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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
through ISO technical committees. Each member body interested in a subject for which

carried out
a technical

committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The [procedures used to develop this document and those inmtended for i 0 eT TITa
desdribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianes
diffdrent types of ISO document should be noted. This document was drafted in aceendan
editgrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

[SO firaws attention to the possibility that the implementation of this docunient may inv
of (a) patent(s). ISO takes no position concerning the evidence, validity or applicability of i
patent rights in respect thereof. As of the date of publication of this decument, ISO had 1
noti¢e of (a) patent(s) which may be required to implement this docunient. However, imple}

iimenance are

bded for the
ce with the

Ive the use
iny claimed
ot received
menters are

cautjoned that this may not represent the latest information, which«may be obtained from the patent

database available at www.iso.org/patents. ISO shall not be held responsible for identifyin
such patent rights.

Any|trade name used in this document is information given.for the convenience of users a
congtitute an endorsement.

For pn explanation of the voluntary nature of standards, the meaning of ISO specific
expilessions related to conformity assessment:‘as well as information about ISO's ad
the [World Trade Organization (WTO) principles in the Technical Barriers to Trade
wwyv.iso.org/iso/foreword.html.

This| document was prepared by Technical Committee ISO/TC 69, Applications of statistid
Subdommittee SC 5, Acceptance sampling.

Alist of all parts in the ISO 395%.series can be found on the ISO website.

Any ffeedback or questions on this document should be directed to the user’s national standg
complete listing of these bodies can be found at www.iso.org/members.html.

g any or all

nd does not

terms and
herence to
(TBT), see

al methods,

irds body. A
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Introduction

This document specifies an acceptance sampling system of single sampling plans for inspection by
variables. It is indexed in terms of the limiting quality (LQ) for the inspection of lots where switching
rules as used in ISO 3951-1 are not applicable. These switching rules provide protection to the consumer
(by the prospect of switching to tightened inspection and discontinuation) and also provide an incentive
to the supplier to improve the quality level. However, there are various cases where the switching rules
of ISO 3951-1 are not applicable, such as isolated lots or a short series of lots.

This document is deSIgned for the lnspectlon of a smgle quallty characterlstlc that is measurable on a
continuous gcated ' i ] e

complementary to the attrlbutes standard ISO 2859 2. The operatlng characteristic curves (OC cu | ves)
of the varigbles plans in this document are similar but not identical to those of the corresponiding
attributes plans in ISO 2859-2. The OC curves have been matched by minimizing the difference of the
OC curves dn condition of getting a comprehensible sample size structure (see Clause 9),

n of
ives

In this doc
nonconfor

ment, the acceptance of a lot is implicitly determined from an estimate-of the fracti
ling items in the process, based on a random sample of items fromsthe lot. The object

of the meth
of acceptan
practicable

It is assumd
on accomm
and [30].

CAUTION -
been scree

Inspection
possible md
user:

unknoy

— asinglg

The choice
some know,
responsiblg
should be b
be made wh

The basic definitiens and notations are provided by Clauses 3 and 4. The basic operational rules

contained i
attributes s

pbds laid down in this document are to ensure that lots of limiting quality have a probalj
ce about 10 % and that the probability of accepting lots withkgood quality is as hig

d in the main body of this document that measurementérror is negligible. For informz
odating measurement error, see Annex B, which was.derived from References [24],

ned for nonconforming items.

by variables for nonconforming items,.as described in this document, includes sey
des, the combination of which leads to'a presentation that can appear quite complex t

yn standard deviation, or known'since the start of inspection;
specification limit, or combined control of double specification limits.

of the most suitable™variables plan, if one exists, requires experience, judgement,
edge of both statistics and the product to be inspected. Clause 5 is intended to help t
for specifying §ampling plans in making this choice. It suggests the considerations
orne in mind-when deciding whether a variables plan would be suitable and the choic
en selecting.an appropriate standard plan.

ility
h as

ition
[29]

— The procedures in this document are not ‘suitable for application to lots that have

reral
the

and
hose
that
bS to

n Clauses 5 through 8. Clause 9 informs about the relations between this document an

ampling standard ISO 2859-2. Clauses 10 and 11 provide background on accountin

are
the
for

measurement uncertainty and the underlying normality assumption.
procedure can be found in Clause 12, and examples for the s-method and the o-method for both single
and double specification limits can be found in Clause 13.

Nine annexes are provided. Annex A indicates how the sample standard deviation, s, and the presumed
known value of the process standard deviation, o, should be determined. Annex B provides procedures
for accommodating measurement uncertainty. Annex C shows five different sampling strategies.
Annex D gives the general formula for the operating characteristics of the s-method. Annex E gives the
general formula for the operating characteristics of the o-method. Annex F gives the theory underlying
the calculation of consumer’s risks. Annex G gives the theory underlying the calculation of producer’s
risk quality. Annex H gives details of how acceptance diagrams for double specification limits are
constructed. Annex [ gives a description of the use of the underlying software, R package ISO 3951, to
support implementation of this document.
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Sa
Pa

mpling procedures for inspection by variables —

rt 6:

Specification for single sampling plans for isolated lot
inspection indexed by limiting quality (LQ)

Scope

This| document specifies an acceptance sampling system of single sampling plans for in
varigbles, primarily designed for use under the following conditions:

dou

where the inspection procedure is applied to an isolated lot of discrete products all sup
producer using one production process;

measurable on a continuous scale;

hpproximation to a normal distribution;

iwhere the quality characteristic can be measuredcwithout error or with moderate m
EITOr;

iwhere a contract or standard defines a lower specification limit, L, an upper specifig
[/, or both; an item is qualified as conforming if and only if its measured quality char
satisfies the appropriate one of the following inequalities:

1) x=L (i.e. the lower specification limit is not violated);
P)  x < U (i.e. the upper speeification limit is not violated);

B) x=Landx < U (i.e. fieither the lower nor the upper specification limit is violated).

Ine(%tlalities 1) and 2).are cases with a single specification limit, whereas inequality 3) is
1

e specification limits.

Where double specification limits apply, it is assumed in this document that conforma
spedificationdimits is equally important to the integrity of the product. In such cases, it is

to a

referred to as combined control.

2

spection by

blied by one

ivhere only a single quality characteristic, x, of this process is-taken into considerati¢gn, which is

where the quality characteristic, x, is distributed according to a normal distributiop or a close

pasurement

ation limit,
hcteristic, x,

a case with

hce to both
hppropriate

Tply a single LQ to the combined fraction of a product outside the two specification limits. This is

Normative references

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

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

ISO 2859-2, Sampling procedures for inspection by attributes — Part 2: Sampling plans indexed by limiting
quality (LQ) for isolated lot inspection

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

© IS0 2023 - All rights reserved
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[SO 3534-2,

Statistics — Vocabulary and symbols — Part 2: Applied statistics

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 2859-1, SO 2859-2, SO 3534-1,
and ISO 3534-2 and the following apply.

ISO and IEC
[SO Onl

maintain terminology databases for use in standardization at the following addresses:

ine browsing platform: available at https://www.iso.org/obp

IEC Ele

31
inspection
inspection |

[SOURCE: I§
"the magnit

3.2
sampling i

inspection ¢f selected items in the group under consideration

[SOURCE: I§

3.3
acceptancg
acceptancg
sampling in
material, or]

[SOURCE: I
original def]
inspection”

3.4
acceptancg
acceptance
measureme

[SOURCE: I
quality cha
variables”]

3.5
process frg

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

by variables
by measuring the magnitude of a characteristic of an item

0 3534-2:2006, 4.1.4, modified — "the magnitude(s) of the characteristic(s)" replaced
ude of a characteristic".]

nspection

0 3534-2:2006, 4.1.6]

sampling inspection

sampling

spection (3.2) to determine whether or net’to accept a lot or other amount of pro
service

0 3534-2:2006, 4.1.8, modified — {acceptance sampling” added as second preferred t
inition, "acceptance inspection where the acceptability is determined by means of samj
replaced with the current one.]

sampling inspection by variables
sampling inspection.(3.J3) in which the acceptance of a lot is determined statistically
nts on specified quality characteristics of each item in a sample from a lot

50 3534-2:2006; 4.2.11, modified — “the process” replaced by “a lot”, and “on spec
Facteristicsef each item in a sample from a lot” has been replaced by “from inspectio

ction nonconforming

with

Huct,

erm;

pling

‘rom

ified
n by

rate at which nonconforming items are generated by a process

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

3.6

quality level
quality expressed as the fraction nonconforming

© IS0 2023 - All rights reserved
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consumer's risk

CR

6:2023(E)

probability of acceptance when the quality level (3.6) has a value stated by the acceptance sampling

plan

Note

as unsatisfactory

1 to entry: For the purposes of this document, the consumer's risk is approximately 10 %.

[SOURCE: ISO 3534-2:2006, 4.6.2, modified — Deleted symbol 3; original Note 1 to entry replaced with
the current one.]

3.8

cons
CRQ
qual
cons

Note

[Soy
with

39

limiting quality

LQ
qual
insp

[sot
3.10

producer's risk

PR
proH

Note

[SOU
with

3.11

umer's risk quality

ty level (3.6) of a lot or process which, in the acceptance sampling plan, corresponds td
pumer’s risk (3.7)

1 to entry: For the purposes of this document, the consumer's risk quality is the/limiting qualit)

RCE: ISO 3534-2:2006, 4.6.9, modified — Deleted symbol Q.p; original Note 1 to enf
the current one.]

ty level (3.6), when a lot is considered in isolation, which, for the purposes of acceptan
pction (3.3), is limited to a low probability of acceptance

RCE: ISO 3534-2:2006, 4.6.13]

ability of non-acceptance when théguality level (3.6) has a value stated by the plan as 4
1 to entry: For the purposes of this document, the producer's risk is 5 %.

RCE: ISO 3534-2:2006, 4:6.4, modified — Deleted symbol a; original Notes 1 and 2 to enf
the current one.]

pro
PR

qualfty level (3.6) of a lot or process which, in the acceptance sampling plan, corresponds tq
producer’s risk/(3.10)

[SOURCE: ISO 3534-2:2006, 4.6.10, modified — Deleted symbol Qpg; deleted Notes 1 and 2 t

ucer's risk quality

a specified

(3.9).

ry replaced

ce sampling

cceptable

ry replaced

a specified

b entry.]

3.12

nonconformity

non-

fulfilment of a requirement

[SOURCE: ISO 3534-2:2006, 3.1.11]

3.13

s-method acceptance sampling plan
s-method
acceptance sampling (3.3) plan by variables using the sample standard deviation.

Note

1 to entry: See Clause 6.

© IS0 2023 - All rights reserved
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[SOURCE: ISO 3534-2:2006, 4.3.10, modified - “s method” has been replaced by “s-method”, “acceptance
sampling plan” has been added; “s-method” left as a second preferred term; in the definition, "acceptance
sampling inspection by variables" replaced with "acceptance sampling plan by variables"; added Note 1
to entry.]

3.14

o-method acceptance sampling plan

o-method

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

Note 1 to entry: See Clause 7.

[SOURCE: IF0 3534-2:2006, 4.3.9, modified — "sigma method" has been replaced with "o-metlllod";
“acceptancg sampling plan” has been added with “o-method” left as a second preferred tefmj’in the
definition, facceptance sampling inspection by variables" replaced with "acceptance sampling plan by
variables"; added Note 1 to entry.]

3.15
specificatipn limit
conformange boundary specified for a characteristic

[SOURCE: IFO 3534-2:2006, 3.1.3, modified — "limiting value stated" replaced with " conformpnce
boundary specified".]

3.16
lower speciffication limit
L
specification limit (3.15) that defines the lower conformance boundary

[SOURCE: 140 3534-2:2006, 3.1.5, modified — " limiting ¥alue" replaced with " conformance boundary".]

3.17
upper spedification limit
U
specification limit (3.15) that defines the upper conformance boundary

[SOURCE: 140 3534-2:2006, 3.1.4, modified — " limiting value" replaced with " conformance boundary".]

3.18
combined ¢ontrol
requirement when both upperand lower limits are specified for the quality characteristic and ap LQ
(3.9) that applies to the combined fraction nonconforming beyond the two limits is given

Note 1 to enfry: The use\0of combined control implies that nonconformity (3.12) beyond either specification|limit
(3.15) is belipved tobe'ef equal, or at least roughly equal, importance to the lack of integrity of the product.

3.19
form k accéptance constant
k

constant depending on the specified value of the limiting quality (3.9) and the sample size, used in the
criteria for accepting the lot in an acceptance sampling (3.3) plan by variables

Note 1 to entry: See Clauses 6 and 7.

[SOURCE: ISO 3534-2:2006, 4.4.4, modified - "acceptability constant” has been replaced with " form

k acceptance constant”; “value of the acceptance quality limit" replaced with "value of the limiting
quality"; added Note 1 to entry.]

4 © IS0 2023 - All rights reserved
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3.20

form p* acceptance constant

p*

constant depending on the specified value of the limiting quality (3.9) and the sample size, used in the
criteria for accepting the lot in an acceptance (3.3) plan by variables

Note 1 to entry: See Clause 8.

[SOURCE: ISO 3534-2:2006, 4.4.4, modified — “acceptability constant” has been replaced with “form

p* acceptance constant”; “value of the acceptance quality limit" replaced with "value of the limiting
quality"; added Note 1 to entry.]

3.21]
lower quality statistic

Q
fundtion of the lower specification limit (3.15), the sample mean, and the sample ot proceps standard
deviption

Note|1 to entry: For a single lower specification limit, the lot is sentenced on the-result of comparing Q, with the
form|k acceptance constant (3.19) k.

Note|2 to entry: See Clauses 6 and 7.

[SOURCE: ISO 3534-2:2006, 4.4.11, modified — In the Note 1 tg.entry, "acceptability constant” has been
replaced with "form k acceptance constant”; Note 2 to entry added.]

3.22
upper quality statistic
Qu
fundtion of the upper specification limit (3.17), the sample mean, and the sample or proceps standard
deviption

Note|1 to entry: For a single upper specification limit, the lot is sentenced on the result of comparing @, with the
form|k acceptance constant (3.19) k.

Note|2 to entry: See Clauses 6 and 7.

[SOURCE: ISO 3534-2:2006, 4.4.10, modified — In the Note 1 to entry, "acceptability constant” has been
replaced with "form k acceptance constant”; Note 2 to entry added.]

3.23
maximum process-standard deviation
MPSYD

Gmax
largest process’'standard deviation for a given sample size and LQ (3.9) for which it is possible to satisfy
the gcceptance criterion for double specification limits (3.15) with a combined LQ (3.9) when|the process
variability is known

[SOURCE: ISO 3534-2:2006, 4.4.8, modified — Added symbol o,,,,; "or a given sample size code letter
and AQL" replaced with "for a given sample size and LQ "; "for a double specification limit under all
inspection severities (i.e. normal, tightened and reduced) when the process variability is known"
replaced with "for double specification limits with a combined LQ when the process variability is

known"; Note 1 to entry deleted.]

3.24
measurement
set of operations to determine the value of some quantity

[SOURCE: ISO 3534-2:2006, 3.2.1, modified - "having the object of determining a value of a quantity"
replaced with "to determine the value of some quantity".]

© IS0 2023 - All rights reserved 5
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4 Symbols

fo

Fpera(a,p)y (X)

Fyy 5y (X)

factor that relates the maximum process standard deviation to the difference between

Uand L (see Table 3)

the distribution of the standard beta distribution with parameters aand . In
document o =p=n/2-1 throughout.

the distribution function of the non-central ¢t-distribution with v degrees of free
and non-centrality parameter §

this

dom

®(x)

Q

Qu

the upper p-quantile of the standardized normal distribution, i.e. x such that 1—®(x
, which corresponds to the process fraction nonconforming p

form k acceptance constant for use with a single quality characteristi¢-and a s}
specification limit (see Table 2 for the s—-method or Table 4 for the o-method)

lower specification limit (as a subscript to a variable, it denotes itswalue at L)
sample size (number of items in a sample)

probability of acceptance

lot quality in fraction nonconforming

estimate of the process fraction nonconforming

estimate of the process fraction nonconforming below the lower specification liny

estimate of the process fraction nonc€enforming above the upper specification linpit

SN—
Il
=

ngle

it

form p*acceptance constant, ise. the maximum acceptable value for the estimate gf the

process fraction nonconforming (see Table 5)
the distribution functien of the standardized normal distribution.
lower quality statistic

NOTE @, is defined as (x —L)/s when the process standard deviation is unknown
as (x—L)/g-when it is presumed to be known.

upper{quality statistic

NOTE Qy is defined as (U—-Xx)/s when the process standard deviation is unknown
as (U-x)/oc when itis presumed to be known.

and

and

sample standard deviation of the measured values of the quality characteristic

(also

max

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

(see Annex A)

standard deviation of a process that is under statistical control

NOTE 1 02, the square of the process standard deviation, is known as the process variance.

maximum process standard deviation (MPSD) (see Table 3)

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=fa18f1d83173b645ce66d22af5c1f13f

X

|

5.1

The
The

d)

f)

5.2
The

ISO 3951-

6:2023(E)

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

measured value of the quality characteristic for the jth item of the sample

Sample arithmetic mean of the measured values of the quality characteristic in the

sample, i.e.

Z ?:1)(]'

n

X=

(QPP Annex A)

Choice of a sampling plan

Choice between variables and attributes

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

n terms of economics, it is necessary to compare the total cost of the relatively simple
bf a larger number of items by means of an attributes schemie with the generally moj
procedure required by a variables scheme, which is usually more time consuming an
tem.

n terms of the knowledge gained, the advantage lieswith inspection by variables as the
pbtained indicates more precisely how good theproduct is.

An attributes scheme can be more readily uiderstood and accepted; for example, it mg
difficult to accept that, when inspecting by*variables, a lot can be rejected on measurer]

hnd Example 2 b).

From a comparison of the size“of the samples required for the same LQ from staf
for inspection by attributes,’such as from ISO 2959, and the standard plans in thig
the smallest samples are(generally required by the o-method (used when the proce
eviation is presumed to)be known). The sample sizes for the s-method (used when
standard deviation. is Jpresumed to be unknown) are larger than for the o-method
beneral, substantially smaller than for sampling by attributes.

Variables sampling has a substantial advantage when the inspection process is ex
example, intthe case of destructive testing.

For twaror more quality characteristics, [ISO 3951 series does not contain specifications f]
plaris'indexed by LQ.

 attributes.

inspection
e elaborate
1 costly per

nformation

y at first be
nents taken

pf a sample that does not contain any*fienconforming items and vice versa (see 13.2 Example 2 a

idard plans
document,
5s standard
the process
but are, in

bensive, for

or sampling

General

following procedures shall be followed in advance of the inspection by variables.

a) Specify the limiting quality (LQ) in accordance with 5.4.

b)

c)
d)

Determine the lot size (N).

Determine the quality characteristic x and an upper limit U and/or a lower limit L for x.

For a quality characteristic with double specification limits, check that nonconformi

each limit are of equal importance.

© IS0 2023 - All rights reserved
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e) Check whether the s-method (Clause 6) should be used or whether the standard deviation is stable
and known, in which case the o-method (Clause 7) should be used (see 5.3);

f) for the o-method and a quality characteristic with double specification limits, a process capability
study in the following sense should be done:

1) enter Table 3 with the LQ to determine the value of the factor f;

2)

Omax = (U_L)fcr;

3)

If g _exceeds g
TITAA

the process is not capable and sampling inspection is pointless until

calculate the maximum allowable value of the process standard deviation using the formula

it is

der

With the s
acceptance

Although th
level requir

5.3 Choi

If it is desi

made whetler to use the s-method or the o-method. The oc-method.is\the more economical in tern

sample size
obtained fr

In casenor]

5.4 Choi

The purpo
unsatisfact
the LQ is gd

and the consequences of nonconforming items passing into service. In this document, the LQ is

parameter
a probabilit
indexed by

If the user’s
be the sped
specified L

honstrated that the process variability has been adequately reduced.

pecified lot size and the limiting quality as indexing values, the sample sizen-and
constant k are given in Table 2 (s-method) or Table 4 (o-method).

e primary index is the limiting quality, the producer/supplier needs guidatice on the qu
ed if lots are to have a high probability of acceptance.

e between the s-method and the o-method

‘ed to apply inspection by variables as proposed in this document, the decision sha

but before this method can be applied, it is necessary.to-have a reliable value of g, us
bm previous process analyses.

pliable assumptions on the value of o can be made) it is necessary to use the s-method.

ce of the limiting quality (LQ)

ry quality is generally a decision that'should be made by quality management. The choi
verned by a number of factors, but'is mainly a balance between the total cost of inspeg

1sed to protect against unSatisfactory quality. The sampling plans in this document
y of accepting the lot at the LQ of about 10 %. In this document, the sampling tables
h set of specified LQ yalues.

chosen LQ value-isnot among those specified in Table 1, then an applicable LQ value
ified LQ corresponding to the range containing the user’s chosen LQ, which is the clg
) below the tser’s chosen LQ (see Example).

Table 1 — Specified LQ values

be of this document is to guard against unsatisfactory quality. The determinatioEl of

the

plity

Il be
hs of
hally

e of
tion
the
have
are

shall
sest

Limiting quality (LQ) in percent nonconforming

range 0,05<LQ<0,08 0,08<LQ<0,125 0,125<LQ<0,2 0,2<LQ<0,315 0,315<LQ<0,5
specified 0,05 0,08 0,125 0,2 0,315

range 05<LQ<0,8 0,8<LQ<125 1,25<LQ <2 2<L0<315 315<LQ<5
specified 0,5 0,8 1,25 2 3,15

range 5<LQ<8 8<LQ<12,5 12,5<LQ <20 20<LQ <315 31,5<LQ
specified 5 8 12,5 20 31,5
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Where both upper and lower specification limits are given, this document addresses only the case of an
overall LQ applying to the combined fraction nonconforming beyond both specification limits; this is
known as combined control.

EXAMPLE

For a product, the limiting quality has been set at 3,5 % nonconforming. This is not one of the specified values
and the applicable LQ shall be that for range 3,15 % < LQ <5 %), which is the specified value of 3,15 %, since this

is the closest specified LQ below 3,5 %.

6 Standard procedures for the s-methaod

6.1 | General
The fs-method shall be used if information about the standard deviation is missing'er unrelfable. Under
the §-method, the standard deviation is estimated directly from each sample, As,soon as th¢ conditions
for the use of the o-method are warranted, one may switch from the s-methedto the o-methpd (see 5.3).
6.2 | Single specification limits
Before starting the inspection by variables, see Clause 5.
The procedure for a single specification limit is as follows:
a) Enter Table 2 with the lot size, N, and the LQ to obtain the sample size, n, and the|acceptance
ronstant, k.
b) [lake a random sample of size n, measure the ¢haracteristic x in each item, and then calcplate x, the
sample mean, and s, the sample standard deviation (see Annex A).
NOTE Some sampling strategies are provided in Annex C.
c) Petermination of acceptance.
1) If x<L or x>U,reject the lot; or continue with the next step.
P) If s =0 accept the lot; pr continue with the next step.
NOTE Itis possibleto get s = 0 when measurement uncertainty is present (see Clause 10 aphd Annex B).
B) Calculate the/quality statistic Qy =(U-X)/s or Q;,=(x—-L)/s and compare fit with the
acceptahce constant k. The lot is accepted if @y = k or Q; = k; orrejectedif Qy < k or @, < k
For ¢xamples of single lower and upper specification limits, see Example 1, Example 2 and|Example 3)
in13.2-
6.3 Double specification limits

Before starting the inspection by variables, see Clause 5.

The
a)

b)

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

Enter Table 2 with the lot size, N, and the LQ to obtain the sample size, n, and the
constant, k.

acceptance

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

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

NOTE Some sampling strategies are provided in Annex C.
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c¢) Determination of acceptance.

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

2) Plot (s,x) on the acceptance diagram, which can be obtained using the acceptance_region
function in the underlying software (see L.5).

NO

- s
TE The standardized values (Sg,Xg ) where sg = T

- _x-L
and Xg =—— may be used in which case
L U-L

(SS,)?S) is plotted on the standardized acceptance diagram, which can be obtained using the

acceptance region function in the underlying software without providing the standardized lower and
upper specification limits L =0, U= 1 (see L.5).
3) If the plotted point is outside the acceptance region the lot is rejected; otherwise,\the lot is
acdepted.
For examplés of combined control of double specification limits see Example 4 and ExXample 5 in 13.2.
7 Standpard procedures for the o-method
7.1 Gendral
The o-metHod shall only be used when there is valid evidence that the standard deviation o of the
process can be considered constant with a known value.
7.2 Single specification limits
Before starfing the inspection by variables, see Clause ¢
The procedpire for the o-method for a single limit is'as follows.
a) Enter Table 4 with the lot size, N, and-the' LQ to obtain the sample size, n, and the acceptpnce
constant, k.
b) Take a yandom sample of size n, measure the characteristic x in each item and then calculate X|.
NOTE Some sampling strategies are provided in Annex C.
) Calcula:[e the quality statistic Qy =(U—-X)/o or Q; =(X—L)/o and compare it with the acceptpnce
constant k. The lot is aceepted if Qy =k or Q, =k ; or rejected if Qy <k or @ <k
For examples of single(lower and upper specification limits using the o-method, see Example 1]and
Example 2 in 13.3.
7.3 Doublespecification limits

Before starting the inspection by variables, see Clause 5.

a) For double specification limits, a process capability study in the following sense should be done:

10

1) Enter Table 3 with the Lot size, N, and the LQ to get f,

2) Calculate U - L and multiply this value by f, to give o0,,,, the maximum process standard
deviation (MPSD)

3) Ift
me

he known value of o is less than or equal to o
thod can begin.

max

then acceptance sampling using the o-
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4) Enter Table 4 with the lot size, N, and the LQ to obtain the sample size, n, and the acceptance
constant, k.

b) Determination of acceptance:
1) If x<L or Xx>U, reject the lot; or continue with the next step.

2) Calculate the quality statistics @ =(Xx—L)/ocand Qy=(U-X)/o.If Q <kor Qy <k, reject
the lot; or continue with the next step.

3) If 0<0,750,,,4 accept the lot; otherwise continue with the next step.

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

For ¢xamples of combined control of double specification limits using the o-method;)se€e Ekample 3 in

8 [The p*-method

The p*method is an alternative to the standard procedures in Clause 6‘and Clause 7. For thelapplication
of thlis method, distribution functions are calculated.

Before starting the inspection by variables, see Clause 5.

The [procedure for the p*method for a single specificationlimit and double specification|limits is as
follojws.

a) Enter Table 2 for unknown standard deviation ox. Table 4 for known standard deviation|with the lot
5ize, N, and the LQ to obtain the sample size, n:

b) Enter Table 5 with the lot size, N, and the L.Q to obtain the acceptance constant, i.e. the maximum
fraction nonconforming, p*.

c) [fake a random sample of size n, measure the characteristic x in each item and then calcplate X, the
sample mean. For unknown standard deviations, also calculate s, the sample standarnd deviation
[see Annex A).

NOTE1  Some sampling strategies are provided in Annex C.

d) Estimated fraction@enconforming.

1) Unknowistandard deviation: For a lower specification limit, calculate p, , for anjupper limit,

calcylate p, , and for double specification limits, calculate both.

py =F 0 on max 0,1—lu Vn =F noon max 0,l 1-Q, Vn
BETA(;—l,:—l) 2 2 s n-1 BETA ;—1,;—@ 2 n—1
NG = = =

J
) 1 1U-x vn 1 Jn
=F max<0,— - ——— =F max+<0,—|1-
by BETA[§1,§1J[ { 2 2 s n—1}] BETA(§1,§1][ { 2{ y n—l}}]

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

A

calculate [JU , and for double specification limits, calculate both.

. L-—Xx n n
PL [ o n—1] [ QL n—lJ
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e)

A x-U / n n
pU_d)( (o n—l]_q{_QU n—l]

Determination of acceptance:

1) single limit: A lot shall be accepted if p, < p* for a lower limit, and if ﬁU < p* for an upper

limit; if p, > p* or p, > p* respectively, the lot is rejected.

2) double limits: A lot shall be accepted if p; +p, < p*; if p, +py > p*, the lot is rejected.

For an exanllple of single specification limits see Example 7 in 13.4. For examples of combined cofitifol of

double spedification limits see Example 8 and Example 9 in 13.4.

9

9.1 Similarities

a)

b)

c)

9.2 Differences

a)

b)

12

Relation to ISO 2859-2

This ddcument is complementary to ISO 2859-2; the two documents share a common philospphy
and, as|far as possible, their procedures and vocabulary are the same.

Both uge the LQ to index the sampling plans, and the specified values used in this document are
identic4l to those given for percent nonconforming in ISO 2859-2"(i.e. from 0,05 % to 31,5 %).

In both|this document and ISO 2859-2, tables give the sample size to be taken and the accepthnce
constants, indexed by the lot size and the LQ. Separate tables are given for the s-method and the o-
method.

Determination of acceptance. In IS0 2859-2, acceptance for an attributes sampling plan for
nonconforming items is determined by.the number of nonconforming items found in the sample.
In this Hocument, acceptance for a plan for inspection by variables is based on the distance of the
estimafed value of the process meganfrom the specification limit(s) in terms of the process stanflard
deviatipn. In this document, two,methods are considered: the s-method, for use when the prdcess
standard deviation, o, is unkfipwn, and the o-method, for use when o is presumed to be known|.

tics.

the
ition
(see

the

Operating characteristic curves (OC curves). The OC curves of the variables plans in this
document are not identical to those of the corresponding attributes plans in ISO 2859-2. However,
the curves have been matched in the sense that the OC curves are as similar as possible. The curves
for unknown process standard deviation have been matched by minimizing the difference of the
curves on condition of getting a comprehensible sample size structure.

In most cases, the resulting match between the OC curves is so close that, for most practical
purposes, the attributes and variables OC curves have the same characteristic. The plans for
known process standard deviation were derived by keeping the same form p* acceptance constant
as for the corresponding case for unknown process standard deviation and the same approach for
a comprehensible sample size structure, i.e. no parameter was open to choose, so the match was, in
general, less perfect. For more details see Reference [21].
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e) Consumer’s risk. For process quality precisely at the LQ, the producer’s risk that a lot will not be
accepted in this document is strictly below 10 % for the s-method and about 10 % for the o-method,
whereas in [SO 2859-2 the producer’s risk is only about 10 %.

NOTE

The consumer’s risks of the plans are given in Table 6 and Table 7.

f) Producer’s risk quality. The process qualities precisely at the producer’s risk of 5 % deviate in
some cases from those in ISO 2859-2 to the benefit of a comprehensible sample size structure.

NOTE

The producer’s risk qualities of the plans are given in Table 6 and Table 7.

10

The
the
unki
mea

How
mea

Idea
uncq
anal
mea
ther
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For

of mleasurement bias that cannot be simply adjusted, the sample size needs to be increass

the
nor
sam
due

In cd

usin

11

11.1

The
requ
to a

Allowing for measurement uncertainty

master, i.e. the tables in Clause 12, are based on the assumption that the quality chatract
tems in the lots is normally distributed with unknown process mean, u, and eithe
nown process standard deviation, . The assumption is also made that x can\be measu

ever, the tables in Clause 12 can also be used, with appropriate adjustments, in the
surement error.

|ly, as a prerequisite for the application of the proposed sampling schemes, the m
rtainty, i.e. the measurement standard deviation, is detefrhined by a structured m
ysis, followed by a measurement system capability @assessment (see Reference |
surement standard deviation is not higher than 10 %, of the process standard devi
e is no measurement bias, the measurement systemean be considered as capable ang
stments on sample sizes are required (see Reference [24]).

icceptance constant remains the same. Moreover, if neither the measurement standaf
'he process standard deviation is known, more than one measurement needs to be m
bled item, and the total variability-of the measurements needs to be separated into the
Fo the measurements and to thepnocess.

ses where measurement errQr is not negligible, the sampling plans of this document s}
b the adjustments provided)in Annex B.

Normality, data fransformations and outliers

| Normality.

assumption of a normal distribution for the inspected quality characteristic x is the f
irement for the application of the proposed variable sampling plans. Therefore, it
5sess the data normality before applying the sampling plans, which could be done

eristic, x, of
r known or
red without

surement error, i.e. that measurement of an item with the true value, xp,results in the value x;.

presence of

pasurement
pasurement
14]). If the
htion and if
no further

measurement standard deviations higher than'10 % of the process standard deviation, or in case

d, although
d deviation
hde on each
omponents

hall be used

indamental
is essential
by several

1
OUdaCIICcS,

appr

a) assessment based on practical, engineering experience and expertise;

b) assessment based on graphical, descriptive methods such as histograms, quantile/quantile or
normal probability plots (see ISO 5479 and Reference [18]);

c)

statistical tests for departure from normality, such as those given in ISO 5479.

© IS0 2023 - All rights reserved
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11.2 Data

transformations

For non-normal distributed data, the first approach is usually to try to find a suitable transformation f
of the observed data x, so that Z= f(x) follows an (approximate) normal distribution. The most
commonly used data transformations are (see ISO 16269-4):

a) power transformations;

b) Box-Cox transformations ;

<)

Johnson transformations ;

d) transfoLmation using Pearson functions.

For the traj
probability
assessment
in the same

11.3 Outlj

An outlier (
in the samp
variability,

Generally, o
a) (unexp
b) presen

For case b),
these value

excluding the outliers can help to assess thedimpact of these values on the decision on lot acceptande.

When outli
producer af

12 Table;

12.1 Infor
Table 2

With the sp
k (sample si

1sformed data, the goodness of fit to a normal distribution can be assessed usibg no
plots and/or statistical tests for normality. For subsequent capability Analyses
5, the targets and specification limits of the quality characteristic x have to.be transfor
way as the observed process data.

ers

br an outlying observation) is one that appears to deviate markedly from other observat
le in which it occurs. A single outlier, even when it lies within specification limits, incre
Changes the mean, and can consequently lead to non-accéptance of the lot (see ISO 1626

utliers can be a result of
ected high) natural process variability,
e of special causes not representing the controlled and capable process status.

one can exclude the outlying observations for the quality assessment, whereas for cag
5 have to be considered in the analysis. Nevertheless, a sensitivity analysis including

brs are detected, the disposition of the lot should be a matter for negotiation betweer
d the responsible authority,

T

mation about'the tables

pcified lot size and the limiting quality as indexing values, the single sampling plans of H
zen and the acceptance constant k) are given for the s-method.

rmal
and
med

ions
ases
D-4).

e a),
and

1 the

orm

NOTE

Table 3

The cell entry ‘7100 %’ denotes that in this case a 100 % inspection has to be done.

The values of f, for maximum process standard deviation for combined control of double specification
limits are given for the o-method.

The MPSD indicates the greatest allowable magnitude of the process standard deviation when using
plans for combined control of double specification limits when the process variability is known. If the
process standard deviation is less than the MPSD, then there is a possibility, but not a certainty, that the
lot shall be accepted.
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The method used to calculate these values is not the same as that used to calculate those in
ISO 3951-1:2022, Table 11. More detail is given in Annex H. The two tables should not be used
interchangeably.

Table 4

With the specified lot size and the limiting quality as indexing values, the single sampling plans of Form
k (sample size n and the acceptance constant k) are given for the o-method.

NOTE The cell entry ‘100 %’ denotes that in this case a 100 % inspection has to be done.

Tab

es

Wit}
p* (3
The
Tabl

the specified lot size and the limiting quality as indexing values, the single samplingp
ample size n and acceptance constant, i.e. the maximum fractions nonconforming p*) a

values of p* are given to 6 significant figures. This allows the form k aceceptance c
p 2 and Table 4, to be calculated from the values of p*. This is consistept'with the fitf

desdribed in Clause 9 d).

NOTE The formulae for calculating k can be found in Annex H. Formulah(H.3) is for the s-m
Fornjula (H.7) is for the o-method.

Tables 6 to 11

For @ given sampling plan, the consumer’s risk (CR) is the probability of accepting a given 1
fraction nonconforming is equal to the LQ. The producer’swisk quality (PRQ) is the quality fq
prohability of not accepting a given lotis 5 %.

Both

tables are named ‘Consumer’s risk and produicer’s risk quality’. The difference is bet

method and o-method.

The
a)
b)
‘)
d)

NOT

cell entries display:

lipper left: sample size n;

Lipper right: acceptance constant k;

ower left: PRQ in percent'nonconforming with <0,001 indicating non-zero values less t
ower right: CR in percent;

L
»

) The formulae/for calculating CR and PRQ can be found in Annex F and Annex G.

ans of form
re given.

bnstants, in
ing process
pthod is and
bt when the

r which the

ween the s-

han 0,001;
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NOTE The MPSD is obtained by multiplying the standardized MPSD, f, by the difference between the upper
specification limit, U, and the lower specification limit, L, i.e. MPSD = (U - L) f.
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NOTE The first three entries in the first row are only applicable for the o-method as the s-method requires
100 % inspection for lot size 16 to 25 at LQ 0,05 %, 0,08 % and 0,125 %.
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13 Examples

13.1 General

Examples are included for the s-method (13.2), the o-method (13.3) and the p*-method (13.4) with
details of the calculations and acceptance decisions given. The examples used for the p*-method are
a subset of those used for the s-method and the o-method and this illustrates the equivalence of the
methods. The software that supports the use of this standard, described in Annex I, can carry out all
the calculations and acceptance decisions and produce the information given here.

13.2 Exaniplesfor the s-method

EXAMPLE 1

A certal
deviatiﬁ is unknown. Production is inspected in lots of 1 000 items and with an LQ of 3,15'% applied tp the

lower li

550 6,p5

Single, lower specification limit using the s-method.

pyrotechnic delay mechanism has a specified minimum delay time of 4,0 s. The prgcess standard

it. From Table 2, it is seen that the suitable plan is given by sample size 30 and(@cceptance conftant
k=2,33]L 5. Arandom sample of size 30 is drawn. Suppose the sample delay times, in seconds, are as follows:

6,04 6,68 6,63 6,65

6,50 o644 715 6,70 6,59 6,51

6,52 6,59 6,40

6,80 594 6,35 717

Confornpity with the acceptance criterion is to be determined,

Information needed

Values obtained

Sample size: n 30

Form k accgptance constant: k 2,3315

Sample megn: )‘(:Zx/n 6;514 s

Sample stapdard deviation:

SZJZ(Xj 132 /(n-1) 0,368s
J

Lower specffication limit: L 4s

Lower qualjty statistic: @, =+«(X=L)/s 6,838

Acceptance
The quality]

Note that th

criterion: IsCQr= k

statisticiis'greater than the acceptance constant; therefore, the lot is accepted.

Yes (6,838 > 2,331 5)

6,44 6,34 6,04 6,15 6,29 6,63

6,25 696 700 6,38

e atceptance test, Q; 2 k, is equivalent to checking that (s,X) is above the acceptance region

boundary. T

28
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X
6,5 ]
6
5,5 2
5
4,5
14
I T
3,5
3 \\
0 0,05 01 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5
S
Key
—1 acceptance region boundary 1 reject
[ sample 2 accept
Figure 1 — Example of the use of an acceptance diagram, s-method
EXAMPLE 2 Single, upper specification limit using the s~method.
CThe maximum temperature of operation for a-gertain device is specified as 60 °C and the operating
femperature is known from previous experiencé-to be normally distributed. Production is inspected in lots
bf 80 items and the process standard deviation'is unknown. Inspection with an LQ of 8 % is to b used. From
Fable 2, it is seen that a sample size of 13 iswequired and that the acceptance constant, k, is 2,048 4. Suppose
fhat the measurements in °C are as follows:
b3 57 49 58 59 54 58 56 50 50 55 54 57
Conformity with the acceptance criterion is to be determined,
Information needed Values obtained
Sample size: n 13
Form k acceptance constant: k 2,088 4
Sample mean: x = Zx/n 54,6154 °C
Sampléstandard deviation:
s=\/2(xj—)_()2/(n—1) 3,3301°C
J
Upper specification limit: U 60 °C

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

1,617

Acceptance criterion: Is @y >k ? No (1,616 9 < 2,088 4)

The quality statistic is less than the acceptance constant; therefore, the lot is rejected.

NOTE

© IS0 2023 - All rights reserved

This lot is rejected even though all inspected items in the sample are within the specification limit.
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Note that the acceptance test, Q;; 2 k, is equivalent to checking that (s,x) is below the acceptance region
boundary. This is shown in Figure 2.

Key

acceptance region boundary 1 reject

] sample 2 accept

Figure 2 — Example of the use of an acceptance diagram, s-method

EXAMPLE 3| Single, upper specification limit using the-s-method.
Exampl¢ 2 is calculated again with different measurements:

51 6252 54 50 53 50 45 49 5350 48 52

Confornpity with the acceptance criferion is to be determined,

Information needed Values obtained
Sample size: n 13
Form k accdptance corstant: k 2,088 4
Sample meqn: X =3 x/n 51,4615 °C
Sample standdrd deviation:
s=\/2(xj—)?)2/(n—1) 3,971 0°C
j
Upper specification limit: U 60 °C
Upper quality statistic: @, 2,150 2

Acceptance criterion: Is Q;; = k? Yes (2,150 2 22,088 4)

30 © IS0 2023 - All rights reserved
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The quality statistic is greater than or equal to the acceptance constant; therefore, the lot is accepted.

NOTE This lot is accepted even though one inspected item in the sample is outside the specification limit.
However, a deeper examination of the data using the techniques in ISO 16269-4 show that the highest and out
of specification value of 62 °C can be considered an outlier, specifically; on a normal probability plot this value
falls a long way off the straight line formed by the other values and the generalized extreme studentized deviate
(GESD) procedure (for 1 outlier, equivalent to the Grubbs Test) returns a test statistic Ry =2,561 which exceeds
the critical value («=0,05) of A, =2,46. Under the provisions of 11.3 the disposition of the lot should be a matter
for negotiation between the vendor and the responsible authority.

EXAMPLE4 Combined control of double specification limits using the s-method.

Tems are being manuiactured 1n [0ts of size 3U. The lower and upper specification limits on thair diameters
hre 82 mm to 83 mm. Items with diameters that are too large are equally unsatisfactory.aps those with
Hiameters that are too small, and it has been decided to control the total fraction noncdnfornjing using an
.Q of 31,5 %. From Table 2, it is seen that the sample size is 6 and the acceptance constant, k, is|1,313 6. The
Hiameters of six items from the first lot are measured, yielding diameters of:

82,4 82,2 831 823 827 836mm

Conformity with the acceptance criteria is to be determined,

Information needed Values obtained
Sample size: n 6
Form k acceptance constant: k 1,313 6
Sample mean: x = ZX/n 82,716 7 mm
Sample standard deviation:
s E(Xj—)?)z/(n—l) 0,541 9mm
\[5
Lowgr specification limit: L 82,0 mm
Upper specification limit: U 83,0 mm

Detdrmination of acceptande. Neither X <L or x >U so can be plotted on the acceptance fdiagram, as
shown in Figure 3. The p6int is outside the acceptance region; therefore, the lot is rejected.

©1S0 2023 - All rights reserved 31
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82,
82,
82,
82,

82,

82,
82

9
8
7
6
5
4

82
82
82

Key

EXAMPLE 5

Exampl
diamete

sample

Information needed

Sample size:

Sample meg

n

n: )_(zzx/n

Sample stafpdard deviation:

SZJZ(Xj .
J
Lower spec

Upper spec

Acceptance

Hx)° /(n-1)
fication limit: L
ficationdimit: U

constant: k

o
L
—_

acceptance region boundary 1 reject

Figure 3 — Example of the use of an acceptance diagram, s-method

Combined control of double specification limits using the s-method.

2 accept

4 is calculated again with different specificatiop limits. The lower and upper specification limits on
rs are now 81,5 mm to 84,5 mm,

Values obtained
6

82,716 7 mm

0,541 9 mm

81,5 mm
84,5 mm
1,313 6

Determination of acceptance. Neither X <L or X >Uso (s,X) can be plotted on the acceptance diagram,

as shown in Figure 4. The point is now inside the acceptance region; therefore, the lot is accepted with

the new specification limits.

32
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13.3 Examples for the o-method

EXA

Figure 4 — Example of the use of a combined control:double specification limits acq

ISO 3951-

6:2023(E)

— 85
X
84,5
84
83,5
83 2 1
]
82,5
82 / o
81,5 N\
81 N’
0 0,2 0,4 0,6 0,8 1
S
| acceptance region boundary 1 reject
sample 2 accept

diagram, s-method

MPLE 1  Single, lower specification limitusing the oc-method.

[he specified minimum yield point for{certain steel castings is 400 N/mm?2. A lot of 250 items|
with an LQ of 8 %. The value of o isknown to be 21 N/mm2. From Table 4, it is seen that the san
b and the acceptance constant, k, is 1,991 4. Suppose the yield points in N/mm? of the sample sp

441 437 460 4331 442 452

Conformity with theaceeptance criterion is to be determined,

1,2

ceptance

is inspected
ple size, n, is
ecimens are:

Information needed Values obtained
Sample size: n 6
Accgptange-constant: k 1,991 4
Samblemean: v_zv/n 444167 N/mm?
Known Standard deviation: o 21 N/mm?
Lower specification limit: L 400 N/mm?2

Lower quality statistic: Q; = (x—-L)/s 2,103 2

Acceptance criterion: Is Q; > k? Yes (2,103 2= 1,991 4)

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

NOT

E

© IS0 2023 - All rights reserved

Since o is known the acceptance criterion can also be rearrange to give a limit in terms of X :
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i.e.acceptif X >400+(1,9911x21)=441,819 N/mm?2 and that the acceptance test, Q; >k, is equivalent
to checking that (o,X) is above the acceptance region boundary. This is shown in Figure 5.

— 460
X
450
]
440 2
430
420 1
410 >
)
400 CA
0 5 10 15 20 25 30
o
Key
apceptance region boundary 1 reject
] shmple 2 accept
Figure 5 — Example of the use of an acceptance diagram, 4-method
EXAMPLE 2| Single, upper specification limit using the-c-method.

The actyation force of a medical inhalation.deyice has to be below the upper specification limit of 20| N in
order toguarantee usability, Based on a process validation study, the process standard deviation is assymed
to be known at 1,41 N. With average lotisize of ~ 200 000 units and an LQ of 3,15 % from Table 4, the sample
size of 1=38 and an acceptance constant of k = 2,059 0 is found. The observed measurement values fvere

within g4 range of 12,41 N to 18,98/N and data normality could be assumed,
Confornpity with the acceptance criterion is to be determined,

Information needed Values obtained

Sample size: n 38

Form k Acc¢ptance constant: k 2,059 0

Sample medn: ?:zx/n 158N

Known Standard deviation: o 141N

Upper specification limit: U 20N

Upper quality statistic: @y 2,9787

Acceptance criterion: Is Q;; > k? Yes (2,978 7 22,059 0)
The sample meets the acceptance criterion and the lot is therefore accepted.

Note that the acceptance test, Qy 2k, is equivalent to checking that (0,X) is below the acceptance
region boundary. This is shown in Figure 6 below.

34 © IS0 2023 - All rights reserved
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19,5
19
18,5 1

0 0,5 1 1,5
(o)

acceptance region boundary 1 reject

sample 2 accept

MPLE 3  Combined control of double specification limits using the o-method.

known to be 18,5 Q,

Information needed Value obtained
Upp4gr specification limit: U 570 Q
Lowg¢r specification limit: L 470 Q

r from Table 3: f 0,264 318

Maximum process stahdard deviation: o,,,, =(U—-L)X f; 26,43180Q

indertaken,

E If 0 >0,,., the lot would be rejected without a sample being taken.

Figure 6 — Example of the use of an acceptance diagram, 4-method

Che specification for electrical resistance of a ¢ertain electrical component is (520 £ 50) (. Insg
100 items in the lot is done with a single LQ 0f12,5 % for the two specification limits (470 Q an|

t is noted-that the known o of 18,5 Q is less than the maximum process standard deviation d
5o therenis/evidence that there is a possibility that lots will be accepted so acceptance sam|

ection of the
d 570 Q), o is

f26,431 8 O
pling can be

The maximum process standard deviation is, however, not exceeded and a sample is taken.

From Table 4, the sample size of n = 7 and an acceptance constant of k= 1,609 9 are found

Suppose that the 7 sample values of the resistance, in ), are as follows:

532 499 530 512 492 522 488

Conformity with the acceptance criterion is to be determined,

© IS0 2023 - All rights reserved
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hese

Information needed Values obtained
Sample size: n 7
Acceptance constant: k 1,609 9
Lower specification limit: L 470 Q
Upper specification limit: U 570 Q
Standard d¢viation: o 18,5 Q
Sample megn: )_(ZZX/H 510,7143 Q
Lower qualjty statistic:

_ 2,200 8
QL=(x-L)fo
Upper quality statistic:

— 3,204 6

Qy =(U-x)/o
Acceptance|criterion:
1) Is Q; = k7 Yes (2,200 821,609 9)
2)Is Qy 2 k? Yes (3,204 6 2 1,6099)
Both the qyality statistics are greater than or equal to the acceptance constant; therefore, the lot is
accepted.
Note though that caution is needed if o isclose to the MPSD as when o is close to the MPSD t
acceptance [criteria cannot be rearranged to give limits on x

13.4 Examples for the p*-method

EXAMPLE 1

Single upper specification limit using the s-method. Example 1 from 13.2.

A certai

pyrotechnic delay’mechanism has a specified minimum delay time of 4,0 s. The process stan

deviatign is unknown/Production is inspected in lots of 1 000 items and with an LQ of 3,15 % applied t

lower li

it. From Tdble 2, it is seen that the suitable plan is given by sample size 30 (and acceptance con

k=2,33]L 5), From.Table 5 a p* value of 7,439 47E-3 is obtained A random sample of size 30 is drawn. Sup
the sample delay times, in seconds, are as follows:

5,50

95 6,04 668 6,63 665 652 659 640 644 6,34 6,04 6,15 6,29 6,63

dard
o the
stant
pose

6,50 644 715 6,70 6,59 6,51 680 594 635 717 6,83 6,25 696 700 6,38

Conformity with the acceptance criteria based on p* is to be determined,

Information needed Values obtained

Sample size: n 30

Form p* acceptance constant: p* 7,439 47E-3

Sample mean: x = Zx /n 6,514 s

36 © IS0 2023 - All rights reserved
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Sample standard deviation

s=\/2(xj—)_()2/(n—1) 0,368 s
J

Estimated fraction nonconforming

1 1%-1 \/Z} 0,0

p, =F max<0,— - =——
PL BETA(%—I,%—IJ { 2 2 s n-1

Acceptance criterion: Is p < p * Yes (0,0 < 7,439 47E-3)

The fample meets the acceptance criterion; therefore, the Iot is accepted.

EXAMPLE 2  Combined control of double specification limits using the s-method. Example-4 from|13.2.

tems are being manufactured in lots of size 30. The lower and upper specification limiits on th¢ir diameters
hre 82 mm to 83 mm. Items with diameters that are too large are equally unsatisfactory ap those with
Hiameters that are too small, and it has been decided to control the total fractiohi’honconforming using an LQ
bf 31,5 %. From Table 2, it is seen that the sample size is 6 (and the acceptance.¢onstant, k, is 1,813 6). From
[able 5 p” is found to be 8,397 89E-2. The diameters of six items from the first lot are measufred, yielding
Hiameters of:

824 82,2 831 823 827 836mm

Conformity with the acceptance criterion is to be determined 4sing Form p”,

Infofmation needed Values obtained
Sample size: n 6
Accdptance constant: p* 8,397 89E-2
Sample mean: x = ZX/H 82,716 7 mm
Sample standard deviation:
o E(Xj—)?)z/(n—l) 0,541 9 mm

\[7
Lowgr specification limit:h 82,0 mm
Upper specification limit: U 83,0 mm

Estimated fractiofhonconforming

) 1 1%L n 8,205 76E-2
p, FF 2 n max+<0,— - ———
B’ETA[E—I,E—IJ 2 2 s n-1

) 1 10-x ¥n
=F max<0,— ——— 3,121 15E-1
Py BETA[%—l,g—l]L { 2 2 s n- 1H

p=D,+py 3,941 73E-1

Acceptance criterion: Is p < p* No (3,94 173E-1 > 8,397 89E-2)

The estimated fraction nonconforming is greater than the acceptance constant; therefore, the lot is
rejected.

EXAMPLE 3  Single, upper specification limit using the o-method. Example 2 from 13.3.

©1S0 2023 - All rights reserved 37
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The actuation force of a medical inhalation device has to be below the upper specification limit of 20 N in
order to guarantee usability, Based on a process validation study, the process standard deviation is assumed
to be known at 1,41 N. With average lot size of ~ 200 000 units and an LQ of 3,15 % from Table 4, the sample
size of n = 38 (and an acceptance constant of k = 2,059 0) is found. From Table 5 the corresponding p* of
1,845 93E-2 is found. The observed measurement values were within a range of 12,41 N to 18,98 N and data
normality could be assumed,

Conformity with the p* acceptance criterion is to be determined,

Information needed Values obtained

Sample size:n 38

Acceptance|constant: p* 1,845 93E-2

Sample megn: X =Y x/n 15,8 N

Known Stafdard deviation: o 1,42 N

Upper specification limit: U 20N

Estimated firaction nonconforming

. xt+U n 1,361 24E-3

by = | -

D> n-1

Acceptance|criterion: Is p < p * Yes (1,361 24E-8 < 1,845 93E-2)

The estimafed fraction nonconforming is greater than the‘acceptance constant; therefore, the lot is

accepted.

EXAMPLE 4| Double combined specification limit using the c-method. Example 3 from 13.3.
The spefification for electrical resistance of a certain electrical componentis (520 = 50) Q. Inspection ¢f the
400 iterps in the lot is done with a single LQ0f12,5 % for the two specification limits (470 Q and 570/Q), o
is knowh to be 18,5 (, The procedure to canfirm that sufficiently small to allow a chance of acceptancg the
same as|set out in Example 3 and it is noted that the known o of 18,5 Q is less than the MPSD of 26,431 8 Q
so therg is evidence that there is a_possibility that lots will be accepted so acceptance sampling cdn be
undertalken.
From Tdble 4, the sample size of n=7 (and an acceptance constant of k = 1,609 9) are found. From Table 5 a
corresppnding p* value of 4,102 99E-2 is obtained.
Supposq that the 7 sample values of the resistance, in (), are as follows:
532 W99 530\Y 512 492 522 488
Confornpity4vith the acceptance criterion is to be determined,

Information needed

Values obtained

Sample size: n 7

Form p* acceptance constant: p* 4,102 99E-2
Lower specification limit: L 470 Q
Upper specification limit: U 570 Q
Standard deviation: o 18,5 Q
Sample mean: x = Zx/n 510,714 3 Q

38
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Estimated fraction nonconforming

A L-—Xx n
=0
PL { (o] n—lJ

Acceptance criterion: Is p < p*

ISO 3951-6:2023(E)

8,724 52E-3

2,686 88E-4

8,993 21 E-3

Yes (8,993 21E-3 <4102 99E-2)

The [estimated fraction nonconforming is greater than the acceptance constant; therefor

accepted.

e, the lot is

© IS0 2023 - All rights reserved
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Annex A
(informative)

Procedures for obtaining s and o

A.1 Procedure for obtaining s

ple s

A.1.1 Defiinition

The observ

Formula (A

bd value of a sample standard deviation is generally denoted by the symbol s. Itis defin

1):
(x; —%)?

n-1

bd in

A1)

a

A.2)

htive
cally
A.3):

A.3)

X is thd value of the quality characteristic of the jth item in a.sample of n articles, expressed as
decimal fraction;
X isthqmean value of the x; i,e.
1 n
)? = — X .
J
n j:{
A.1.2 One-pass formula
Formula (A1) for s is accurate but requires two passes through the sample data. A number of altern
methods efist and these are analysed in Reference [16] and are described here. An algebrai
equivalent formula, which onlyrequires a single pass through the sample data, is given if Formula |
‘1 2 : 2
nY xj - xf
JFl Jjzt
S=
n(n=?1)
A.1.3 Potential numerical inaccuracy

Although Formula (A.3) is well suited for manual calculations it can produce poor results for difficult
problems where the variability is very small relative to the mean, i.e. s is very small in comparison with

40
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X, Although Formula (A.3) can be improved by subtracting a suitable arbitrary constant, a, from all the

valu

es before computing s, i,e.

n

2

j=1

2
(x; —a)z —[2)(]- —a}
j=1

n(n-1)

S=

(A4)

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

than

A.l.

Both

Sam

stan|

Forn

A.l.

1.

4 An updating algorithm for sequential data

Formula (A.1) and Formula (A.4) require complete recalculation in situations wher

b additional

ble data is to be added to the initial sample, for example in double sampling-or sequential sampling.
In these situations, an updating algorithm due to West, which makes theZsample mean pnd sample

dard deviation at any stage in the updating process and which is.almost as accuratg as that for

hula (A.1) is preferable:

Ml = Xj ’Tl =0

x:—M;
J j-1
Mj:Mj—1+(—-J j=2,--,n
]
xX:.—M.
. j j-1

(i =Tj +(J—1)(Xj‘Mj—1)( ; ] j=2,%n (A.5)

P j :\/Tj/(j_l)

5 Software packages, including spreadsheets

[y software packages, including spreadsheets, have a standard deviation function. Unfortunately,

Man|
som
to us
A si
the s
0, an

If th

btimes the sample size, 11, 1s'used in the denominator of Formula (A.1) instead of n - 1. If
e a software package;itis important to check that the formula used is equivalent to Foj
hple check is to findthe standard deviation of the three numbers 0, 1, and 2. The sampl
ample mean is_Ithe deviations from the mean are -1, 0, and 1, the squares of the deviz
d 1, the sum,ef.isquares of the deviations is 2. So from Formula (A.1), one obtains

e software package is erroneously using n instead of n — 1 in the denominator, then the

t is planned

rmula (A.1).

e sizenis 3,
itions are 1,

(A.6)

result of the

calculation is:

s=\/z=0,816 5
3

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

NOTE

© IS0 2023 - All rights reserved
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_J3><(02+12+22)—(0+1+2)2 _\/3><(0+1+4)—32  [3x5-9 _\E_
3x(3-1) 3%2 V" 6 6

as before.

A.2 Procedure for obtaining o

A.2.1 Definition

If it appearqfrom the controt chart that the va
root mean qquare of s given by Formula (A.7):

c:\/f ~1)s? Z(n ~1) A7)

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

is the sample standard deviation from the ith lot,

A.2.2 Simplification for equal sample sizes

If the sample sizes from each of the lots are equal, then Foarmula (A.7) simplifies to

m
o= z’siz/m A.8)
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(normative)

Accommodating measurement error

General

6:2023(E)

The
true
unki

assumption is also made that x can be measured without measurement error, i,el*that the m
| item with true value, x;, results in the value x;. This Annex explains how'the tables in Clause 12

of ay
can

Whs
valu
repe

circqimstances and (2) a systematic error, known as bias, thatoccurs, for example, when me

are

Whe
chen
calih
itca

The
to as
Le.i
the

met

Mea
prog
and
be e
mea
(see

The
such

!

master tables of this document. i.e. the tables in Clause 12, are based on the assumpt
values of the quality characteristic, x, of the items in the lots are normally distribu
pown process mean, y, and either a known or unknown process standafd -deviat

be used when measurement error without bias or with moderate bias-is present.

n measurement error is present the measurement of an item with true value, x;, rej
e y;, where the difference between y; and x; is due to (1) a‘tandom error that occy
ated measurements performed on presumably idenfical items in presumabl

onducted with different instruments or in different laboratories.

re bias depends on the sampled item, for example’when different food items are ana

ration procedures are used. As bias varies from laboratory to laboratory or from devic
h be considered a random error. Principles'of statistical modelling are described in ISO

standard deviation of the random exror'within a single device or in a single laboratory

repeatability standard deviation,-whereas the standard deviation across devices or |
hcluding the bias component, is teferred to as the reproducibility standard deviation. |
etermination of repeatability and reproducibility standard deviation of a standard m
od are described in ISO 5725-2 and 1SO 5725-3.

surement error changes’ the operating characteristics of the sampling plans (see
edures here aim torecover the operating characteristics by increasing the sample siz¢
removing the repeatability standard deviation from the acceptance test when it is kn
stimated. Whére it is possible to measure items more than once, perform duplicate,
surements to€stimate the repeatability standard deviation and remove it from the accq
B.4.3).

jon that the
red with an
ion, 0. The
pasurement

sults in the
rs between

y identical
hsurements

lysed using

hical methods, it is often not possible to correct-for the bias completely, although conjprehensive

e to device,
5725-1.

ris referred
hboratories,
Methods for
pasurement

B.4.1). The
b (see B.4.2)
Dwn, Or can
por multiple,
bptance test

deviation is

measurement error could be considered negligible if it has no bias and its standard

plan
This

that'the required increase in the sample size is not greater than on

Y O cl Cl Cra

appro

reduces as the LQ gets smaller and the lot size gets lrger, being ximately 4

e s-method
d deviation.

% for the smallest

LQ and the largest lot size, but here the 10 % criterion is used for all LQs and the sampling plans are not
adjusted when the standard deviation is less than 10 % of the lot standard deviation.

Bias is more difficult to deal with for two reasons. Firstly, the required sample size grows rapidly as the
bias increases to the point where the formula is no longer applicable as it gives infinite sample sizes.
Secondly, bias leads to the consumer not having the required LQ protection and it is not feasible to
provide simple guidance on how to determine when this is insignificant. For this reason, the sampling
plans shall be adjusted when there is any bias.

This Annex addresses four situations, three where there is no bias and the repeatability standard
deviation is not negligible and one where there is bias. The three situations where there is no bias are
(a) process standard deviation known and non-negligible repeatability standard deviation known (see
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B.5), (b) process standard deviation unknown but non-negligible repeatability standard deviation
known (see B.6) and (c) process standard deviation unknown and non-negligible repeatability standard
deviation unknown (see B.7). The situation where bias is present is (d) process standard deviation
unknown but repeatability and reproducibility standard deviations are known (see B.8).

B.2 Statistical model

The measured value of an item with true value, x; is denoted y; in the general case of measurement
error with bias can be written

where

e; is the random error of the measurement of item i;
b is the bias, which is constant across all measured items in the sample,

Itis assumdd that
— X; is nqrmally distributed with mean u and variance O')%;
— the ranflom error e; is normally distributed with zero mean and variance 0'3;

— the bia§ b is a sample from a normally distribution with Zéro mean and variance o,f ;

— measurement error inflates the perceived process variation and is independent of the actual prdcess
standard deviation.

The distribyition of the sample mean of the n meastred values is

_ 03 O'g 2 2 21 -2
y~N 1,T+T+0'b EN(,u,{lﬂfe +nyb}ox/n) B.2)

where y, =, /0 , and y, =0, /0 ¢

The distribyuition of the sampleczariance of the n measured values, SJZ,, is

2
2 p . 2\ X (n51)
S_,V~(G’(+G )T Bg)

Note that the bias;b, does not affect the sample variance, because it is constant across all measpred
items in thd sample.

B.3 Operating characteristics and the effects of measurement error

The operating characteristic for the s-method with measurement error is given here and the effects of
the measurement error is described. The same effects also occur with the o-method.

The operating characteristic for the s-method with a single specification limit at process fraction
nonconforming, p, with measurement error is
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Py =1-Fyy 5)(t)

6:2023(E)

v=n-1
Jn
5=K, - =, (B.4)
1+y, +ny,
2
Jn 1+
t=kN-TTe
J1+ yg +n yg
where
Ft(v,g) () is the distribution function of the non-central ¢t-distribution with v degreef of free-
dom and noncentrality 6;
n is the sample size;
K, is the upper p-quantile of the standardized normal distribution;
is the s-method acceptance constant,
Notg that this is for the case where the sample mean, y, and,the sample standard deviatjon, $y,are
used with the s-method. The standard operating charactetistic for the s-method, (see Annex D), is
obtained by substituting 7, =0 and y;, =0 in Formula (B.4).
Whegn 7,>0 and y,=0 the operating charactefistic is underneath the standard operating
charjacteristic everywhere, Both the producer’s risk quality and the consumer’s risk are snjaller so the
producer is worse off but the consumer still has the required LQ protection.
Whgn 7,=0 and y,>0 the operatingCcharacteristic is underneath the standard operating
charfacteristic at the producer’s point but'above the standard operating characteristic at the|consumer’s
point. The producer’s risk quality is smaller but the consumer’s risk is larger so the produger is worse

off a

Whse
Ye >

B.4

B.4.

The

d the consumer does not have thé required LQ protection.

n y,>0 and y, >0 the gperating characteristic is between the operating charag
0, 7, =0 and the operating characteristic for y, =0, y, >0.

General procedures

1 Negligible repeatability standard deviation

standdard deviation of the mean of a sample of size n, from (B.2) is ‘[(1+yg +n ]/g ) Oy

teristic for

Jn . If it is

knoxv

hn-that thore ic ngmoacuromaont ]’\l")c'i ya) rrz —0 and ,;, n,1 ’ thetotal standard doviqg
Yr—tHcetcrre 1o HHo-Hea o urere e iao1+es 7 +——trHe—t Ottt tetrroret- ey

tion is

JorTT

o5 <V1+0,1* 0, /Vn<1,005 o, /Vn.

(B.5)

This is considered negligible and hence, the sampling plans are not adjusted for measurement error.

B.4.

2 Increasing the sample size

Formulae showing the derivation of the increased sample size to be used are given here. These apply to
both the s-method and the og-method.

© IS0 2023 - All rights reserved
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The increased sample size when both repeatability error and bias are present, denoted n:b, is chosen so
that the variance of the sample mean for the increased sample size is equal to the variance of the sample

*
mean with no measurement error. Hence, it is found by solving Formula (B.6) for n,,:

2 2 2
o,”+0 2 O
&£ 40,5 =+=% (B.6)
Nep n
The solution is given by Formula (B.7):
* C)%-l—rrez (n')%-l—rrg \\ (14-;\/3 \
neb:GZ/ 2: > > n= 1 2 n. B7)
 /1=0p | Ox —N0C) —n%p
Note that ap yg tends to 1, the increased sample size tends to infinity. Once yg reaches71 there |s no
sample size|that could compensate for the increased variability.
When bias is not present this simplifies to
* 2
n, =(117¢)n B.8)
For both fofmulae the sample size must be an integer and larger than the original sample size do, in
order to prgvide at least the required LQ protection, n* is rounded up’to the next integer.
Approximate operating characteristics can be derived by substituting n* from Formula (B.7)|into
Formula (B{4). This produces
Py =1-Fyy &) (t)
v=n—|1
) [B.9
5=k, 59)
t =kip1+ yez
Where Fy,|s) (.), n, K, and k are as béfore. The only difference between this operation characteristic
and the stgndard one is the presence of \/1+}/§ in the expression for t. Hence, the probability of
acceptance| P, is reduced. Rounding n* up helps to keep the reduction small and in many case§ the
resulting ogerating charactefistic is almost equivalent to the standard one.
However, there is a difference when tests are carried out, as sample statistics will contain the mean of
the repeatapility errons. Although it has an expected value of zero, it varies from sample to samplg and
will add vatfiabilityto the individual acceptance tests.
B.4.3 Estjmation of the measurement and process and standard deviations when both

are unknown

Where it is possible to measure items more than once, perform duplicate, or multiple, measurements to
estimate the repeatability standard deviation and remove it from the acceptance test. When there is no

bias this all

46

ows the process standard deviations to be estimated.
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The jth measurement on the ith item is denoted by Yij» the mean for the ith item by y; and the overall
mean by y . The number of measurements for the ith item is denoted by m. The total sum of squares of
the measurements about their overall mean can be partitioned as follows:

ii(yu _J_’..)Z :ii(yij _J_’i.)z "‘mé(f’i. -y.)

i=1j=1 i=1 j=1
Which can be written as $S; =SSy, +SS5, where SSy, is the within-items sum of squares and SSp is
the between-items sum of squares. The expectations of these sums of squares are

E(SSy )=n(m—-1)02 =vy,62
E(SSg)=(n-1)c%+m(n-1) 62 =vyz 6% +mvy o2
where
viw =n(m—1)  is the degrees of freedom in SS},
vg =(n-1) is the degrees of freedom in SSj.
Henge, 63 ,and 0'3 can be estimated by
2SSy
)e - v
w
(B.10)
2 _1(555 SSw |
X m VB VW
Notgq that if an analysis of variance (ANOVA) calculation is used the ANOVA table contains
SS v MS =SS/v
betweenitems | B | n-1 B/(n-1)
within items W | n(m=1) | W/{n(m-1)}
total T |(mn-1 | T/(mn-1)
and fhe estimates may,be written in terms of the mean squares
74
b2 = MSy, =
Yw
(B.11)
1
;2 :iMSB ——MSy,
m m

Because 55 is estimated as the weighted difference between mean squares, the distribution of 55 /0'3

is not chi-squared and the true operating characteristic is no longer based on a noncentral t distribution.
Reference [29] gives an approximate operating characteristic based on a normal approximation, whilst
Reference [30] shows how an approximate noncentral t distribution can be derived.

A comparison of the two different approaches has not been investigated so initially the process in this
document uses the estimate based on the weighted difference between the mean squares. It is expected
that the results obtained are better than simply taking one measurement for each item and using the
process in Clause 6 with sample mean, X =y, and an estimate of the total standard deviation, s =s,.
As when the repeatability error is known the effect the sample statistics will contain the mean of the
repeatability errors and this will add variability to the individual acceptance tests.
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B.5 No bias, process standard deviation o, known and non-negligible
repeatability standard deviation o, known

Use Formula (B.8) to determine the increased sample size, n' =nz =(1+y62)n. Follow the standard

procedures for the o-method in Clause 7 with the increased sample size but do not alter the form k
acceptance constant or the form p* acceptance constant. Use sample mean, X =y, and process standard

deviation, 0 =0,.

change the operating characteristic so that it is not based on the noncentral t distribution and add the
sample mean of the errors, e  to one of the termsin it The precise effect of these changes has naotbeen
investigate(h but, as the expected value of the sample mean of the errors is zero it is expected thaf the
results obtgined are better than simply taking one measurement for each item and using the process in
Clause 6 with sample mean, X =y, and an estimate of the total standard deviation, s=s

Y
B.6 No biias, process standard deviation o, unknown but repeatability standard

deviationl 6, known

Use Formulh (B.8) to determine the increased sample size, n' = n: = (1 + }762 ) n, where 7, is an estimated

the
d an

upper boun
increased s
estimate of

&t

If s, <0, us

d of y,=0,/0, . Follow the standard procedures for theis‘method in Clause 6 with
hmple size but do not alter the form k acceptance constant.'Use sample mean, X =y, an
the process standard deviation, s=s,, given by

s (B.12)

X

B.7 No bjias, process standard deviation ¢, unknown and repeatability standdrd

o, unkngwn

Use Formulh (B.8) to determine the ificpeased sample size, n” = n: = (1 + }73 ) n,where 7, is an estimjated

upper bound of y, =0, /0, . Penform duplicate (or multiple) measurements on each sampled item] and

use the m
measureme

Follow the
constant. U

either form

asurement resultS)to estimate the process standard deviation separately from
nt standard dewiation, as shown in B.4.3.

standard proecedures for the s-method in Clause 6 but do not alter the form k accept
se sample)mean, Xx=Yy, and an estimate of the process standard deviation, s=s,,

1la (B:9) or (B.10).

the

ance
‘rom

B.7.1 Ex

mple
1 ¢

A manufactured component has a dimension with an upper specification limit of 13,05 cm. The process
standard deviation, o, , and repeatability standard deviation, o,, are unknown, but from previous

experience, it is known that the ratio y, =0, /0, is greater than 0,1 but less than 0,2. It is also known
that there is no measurement bias. A lot of size 800 of these components is to be inspected with an LQ of
8 %. From Table 2, it is found that the sampling plan in the absence of sampling error has sample size
n = 23 and form k acceptance constant, k = 1,886 2. As y, exceeds 0,1, it is necessary to adjust the

sample size to allow for measurement uncertainty. In the presence of the worst conceivable
measurement error, the appropriate sample size (from Formula B.8) is given by

n, =(1+0,2%)23=23,92.

*
n
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NOTE The sample size must be an integer and larger than the original sample size so, in order to provide at
least the required LQ protection, n*is rounded up to 24.

A random sample of 24 of the components is taken from the lot, and, in order to be able to assess the
measurement uncertainty, each component is measured twice. The results for the sample from the first
lot are as follows:

I Xig Xi2 I X Xi2 I X X2 I Xy Xi2

1 129972 12,9997 7 13,0231 13,0219 |13 129621 129562 | 19 129578 12,9527
2 129848129731 8—12,9930—12,993 7T H412,986 7129886 20-12976 57 12,967 4
3 129646 129630 | 9 129589 12,9439 |15 13,0083 13,0071 | 21 12,9991 | 13,0010

4 129543 129539 |10 129589 129524 |16 129787 129787 |22 ¥3,0029| 13,0067
5129763 129802 | 11 13,0150 13,0164 | 17 129274 12927 4_023 12,9688 | 12,976 2

6 129993 13,0009 |12 12,9945 13,0034 | 18 129625 12,9651 |24 129852129865

An ANOVA calculation produces the table

SS v MS =SS/

between items (B) | 0,025 571 160 | 23 | 0,001 111.789 565
within items (W) | 0,000 371 960 | 24 | 0,0000015 498 333
total (T) | 0,025 943 120 | 47 | 0,000 551 981 277

The |estimates of the variances of measuremeént error, process variances and the samp|e standard
deviption for the acceptance tests are:

52 =0,000 015 498 333

;)2( =(0,001 111 789 565-0,000 015 498 333)/2
=0,000 548 145 616

5, =0,023 412 509 817

The guality statistic is:

hy = 13,05+12,98025 ~2.979 176
0,023\412 509 817

The guality statistic is greater than the acceptance constant; 1,886 2, therefore, the lot is adcepted.

B.8 "Bias, process standard deviation o, unknown but repeatability standard
deviation o, and bias standard deviation o, known

Use Formula (B.7) to determine the increased sample size, n° =an ={(1+yg )/1—n j/g}n. Follow the

standard procedures for the s-method in Clause 6 with the increased sample size but do not alter the
form k acceptance constant. Use sample mean, X =y, and an estimate of the process standard deviation,

s=s,, given by

Sy =4 le—cez -nof. (B.13)

If s, <0, use s, =0.
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Here the effect of the repeatability error is to add the sample mean of the errors, e, and the sample
bias, b, to the noncentrality of the noncentral t distribution, which will add variability to the individual
acceptance tests.

50 ©1S0 2023 - All rights reserved


https://standardsiso.com/api/?name=fa18f1d83173b645ce66d22af5c1f13f

Annex C
(informative)

Sampling strategies

ISO 3951-6:2023(E)

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

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

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

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

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

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

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

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

e,g, tablets spread open for a drying process,

m 8 ° Saemass o b
o 0 g TICLLT o o o
o Op o u]
o O o o o
B o o h
o0 o o o
o o ul
o o o o
o o a o u
a) SRS b) CS c) SyS
E o o|” o2 o o DD o o"”
— DD ®l oo o 0O o o
\{ P o 5o oD O
g O] gg @ B g o o
N otg o
[m] = [m] o =
o u] o
d) StS e) CIS

Figure C.1 — Examples of sample strategies for a two-dimensional population

Generally, there is no statistical guidance on which sampling strategy is superior to the others. Some
statistical comparisons of different sampling strategies can be found in Reference [17]. However, this
standard and associated probabilities does assume that random sampling is being used no matter
which sampling strategy is selected. There is risk for the validity of the results if convenience (biased)
sampling is used.
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ISO 2859-4:2020 specifies: “The items selected for the sample shall be drawn from the lot by simple
random sampling .... However, when the lot consists of sub-lots or strata, identified by some rational
criterion, stratified sampling shall be used in such way that the size of the subsample from each sublot
or stratum is proportional to the size of that sublot or stratum”.

Under general conditions, i.e. if there are no technically or practically founded assumptions on the
existence of specific nonconformity patterns, a sampling strategy, including a systematic as well as a
random component, yields satisfactory results in most practical applications.
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ISO 3951-
Annex D
(informative)

Operating characteristics for the s-method

The probability of acceptance for a single specification limit

The
p, Wi

whe

D.2

Cons
an s-
and
The

D.3

The
stan
nosed
as th

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

Fa :1_Ft(n—1,Kp n) (k‘/;)

e

Fr(v,8) () is the distribution function of the non-central t-distribution with v degrees
and noncentrality §;

h is the sample size;
K is the upper p-quantile of the standardized normal distribution;

< is the s-method acceptance constant,

Example

ider the calculation of the probability of acceptance at a process quality of 0,5 % noncor
'method plan with an LQ of 1,25(% and a lot size of 1 000 items. Entering Table 2 with Ig
.Q of 0,012 50, it is found that the sample size, n, is 38 and the acceptance constant, A

Pa =1-F, (37,2 57558) (2715538 ) =1-F,(37,15 8783 (16,7395)=1-0,6294=0,3706.

The probability of acceptance for double specification limits

probability’ of lot acceptance for double specification limits depends on the location
darddeviation in the acceptance region. When the true standard deviation is outside|
of‘the acceptance region the probability of lot acceptance for double specification limits
atfor a single specification limit. Otherwise, the probability of lot acceptance double s

6:2023(E)

ronforming,

(D.1)

of freedom

forming for
tsize 1000
,is 2,715 5.

process fraction nonconforfing under consideration is p = 0,005 0, and Kp =-2,575 8. Hence,

of the true
the curved
is the same
ecification

limits is approximated by the exact probability of lot acceptance for a single specification limit, with the
approximation becoming less accurate as the standard deviation increases.

D.4

Operating characteristics

Using the underlying software, the user can create the OC curve, i.e. a plot of the acceptance probability,
P, , versus the process fraction nonconforming, p, and can create tables of p(P,) (see L.3).
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Annex E
(informative)

Operating characteristics for the o-method

probability of acceptance for a single specification limit
robability of lot acceptance for a single specification limit at process fraction nonconfor

process standard deviation is known is given by Formula (E.1):
cD[(" —Kp )\/ﬂ

is the distribution function of the standardized normal distribution;
is the sample size;
is the upper p-quantile of the standardized normal distribution;

is the o-method acceptance constant,
nple

hod plan with an LQ of 0,012 50 and a'lot size of 1 000 items. Entering Table 4 with lof]
Q of 1,25 %, it is found that the sample size, n, is 8 and the acceptance constant, k, is 2,6
fraction nonconforming under consideration is p = 0,005 0, and K, = -2,575 8. Hence,

@ (2,6676-2,5758)V/8.|=1-®[0,2596]=1-0,6024=0,3976.

probability of-acceptance for double specification limits

ility of lotsacceptance for double specification limits depends on the location of the
bviation dn)the acceptance region. When the true standard deviation is outside the cu
\cceptance region the probability of lot acceptance for double specification limits is the §
sinigle specification limit. Otherwise, the probability of lot acceptance double specificd
rexXimated by the exact probability of lot acceptance for a single specification limit, wit]}

approximat

ion becoming less accurate as the standard deviation increases.

E.4 Operating characteristics

ing,

(E.1)

e calculation of the probability of acceptance at a process quality of 0,5 % nonconforining

size
H7 6.

true
rved
ame
ition
1 the

Using the underlying software, the user can create the OC curve, i.e. a plot of the acceptance probability,
P, , versus the process fraction nonconforming, p, and can create tables of P, (p)and p(P,) (see L.3).

54

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=fa18f1d83173b645ce66d22af5c1f13f

ISO 3951-
Annex F
(informative)

Consumer’s risks

F.1 General

6:2023(E)

The |consumer’s risk is the probability of accepting a given lot when the fraction ndnco
equdl to the LQ. When the true standard deviation is outside the curved nose of theraceept|
the ¢onsumer’s risk for double specification limits is the same as that for a singleyspecifi
Othgrwise, the consumer’s risk is approximated by the exact consumer’s risk for.a single s
limit, with the approximation becoming less accurate as the standard deviation-increases.

F.2 | The consumer’s risk for the s-method plans
For the s-method, the consumer’s risk is given by Formula (F.1):
(i)

pa = 1_Ft(n—1,KLQ \/;)

whete

F.(v5)(-) is the distribution function of the;non-central t-distribution with v degrees
and noncentrality §;

n is the sample size;
K, is the upper p-quantile of the standardized normal distribution;
e is the s—-method-aceeptance constant,

F.3 | The consumer’s risk for the c-method plans
For the o-method, the-tonsumer’s risk quality is given by Formula (F.2):
P, =1-0[ (k=K )n |

whete

hforming is
Ance region
fation limit.
pecification

(F.1)

of freedom

(F.2)

D(,) is the distribution function of the standardized normal distribution;
n is the sample size;
K is the upper p-quantile of the standardized normal distribution;

is the o-method acceptance constant,
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Annex G
(informative)

Producer’s risk quality

G.1 General

The produckr’s risk quality is the quality for which the probability of not accepting a given Igt}is'p %.
When the tfue standard deviation is outside the curved nose of the acceptance region the produger’s
risk quality|for double specification limits is the same as that for a single specification limfit, Othervise,
the producqr’s risk quality is approximated by the producer’s risk quality for a single spécification ljmit,
with the approximation becoming less accurate as the standard deviation increases
G.2 The producer’s risk quality for the s-method plans
For the s-method, the exact producer’s risk quality for a single specificationlimit is the solution in p for
Formula (G{1):

1-P, :Ft(n_lle\/;)(k\/E)zo,OS (G.1)
where

Fyy s (- is the distribution function of the non-central t-distribution with v degrees of fregdom

and noncentrality 6;
n is the sample size;
K, is the upper p-quantile of the standardized normal distribution;
is the s—-methodraceceptance constant,

G.3 The producer’s risk'quality for the o-method plans
For the o-mthod, the exact’producer’s risk quality for a single specification limit is the solution in p for
Formula (GJ2):

1-P, =p[ (kok, )Vn ]=0,05 G.2)
The solution1s given by Formula [G.3]:

p=1-0[k—Kyo5 /\n]=1-®[k+1,644854/Vn (G.3)

where

@()
n

Ky

56

is the distribution function of the standardized normal distribution;
is the sample size;
is the upper p-quantile of the standardized normal distribution;

is the o-method acceptance constant,
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Annex H
(informative)

Construction of acceptance diagrams for double specification

limits

H.1

Earl
cont
acce
to th
perh
inclu
use
this

H.2

conitrol

It is
cont|

be the same for both limits. The acceptance region is the union of the acceptance regions fi

and

fron

U=83 mm,L=82mm,n=64andk=1,313 6 we obtain the diagram below in Figure H.1.

General

er standards on acceptance sampling contained standardized acceptance diagrams fa
rol of double specification limits, A realization that most users would want to-have th
ptance curves they need to use in an unstandardized form with the spe¢ification lim|
eir application, perhaps presented in a document to be agreed with the résponsible ay
aps supported by a spreadsheet to calculate results and plot resultsyhas led to a ded
de these standardized curves in this document. It was decided that-asoftware packagg
bf the standard generally (see Annex [) and guidance on how acceptance diagrams aj
Annex would be provided.

s-method acceptance diagrams for double specification limits under

instructive to start with an acceptance diagram for double specification limits und
rol. If the same LQ is applied to both limits,then the sample size n and acceptance con
lipper specification limits and can be cofistructed by drawing the lines

k =L+ks and x=U—ks

s=0 to their intersectionat\s=(U-L)/(2k) . Using the same sampling plan as 13.2 Ex
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acceptance

Q

X
S|
Note that (

acceptance
than k acce}

82,1

1
2

ks reject

ks

X

L+
X=U— accept

Figure H.1 — acceptance region, s-method, separate control

rd presents sampling plans in two ways: the k method and the p* method with equiv
Ccriteria.
X

L

Zkorf)LSp*andQ: >k or p;

S

boundary lines so the acceptance-criteria can be thought of in terms of slopes; if Q is ste
bt otherwise reject.

H.3 s-me
combine

thod acceptance diagrams for double specification limits under
control

The equivaIence between the’k and p* methods is provided by the formulae at Clause 8 d) 1)

py

-

~

1

)

[malg 1 1% ||

is the slope of a line from the spgcification limits though x,s and k is the slope of

hlent

the
eper

H.1)

H.2)

by =

F
BETA[2—1,3—1J L
2 2

|2 2 s n—1U

<

If (x—L)/s is set to k in Formula (H.1) then the formula will yield p, = p* similarly if (U~X)/s in
Formula (H.2) is set to k then the formula will yield f)U = p *. This means that for separate control all

along the lower acceptance boundary p, = p* and all along the upper acceptance boundary p, =p*,
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At the apex p; + p;, =2p * but this is alright because each specification limit is under separate control.
The relationship between k and p is obtained by inverting these cases:

k(nj;) _ n\/_; {1_2F§1:}TA (g_l'g_lj(ﬁ)} (H.3)

Although in principle the beta distribution has an infinite interval [—e,e]in practice by limiting

8/4 <psl- 8/4, where ¢ is the smallest value such that 1,0+&>1,0 in computer arithmetic and

ﬁ:e/4 should be used when usep =0. This limits the normal distribution to approximately
(-8,29,8,29).

Althpugh in principle the beta distribution has an infinite [0,1]in practice it shéuld bd limited by
limiing 8/4 <psl- 8/4, where ¢ isthe smallestvalue such that 1,0+£>1,0 in computer{arithmetic.

When p = 0 you should use p = 8/4 and this ensures that it is numerically symmetric.

Supppose now it is decided to put both specification limits under combiried control and the|acceptance
critgrion becomes p, + p;; < p *.Itis clear that the triangular acceptance region we had under separate

contjrol has to be adjusted to exclude a region where the combined-¢ontrol acceptance criterion is not
met| This is done by using the relationship in Formula (H.3) toConstruct pairs of lines reprgsenting p,

* -
andp, =p -p;
K =L+k(np,)s=L+ks and)?:U—k(n,p*—fJL)ssU—kUS

The |intersections of these pairs of lines are pgints (s,x) on the acceptance region boundary with

p, + Dy = p* where

=»
I

_U-L
ky +k;
Uk, +Lky
ky +k;

(H4)
v —
Thig is illustrated incEigure H.2 where three lines for p, =0,p* /4,p* /2 corresponding to

py F p*,3p™* /4, p/~/2 have been added. Note that the value of s where p* is shared equally between

p, dnd p;, definésthe maximum sample standard deviation (MSSD) that was used in previqus issues of
this document in preliminary screening for unacceptable samples.
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O" 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4

L+ks
U-—ks

)?= +kLS """" )?

L
X=U—kys X

Figire H.2 — acceptance region, s-method, combined cofitrol - construction lines

The accep
0<p <p

p,=0,p*/4p*/2and p; =p*,3p*)4,p*/2

thnce region for double specification limits under combined control is the union

over

of the triangular regions enclosed by the construction lines and the x axis. The bounflary

of this regign is the locus over 0 < p, < p *of the points (s,x). This is illustrated in Figure H.3 where
the acceptapce region boundary has been added. Note that the horizontal scale has been adjusted.

X

B3

82,9
82,8
82,7
82,6
82,5
82,4
82,3
82,2
82,1

Q.35 0,4

acceptance region boundary 1 reject
X=L+k;s 2 accept

Y:U—kus

Figure H.3 — acceptance region, s-method, combined control with construction lines
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p,=0,p*/4,p*/2and p, =p*,3p*/4,p*/2
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The acceptance diagram can be completed as shown in Figure H.4 by removing the construction lines
and the sample mean and sample standard deviation for the data in the example can be plotted. The
sample mean and sample standard deviation are outside the acceptance region; therefore, the lot is
rejected.

0 0,1 0,2 0,3 0,4 05 0,6

...... .- acceptance region boundary 1 reject

] sample 2 accept

Figure H.4 — acceptance region, s-method, combined control with sample mean and|standard
deviation

H.4{ o-method - determination of combined specification limits acceptance
criteria

The [first step in setting up anyto-method sampling scheme is to establish a value of the process
standard deviation that can lie\considered to be known. See 5.3. This is best done by collecting data
over| time, maybe whilst using the s-method, and using Statistical Process Control (see References [9]
and [10]) to assess whethen this assumption can be justified. If the standard deviation is under control,
i.e. there is no more variation in it than can be explained by sampling variation, then an est{mate of the
prodess standard devidtion can be made (see Annex A).

Next, for the use‘of combined specification limits the question of process capability aris¢s i.e. is the
ated process standard deviation sufficiently small to allow for the possibility, but not the certainty

This|uncertainty arises from the possibility that the means of lots may be too high or too low to allow
acceptance. Iable 0 help make this
determination, e.g. in 13.2 Example 2 the lot size is 400 and the LQ is 12,5 % and the specification limits
are 520 * 50 Q. Entering Table 4 with these values gives f_; = 0,264 318 and multiplying this by U - L =
100 gives 26,431 8 2 as a MPSD.

Since the known value of sigma given in the example is 18,5 Q it is concluded that there is the possibility
of lots being acceptable. Acceptance sampling using the c-method can therefore begin,

The calculation of the MSSD relevant to the s-method is described earlier and defines the maximum
point on the acceptance region for an s-method combined double specification limit acceptance
region. In ISO 3951-1:2022, H.4, it is emphasised that the calculation of the MPSD in that standard is
quite different and it does not define the maximum point on an acceptance diagram in the same way.
However, this does not hold in this standard which is indexed by limiting quality (LQ) rather than the
acceptance quality limit. If the larger LQ is used in those calculations a MPSD larger than the maximum
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point on the acceptance diagram results and the acceptance diagram will not be truncated so the MPSD
for this document is the maximum point on the o-method combined control acceptance region.

It is not necessary to draw an acceptance diagram to determine o-method acceptance criteria but
may be useful to determine actions to adjust a process where the sample is close to being rejected.
The acceptance region is constructed in the same way as that for the s-method except the equivalence
between the k-method and p*method is provided by the formulae at Clause 8 d) 2):

A L-—Xx n
=0 H.5
by . n_1] (H.5)

. x-U n
=0 H.6
Py (o} n—1] )

and the relgtionship between k and p* is obtained by inverting these:

k(n,[))z—d)_l(f))\/n_l :Kﬁ\/”_l H.7)

n n

Although i principle the normal distribution has an infinite interval [—¢ejeo]in practice it should be
limited by ljmiting 8/4 <psl- 8/4, where ¢ is the smallest value suel that 1,0+&>1,0 in compguter

arithmetic. When p = 0 you should use p = 8/4- and this limits the nofmal distribution to approximately

(-8,29,8,29)|and ensures that it is numerically symmetric.

The triangylar acceptance region for separate control, together with three pairs of construction Jines
for p, =0,p* /4,p* /2 corresponding to p, = p*,3p*/4,p* /2 is shown Figure H.5.
570
560
550
540
530
520
510
500
490

480
470 7

X

35

Key
X=L+ks eeeesee- X=L+ks

—_ x=U-kys x=U—-ks

Figure H.5 — acceptance region, o -method, combined control - construction lines
p,=0,p*/4,p*/2and p, =p*3p*/4,p*/2

As for the s-method the acceptance region is the union over 0<p, < p*of the triangular regions

enclosed by the construction lines and the x axis. The acceptance region boundary is the locus over
0 < p, <p*ofthepoints (0,X). This is illustrated in Figure H.6.
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Figure H.6 — acceptance region, ¢ -method, combined control with construction
p,=0,p*/4,p*/2and p;, =p53p*/4,p*/2

that maximum point on the acceptance region in*Figures H.6. H.7 and H.8, which in thi
e MPSD, is at the intersection of the construgtion lines for p, = p, = p */2 and hence

N by

- U-L _U-L / n

2k(n,p*/2) 2Kp«p Vn-1
the values of f; given in Table\3 are calculated with U=1, L = 0, and with n and o from
example, n = 7 and p* = 8,041 3, which gives the values used above:

| _570-470 [7.109,012345
2Kg 020515, W6y 2,043227

=26,4318 and f, =—>—=0,264318.
100

Acceptance diagram can be completed as shown in Figure H.7 by removing the constr
plotting th€ sample mean and known standard deviation for the data in the example.
h and knhown standard deviation are within the accept region agreeing with the r

30

lines

s document

the MPSD is

(H.8)

Table 5. For

uction lines
The sample
bsult of the
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Figure H.7 — Acceptance region, o-method, combined control with sample mean and standard
deviation

With this particular sampling plan, we can also illustrate the use-of the approximate method, in 23 b)
4), that usep separate limits. The known value of o and the séparate limits are shown in Figure H|8. It
can be seen|that this is a reasonable assumption. When o is close to o, and either Q or Q; is closq to k
the sample|values (0,X) have to plotted on the acceptahce region to make the correct acceptpnce

decision.
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Figure H.8 — Acceptance region, o-method, combined control with sample mean and standard
deviation and separate limits
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