptance | | Rejection
san'rple size resultx Leeway value value leeway value value
oum (i) y Ry 4 Y Ay Ry
1 515 45 -52,752 87,087 45 12,913 152,752
2 491 21 -23,709 116,13 66 83,870 223,709
3 479 9 5,334 145,173 75 154,827 294,666
4 507 37 34,377 174,216 112 225,784 365,623
5 543 73 63,42 203,259 185 296,741 436,580
6 521 51 92,463 232,302 236 367,698 507,537
The lot is accepted

The sample mean of the lot meets the acceptability criterion so the lot is acceptable.
NOTE 1 For a single sampling plan from ISO 3951-1, the required sample size is n = 18.

NOTE 2 If, for example, ochad been known to be 25, then o exceeds the MPSD and therefore sampling inspection
should not even have taken place.
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14 Tables

Table 3 should be used for the determination of the sample size code letter.
Sequential sampling plans for normal inspection are given in Table A.1.
Sequential sampling plans for tightened inspection are given in Table A.2.
Sequential sampling plans for reduced inspection are given in Table A.3.

Values of f_ for maximum process standard deviation (MPSD) for combined control of double specification

limits: o method are given in Table B.T.
Values of f] for maximum process standard deviation (MPSD) for separate control of double gspecification
limits: o method are given in Table B.2.
Table 3 — Sample size code letters

Lot kize Special levels General inspection levels

S-1 S-2 S-3 S-4 | | 1l

2198 B B B B B B B

91tg 15 B B B B B B C

16 tp 25 B B B B B C D

26 tp 50 B B B C C D D

511p 90 B B C C C E F

91 tq 150 B B e D D F G

151 tp 280 B C D E E G H

281 tp 500 B C D E F H J

501 to|1 200 C G E F G J K

1201 t¢ 3 200 C D E G H K L

3201 td 10 000 C D F G J L M

10 001 tp 35 000 C D F H K M N

35 001 tgq 150 000 D E G J L N P

150 001 tp 500 000 D E G J M P Q

500 001 pnd over D E H K K Q R
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Annex A
(normative)

Sampling plans for normal, tightened and reduced inspection

This Annex contains the tables of sequential sampling plans for normal inspection.

Table A1 contains the parameters of the sequential sampling plans corresponding to single sampling plans

“ _n

for nprmal inspection from ISO 3951-1 “o” method.

Tablge A.2 contains the parameters of the sequential sampling plans corresponding to sihgle sampling plans
for tightened inspection from 1SO 3951-1 “6” method.

Tablge A.3 contains the parameters of the sequential sampling plans corresponding-to single sampling plans

1]

for r¢duced inspection from ISO 3951-1 “6” method.
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Annex B
(normative)

Critical values for maximum standard deviation

This Annex contains tables of factors, f,, that are used for the calculation of critical values for maximum
standard deviation.

Tablt B.1 contains the values of f, that are used for the calculation of the maximum proegss standard
deviation (MPSD) for combined control of double specification limits.

Tablg B.2 contains the values of 7 that are used for the calculation of the maximuam procgss standard
devigtion (MPSD) for separate control of double specification limits.
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