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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 rlght to be represented on that commlttee Internatlonal organizations, governmental and

non-
Inter
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Inter

Atter
right

ISO
Subq

This
cong

The

1at|onal Electrotechnlcal Comm|SS|on (IEC) on aII matters of eIectrotechmcaI standardization,

hational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, H

ted by the technical committees are circulated to the member bodies for/woting. Publig
hational Standard requires approval by at least 75 % of the member bodies, casting a vote.

tion is drawn to the possibility that some of the elements of this document may be the subj
5. ISO shall not be held responsible for identifying any or all such patent rights.
ISO/TE)69, Applications of statistic

BO951-2 was prepared by Technical Committee

ommittee SC 5, Acceptance sampling.

first edition of 1ISO 3951-2, together with 1SO 3951,ccancels and replaces 1SO 3951:1989
titutes a technical revision.

most significant differences between ISO 395%-2:2006 and ISO 3951:1989 are as follows:

o reflect more accurately its function.

SO 3951-2:2006 not only covers the univariate procedures of ISO 3951:1989 but also inclug
bnd complex control of déuble specification limits and multivariate procedures for
Characteristics.

The plans have been.modified so that their operating characteristic curves match those of
SO 2859-1 more-closely. The sample sizes for both the “o” method
blong rows of theymaster tables.

s” method and the

blaces foran extended range of AQLs corresponding to ISO 2859-1:1999. A new master tab
hcceptability constants is provided as Annex G, tabulated to four significant figures.

inspection as weII as to normal and tlghtened |nspect|on

ely with the

art 2.

main task of technical committees is to prepare International Standards. Draft International Standards

ation as an

ect of patent

Bl  methods,

| of which it

The acronym AQL now stands for Acceptance Quality Limit rather than Acceptable Quality Level, in order

les separate
independent

the plans in
are constant

The acceptability constants of Annexes B and C have been recalculated and tabulated to three decimal

*

e of Form p

¥ to reduced

The annex containing statistical theory has been removed. It is planned ultimately to reintroduce this

within a guidance document to sampling procedures for inspection by variables.

Text and tables that are merely informative have been consigned to annexes wherever practicable.

The annex dealing with the “R” method has been eliminated, now that the availability of calculators with a

standard deviation function key is so widespread. Data for acceptance sampling by varia
substantially more expensive to acquire than data for sampling by attributes, and the “s”
more efficient use of this data.

© I1SO 2006 — All rights reserved
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ISO 3951 currently consists of the following parts, under the general titte 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 a single quality characteristic and a single AQL

— Part 2: General specification for single sampling plans indexed by acceptance quality limit (AQL) for
lot-by-lot inspection of independent quality characteristics

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

The following part is under preparation:

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

Vi © ISO 2006 — All rights reserved
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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 of a technical natu

re, aimed at

users who are already familiar with sampling by variables or who have complicated requirements. (An

introductory treatment is given in ISO 3951-1.)

The
qual
prac

ty have a high probability of acceptance and that the probability of not accepting inferior-lots
icable. This is achieved by means of the switching rules, which provide

hutomatic protection to the consumer (by means of a switch to tightened inspection or disco
sampling inspection) should a deterioration in quality be detected;

a)

b) Bn incentive (at the discretion of the responsible authority) to reduce-inspection costs (by

switch to a smaller sample size) should consistently good quality be achiéved.

In th
perc

s part of ISO 3951, the acceptability of a lot is implicitly or expliCitly determined from an es
entage of nonconforming items in the process, based on a random sample of items from the |

This
by o
part

part of ISO 3951 is intended for application to a continding series of lots of discrete productg
ne producer using one production process. If there arg, different producers or production prg
bf ISO 3951 is applied to each one separately.

This
ISO
othe
desi

part of ISO 3951 is complementary to 1SO 2859-1. When specified by the responsible au
B951-2 and ISO 2859-1 may be referenced.in"a product specification, contract, inspection ins

documents, and the provisions set_forth therein shall govern. The “responsible author
nated in one of the above documents

It is @ssumed in this part of ISO 3951-that measurement uncertainty is negligible (see ISO 10576
further information on allowing for.measurement uncertainty in sampling by variables, see Refe
the Bibliography.

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

objectives of the methods laid down in this part of ISO 3951 are to ensure that lots of arL acceptable

s as high as

ntinuation of

means of a

imate of the
Dt.

all supplied

cesses, this

thority, both
structions, or
ty” shall be

1:2003). For
rence [16] in

s that have

Inspgction by variablés for percent nonconforming items, as described in the present documegnt, includes

several possible\modes, the combination of which leads to a presentation that may appear quitg
the User:

nknown standard deviation, or originally unknown then estimated with fair precision, or kno

e complex to

lvn since the

tart of inspection:

univariate or multivariate cases;

normal inspection, tightened inspection or reduced inspection.

© I1SO 2006 — All rights reserved
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Fourteen annexes are provided.

— Annexes A to | provide the tables needed to support the procedures.

— Annex J indicates how the sample standard deviation, s, and the presumed known value of the process
standard deviation, o, should be determined.

— Annex K provides formulae for the estimation of the process fraction nonconforming, together with a
highly accurate approximation for use when the process standard deviation is unknown.

— Annex L provides the statistical theory underlying the calculation of the consumer’s risk qualities, together

with tables showing these quality levels for normal, tightened and reduced inspection under the s

o’ methods.

— Annex
— Annex |
Table 1 is in

tables concs
18, 19, 23, 2

l provides similar information for the producer’s risks.

“

| gives the general formula for the operating characteristic of the “c6” method.

tended to facilitate the use of this part of ISO 3951 by directing the userto the paragraphg
rning any situation with which he may be confronted. Table 1 only deals’with Clauses 15, 16
4 and 25; in every case, it is necessary first of all to have read the other clauses.

viii

and

and
b 17!

© I1SO 2006 — All rights reserved
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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

ing

1

This
varig

This

a)

2

The

ependent quality characteristics

Scope

part of ISO 3951 specifies an acceptance sampling system of single“sampling plans for i
bles, indexed in terms of the Acceptance Quality Limit (AQL).

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

Where the inspection procedure is to be applied to a centinuing series of lots of discrete
supplied by one producer using one production process: If there are different producers g
brocesses, apply this part of ISO 3951 to each one separately;

Where the quality characteristics of the items of product are measurable on a continuous scal

Wwhere the measurement error is negligible (i.e. with a standard deviation no more than
corresponding process standard deviation);

Wwhere production is stable (under statistical control) and the quality characteristics are distrib
0 a close approximation, according to normal distributions;

Where, in the case of multiple quality characteristics, the characteristics are independent of
bt least approximately;

nspection by

products all
r production

X
e

10 % of the

ited, at least

bne another,

where a contract orstandard defines an upper specification limit U, a lower specification linpit L, or both

bn each of the guality characteristics.

Normative references

fellowing referenced documents are indispensable for the application of this document.

refer

For dated

nees, nnl\]/ the edition cited Qppline Eor undated rnfnrnnr\ne’ the latest edition of th

referenced

docu

ment (including any amendments) applies.

ISO 2859-1:1999, Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by
acceptance quality limit (AQL) for lot-by-lot inspection

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: Probability and general statistical terms

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

ISO 9000, Quality management systems — Fundamentals and vocabulary

© I1SO 2006 — All rights reserved
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3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2, 1ISO 2859-1
and 1SO 9000 apply, except where redefined below. References are given in square brackets for definitions
that have been repeated here for convenience.

31
inspection by variables
inspection by measuring the magnitude(s) of a characteristic(s) of an item

[1SO 3534-2]

3.2
sampling inspection
inspection of selected items in the group under consideration

[ISO 3534-2

3.3
acceptance|sampling inspection
acceptance |nspection where the acceptability is determined by means of sampling.inspection (3.2)

[ISO 3534-2

3.4
acceptance|sampling inspection by variables
acceptance| sampling inspection (3.3) in which the acceptability of the process is determined statist|cally
from measufements on specified quality characteristics of each,item in a sample from a lot

35
process frafgtion nonconforming
rate at which nonconforming items are generated by aprocess, expressed as a proportion

3.6
acceptance|quality limit
AQL
worst toleraple process fraction noncenforming (3.5) when a continuing series of lots is submitted for
acceptance sampling

NOTE See Clause 5.

3.7
quality leve]
quality exprgssed as a-rate of occurrence of nonconforming items

3.8
consumer’q risk-quality
CRQ
quality level (3.7) of a process which, in the acceptance sampling plan, corresponds to a specified
consumer’s risk

NOTE 1 In this part of ISO 3951, the quality level is the process fraction nonconforming.
NOTE 2 In this part of ISO 3951, the consumer’s risk quality is such that the consumer’s risk is 10 %.

3.9

producer’s risk

PR

probability of non-acceptance when the quality level (3.7) has a value stated by the plan as acceptable

NOTE Quality level relates to the process fraction nonconforming (3.5) and acceptable relates to the AQL (3.6).

2 © I1SO 2006 — All rights reserved
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nonconformity
non-fulfilment of a requirement

[ISO

9000]

NOTE Nonconformity will generally be classified by its degree of seriousness, such as:

Class A. Nonconformity of a type considered to be of the highest concern for the product or service.
nonconformity will typically be assigned very small AQL values.

Crass B NomconforT |[S ora tspE CONSIUETeEd 10 ave the Tiext fowe deg €€ Ol COMNceT, thisTs Wpca

arger AQL value than that in Class A and smaller than that in Class C if a third class exists, and so-on.

The pumber of classes and the assignment into a class should be appropriate to the quality requirements

situa

3.11
nonq
unit

[ISO

3.12

s m

ion.
tonforming unit
vith one or more nonconformities

3534-2]

ethod acceptance sampling plan

s method

acce
[ISO
NOT

3.13

acce
[ISO
NOT
3.14
spec
limiti
[1ISO

3.15

ptance sampling plan by variables using the sample standard deviation
3534-2]

E See Clause 15.

o rr'Tethod acceptance sampling plan
sig

a method
ptance sampling plan by variables using the presumed value of the process standard deviatidg

3534-2]

E See Clause 16

ification limit
ng value stated for a characteristic

3534-2]

Such types of

ly assigned a

bf the specific

n(s)

lower specification limit
specification limit (3.14) that defines the lower limiting value

NOTE The preferred symbol for the lower specification limit is L.

[1ISO

3534-2]

© I1SO 2006 — All rights reserved
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3.16

upper specification limit

specificatio

NOTE

n limit (3.14) that defines the upper limiting value

The preferred symbol for the upper specification limit is U.

[1SO 3534-2]

3.17

combined control
requirement when nonconformity (3.10) beyond both the upper and the lower specification limits (3.16,

3.15) of a qu
NOTE 1 S
NOTE2 T

(3.14) are bel

3.18

separate cgntrol

requirement
quality charg
NOTE S

3.19

complex control
when nonconformity beyond the upper specification limit (3.16) and the lower specification

requirement
limits (3.15
specification
applied to th
NOTE S

3.20

acceptabilify constant

k, p*

constant de
the criteria f
[ISO 3534-2
NOTE S

3.21

quality statistic

0

1ending on the specified value of the acceptance quality limit (3.6) and the sample size, us

dilty bildldbtcl ibtib IL)UiUI be tU ﬁIU >2dITe bidbb, iU W;I;bil d b;llgic AQL ib appilcd
be 5.3, 15.3.2 and 17.3.

ne use of a combined AQL (3.6) requirement implies that nonconformities beyond either specification
eved to be of equal, or at least roughly equal, importance to the lack of integrity of the product.

when nonconformity beyond the upper and the lower specification”limits (3.16, 3.15)
cteristic belongs to different classes, to which separate AQLs (3.6)@re applied

e 5.3, 15.3.3and 17.2.

of a quality characteristic belongs to one class, and nonconformity beyond either the U
limit or the lower specification limit belongs tdZa different class, with separate AQLs (3.6) &
e two classes

be 5.3, 15.3.4 and 17.3.

r accepting the lot in anjacceptance sampling plan by variables

be 15.2 and 16.2.

limit

of a

pper
eing

ed in

function of t

used in assessing the acceptability of a lot (see 4.1, symbols Q; and Qy))

[ISO 3534-2]

NOTE 1
acceptability

NOTE 2

constant (3.20) k.

See 15.2 and 16.2.

ne specification limit (3.14), the sample mean, and the sample or process standard deviation,

For the case of a single specification limit, the lot may be sentenced on the result of comparing Q with the

© I1SO 2006 — All rights reserved
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3.22

lower quality statistic

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

[ISO 3534-2]

NOTE 1 For a single, lower specification limit, the lot is sentenced on the result of comparing Q; with the acceptability
constant (3.20) .

NOTE 2 See Clause 4, 15.2 and 16.2.

3.23

uppeér quality statistic
funclion of the upper specification limit (3.16), the sample mean, and the sample_or procass standard
deviation

[1S0|3534-2]

NOTE 1 For a single, upper specification limit, the lot is sentenced on the result of comparing O with the|acceptability
consftant (3.20) .

NOTE 2 See Clause 4, 15.2 and 16.2.

3.24
maxjmum sample standard deviation
MSSD

Smax
larggst sample standard deviation for a given sample_size code letter and acceptance quality Ijmit (3.6) for
which it is possible to satisfy the acceptance criterion for double specification limits (3.14) with{a combined
AQL| (3.6) requirement and unknown process variability

NOTE See 15.3.

3.25

maxjmum process standard deviation
MPSD

Omax

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

NOTE See 17.2.and 17.3.

3.26
switching\rule
instryiction within an acceptance sampling scheme for changing from one acceptance sampgling plan to
anotherof greaterortesserseverity of sampting basedonmdemonstratedquatity history

[1SO 3534-2]

NOTE 1 Normal, tightened or reduced inspection, or discontinuation of inspection, are examples of “greater or lesser
severity”.

NOTE 2 See Clauses 6 and 23.

3.27
measurement
set of operations having the object of determining a value of a quantity

[ISO 3534-2]

© I1SO 2006 — All rights reserved 5
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3.28

responsible authority

generic term used to maintain the neutrality of this part of ISO 3951 (primarily for specification purposes),
irrespective of whether it is being invoked or applied by the first, second or third party.

NOTE 1 The responsible authority may be

a) the quality department within a supplier's organization (first party);

b) the purchaser or procurement organization (second party);

c) an indepgndentvertfication or certification authority (third party);

d) any of a), b) or c), differing according to function (see NOTE 2) as described in a written agreement between fwo of
the partig¢s, for example a document between supplier and purchaser.

NOTE 2  The duties and functions of a responsible authority are outlined in ISO 2859-1:1999 (5.2:-6.2, Clause 7], 9.1,
9.3.3,9.4, 10J1 and 10.3).

4 Symbols

4.1 Univariate symbols
The symbolg used when there is only one quality characteristic in the.class are as follows.

/s factdr that relates the maximum sample standard deviation (MSSD) to the difference between U and L
(see|Annex D)

fs factdr that relates the maximum process standard-deviation (MPSD) to the difference between U and L
(see[Annex E)

k Form k acceptability constant, for use withia single specification limit and a single quality characteristic
(see|Annexes B and C)

L lowef specification limit (as a suffix to a variable, denotes its value at L)
y7i process mean

N lot sige (number of itends in a lot)

n sample size (number of items in a sample)

p estimate of.the process fraction nonconforming (see Annex K)

Y23 procgssfraction nonconforming below the lower specification limit

Pr estimate of the process fraction nonconforming below the lower specification limit
Py process fraction nonconforming above the upper specification limit
Pu estimate of the process fraction nonconforming above the upper specification limit

p Form p* acceptability constant, the maximum acceptable value of the estimate of the process fraction
nonconforming (see Annex G)

P, probability of acceptance

6 © I1SO 2006 — All rights reserved
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(0] quality statistic
9 lower quality statistic

NOTE1 Q; is defined as ()_C—L)/S when the process standard deviation is unknown, and as ()_C—L)/G
when it is presumed to be known.

Oy upper quality statistic

NOTE2 Qy is defined as (U — x)/s when the process standard deviation is unknown, and as (U —X)/o
when it is presumed to be known.

s Sample standard deviation of the measured values of the quality characteristic (also an‘estimate of the

standard deviation of the process), i.e.

(See also Annex J.)
Smax| mMaximum sample standard deviation (MSSD)
o standard deviation of a process that is under statistical-control

NOTE 3 &2, the square of the process standard deviation, is known as the process variance.
Omad Maximum process standard deviation (MPSD).
U upper specification limit (as a suffix toalvariable, denotes its value at U)
X; measured value of the quality characteristic for the jth item of the sample
X arithmetic mean of the measured values of the quality characteristics in the sampile, i.e.

n
X
=L
n

Xy lower acteptance value for x
Xy upper. acceptance value for x
4.2 [ Multivariate symbols

Further symbols used when there are two or more quality characteristics in a class are as follows.

L lower specification limit for the ith quality characteristic
M number of quality characteristics in the class
D; estimate of the process fraction nonconforming for the ith quality characteristic

p;  estimate of the process fraction nonconforming below the lower specification limit for the ith quality

characteristic

© I1SO 2006 — All rights reserved 7
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p;y  estimate of the process fraction nonconforming above the upper specification limit for the ith quality
characteristic
s; sample standard deviation for the ith quality characteristic, i.e.
Si =
o; process standard deviation for the ith quality characteristic
U; uppgr specification limit for the ith quality characteristic
X;j measgured value of the ith quality characteristic for the jth item in the sample
X; sample mean value of the ith quality characteristic, i.e.
n
in/
n
5 Acceptance quality limit (AQL)
5.1 Concept
The AQL is|the quality level that is the worst tolerable process fraction nonconforming when a conti
series of lojs is submitted for acceptance sampling. Although individual lots with quality as bad ag
acceptance puality limit may be accepted with\fairly high probability, the designation of an acceptance q
limit does niot suggest that this is a desirable quality level. The sampling schemes found in this p4
ISO 3951, with their rules for switching.;and for discontinuation of sampling inspection, are designe
encourage duppliers to keep process-fractions nonconforming consistently better than the respective A
Otherwise, there is a high risk thatthe.inspection severity will be switched to tightened inspection, under V|
the criteria fpr lot acceptance become more demanding. Once on tightened inspection, unless action is taken
to improve the process, it is yery likely that the rule requiring discontinuation of sampling inspection w|
invoked penfling such imprevement.
5.2 Use
The AQL, tpgether with the sample size code letter, is used to index the sampling plans in this pg
ISO 3951.

5.3 Specifying AQLs

The AQL to be used will be designated in the product specification, contract or by the responsible authority. In

all cases, on

e AQL shall be specified for each class of nonconformity (see 3.10).

Where both upper and lower specification limits are given for a quality characteristic, three cases may be

identified:

a)
same cl

ass, to which a single AQL applies;

combined control of double specification limits, where nonconformity beyond both limits belongs to the

© I1SO 2006 — All rights reserved
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b) separate control, where nonconformity beyond both limits belongs to different classes, to which separate
AQLs apply;

c) complex control, where nonconformity beyond the limit that is of greater seriousness belongs to one class
to which one AQL applies, and nonconformity beyond both limits belongs to another class to which a
larger AQL applies.

In other words, for a single quality characteristic that has a lower specification L, an upper specification limit U,
an unknown process fraction nonconforming below L of p;and an unknown process fraction nonconforming
above U of p;.

Inclu
cont

An a

nong
acce

54
The

desc
then

5.5

COTTOITTed CoNtrot Seeks Simpty to controt the sunT p; + p; Withimone ctass of ronconformity
single AQL applies;

separate control seeks to control p; within one class to which one AQL applies, and to/sepa
by Within another class to which a second AQL applies;

complex control seeks to control p; + p;; within one class, to which one AQL-applies, and f{
control either p; or py; within another class to which a lower AQL applies.

ding the control of single upper and single lower specification limits," there are therefore
ol. A class may contain nonconformities under any number of these-types of control.

cceptance test shall be carried out according to the provisiens+of this part of ISO 3951 for ¢

onformity. The lot shall only be accepted if all classes of nonconformity satisfy thei
ptance tests.

Preferred AQLs

sixteen AQLs given in this part of ISO 395%\ranging in value from 0,01 % to 10 % noncon
ribed as preferred AQLs. If, for any product'or service, an AQL is designated other than a pr¢
this part of ISO 3951 is not applicable (see 13.2).

Caution

From the above definition of the) AQL, it follows that the desired protection can only be assy

cont

5.6

The
nond

nuing series of lots is provided for inspection.
Limitation

designation “of-an AQL shall not imply that the supplier has the right to supply kn
onforming-itéems of product.

, to which a

ately control

0 separately

ive types of

ach class of
I respective

forming, are
eferred AQL,

red when a

pwingly any

6

Switching rules for normal, tightened and reduced inspection

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 sti

mulate 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.

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).
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When there is sufficient evidence from the control charts (see 22.1) that the variability is in statistical control,

consideration should be given to switching to the “¢’

method. If this appears advantageous, the consistent

value of s (the sample standard deviation) shall be taken as o (see Clause 25).

When it has been necessary to discontinue acceptance sampling inspection, inspection under this part of
ISO 3951 shall not be resumed until action has been taken by the producer to improve the quality of the

submitted product.

Details of the operation of the switching rules are given in Clauses 23, 24 and 25 and are shown

diagrammatically in Figure 1.

Reduced
inspection

4 Lot not accepted or

production irregular or

other conditions warrant
gwitch

Normal
[ Start ~\ inspection

2of50r
fewer
consecutive
lots not
accepted

- 10 successive lots accepted under
normal inspection, and

- these lots would have.been acceptable
at a one-step tighter AQL,and

- production is in‘statistical control, and

- reduced inspection is approved by
the responsible authority.

5 consecutive
lots accepted

Tightened

inspection
5 lots not accepted Supplier
while on tightened improves
inspection quality

Discontinue

inspection

Figure 1 — Outline of the switching rules
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Relationship to ISO 2859-1 and ISO 3951-1
Relationship to ISO 2859-1

Similarities to ISO 2859-1

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.

Both use the AQL to index the sampling plans and the preferred values used in this document are

1O\ 20LQ 4 [ 004 0/ £+ 40 0/ \

A FH [l ahl £ 4 H £
UeTTaCar witT aToStT glvcll TOT PCTOCTICTTOT IUUIIIUIIIIIII& T ToUZ00I0 T (I.CTToUnT U, U T /0 TUTU /07

nstructions) determine a sample size code letter. Then general tables give the sample siz¢
hnd the acceptability criterion, indexed by the sample size code letter and the AQL./Separa
given for the “s” o’ methods, and for normal, tightened and reduced inspection.

s” and
The switching rules are essentially equivalent.

The classification of nonconformities by degree of seriousness into- Class A, Class B, ¢
Linchanged.

Differences from ISO 2859-1

Determination of acceptability: Acceptability for an 1SO 2859-1 attributes sampling plan
nonconforming is determined by the number of nonesnforming items found in the sample.

specification limit(s) in terms of the estimated process standard deviation. In this part of IS
methods are considered: the “s” method for us€ when the process standard deviation o is U
he “o” method for use when o is presumedito be known. In the case of a class containing a s
:haracterlstlc with a single specification limit, acceptability is determined most easily by

uality statistic with a “Form & acceptability constant (see 15.2 and 17.2). For more complic|
with multiple quality characteristiés jand/or combined or complex control of double specifi
hcceptability is determined by comparing an estimate of the process fraction nonconforming

with a “Form p*” acceptability constant.

Normality: In ISO 2859-1] there is no requirement relating to the distribution of the ch
However, in this part-of ISO 3951,
measurements on-each quality characteristic should be distributed according to a normal dist
east a close approximation to a normal distribution.

ndependence: In ISO 2859-1, there is no requirement relating to independence of mu
Characteristics. However, in this part of ISO 3951, for the efficient operation of a plan, it is ng
he measurements for all quality characteristics in a class shall be independent, or at least a
50:

n both International Standards, lot size and inspection level (inspection level Il in~default of other

to be taken
e tables are

tc., remains

for percent
Acceptability

for a plan for inspection by variables is based on the distance of the estimated process mg¢an from the

O 3951, two
nknown and
single quality
comparing a
ated classes
cation limits,
or that class

aracteristics.

it is necessary for the efficient operation of the plans that the

ribution or at

Itiple quality
cessary that
bproximately

Operating characteristic curves (OC curves): The OC curves of the variables plans in this part of
ISO 3951 are not identical to those of the corresponding attributes plans in ISO 2859-1. The curves have
been matched as closely as possible subject to a number of pragmatic constraints, such as keeping the
sample size the same for a given code letter, severity of inspection and whether the “s” or “6’ method is
being used, regardless of the AQL.

Producer’s risk: For process quality precisely at the AQL, the producer’s risk that a lot will not be
accepted tends to decrease with one-step increases in sample size coupled with one-step decreases in
AQL, i.e. down diagonals of the master tables running from top right to bottom left. The progressions of
probabilities are similar, but not identical, to those in ISO 2859-1. (The producer’s risks of the plans are
given in Annex M.)
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f) Sample sizes: The variables sample sizes corresponding to given code letters are usually smaller than
the attributes sample sizes for the same letters. This is particularly true for the “o” method. (See
Table A.2.)

g) Double sampling plans: Double sampling plans by variables are presented separately, in ISO 3951-3").

h) Multiple sampling plans: No multiple sampling plans are given in this part of ISO 3951.

i) Average outgoing quality limit (AOQL): The AOQL concept applies when 100 percent 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 3957.

7.2 Relatjonship to ISO 3951-1

7.21 Similarities

a) This pdrt of ISO 3951 is complementary to ISO 3951-1 and the two documents~both present single
sampling procedures for inspection by variables.

b) The procedures in ISO 3951-1 are included in this part of ISO 3951 but referred to as of “Form .

7.2.2 Diffegrences

a) IS0 3941-2 is more general than ISO 3951-1, as it includes™multivariate procedures for independent
quality |characteristics and also includes procedures for-'Separate or combined control of dguble
specification limits.

b) Becausg Form k procedures may only be used for\a single quality characteristic with a single AQL,
ISO 3941-2 also includes the more general Form j*procedures.

NOTE Fpr users who are familiar with MIL-STD-444, Form k corresponds to Form 1 of the Military Standard, and

Form p* corregponds to Form 2. The new terminology is thought to be more helpful.

8 Consumer protection

8.1 Use qof individual plans

This part of [SO 3951 is intended to be used as a system employing tightened, normal and reduced inspeiction

on a continuing series_of’lots to provide consumer protection while assuring the producer that acceptance will

be very likely to occupnif/quality is better than the AQL.

Sometimes ppecific individual plans are selected from this part of ISO 3951 and used without the swit¢hing

rules. For eample, a purchaser may be using the plans for verification purposes only. This is not the intehded

application of the system given in this part of ISO 3951 and its use in this way should not be referred to as
“inspection in compliance with ISO 3951-2". When used in such a way, this part of ISO 3951 simply
represents a collection of individual plans indexed by AQL. The operating characteristic curves and other
measures of a plan so chosen shall be assessed individually from the tables provided.

1) To be published.

12
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8.2 Consumer’s risk quality tables

If the series of lots is not long enough to allow the switching rules to be applied, it may be desirable to limit the
selection of sampling plans to those, associated with a designated AQL value, that give consumer’s risk
quality not more than the specified limiting quality protection. Sampling plans for this purpose can be selected
by choosing a consumer’s risk quality (CRQ) and a consumer’s risk to be associated with it. Annex L gives

values of consumer’s risk quality levels for the “s” method and “6” methods corresponding to a consumer’s risk
of 10 %.

However, application of this part of ISO 3951 to isolated lots is deprecated, as the theory of sampling by
variables applies to a process. For isolated lots, it is appropriate and more efficient to use plans for sampling

by a

8.3

Anngx M gives the probability of non-acceptance under the

proc

8.4

The
oper
any
the
ISO
Tabl
sam

Thegq

prov

limits
refern

9

The

know
inten
cons
the d

10

The

Producer’s risk tables
“s” and “o” methods foriots produc
bss fraction nonconforming equals the AQL. This probability is called the produget’s risk.

Operating characteristic curves

tables for consumer’s risk quality and producer’s risk provide infarmation about only two p
hting characteristic curves. The degree of consumer protection-provided by an individual sam
brocess quality level may, however, be judged from its operating’ characteristic (OC) curve. Q
normal inspection “s” method sampling plans of this part _of ISO 3951 are given in Charj

3951-1, which should be consulted when choosing a\sampling plan. Also given in IS

pling plans in this part of ISO 3951.

e OC curves and tables apply to a single spécification limit under the “s” method. Most
de a good approximation to the “6” method, and to the case of combined control of double
, particularly for the larger sample sizes-if more accurate OC values are required for the

to Annex N.

Planning

choice of the most suitable variables plan, if one exists, requires experience, judgemer
ledge both of statistics“and the product to be inspected. Clauses 10 to 13 of this part of |
ded to help those. résponsible for specifying sampling plans in making this choice. They
iderations that§hould be borne in mind when deciding whether a variables plan would be §
hoices to be made when selecting an appropriate standard plan.

Choice between variables and attributes

bs B to R of process quality levels at nine standardgprobabilities of acceptance for all the

ed when the

oints on the
pling plan at
C curves for
s B to R of
3951-1 are

s” method

bf them also
specification

o’ method,

t and some
50 3951 are
suggest the
tuitable, and

Ir'ST question 1o consider IS whether IT IS desirable 10 Inspect Dy variables rather than Dy at

following points should be taken into account.

ributes. The

a) In terms of economics, it is necessary to compare the total cost of the relatively simple inspection of a
larger 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 costly per item.

b) In terms of the knowledge gained, the advantage lies with inspection by variables, as the information

obtained indicates more precisely how good the product is. Earlier warning will therefore be given if the

quality is slipping.

© I1SO 2006 — All rights reserved
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c) An attributes scheme can be more readily understood and accepted. For example, it may at first be
difficult 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. (See the examples in 15.3.2.2 and 15.3.2.4.)

d) A comparison of the size of the samples required for the same AQL from standard plans for inspection by
attributes (i.e. from ISO 2859-1) and the standard plans in this part of ISO 3951 is given in Table A.2. It
will be seen that the smallest samples are required by the “o6” method (used when the process standard
deviation is presumed to be known). The sample sizes for the “s” method (used when the process
standard deviation is unknown) are also in general substantially smaller than for sampling by attributes.

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

Variablgs sampling has a substantial advantage when the inspection process is expensive, for exali
in the case of destructive testing.

nple,

A varid
charact

bles scheme becomes relatively more complicated to operate as the numbér of q
pristics and the number of measurements to be taken on each item increases.

g) Lality

h) bn of

dent.

The usdq
measur
In case

of this part of ISO 3951 is only applicable when there is reason to believe, that the distributi
ements of each quality characteristic is normal and that the quality characteristics are indeper
of doubt, the responsible authority should be consulted.

g

J

NOTE 1 IO 5479 gives detailed procedures for tests for departure from normality,
NOTE2 D
methods whid

variables.

bhical
ng by

eparture from normality is also dealt with in ISO 2854:1976, Clause 2, which provides examples of gra
h can be used to verify that the distribution of the data is sufficiently normal to justify the use of sampli

N

11 Choice between the “s” and “o” methods

If it is desirgd to apply inspection by variables, the next question is whether to use the “s” method or th
method. The “c” method is the most economical.in terms of sample size but, before this method ma

employed, the value of o has to be established.

“

E ‘O
y be

Il be necessary to begin with:the “s” method but, subject to the agreement of the resporisible

ch to

Initially, it w

authority an
reduced insj

i provided the quality remains satisfactory, the standard switching rules will permit a swit
ection and the use of a-smaller sample size.

The questio
change to t
simpler und
standard de

;

then is, if the variability is under control and lots continue to be accepted, will it be economi
e “o” method? The size of the sample will generally be smaller and the acceptability crit
r the “o” method. (See 16.2.) On the other hand, it will still be necessary to calculate the sa

viation, s,-for record purposes and to keep the control charts up to date. (See Clause 19.

tal to
erion
mple
The

calculation d if an

electronic ca

f s can.appear daunting, but the difficulty is more apparent than real; this is especially true
Iculator-is available. Methods of calculating s are given in Annex J.

12 Choice of inspection level and AQL

For a standard sampling plan, the inspection level in conjunction with the size of the lots and the AQL
determines the size of the sample to be taken, and governs the severity of the inspection. The appropriate OC
curve from Charts B to R or the appropriate table from Tables B to R of ISO 3951-1 show the extent of the risk
that is involved in such a plan.

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.

The normal practice is to use inspection level Il, unless special circumstances indicate that another level is
more appropriate.
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13 Choice of sampling scheme

13.1

Standard plans

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

-2:2006(E)

This standard procedure, with its semi-automatic steps from lot size to sample size, using inspection level I

and beginning with the “s

method, has been found in practice to produce workable sampling schemes; but it

rests on the assumption that the order of priority is first the AQL, second the sample size and last, the limiting
quality.

The pcceptability of this system is due to the fact that the consumer is protected by the switchit]

g rules (see

Claupes 23, 24 and 25), which quickly increase the severity of inspection and finally terminate inspection

altogether if the quality of the process remains worse than the AQL.

NOT
prob
low q

If, in
only
by u
and

equd
sam
shou
lette

The
plan

EXAI
quali
and 4§
Char

If the
over
part

13.2

If sta
whic
inde

It is pointed out that the limiting quality is the quality which, if offered for inspection, would
bility of acceptance. The actual risk taken by the consumer varies according to the prebability that go
uality are offered for inspection.

certain circumstances, the limiting quality has a higher priority than the sample size (for ex
a limited number of lots are being produced), a suitable plan from this part of ISO 3951 may
5ing Chart A, (see Figure 2). Construct a vertical line through the,acceptable value for the lin
a horizontal line through the desired quality with a 95 % probability of acceptance (i.e. a
| to the AQL). The point of intersection of these two lines‘will lie on, or under, a line inde
ple size code letter of a standard normal inspection plan,.which meets the specified require
Id be verified by inspecting the OC curve from among Charts B to R of ISO 3951-1 relating
and AQL.)

methods of this part of ISO 3951 are not applicable to short series of lots or isolated lots. U
5 for fewer than 10 lots.

IPLE Suppose that an acceptable value for the limiting quality is 1,5 % nonconforming and th
y with a 95 % probability of acceptance.is\0,15 % nonconforming. A vertical line on Chart A at 1,5 % 1
horizontal line at 0,15 % nonconforming intersect just below the sloping line indexed by the letter L. (E
L of ISO 3951-1 confirms that a plan with sample size code letter L and AQL 0,15 % meets the require

lines intersect at a point-above the line marked R in Chart A, this implies that, for example,
250 would be necessary for the “s” method and the specification cannot be met by any of the
pf ISO 3951.

Special plans

ndard plans' are not acceptable, it will be necessary to devise a special plan. It then has tqg
h combination of AQL, limiting quality, and sample size is most suitable, remembering that t
pendentfor, when any two have been chosen, the third follows.

have a 10 %
ods of such a

hmple, when
be selected
hiting quality
pproximately
xed with the
ments. (This
to this code

se attributes

bt the desired
onconforming
xamination of
ments.)

a sample of
plans in this

be decided
hese are not

This
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1ole number

imposes some limitations. If a special plan is necessary, it should be devised only with the assistance of a
statistician experienced in quality control.
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X limiting quality, i.e. quality level at 10 % probability of acceptance (in percent nonconforming)
Y quality level at 95 % probability of acceptance (in percent nonconforming)

Sample size code letters are shown in boldface type.

Figure 2 — Chart A — Sample size code letters of standard single sampling plans for specified quality
levels at 95 % and 10 % probabilities of acceptance
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14 Preliminary operations

Before starting inspection by variables,

a) check that production is considered to be continuing and that the distribution of the quality characteristics
can be considered to be normal and independent;

NOTE 1 For tests for departure from normality, see 1ISO 5479.

NOTE 2 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.

b) pheck for each quality characteristic separately whether the “s” method is to be used initially or whether
he process standard deviation is stable and known, in which case the “o” method should\be dsed;

c) fheck that the inspection level to be used has been designated. If none has been given, inspection
evel Il shall be used;

d) FEheck, for every quality characteristic with double specification limits,-whether the limits are under
combined, separate or complex control, and to which class of nonconformity each limit has been
hssigned. For combined control, check that nonconformity beyond each limit is of equal impontance;

e) rheck that an AQL has been designated for each class of fAdnconformity, and that it i one of the
breferred AQLs for use with this part of ISO 3951. If it is not, then the tables are not applicablé.

15 Standard univariate “s” method procedures

15.1] 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 Il) and with the lot size, obtain the sample size code
etter using Table A.1.

b) For a single specification limit; enter Table B.1, B.2 or B.3 as appropriate with this code Igtter and the
AQL, and obtain the sample size, n, and the Form k acceptability constant, k. For separate control of
Houble specification limits; do this for both limits. For combined control of double specificatior] limits, enter
Table G.1, G.2 or.G:3 as appropriate and obtain the sample size, n, and the Form p* |acceptability
constant. For complex control of double specification limits, enter Table G.1, G.2 or G.3 ag appropriate
wice, once with.the combined control part of the specification and once with the smaller AQL applying to
he specification limit of greater concern.

c) [fake asrandom sample of size n, measure the characteristic x in each item and then caldulate x, the
sample mean and s, the estimate of the process standard deviation (see Annex J). If X ig outside the
specification limit(s), the lot can be judged unacceptable without even calculating s. It |s, however,
EeCessary 1o calcutate 3 for Tecord purposes.

15.2 Form k acceptability criterion for the

[

s” method

If single specification limits are given, or separate control of double specification limits is required, the most
straightforward procedure is as follows. Calculate the quality statistic

U —
N

X

Oy

© I1SO 2006 — All rights reserved
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and/or

as appropriate, then compare the quality statistic (Q;; or Q;) with the Form k acceptability constant obtained
from either Table B.1, B.2 or B.3 for normal, tightened or reduced inspection, respectively. If the quality
statistic is greater than or equal to the acceptability constant, the lot is acceptable; if less, it is not acceptable.

Thus, if only the upper specification limit U is given, the lot is

acceptTle if Oy > &,

not accgptable if O, < k,
or, if only the lower specification limit L is given, the lot is
acceptaple if O; >k,

not accegptable if O; < k.

Under sepafate control of double specification limits, the Form & acceptability constants at L and U mg

different. Depote them by &; and k, respectively. In this case, the lot is
acceptaple if Oy, > kyand Q) = &,
not acceptable if Oy, < k;andlor Oy < k;.

EXAMPLE 1 Single, upper specification limit

The maximum temperature of operation for a certain device is specified as 60 °C. Production is inspected in |
100 items. Ingpection level Il, normal inspection with AQL=2,5 % is to be used. From Table A.1, the sample size
letter is F; frgm Table B.1, it is seen that a sample_size-of 13 is required and that the acceptability constant  is 1
Suppose thaf] the measurements are as follows: 53 7C; 57 °C; 49 °C; 58 °C; 59 °C; 54 °C; 58 °C; 56 °C; 50 °C; §

55 °C; 54 °C;[57 °C. Compliance with the acceptability criterion is to be determined.

Information needed

Values obtained

y be

bts of
code
,405.
0 °C;

Sample s$ize: n 13

n

25
Sample fnean: x= Ll 54,615 °C
n
# —
PACTED
Sample standard deviation: s = ]:1—1 3,330 °C
n—

(See J.1.2, Annex J.)
Upper specification limit: U 60 °C
Upper quality statistic: O, = (U —x)/s 1,617

18
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Form & acceptability constant: & (see Table B.1)

Acceptability criterion: Is Oy > k7?

The lot meets the acceptability criterion, and is therefore acceptable.

EXAMPLE 2

ISO 3951-2:2006(E)

1,405

Yes (1,617 > 1,405)

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. Production is inspected in lots of
1 000 items and inspection level I, normal inspection, is to be used with an AQL of 0,10 % applied to the lower limit. From
Table A.1, it is seen that the sample size code Ietter is J, and from Table A.2, it is seen that the sample size is 35 for the

arrow pomtmg to the ceII beIow Th|s means that an entlrely swtable plan is unavallable and the next best p
samplle size code letter £, i.e. sample size 50 and acceptability constant £ =2,569. A random sample-ef.siz¢

Suppose the sample delay times, in seconds, are as follows:

6,95
6,40
6,44
6,35
6,80

6,04
6,44
7,15
717
5,84

6,68
6,34
6,70
6,83
6,16

6,63
6,04
6,59
6,25
6,25

6,65
6,15
6,51
6,96
6,57

6,52
6,29
6,80
7,00
6,71

6,59
6,63
5,94
6,38
6,77

Compliance with the acceptability criterion is to be determined.

nformation needed

6,86
6,70
5,92
6,83
6,55

6,57
6,67
6,56
6,29
687

6,91
6,67
6,53
6,39
6,25

Values obtained

hat there is an
an is given by
b 50 is drawn.

Sample size: n 50

>
Sample mean: x = 2= 6,542 s

n

Sample standard deviation?s = 0,3120s
See J.1.2, Annex-J.)
| ower specification limit: L 4,0s
| ower quality statistic: O; =(x-L)/s 8,147
Form k acceptability constant: k£ (see Table B.1) 2,569

Acceptability criterion: Is Q; > k?

The lot meets the acceptability criteria, so it is acceptable.

© I1SO 2006 — All rights reserved
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15.3 Form p* acceptability criterion for the “s” method

15.3.1 Introduction

This part of ISO 3951 also provides a Form p* method for determining lot acceptability. Whereas Form &
applies only to a single quality characteristic with either a single specification limit or with double specification
limits that are to be controlled separately, Form p* applies much more generally to single or multiple quality
characteristics with any combination of single or double specification limits with combined, separate or
complex control.

15.3.2 Co ~s" method

15.3.2.1 Gieneral

If, for the unj|variate “s” method, combined or complex control of both the upper and lower specification linits is
required, i.e] there is an overall AQL for the percentage of the process outside the two specification limitg, the
first step is fo check that the sample standard deviation s is not so large that lot acceptability is impossible. If
the value of s exceeds the value of the maximum sample standard deviation (MSSD) determined |from
Table D.1, 0.2 or D.3, no further calculation or reference to graphs is required and the-lot shall be immediately
judged unacgeptable.

If the valug of s does not exceed the value of the MSSD, the estitate p of the process fraction
nonconforming shall be calculated and compared with the Form p¥*)acceptability constant. The Ipt is
determined {o be

- 1 Xx—L n
=B —~[1- ,

- 1 UXX n
pU=Bn—2)/2[§[1— . n—1ﬂ’

in which B, 15)4(.) represents the distribution function of the symmetric beta distribution with both paramgters
equal to (n—‘.)}Z. (See Annex K for details.)

Form p* may also be applied to a single specification limit, although in that case, Form k is easier to apply
provided an estimate of the process fraction nonconforming is not required.

In the absence of tables of the beta distribution or corresponding computer software, one of the following three
procedures shall be used, depending on the sample size.

15.3.2.2 Combined control for the “s” method with » =3

It may be seen from Tables B.1, B.2 and B.3 that the required sample size is 3 for the “s” method for sample
size code letter B under normal and tightened inspection and for sample size code letters B to D under

reduced inspection.
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If combined control of double specification limits is required then, after calculating the sample mean x and the
sample standard deviation s, the applicable value of the coefficient f; shall be found from the first row of
Table D.1, D.2 or D.3. Determine the maximum sample standard deviation (i.e. the maximum allowable) from
the formula

MSSD = 50 = (U= L)f,

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

Otherwise, determine the values of Oy =(U-X)/s and/or Q; =(x-L)/s. Multiply O andlor Q; by

Jn/

n—1)=+/3/2(i.e. approximately 0.866) and use Table F.1 to determine the estimates p,,

nd/or p; of

the fi

NOT
specl
Howe
nonc
from

subtr

NOT
nonc

Thes
pdo
Tablg
the Id

EXAMPLE

Torp4
error:
specl
destr]
level
samg
acce

action of items in the process that are nonconforming beyond the upper and/or lower limitsirg

= Negative values of Q correspond to estimates of the process fraction nonconforming in gxcess
fication limit and will consequently always result in lot non-acceptance under the provisionsf of, this par
ver, in order to obtain a numerical value for record-keeping purposes, the estimate of the prg
bnforming may be obtained by entering Table F.1 with the absolute value of v3@{2)and subtract
1,0. For example, if Q;;=-0,156 then \/§QU/2 =-0,135; entering Table F.1 with 0,135 gives an estim
peting this from 1,0 gives p;; =0,5431.

F 2 The basis of Table F.1 is given in Annex K. Instead of using Table k.1, the estimate of the pr
bnforming beyond each specification limit when » = 3 may be calculated.directly as

if 0>2/4/3,

b= Earcsin{ (1—QJ§/2)/2} if —2/3<0<2/43,
T

if 0 <—-2/3.

0

1

e two estimates must be added to obtain the estimate p = p,, + p, of the overall process fraction non
bs not exceed the applicable maximum allowable value, p*, given in Table G (i.e. Table G.1 for nor
G.2 for tightened inspection or Table G.3.for reduced inspection), the lot is considered to be accept
t is considered to be not acceptable.

pdoes supplied in batches of 100/are to be inspected for accuracy in the horizontal plane. Positive or ne
5 are equally unacceptablej.so a combined AQL requirement for double specification limits is apy

Lictive and very costly, it has been agreed between the producer and the responsible authority that spe
S-2 is to be used. ‘From Table A.1, the sample size code letter is found to be B. From Table A.2, it
le of size 3 is required. Three torpedoes are tested, yielding errors —5,0 m, 6,7 m and 8,8 m. Compl
btability criterion,under normal inspection is to be determined.

nformation needed Value obtained

ar:[

spectively.

of 0,5 at that
of 1ISO 3951.
cess fraction
ng the result
te of 0,456 9;

bcess fraction

conforming. If
al inspection,
le; otherwise,

Determination of acceptability for combined control of double specification limits when the sample size is 3.

jative angular
ropriate. The

fication limits are set at 10 metres from the point of aim at a distance of 1 km, with an AQL of 4 %. Because testing is

Cial inspection
s seen that a
ance with the

Sample size: n 3
n
2%
Sample mean: X = = 35m
n
Sample standard deviation: s = 7,436 m

(See J.1.2, Annex J.)
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Value of f; for MSSD (Table D.1)

MSSD =

0,474

Smax = (U—=L)fs =[10 - (-10)] x 0,474 9,48

As s =7,436 < smax = 9,48, the lot may be acceptable, so continue with the calculations.

Oy =(U-x)/s =(10-3,5)/7,436 0,874 1

0, =(x-L)/s =(3,5+10)/7,436 1,815

V30,13 6757

V30,12 1,572

Py (from Table F.1) 0,226 7

p; (from Table F.1) 0,000 0

pP=hbuiPL 0,226.7

p* (from [Table G.1 as it is normal inspection) 0,190 5
As 5> p , the lot is not acceptable.
NOTE This lot is not acceptable even though all inspected items inthe sample are within the specification limitg.
15.3.2.3 Cpmbined control for the “s” method with n =4
It may be sgen from Tables B.1, B.2 and B.3 that the required sample size is 4 for the “s” method for sa
size code Igtter C under normal and tightenedinspection and for sample size code letter E under red
inspection.

After calculg
coefficient f|
deviation (i.q

MSSD 4

Then compg
calculation.

Otherwise d

ting the sample mean x and.the sample standard deviation s, find the applicable value 9
from the second row of Fable D.1, D.2 or D.3. Determine the maximum sample starn
. the maximum allowable)from the formula

- Smax = (U= L)f,-

re s with the MSSD. If s is greater than the MSSD, then the lot may be rejected without fu

mple
uced

f the
dard

rther

IA7U:

and

P =

22

btermine the values of Oy, =(U -X¥)/sand Q; =(x —L)/s. Calculate
1 if Oy <-1,5

0,5-0y,/3 if-15 < Qy< 1,5

0 ifOy =15

1 ifQ; <-1,5

0,5-90,/3 if-1,6 < 0;,< 15

0 if0; > 1,5.

(1)

()
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Add these two estimates to obtain the estimate p = py; + p; of the overall process fraction nonconforming. If
p does not exceed the applicable maximum allowable value, p*, given in Table G (i.e. Table G.1 for normal
inspection, Table G.2 for tightened inspection or Table G.3 for reduced inspection), the lot is considered to be

acceptable; otherwise, the lot is considered to be not acceptable.

NOTE The basis of Equations (1) and (2) is given in Annex K.

EXAMPLE Determination of acceptability for combined control of double specification limits when the sample size is 4.

ltems 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 heen decided to control the total fraction nonconforming heyond either limit using an AQI of 2 5 %

at inspection

level [ll. Normal inspection is to be instituted at the beginning of inspection operations. From Table A.1th
codelletter is found to be C. From Table A.2, it is seen that a sample of size 4 is required. The diameters.of f
the first lot are measured, yielding diameters 82,4 mm, 82,2 mm, 83,1 mm and 82,3 mm. Gomplia

acceptability criterion under normal inspection is to be determined.

nformation needed
Sample size: n
n
ij

=
n

Sample mean: x =

Sample standard deviation: s =

See J.1.2, Annex J.)

Upper specification limit: U

| ower specification limit: L

Value of f; for MSSD (Table D.1)

MSSD = syax = (USD)f; = (84 — 82) 0,376

Value-obtained

4

82,50 mm

0,408 2 mm

84,0 mm
82,0 mm
0,376

0,752 mm

As s ¥ 0,4082 < sjax= 0,752, the lot may be acceptable, so continue with the calculations.

e sample size
bur items from
nce with the

Oy = ({E>x)/s = (84 —82,5)/0,408 2 3,674 7
O —(—F)s—=182,5—"052)/6;:4682 4-224-9
Dy [from Equation (1) above] 0,000 0
p; [from Equation (2) above] 0,091 7
p=DPy+prL 0,0917
p* (from Table G.1, as it is normal inspection) 0,1123

As p< p*, the lot is acceptable.

© I1SO 2006 — All rights reserved
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15.3.2.4 Combined control for the “s” method with » > 5
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 maximum sample standard deviation (i.e. the
maximum allowable) from the equation

MSSD = 515 = (U - L)f..
Then compare s with s, ... If s is greater than s,,,,., then the lot may be rejected without further ado.
Otherwise, compute the upper and lower quality statistics O;; =(U —x)/s and O; =(x —L)/s. If tables of the

beta distribytion function or corresponding software are available, determine estimates p;; and p;-of the
process fractions nonconforming in accordance with K.2.1. Otherwise use the method given in K.3.

EXAMPLE Determination of acceptability for combined control of double specification limits when ¢the.'Samplg size
is 5 or more.

The minimum| temperature of operation for a certain device is specified as 60 °C and the maximum-temperature as 710 °C.
Production is|in inspection lots of 96 items. Inspection level I, normal inspection, with AQL =15 %, is to be used. [From
Table A.1, thg sample size code letter is F; from Table A.2 it is seen that a sample of 13 is(tequired, and from Table D.1
that the valug of f; for the MSSD under normal inspection is 0,274. Suppose the measurements obtained are as follows:
63,5 °C; 62,J°C; 65,2 °C; 61,7 °C; 69,0 °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.

Information needed Value obtained
Sample $ize: n 13

n

Z)‘j

Sample ean: x = /=1 64,276 9 °C
n

Sample $tandard deviation: s = 2,8619 °C
(See J.1]2, Annex J)
Upper specification limit: U- 70,0 °C
Lower specification limit:'L 60,0 °C
Value oflfg for MSSD (Table D.1 for normal inspection) 0,274
MSSD =|spag = (U - L)f, = (70 — 60) x 0,274 2,74 °C
As the value of s exceeds spax, the lot may immediately be adjudged unacceptable.
NOTE This lot is not acceptable even though all inspected items in the sample are within the specification limits.

Suppose that the AQL had been 4,0 % instead of 1,5 %. In that case, the value of f, would be 0,328, S0 s, iS
equal to 3,28 °C. As s is now less than s, ,,, it is not possible to determine at this stage whether or not the lot
is acceptable and further calculations are required.

Two methods of completing the necessary calculations are described. The first applies when tables or

software are available for the beta distribution function (see K.2.1). Note that five significant figures are
retained throughout the intermediate calculations.
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Value obtained

The

whic

15.3

Whe]
desg

Oy =(U~-Xx)Is 1,999 8
xy =21-0ynl(n-1) 0,199 57
Pu =G-2)12(xy) 0,0149 37
Or=(x-L)s 1,494 4

v, =21-0pn l(n-1)] 0,275 49
Pr=G(u2)2(x1) 0,061 881
b* (from Table G.1, as it is normal inspection) 0,1154

bverall process fraction nonconforming is estimated as
p=pr+py = 0,061881+0,014 937 = 0,076 82

h is less than the acceptability constant p*. The lot is therefore accepted.

h beta distribution tables or software are not_available, the highly

nformation needed

2.5 Combined control for the “s” method with n > 5~ Approximative method

ribed in K.3 is recommended. It is demonstrated by applying it below to the foregoing example.

accurate approximative method

Value obtained

Oy =(U-X)Is 1,999 8
wy = 3[1- 0y l(n =1 0,199 57
, (from Table K.1) 1,583 745
vy =a, Inlxy (<) -2,199 8
wy =53 1,839 1
Ay =0, trﬁ% 2,172 1
Py =P(1y) 0,014 924
Op =(x-L)s 1,494 4
x; = 41=0pNn I(n-1)] 0,275 49
v =a,Inlx; [(1-xp)] -1,5314
wy =yi-3 0,654 81

© I1SO 2006 — All rights reserved
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w, <0, F% ~1,539 0
pr=0(t;) 0,061 902
p* (from Table G.1 as it is normal inspection) 0,1154
The overall process fraction nonconforming is estimated as
p=p;+py = 0061902+ 0,014 924 = 0,076 83
which is lesq than the acceptability constant p*. The lot is therefore accepted.
NOTE The result of using the approximative method differs by only one unit in the fourth significantfigute from the

correct value.|The approximative method is typically very accurate.

“

15.3.3 Separate control for the “s” method
When separpte AQLs apply to both specification limits, Table G.1, G.2 or G.3 is entered with the sample size
code letter gnd the AQLs at the upper and lower limits to obtain p;, and p; . The acceptance criterion is{then

py<py and p,<pj.

“

15.3.4 Complex control for the “s” method

Complex control consists of combined control of both specification limits and simultaneous separate contfol of
one of the limits using a separate and smaller AQL. The lot0is therefore accepted if p<p and gither
Py < py o p; < pr, Whichever is relevant.

16 Standard multivariate “s
characterjstics

method procedures for independent quality

16.1 Geneyral methodology
The general methodology for dealing with a class containing m independent quality characteristics s as

follows. Denjoting the estimated process fraction nonconforming for the ith quality characteristic by p;|, the
estimated process fraction noncaonforming for the class is given by

p=1=(1-D1)(1= D)V~ D),
i.e. one minys the product of the estimated process fractions conforming.

NOTE If[ D128 -
individual estimates, i.e.

are all small, say no greater than 0,01, then p is approximately equal to the sum ¢f the
D1+ Do+ .+ Dy

« P
p=

If there is only one class, say Class A, then the estimated process fraction nonconforming for the class may
be denoted by p, . The lot is accepted if

PASP
and not accepted otherwise, where p* is the Form p* acceptability constant given in Table G (i.e. Table G.1 for
normal inspection, Table G.2 for tightened inspection or Table G.3 for reduced inspection) for the applicable
sample size code letter and the AQL applying to the class.

If there are two or more classes, say Class A, Class B, ... with acceptability constants p;\ , pé , ... the lot is
accepted if pp < pp and pg < pg and ... but not accepted if one or more of the inequalities is violated.
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If there is more than one class of nonconformity, Class A will contain nonconformities of the greatest level of
seriousness and generally have the lowest AQL and therefore the lowest Form p* acceptability constant,
Class B will contain nonconformities of the next lower level of seriousness, and have a higher AQL and value
of p*; and so on. It is possible that different classes of nonconformity will be under inspection at different levels
of severity at any one time.

16.2 Example

Consider a product that has five independent quality characteristics x4, x5, x3, x4, and x5, none of whose
process standard deviations are known. The sample size code letter is H and the sample size is 25 under
normal inspection for all five characteristics. Suppose that the requirements and results are as summarized in

Tabl

b 2.

process standard deviations

Table 2 — Example of requirements and results for five quality characteristics with un

known

Sample Quality.
Varfable | Limits Typeof | cass | SaMPle | andard | statistic | =2/ b
control mean e 2
deviation (0)
1 Uy=70,0 Single A X1=68,5 s¢4=0,50 3,0000 0,1875 0,000418
2 L,=10,0 Single B X =10,4 s5=0,20 2,0000 0,2917 0,019134
U =4,050 x3 =4,005 [ s3=<0,015 3,0000 0,1875 0,000418
3 L3 =3,950 3,6667 0,1181 0,000004
Combined A 0,000422
Uy =1,950 Separate B x4 =1,862 s4=0,032 2,7500 0,2135 0,001380
4 Ly=1,750 A 3,5000 0,1354 0,000018
Complex, i.e. X5'€210 s5=1,25
Us — 214 Separate A 3,2000 0,1667 0,000140
5 57 + 3,2000 0,1667 0,000140
Ls =206 Combined B 0,000280
Suppose also that the AQL for Class A nonconformities is 0,25 % and the AQL for Class*B is [1,0 %. From
Table G.1, it is found that the_corresponding Form p* acceptability constants are p, =0[01012 and
pg F 0,030 10.
The fraction nonconfopming for Class A is estimated as

pa =1-(1=pO-p3)1=par)1-Ps5 1)

—1-(1>0,000 418)(1— 0,000 422)(1— 0,000 018)(1— 0,000 140)
=120,999 582 x 0,999 578 x 0,999 982 x 0,999 860

=1-0,999 002

=0;060998:

The fraction nonconforming for Class B is estimated as

As pp < p;‘ and pg < pé , the lot is accepted.

pe=1-(1-p2)(1= P4y )1- Ps)

=1-(1-0,019 134)(1-0,001380)(1— 0,000 280)

=1-0,980 866 % 0,998 620x 0,999 720
=1-0,979 238

=0,020 762.
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NOTE
simply adding

:2006(E)

the component estimates are

DA = P1+D3+Dar+Psy

=0,000 418 +0,000 422 +0,000 018 +0,000 140
=0,000 998
and
PB = P2+ D4y +Ps
= 0,0f--+34-+6;004386+6;000-26860
=0,0R0 794.
17 Standard univariate “c” method procedures
17.1 Obtaining a plan, sampling and preliminary calculations
The “o6” method is only to be used when there is valid evidence that the standard, deviation of the procesg

be considerd

From Table
Table C.1, C
acceptability

Take a rand

and calculat
the purpose

17.2 Acce
with separ

The acceptq
derived from

the Tables C

and then compare the calculated value of Q with the value of the acceptability constant £ obtained from o
.1,C.2and C.3.
ample, that the aeceptability criterion O, [=(U —x)/o] = k for an upper specification ma

Note, for ex
written as ¥
therefore be
For an uppe

accepta

d constant and taken to be o.

A.1, obtain the sample size code letter. Then, depending;on/the severity of inspection,
.2 or C.3 with the sample size code letter and the specified AQL to obtain the sample size
constant k.

bm sample of this size, measure the characteristic*under inspection, x, for all items of the sa

b the sample mean x . (The sample standard déviation s should also be calculated, but on
of checking the continued stability of the process standard deviation. See Clause 19.)

btability criterion for a single specification limit or for double specification limit
ate control

“

bility criterion can be found by following the procedure given for the “s” method. First replace
the individual samples by g;the presumed known value of the standard deviation of the pro

determined.before inspection begins.
" specification limit, a lot will be

bleif ¥ <X;; [=U —ko]; not acceptable if x >x;; [=U —ko].

The corresponding approximate estimates of the process fractions nonconforming in each class obtained by

can

bnter
and

mple
y for

the s
Cess,
ne of

y be

<U-ko. As.UU, k and o are all known in advance, the acceptance value x;; [=U — ks] should

Similarly, for

accepta

28

a lower specification limit, a lot will be

ble if X >x; [ =L+ ko]; not acceptable if x <x; [=L+ko].
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EXAMPLE Determination of acceptability for a single specification limit using the “o” method.

The specified minimum yield point for certain steel castings is 400 N/mm?2. A lot of 500 items is submitted for inspection.
Inspection level II, normal inspection, with AQL = 1,5 %, is to be used. The value of ois considered to be 21 N/mmZ2. From
Table A.1 it is seen that the sample size code letter is H. Then, from Table C.1, it is seen that for an AQL of 1,5 % the
sample size n is 12 and the acceptability constant & is 1,613. Suppose the yield points of the sample specimens are 431;
417; 469; 407; 450; 452; 427; 411; 429; 420; 400; 445. Compliance with the acceptability criterion is to be determined.

Information needed Value obtained
Acceptability constant: £ 1,613

Known o 21 N/mm?
Product: ko 33,9 N/mm?

| ower specification limit: L 400 N/mm?2
|_ower acceptance value: x; = L+ ko 433,9'N/mm?2
Sum of measurement results: Zx 5 184 N/mm?
Sample size: n 12

n
Z Xy

Sample mean: x = /=1 429,8 N/mm?2
n

Acceptability criterion: Is x > x; ? No

The gample mean of the lot does not meet the acceptability criterion, so the lot is not acceptable.
For double specification limits with separate control, the lot may at once be declared to be not agceptable if o

is greater than the MPSD derived:from Table E.2. If o < MPSD, determine the acceptability congtants for the
uppgr and lower limits, say k;; ahd)k;. The lot will be acceptable if

and hot acceptable if

X > Xy [#U—kyo] andlor x <X, [=L+k; 0]

17.3 Acceptability criterion for double specification limits with combined or complex control

If there is a combined AQL requirement for the upper and the lower specification limits, i.e. an overall AQL for
the percentage of the process outside both specification limits, the following procedure is recommended.

a) Before sampling, determine the value of the factor f, by entering Table E.1 (for combined control) with the
single AQL or by entering Table E.3 (for complex control) with both AQLs.

b) Calculate the maximum allowable value of the process standard deviation, using the formula
Omax = (U - L)f,. for the MPSD.

c) Compare the value of the process standard deviation o with o,,,,. If o exceeds o, the process is

unacceptable and sampling inspection is pointless until it is demonstrated that the process variability has
been adequately reduced.
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d) If o< oy, 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

f) Selecta

) determine the sample size, n, and acceptability constant, p*, from Table G.1, G.2 or G.3.

random sample of size n from the lot and calculate the sample mean x .

g) Using the method given in K.2.2, calculate p;;, p; and p=py +p; .

h) If p>p*, the lot is not acceptable for either combined or complex control and no other calculations or
compar{SoOns are required.

i)  For combined control the lot is acceptable if p < p*.

j)  For complex control, determine from Table G.1, G.2 or G.3 the_acceptability constant”for the single
specification limit, i.e. pU for an upper specification limit or pL for a lower spegification limit] For
complex control that includes a separate AQL for the upper specification limit, the ot is acceptable if
p<p*land py < pU For complex control that includes a separate AQL for the lower specification [limit,
the lot i$ acceptable if p < p* and p; gpL

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

The specification for electrical resistance of a certain electrical component is 52Q + 50 Q. Production is at a rate of P 500

items per ins
specification |
is found that {

inspection. Suppose the values of the sample resistance in Q are as follows: 515; 491; 479; 507; 543; 521; 536; 483

mits (470 Q and 570 Q). ois known to be 21,0 Q. Entering Tahle A.1 with the lot size and inspection I¢
he sample size code letter is K; from Table A.2, it is seen that a sample size of 18 is required under n

pection lot. Inspection level Il, normal inspection, with a singlerAQL of 4 %, is to be used for the

two
vel, it
brmal
509;

514; 507; 484f 526; 552; 499; 530; 512; 492.
Information needed Value obtained
Factor frpm Table E.1: f,; 0,223
Upper specification limit: U 570 Q
Lower specification limit: L 470 Q
Maximurn process standard deviatien, opmax = (U — L)f, 2230
Known d 21,0Q
(As ois less than omay, the Sample is analysed further for lot acceptability.)
Sample s$ize: n 18
Acceptalbility constant & (from Table C.1) 1,340
Upper bound for x: x;; =U —ko 541,86 Q
Lower bound for x: X; = L+ko 498,14 Q
Sum of measurement results: Zx 9200 Q
n
ij
Sample mean: x = j:1n 511,11 Q
As X at 511, 11 Q lies between the acceptance limits for x of 498, 14 Q and 541,86 Q, the lot is acceptable.

30
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All the calculations other than the last two lines should be completed before sampling begins.
If, for example, o had been known to be 25, then o exceeds the MPSD and therefore sampling inspection
should not even have taken place.
18 Standard multivariate “c” method procedures for independent quality
characteristics
18.1 General methodology
The general methodology for dealing with a class containing m independent quality characteristics x4, x,, ...,

1] “w

x,, under the “o” method is similar to that for the multivariate “s” method. Thus, denoting the ‘estim
fractlon nonconforming for the ith quality characteristic by p;, the estimated process fraction no
for the class is given by

p=1-(1-p1)(1=p2)-.(1=py),

i.e. dne minus the product of the estimated process fractions conforming.
If thgre is only one class, say Class A, then the estimated process fraction nonconforming for th
be denoted by p, . The lot is accepted if py < p* and not accépted otherwise, where p* is
acceptability constant given in Table G (i.e. Table G.1 for fiormal inspection, Table G.2 fi
inspgction or Table G.3 for reduced inspection) for the applicable sample size code letter a
applying to the class.

If the
acce

re are two or more classes, say Class A, Class B, .. with acceptability constants p; , pé ,
pted if pp < pp and pg < pg and ... but not aceepted if one or more of the inequalities is vi

If the
serio
Clas
of p*
of s6

re is more than one class of nonconformity, Class A will contain nonconformities of the gre
usness and generally have the lowest AQL and therefore the lowest Form p* acceptabil
5 B will contain nonconformities of the riext lower level of seriousness, and have a higher AQ
and so on. It is possible that different classes of nonconformity will be under inspection at di
verity at any one time.

“

The |only difference from themultivariate “c” method is that the process fraction nonconform

chargcteristic is estimated jnsaccordance with K.2.2 instead of K.2.1.
18.2 Example
The |example given in 16.2 is repeated with the sample standard deviations re-designated

stan¢lard devijations.

Congidef.a product that has five independent quality characteristics x4, x5, x3, x4 and xs, for all

hted process
nconforming

e class may
the Form p*
br tightened
nd the AQL

... the lot is
Dlated.

htest level of
ity constant,

). and value
ferent levels

ng for each

as process

of which the

process)standard deviations are known. The sample size code letter is H and the sample size

is 12 under

normal inspection for all five characteristics. Suppose that the requirements and results are as su
Table 3.

Suppose also that the AQL for Class A nonconformities is 0,25 % and the AQL for Class B is

Table G.1, it is found that the corresponding Form p* acceptability constants are p;‘ =0,

pg = 0,030 10.
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Table 3 — Example of requirements and results for five quality characteristics with known process

standard deviations

Sample Process Type of Quality n -
Variable Limits mean standard control statistic o p Class
deviation n—1
0 (n=12)
X4 Uy =70,0 X1 = 68,5 o1 =0,50 Single 3,0000 3,1334 0,000864
Xo L,=10,0 Xp =10,4 o =0,20 Single 2,0000 2,0889 0,018357 B
U3 =4,050 [ x5 =4,005 | 03=0,015 3,0000 3,1334 0,000864
X3 - 3950 3,6667 3,8297 0,000064
ICAR Combined 0,000928 A
Uy =1,950 | x4, =1,862 | o4 =0,032 Separate 2,7500 2,8723 0,002038 B
X4 _ 3,5000 3,6556 0,000128 A
£4=1,750
Us =214 x5 =210 o5=1,25 |[Complex, i.e. 3,2000 3,3423 0,000415 A
Separate 3,2000 3,3423 0,000415
X5 Lgs =206 +
Combined 0,000830 B

The fraction

="
-1
—1.
-1

=0,

The fraction

P =11
—1
—1
—1

:0’

As pp <pa

19 Stand

nonconforming for Class A is estimated as

(1= p1)(1= p3)(1= P4 1= D51/)

(10,000 864)(1— 0,000 928)(1— 0,000 128)(1—0,000415)
0,999 136 x 0,999 072 x 0,999 872 x 0,999 585

0,997 667

D02 333.

nonconforming for Class B is estimated’ as

(1= D2)(A= Pay )1- Ps)

(1-0,018 357)(1— 0,002 038)(1— 0,000 830)
0,981643x 0,997 962x0;999 170

0,978 829

N21171.

and pg < pé , the lot is accepted.

s” and “o” method procedures for independen

ard multivariate combined

quality ch

aracteristies

19.1 General methodology

-

Cases may arise in which the process standard deviations of some of the quality characteristics in a class are
known and some are unknown. The general methodology for dealing with such a class containing m
independent quality characteristics is, as before, to estimate the process fraction nonconforming for the class

by

p=1-

32

(1= p1)(1=p2)--(1=Dy)-
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If there is only one class, say Class A, then the estimated process fraction nonconforming for the class may
be denoted by p, . The lot is accepted if

PASD

and not accepted otherwise, where p* is the Form p* acceptability constant given in Table G (i.e. Table G.1 for
normal inspection, Table G.2 for tightened inspection or Table G.3 for reduced inspection) for the applicable
sample size code letter and the AQL applying to the class.

If there are two or more classes, say Class A, Class B, etc. with acceptability constants p;, pé, etc., the lot is

qual
of ¢
proc
with

19.2

Cons
in th
sam
deps
requ

Agai
Tabl
pB

The

y characteristics with unknown process standard deviations require one sample size while t
aracteristics with known process standard deviations require a smaller sample ‘size; estir
bss fractions nonconforming for each characteristic in the former sub-class are"ebtained in
KK.2.1 while estimates for the latter sub-class are obtained in accordance with .2.2.

Example

ider, as before, a product that has five independent quality characteristics x4, x5, x3, x4 and
s case only characteristics x, and x, have process standard.deviations whose values are
ble size code letter is H and the sample size is 12 or 25 underynermal inspection for all five ch
nding on whether the process standard deviation is known or unknown respectively. Supp
rements and results are as given in Table 4.

N, suppose that the AQL for Class A nonconformitiesis 0,25 % and the AQL for Class B is 1,
e G.1 it is found that the corresponding Form p* acceptability constants are p, =0
- 0,03010.

fraction nonconforming for Class A is estimated as

pa=1-(1-D1)(1-p3)(1- P4 )1 =B570)
= 1-(1-0,000 864)(1-0,000-422)(1— 0,000 018)(1— 0,000 140)
~1-0,999 136 x 0,999 578 x'0,999 982 x 0,999 860

sub-class of
he sub-class
nhates of the
accordance

5- However,
known. The
aracteristics,
ose that the

D %, so from
,01012 and

=1-0,998 557
=0,001443.
Tahle 4 — Example of requirements and results for five quality characteristics, some with known and
some with unknown process standard deviations
Varibble| imits Sa!nple Sample Star_ld_ard Type of Qua_lllt_y 1- Q\/;/(n -1) 0 n 5 Class
size, mean [deviation| control |statistic 2 n—1
Z 0 (n=25) | (n=12)
X1 Uy =70,0 12 X1 =68,5 |01 = 0,500 Single 3,0000 3,1334 (0,000864| A
Xo L,=10,0 25 x5 =10,4 |52 =0,200 Single 2,0000 0,2917 0,019134( B
U3 =4,050 25 [x3 =4,005|s3=0,015 3,0000 0,1875 0,000418
X3 L3 =3,950 3,6667 0,1181 0,000004
Combined 0,000422
Uy =1,950[ 12 (x4 =1,862|04=0,032| Separate | 2,7500 2,8723 |0,002038| B
4 Ly=1,750 3,5000 3,6556 (0,000018| A
Us =214 25 x5 =210 |so = 1,250 [Complex: i.e.
. Lg =206 Separate | 3,2000 0,1667 0,000140( A
5 + 3,2000 0,1667 0,000140
Combined 0,000280( B
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The fraction

pg=1-
1
—1
1

As pp <pa

nonconforming for Class B is estimated as

(1=D2)1= pay)(1=Ps5)

(1-0,019 134)(1-0,002 038)(1- 0,000 280)
0,980 866 x 0,997 962 x 0,999 720

0,978 593

and pg < pé , the lot is accepted.

20 Proce

As a variablés sampling inspection plan can only operate efficiently if

a) thecha

b) records
c) the swit

it is necessa

Hure during continuing inspection

acteristic being inspected is normally distributed,
are kept, and
Ching rules are obeyed,

ry to ensure that these requirements are being met.

21 Norm

21.1 Normality

The responsible authority should have checked for normality before sampling began. In case of dou
statistician should advise whether the distribution appéars suitable for sampling by variables, or whethe
should be made of the tests for departure from norfnality such as those given in ISO 5479. Normality sk
be reconfirmed periodically, particularly if thereXis a significant change of any kind in production, e.

personnel,

21.2 Outli

An outlier (o
sample in wi
in variability
ISO 5725-2.

the vendor gnd vendee.

22 Recor]

lity and outliers

sign, materials or production method.

rs

I an outlying observation) is one that appears to deviate markedly from other observations i
hich it occurs. A single’outlier, even when it lies within specification limits, will produce an incr
and change the-niean and may consequently lead to non-acceptance of the lot. (See, for exa

When outliers_are detected, the disposition of the lot should be a matter for negotiation bet

ds

bt, a

use
ould
. in

h the
pase
mple,
veen

22.1 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, but this is only possible if
adequate records are kept.

Whatever the method used, “s” or

o', records should be kept of the values of x and s, preferably in the

of control charts. (See ISO 7870 and ISO 8258.)

This procedure should be applied especially with the

o

from the samples fall within the limits of the prescribed value of o

34

form

method in order to verify that the values of s obtained
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For double specification limits with a combined AQL requirement, the value 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

governed by the procedures given in Clauses 15 to 19.

22.2 Lots that are not accepted

Control charts are used to detect trends. The ultimate decision as to the acceptability of an individual lot is

Particular care shall be taken to record all lots that are not accepted and to see that switching rules are
implemented. Any lot not accepted by the sampling plan shall not be resubmitted either in whole or in part
without the permission of the responsible authority.

23

The

Operation of switching rules

standard switching rules are as follows.

Normal inspection is used at the start of inspection (unless otherwise desighated) and sha
pbe used during the course of inspection until tightened inspection-becomes necessary
nspection is allowed.

Within any five or fewer successive lots.

Tightened inspection is generally achieved by increasing,the values of the acceptability ¢

values are tabulated in Table B.2 for the “s” method and Table C.2 for the “c” method. For ne
s there a change in the size of the sample in switching from normal to tightened inspection]
AQL is so small that the tables indicate, with a\downward arrow, that an increase in sa
hecessary.

[Tightened inspection shall be relaxed.when five successive lots on original inspection
hccepted on tightened inspection; then-normal inspection shall be reinstated.

Reduced inspection may be instituted after ten successive lots have been accepted u
nspection, provided that

1) these lots would have been acceptable if the AQL had been one step tighter;

NOTE If a_value of & for this tighter AQL is not given in Table B.1 (“s” method) or Table C.1 (“
a value of p*.is-not given in Table G.1, refer to Table I.

P)  productien is in statistical control;
B) reduced inspection is considered desirable by the responsible authority.

Reduced inspection is conducted on a much smaller sample than normal inspection and the|

| continue to
or reduced

[Tightened inspection shall be instituted when two lots on original normal inspection are mot accepted

bnstant. The
ther method
, unless the
mple size is

have been

nder normal

b’ method), or

value of the

acceptability constant is also decreased. The values of n and k for reduced inspection are given in

Table B.3 for the “s” method and Table C.3 for the “&” method.

Reduced inspection shall cease and normal inspection be reinstated if any of the followi
original inspection:

1) alotis not accepted,;
2) production becomes irregular or delayed;

3) reduced inspection is no longer considered desirable by the responsible authority.
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24 Discontinuation 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
as if 23 b) had been invoked.

25 Switching between the “s” and “o” methods

25.1 Estim

While this part of ISO 3951 is being used, the weighted root mean square of the values of s shalllbe calcu

periodically

ating the process standard deviation

“ w

as estimates of the process standard deviation o, for both the “s” and the €6’ *‘methods.

ated
(See

Clause J.2 in Annex J.) The value of o shall be estimated at five-lot intervals, unless theyresponsible authority

specifies an
authority spe

25.2 State

Calculate th
authority) frg
Table H. If
process may
be out of sta
NOTE 1 If
NOTE 2 If
standard devi

NOTE3 T
the probability
constrained tq

25.3 Switdhing from the “s” method to the “c” method

If the proces|
be instituted

NOTE T

other interval. The estimate shall be based on the preceding 10 lots,~untess the respon
cifies another number of lots.

of statistical control

b upper control limit for each of the 10 lots (or other numbér’ of lots specified by the respon
m the expression c;;0, where c; is a factor which depends on the sample size » and is giv

be considered to be in a state of statistical control;etherwise the process shall be consider
tistical control.

the sample sizes from the lots are all equal, then the value of ¢;;ois common to all the lots.

the sample sizes from each lot vary, it is not necessary to calculate ¢ o for those lots for which the s3
btion, s;, is less than or equal to o

ne values of ¢;; are such that, in a stable process with constant standard deviation o, in ten consecutivj
of one or more sample standard:déviations exceeding its c¢;;ois 5 %. Thus the probability of a false alg
5 %.

S is considered{to,be in a state of statistical control under the “s” method, then the “c” method

using the latést-value of o.

his switchlisyfmade at the discretion of the responsible authority.

254 Switqhing from the “o’ method to the “s” method

sible

sible
En in

none of the sample standard deviations, s;, exceeds the corresponding control limit, then the

bd to

mple

e lots
mis

may

It is recomm

ended that a control chart for s be kept even under the “o”

that the process remains in statistical control, inspection shall be switched to the “s” method.

36

o’ method. As soon as there is any doubt
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Annex A
(normative)

Tables for determining the appropriate sample size

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

Lot or batch size Speclatmspectiowtevels | Gemeratinspectiomtevety
S-1 S-2 S-3 S-4 | ] in
2t08 B B B B B B B
9to 15 B B B B B B C
16 to 25 B B B B B C D
26 to 50 B B B Cc Cc D E
51t0 90 B B Cc Cc c€ E F
91 to 150 B B Cc D D F G
151 to 280 B Cc D E E G H
281 to 500 B Cc D E F H J
501 to 1 200 Cc Cc E F G J K
1201 to 3 200 c D E G H K L
3201 to 10 000 C D F G J L M
10 001 to 35 000 C D F H K M N
35 001 to 150 000 D E G J L N P
150 001 to 500 000 D E G J M P Q
500 000 and over D E H K N Q R
NOTE The sample size) code letters and inspection levels in this part of ISO 3951 correspond to those
given in ISO 2859-1 and (SQ 3951-1.
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38

Table A.2 — Sample sizes for sample size code letters and inspection method

Equivalent attributes

S«’:i:z'e 's” method "o’ method sample size in ISO 2859-1
over | titanaa | Seduced | “ighianed | Reduced | “ighionea | Rodced
inspection inspection inspection

B 3 3 2 2 3 2

C 4 3 3 2 5 2

D 6 3 4 2 8 3

E 9 4 6 3 13 5

F 13 6 8 4 20 8

G 18 9 10 6 32 13

H 25 13 12 8 50 20

J 35 18 15 10 80 32

K 50 25 18 12 125 50

L 70 35 21 15 200 80

M 95 50 25 18 315 125

N 125 70 32 21 500 200

P 160 95 40 25 800 315

Q 200 125 50 32 1250 500

R 250 160 65 40 2000 800
NQTE The sample size code letters and inspection levels in this part of ISO 3951 correspond to those

g

ien in ISO 2859-1 and ISO 3951-1.

© I1SO 2006 — All rights reserved



https://standardsiso.com/api/?name=817054004b9243e0758824a77f12f931

ISO 3951-2:2006(E)

Annex B
(normative)

“ "

Form £ single sampling plans for the “s” method
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Annex C
(normative)

13 b2

Form & single sampling plans for the “c” method
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Annex D
(normative)

Values of /. for maximum sample standard deviation (MSSD)
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Annex E
(normative)

Values of /_ process standard deviation

ISO 3951-2:2006(E)

Table E.1 — Values of /_ for maximum process standard deviation for combined control of double
specification limits: “¢” method

_Acceptance quality Iin_1it f
(in percent nonconforming) e
0,010 0,125
0,015 0,129
0,025 0,132
0,040 0,137
0,065 0,141
0,10 0147
0,15 0,152
0,25 0,157
0,40 0,165
0,65 0,174
1,0 0,184
1,5 0,194
275 0,206
4,0 0,223
6,5 0,243
10,0 0,271
NOTE The MPSD\is" obtained by multiplying the standardized MPSD f, by the difference betwepn the upper
specffication limit U@nd'the lower specification limit L, i.e. MPSD = o} = (U —L)f,-
The MPSD indicates the greatest allowable magnitude of the process standard deviation when using plans| for combined
contrpl of deuble specification limits when the process variability is known. If the process standard deviatign is less than
the MPSD, there is a possibility but not a certainty that the lot will be accepted.
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ISO 3951-2:2006(E)

Annex F
(normative)

Estimating the process fraction nonconforming

for sample size 3: “s” method

Table F.1 — Estimated process fraction nonconforming, 5. as a function of the quality statistic O

First two Third decimal place of ¢ ./3/2

decimal = 000 | 0,001 | 0002 | 0003 | 0004 | 0005 | 0006 | 0007 | 0,008 ] 0,049
places of

0312 b D D D D D D D D P

0,00 0,5000 | 0,4997 | 0,4994 | 0,4990 | 0,4987 | 0,4984 | 0,4981 | 0,4978_ {00;4975 | 0,49f1
0,01 0,4968 | 0,4965 | 0,4962 | 0,4959 [ 0,4955 | 0,4952 | 0,4949 | 0,4946 | 0,4943 | 0,4940
0,02 0,4936 | 0,4933 | 0,4930 | 0,4927 | 0,4924 | 0,4920 | 0,4917 | 0,4914 | 0,4911 | 0,4908
0,03 0,4904 | 0,4901 | 0,4898 | 0,4895 | 0,4892 | 0,4889 | 0,4885 ()0,4882 | 0,4879 | 0,48f6
0,04 0,4873 | 0,4869 | 0,4866 | 0,4863 | 0,4860 | 0,4857 | 0,48%4 | 0,4850 | 0,4847 | 0,4844
0,05 0,4841 | 0,4838 | 0,4834 | 0,4831 | 0,4828 | 0,4825 | 04822 | 0,4818 | 0,4815 | 0,48(2
0,06 0,4809 | 0,4806 | 0,4803 | 0,4799 | 0,4796 | 0,4798} 0,4790 | 0,4787 | 0,4783 | 0,4780
0,07 0,4777 | 0,4774 | 0,4771 | 0,4767 | 0,4764 | 0,4761 | 0,4758 | 0,4755 | 0,4751 | 0,4748
0,08 0,4745 | 0,4742 | 0,4739 | 0,4735 | 0,4732 |+0,4729 | 0,4726 | 0,4723 | 0,4720 | 0,47]6
0,09 0,4713 | 0,4710 | 0,4707 | 0,4704 | 0,4700.-| 0,4697 | 0,4694 | 0,4691 | 0,4688 | 0,4684
0,10 0,4681 | 0,4678 | 0,4675 | 0,4672 | 04668 | 0,4665 | 0,4662 | 0,4659 | 0,4656 | 0,46p2
0,11 0,4649 | 0,4646 | 0,4643 | 0,4640 (|,70,4636 | 0,4633 | 0,4630 | 0,4627 | 0,4624 | 0,4620
0,12 0,4617 | 0,4614 | 0,4611 | 0,4607 | 0,4604 | 0,4601 | 0,4598 | 0,4595 | 0,4591 | 0,4588
0,13 0,4585 | 0,4582 | 0,4579 | 0,4575 | 0,4572 | 0,4569 | 0,4566 | 0,4563 | 0,4559 | 0,45%6
0,14 0,4553 | 0,4550 | 0,4546..f 0,4543 | 0,4540 | 0,4537 | 0,4534 | 0,4530 | 0,4527 | 0,45P4
0,15 0,4521 | 0,4518 | ;4614 | 0,4511 | 0,4508 | 0,4505 | 0,4501 | 0,4498 | 0,4495 | 0,4492
0,16 0,4489 | 0,4485.4.0,4482 | 0,4479 | 0,4476 | 0,4472 | 0,4469 | 0,4466 | 0,4463 | 0,44p9
0,17 0,4456 | 0,44537] 0,4450 | 0,4447 | 0,4443 | 0,4440 | 0,4437 | 0,4434 | 0,4430 | 0,447
0,18 0,4424 | 0,4421 | 0,4417 | 0,4414 | 0,4411 | 0,4408 | 0,4404 | 0,4401 | 0,4398 | 0,4395
0,19 0,4392\}./0,4388 | 0,4385 | 0,4382 | 0,4379 | 0,4375 | 0,4372 | 0,4369 | 0,4366 | 0,4362
0,20 0,4359 | 0,4356 | 0,4353 | 0,4349 | 0,4346 | 0,4343 | 0,4340 | 0,4336 | 0,4333 | 0,43B0
0,21 04327 | 0,4323 | 0,4320 | 0,4317 | 0,4314 | 0,4310 [ 0,4307 | 0,4304 | 0,4300 | 0,4297
0,22 0,4294 | 0,4291 | 0,4287 | 0,4284 | 0,4281 | 0,4278 | 0,4274 | 0,4271 | 0,4268 | 0,4265
0,23 0,4261 | 0,4258 | 0,4255 | 0,4251 | 0,4248 | 0,4245 | 0,4242 | 0,4238 | 0,4235 | 0,4232
0,24 0,4229 | 0,4225 | 0,4222 | 0,4219 | 0,4215 | 0,4212 | 0,4209 | 0,4206 | 0,4202 | 0,4199
0,25 0,4196 | 0,4192 | 0,4189 | 0,4186 | 0,4183 | 0,4179 | 0,4176 | 0,4173 | 0,4169 | 0,4166
0,26 0,4163 | 0,4159 | 0,4156 | 0,4153 | 0,4150 | 0,4146 | 0,4143 | 0,4140 | 0,4136 | 0,4133
0,27 0,4130 | 0,4126 | 0,4123 | 0,4120 | 0,4117 | 0,4113 | 0,4110 | 0,4107 | 0,4103 | 0,4100
0,28 0,4097 | 0,4093 | 0,4090 | 0,4087 | 0,4083 | 0,4080 | 0,4077 | 0,4073 | 0,4070 | 0,4067
0,29 0,4063 | 0,4060 | 0,4057 | 0,4053 | 0,4050 | 0,4047 | 0,4043 | 0,4040 | 0,4037 | 0,4033
0,30 0,4030 | 0,4027 | 0,4023 | 0,4020 | 0,4017 | 0,4013 | 0,4010 | 0,4007 | 0,4003 | 0,4000
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Table F.1 (continued)

ISO 3951-2:2006(E)

First two Third decimal place of ¢ ./3/2
p(?:z‘ier:e:)lf 0,000 0,001 0,002 0,003 0,004 0,005 0,006 0,007 0,008 0,009
0312 p P p p p p p p p p
0,31 0,3997 | 0,3993 | 0,3990 | 0,3987 | 0,3983 | 0,3980 | 0,3977 | 0,3973 | 0,3970 | 0,3967
0,32 0,3963 | 0,3960 | 0,3956 | 0,3953 | 0,3950 | 0,3946 | 0,3943 | 0,3940 | 0,3936 | 0,3933
0,33 0,3930 | 0,3926 | 0,3923 | 0,3919 | 0,3916 | 0,3913 | 0,3909 | 0,3906 | 0,3902 | 0,3899
ﬂ,QA ﬂ,QQQR n;moo n:lRRQ n,'m;m n,'m;w n,'zn7o n,'mw: n,'m79 n,QRR 0,3865
0,35 0,3862 | 0,3858 | 0,3855 | 0,3852 | 0,3848 | 0,3845 | 0,3841 0,3838 | 0,3835 | 0,3831
0,36 0,3828 | 0,3824 | 0,3821 0,3818 | 0,3814 | 0,3811 0,3807 | 0,3804 | 0,3800 | 0,3797
0,37 0,3794 | 0,3790 | 0,3787 | 0,3783 | 0,3780 | 0,3776 | 0,3773 | 0,3770 " 0,3766] | 0,3763
0,38 0,3759 | 0,3756 | 0,3752 | 0,3749 | 0,3745 | 0,3742 | 0,3739 [ (8735 | 0,3732 | 0,3728
0,39 0,3725 | 0,3721 | 0,3718 | 0,3714 | 0,3711 | 0,3707 | 0,3704™| 0,3701 | 0,3697| | 0,3694
0,40 0,3690 | 0,3687 | 0,3683 | 0,368 | 0,3676 | 0,3673 | 0,3669 | 0,3666 | 0,3662[ | 0,3659
0,41 0,3655 | 0,3652 | 0,3648 | 0,3645 | 0,3641 0,3638/| 00,3634 | 0,3631 0,3627| | 0,3624
0,42 0,3620 | 0,3617 | 0,3613 | 0,3610 | 0,3606 | 0,3603) | 0,3599 | 0,3596 | 0,3592 | 0,3589
0,43 0,3585 | 0,3582 | 0,3578 | 0,3575 | 0,3571 | 0;3567 | 0,3564 | 0,356 | 0,3557| | 0,3553
0,44 0,3550 | 0,3546 | 0,3543 | 0,3539 | 0,3536, | 0,3532 | 0,3528 | 0,3525 | 0,3521 0,3518
0,45 0,3514 | 0,3511 0,3507 | 0,3504 | 0,3500 | 0,3496 | 0,3493 | 0,3489 | 0,3486| | 0,3482
0,46 0,3478 | 0,3475 | 0,3471 0,3468-/0,3464 | 0,3461 0,3457 | 0,3453 | 0,3450 | 0,3446
0,47 0,3443 | 0,3439 | 0,3435 | 0,3432 | 0,3428 | 0,3424 | 0,3421 0,3417 | 0,3414] | 0,3410
0,48 0,3406 | 0,3403 | 0,3399 |,0;3395 | 0,3392 | 0,3388 | 0,3385 | 0,3381 | 0,3377| | 0,3374
0,49 0,3370 | 0,3366 | 0,3368 ) 0,3359 | 0,3355 | 0,3352 | 0,3348 | 0,3344 | 0,3341| | 0,3337
0,50 0,3333 | 0,3330 | 03326 | 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 | 0,3274 | 0,3270 | 0,3267| | 0,3263
0,52 0,3259 | 0,3256° | 0,3252 | 0,3248 | 0,3244 | 0,3241 | 0,3237 | 0,3233 | 0,3229 | 0,3226
0,53 0,3222 |- 06,3218 | 0,3214 | 0,3211 0,3207 | 0,3203 | 0,3199 | 0,3196 | 0,3192 | 0,3188
0,54 0,3184. 0,3180 | 0,3177 | 0,3173 | 0,3169 | 0,3165 | 0,3161 0,3158 | 0,3154] | 0,3150
0,55 0,3146 | 0,3142 | 0,3139 | 0,3135 | 0,3131 0,3127 | 0,3123 | 0,3120 | 0,3116| | 0,3112
0,56 0,3108 | 0,3104 | 0,3100 | 0,3096 | 0,3093 | 0,3089 | 0,3085 | 0,3081 0,3077| | 0,3073
0,67 0,3069 | 0,3066 | 0,3062 | 0,3058 | 0,3054 | 0,3050 | 0,3046 | 0,3042 | 0,3038 | 0,3034
0,58 0,303T | 0,3027 | 0U,30Z3 | 0,3019 | 0,301T5 | 0,30TT | 0,3007 | 0,3003 | 0,299 0,2995
0,59 0,2991 | 0,2987 | 0,2983 | 0,2979 | 0,2975 | 0,2972 | 0,2968 | 0,2964 | 0,2960 | 0,2956
0,60 0,2952 | 0,2948 | 0,2944 | 0,2940 | 0,2936 | 0,2932 | 0,2928 | 0,2924 | 0,2920 | 0,2916
0,61 0,2912 | 0,2908 | 0,2904 | 0,2900 | 0,2896 | 0,2892 | 0,2888 | 0,2883 | 0,2879 | 0,2875
0,62 0,2871 0,2867 | 0,2863 | 0,2859 | 0,2855 | 0,2851 0,2847 | 0,2843 | 0,2839 | 0,2835
0,63 0,2831 0,2826 | 0,2822 | 0,2818 | 0,2814 | 0,2810 | 0,2806 | 0,2802 | 0,2798 | 0,2793
0,64 0,2789 | 0,2785 | 0,2781 0,2777 | 0,2773 | 0,2769 | 0,2764 | 0,2760 | 0,2756 | 0,2752
0,65 0,2748 | 0,2743 | 0,2739 | 0,2735 | 0,2731 0,2727 | 0,2722 | 0,2718 | 0,2714 | 0,2710
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ISO 3951-2:2006(E)

Table F.1 (continued)

First two Third decimal place of ¢ ./3/2

decimal 17, 000 | 0,001 | 0002 | 0003 | 0004 | 0005 | 0006 | 0007 | 0008 | 0009
places of

0312 D p p D D p D D p p

0,66 0,2706 | 0,2701 | 0,2697 | 0,2693 | 0,2689 | 0,2684 | 0,2680 | 0,2676 | 0,2672 | 0,2667
0,67 0,2663 | 0,2659 | 0,2654 | 0,2650 | 0,2646 | 0,2641 | 0,2637 | 0,2633 | 0,2628 | 0,2624
0,68 0,2620 | 0,2615 | 0,2611 | 0,2607 | 0,2602 | 0,2598 | 0,2594 | 0,2589 | 0,2585 | 0,2580
0,69 02576 0,2572 02567 0,2563 0,2558 0,2554 0,2550 0,2545 0,2541 0,2536
0,70 0,2532 | 0,2527 | 0,2523 | 0,2518 | 0,2514 | 0,2509 | 0,2505 | 0,2500 | 0,2496 | 0,2491
0,71 0,2487 | 0,2482 | 0,2478 | 0,2473 | 0,2469 | 0,2464 | 0,2460 | 0,2455 | 0,2451¢ | 0,2446
0,72 0,2441 | 0,2437 | 0,2432 | 0,2428 | 0,2423 | 0,2418 | 0,2414 | 0,2409 | 0,2405 | 0,2400
0,73 0,2395 | 0,2391 | 0,2386 | 0,2381 | 0,2377 | 0,2372 | 0,2367 | 0,2362 (H0,2358 | 0,23%3
0,74 0,2348 | 0,2344 | 0,2339 | 0,2334 | 0,2329 | 0,2324 | 0,2320 | 0,2345 1 0,2310 | 0,2305
0,75 0,2301 | 0,2296 | 0,2291 | 0,2286 | 0,2281 | 0,2276 | 0,2272 | 0,2267 | 0,2262 | 0,22p7
0,76 0,2252 | 0,2247 | 0,2242 | 0,2237 | 0,2232 | 0,2227 | 0,2222 ()0,2217 | 0,2213 | 0,2208
0,77 0,2203 | 0,2198 | 0,2193 | 0,2188 | 0,2183 | 0,2177 | 0,2172 | 0,2167 | 0,2162 | 0,21p7
0,78 0,2152 | 0,2147 | 0,2142 | 0,2137 | 0,2132 | 0,2127 02121 | 0,2116 | 0,2111 | 0,2106
0,79 0,2101 | 0,2096 | 0,2090 | 0,2085 [ 0,2080 | 0,2075.} 0,2069 | 0,2064 | 0,2059 | 0,20p4
0,80 0,2048 | 0,2043 | 0,2038 | 0,2032 | 0,2027 | 0,2022 | 0,2016 | 0,2011 | 0,2006 | 0,2000
0,81 0,1995 | 0,1989 | 0,1984 | 0,1978 | 0,1973~0,1967 | 0,1962 | 0,1956 | 0,1951 | 0,1945
0,82 0,1940 | 0,1934 | 0,1929 | 0,1923 | 0,191 | 0,1912 | 0,1906 | 0,1900 | 0,1895 | 0,1889
0,83 0,1883 | 0,1878 | 0,1872 | 0,1866 {0,1860 | 0,1855 | 0,1849 | 0,1843 | 0,1837 | 0,18B1
0,84 0,1826 | 0,1820 | 0,1814 | 0,1808\[ 0,1802 | 0,1796 | 0,1790 | 0,1784 | 0,1778 | 0,17f2
0,85 0,1766 | 0,1760 | 0,1754 | 0,1748 | 0,1742 | 0,1736 | 0,1729 | 0,1723 | 0,1717 | 0,17]1
0,86 0,1705 | 0,1698 | 0,1692—\0,1686 | 0,1680 | 0,1673 | 0,1667 | 0,1660 | 0,1654 | 0,1648
0,87 0,1641 | 0,1635 | 0,1628 | 0,1622 | 0,1615 | 0,1609 | 0,1602 | 0,1595 | 0,1589 | 0,1582
0,88 0,1575 | 0,1569 |C0B,1562 | 0,1555 | 0,1548 | 0,1542 | 0,1535 | 0,1528 | 0,1521 | 0,15(4
0,89 0,1507 | 0,15607} 0,1493 | 0,1486 | 0,1479 | 0,1472 | 0,1465 | 0,1457 | 0,1450 | 0,1443
0,90 0,1436 | 01428 | 0,1421 | 0,1414 | 0,1406 | 0,1399 | 0,1391 | 0,1384 | 0,1376 | 0,1368
0,91 0,1361. )0,1353 | 0,1345 | 0,1338 | 0,1330 | 0,1322 | 0,1314 | 0,1306 | 0,1298 | 0,1290
0,92 0,1282" | 0,1274 | 0,1266 | 0,1257 | 0,1249 | 0,1241 | 0,1232 | 0,1224 | 0,1215 | 0,1207
0,93 01198 | 0,1189 | 0,1181 | 0,1172 | 0,1163 | 0,1154 | 0,1145 | 0,1136 | 0,1127 | 0,118
0,94 0,1108 | 0,1099 | 0,1089 | 0,1080 | 0,1070 | 0,1061 | 0,1051 | 0,1041 | 0,1031 | 0,1021
0,95 0,1011 | 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 0,0782 | 0,0768 | 0,0755 | 0,0741 | 0,0727 | 0,0713 | 0,0699 | 0,0684 | 0,0669 | 0,0653
0,98 0,0638 | 0,0621 | 0,0605 | 0,0588 | 0,0570 | 0,0552 | 0,0533 | 0,0514 [ 0,0494 | 0,0473
0,99 0,0451 | 0,0427 | 0,0403 | 0,0377 | 0,0349 | 0,0318 | 0,0285 | 0,0247 | 0,0201 | 0,0142
1,00 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 | 0,0000 ( 0,0000 | 0,0000

NOTE For negative values of O, enter the table with the absolute value of 0+/3 /2 and subtract the result from 1,0.
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Annex G
(normative)

Form p* single sample plans
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Annex H
(normative)

Values of ¢, for upper control limit on the sample standard deviation

Table H.1 — Values of ¢, for upper control limit on the sample standard deviation

Sampte Factor—|—Sampte— T Factor —|—Sampte— T Factor —|—Sampte——Factor
size size size size

n Cy n cy n cy n Cy

2 2,800 10 1,617 25 1,377 70 1,221
3 2,297 12 1,558 32 1,331 95 1,189
4 2,065 13 1,534 35 1,316 125 1,165
6 1,827 15 1,494 40 1,295 160 1,145
8 1,700 18 1,448 50 1,263 200 1,13(
9 1,654 21 1,413 65 1,230 250 1,116

© 1SO 2006 — Al rights reserved 61


https://standardsiso.com/api/?name=817054004b9243e0758824a77f12f931

ISO 3951-2:2006(E)

62

Annex |
(normative)

Supplementary acceptability constants for qualifying towards
reduced inspection

Table 1.1 — Supplementary acceptability constants for qualifying towards reduced inspection
Form k acceptability constant | Form p* acceptability constant
Sample size AQL for AQL that is one step tighter | for AQL that is one step tighter
coge letter (%) “s” method “o” method “s” and “o” methods
k k 100 p¥
B 4,0 1,118 0,991 8,047
C 2,5 1,325 1,281 5,833
D 1,5 1,516 1,465 4,540
E 1,0 1,740 1,739 2,840
F 0,65 1,967 1,990 1,671
G 0,40 2,153 2,182 1,074
H 0,25 2,350 2,378 0,6495
J 0,15 2,503 2,526 0,4461
K 0,10 2,678 2,694 0,2784
L 0,065 2,856 2,866 0,1659
M 0,040 3,002 3,008 0,1069
N 0,025 3,157 3,167 0,06470
P 0,015 3,272 3,282 0,04433
Q 0,01 3,407 3,419 0,02760
R 0,01 3,448 3,460 0,02443
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JA tt
symbol s. Its value may be obtained from the mathematical formula

J.1.2
anu

J.1.3
the |

ISO 3951-2:2006(E)

Annex J
(normative)

Procedures for obtaining s or o

Procedure for obtaining s

The estimate from a sample of the standard deviation of a population is generally delLoted by the

is the value of the quality characteristic of the jth item in a'sample of size »; and

x is the mean value of the Xy i.e.

The above formula for s is not recommended for the purpose of computation, as it tends
hnecessary amount of rounding error. AR equivalent but computationally better formula is

ny g = x))
= =1
n(n—1)

S =

This formula canrbe improved upon still further by subtracting a suitable arbitrary conste
alues of X; before)computing s, i.e.

2
nZ(xj —a)2 —{Z(xj —a)}
C \ J=1 J=1

L EAY
‘ r\rt 1)

(J.1)

J.2)

to introduce

(J.3)

nt a from all

(J.4)

This form tends to provide a more accurate result when the variability is very small relative to the mean, i.e. s

is ve

ry small in comparison with x .
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