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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical commlttees Each member body mterested in a subject for WhICh a technlcal committee has been

establishe,
non-gover
Internatior

Internatior
The main
adopted k

Internation

In excepti
which is n

nmental, in liaison with ISO, also take part in the work. ISO coIIaborates closely with
al Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Pant'2.

y the technical committees are circulated to the member bodies for voting.“Publication as
al Standard requires approval by at least 75 % of the member bodies casting'a vote.

ormally published as an International Standard (“state of the art”, for example), it may decide by

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

an

pnal circumstances, when a technical committee has collected datacof-a different kind from that

a

By
no

s,

of

simple mdjority vote of its participating members to publish a Technical Repart.' A Technical Report is entir
informative in nature and does not have to be reviewed until the data-it{provides are considered to be
longer val|d or useful.

Attention s drawn to the possibility that some of the elements of‘this document may be the subject of patent
rights. ISQ shall not be held responsible for identifying any or allisuch patent rights.

ISO/TR 8%50-3 was prepared by Technical CommitteeSISO/TC 69, Applications of statistical metho
Subcommiittee SC 5, Acceptance sampling.

This first edition of ISO/TR 8550-3, together with ISO/TR 8550-1 and ISO/TR 8550-2, cancels and replag
ISO/TR 8550:1994.

ISO/TR 85%50 consists of the following parts, under the general title Guidance on the selection and usage
acceptande sampling systems for inspeetion of discrete items in lots:

— Part 1: Acceptance sampling

— Part 3: Sampling by variables

The following part is under preparation:

—  Part ]

. Sampling by attributes

© 1SO 2007 — All rights reserved
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Introduction

This part of ISO/TR 8550 gives guidance on the selection of an acceptance sampling system for inspection by
variables. It does this principally by reviewing the available systems specified by various standards and
showing ways in which these can be compared in order to assess their suitability for an intended application. It
is assumed that the choice has ernnr'l\/ been made to use cnmnllnn h\/ variables in nrnfnrnnnn to. sz mphng by

atfributes.

A rorresponding guidance document on the selection of a generic acceptance sampling system, scheme or
plan for inspection by attributes is given in ISO/TR 8550-2.

© 1SO 2007 — All rights reserved \4
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Guidance on the selection and usage of acceptance sampling
systems for inspection of discrete items in lots —

Part 3:
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Sampting by variabtes

Scope
e guidance in this part of ISO/TR 8550 is confined to acceptance sampling of-preducts that are s
can be identified and segregated from the other items in the lot and hassan equal chance of bein
the sample. Each item of product is countable and has specific chargeteristics that are measu
htinuous scale. Each characteristic has, at least to a good approximation, a normal distrib

tribution that can be transformed so that it closely resembles a normal distribution.

andards on acceptance sampling by variables are applicable/to a wide variety of inspection
ese include, but are not limited to, the following:

end items, such as complete products or sub-assemblies;
components and raw materials;
services;
materials in process;
supplies in storage;
maintenance operations;
data or records;
administrative procedures.
hough this\part of ISO/TR 8550 is written principally in terms of manufacture and production, it

rpretediliberally as it is applicable to the selection of sampling systems, schemes and plans for &
pduct'and processes as defined in ISO 9000.

upplied in

5 and that can be classified as consisting of discrete items (i.e. discrete articlés of product). Each item in a

g included
rable on a
ition or a

situations.

should be
Il types of

2

Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition listed applies. For undated references, the latest edition of the referenced
document (including any amendment) applies.

ISO/TR 8550-1:2007, Guidance on the selection and usage of acceptance sampling systems for inspection of
discrete items in lots — Part 1: Acceptance sampling

©l
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3 Normality

3.1 Relationship between form of distribution of quality characteristic and percent
nonconforming

A key aspect of sampling by variables is the form of the distributions of the quality characteristics. Consider a
single quality characteristic. If it is normally distributed and if an upper specification limit is located at the mean
plus two standard deviations, the percent nonconforming is about 2,5 %. If the specification limit is located at
the mean plus three standard deviations, the percent nonconforming is about 0,1 %. However, if the
distribution_of the quality characteristic is not normal and has a large positive skewness. i.e. a long tail to the
right, an upper specification limit located at the mean plus three standard deviations could conceivably yield a
percent ngnconforming approaching 10 % instead of about 0,1 % (see Figures 1 and 2).

it is highly|desirable to check any assumptions about the shape of the distribution, especially in.the tails of the
distribution. If the AQL is very small, for example 0,1 %, a study of several thousand items)should be made,
including a test of distributional form.

Therefore| whenever a sampling plan for inspection by variables for percent nonconforming is to be employid,

2 © 1SO 2007 — All rights reserved
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1
2
Kdy
1 | upper specification limit
2 | 0,1 % above specification
Figure 1 — Normal distribution
1

\

Keay
1 | upper specification limit

Figure 2 — Distribution with large positive skewness

3.2 Identifying departure from normality

3.2.1 Subjective assessment

The degree to which a sample appears to have come from a normal distribution can be subjectively assessed
by means of a normal probability plot. Such a plot is constructed in the following way. Once the random
sample has been selected and the quality characteristic x has been measured for each item, the values x4,
Xy, . . ., X, are arranged in ascending order x4}, xpg), - - -, X[, such that x;y; < Xpg; <, . . . < xp,;- The points with

© 1SO 2007 — All rights reserved 3
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coordinates Lx[i],(i—%)/(n+%) are then plotted on a sheet of normal probability paper for i=1,2, .. .,
To facilitate this process, an A4 sheet of normal probability paper that can be freely photocopied is provided in

Annex A.

n.

Figure 3 shows the normal probability plot of a random sample of size 100 from a normal distribution. The
graph paper is specially designed so that data from a normal distribution tend to lie close to a straight line.
A straight line has been drawn by eye through the data, showing in this case that there are only minor
departures from linearity.

When data orlglnate from a normal dlstrlbutlon departures of the probab|I|ty pIot from I|near|ty are due solely

to sampline

linearity o
belong. K
these clog

Figures 4
of size 10
normal pr
in identifyi

For the lognormal distribution, there is a pronounced downward concavity.

The Caud
extra thicK

values of 1,

The Lapla
distributio
horizontal

The norm
at the left

These arg

cases, e.d.
its parameters (see 3.3.2 and 3.3.3). In.other cases, approximate normality may be achieved, e.g. by usi

the fourth
acceptand
distributio
instead, th
sampling

Figures 4
samples.
plot are d
departure

f a characterlstlc type helplng in the determmatlon of the family of d|str|but|ons to which the d
nowledge of this family can indicate the appropriate transformation to make to the data(te-bri
er to normality.

fo 7 show the density functions and examples of normal probability plots based on afandom sam
D for, respectively, a lognormal, Cauchy, Laplace, and exponential distribution, respéectively. On
bbability plot for Figures 4 to 6, a straight line has been drawn through the data, points to aid the &
hg the characteristic differences.

ness of its tails results in the plot being relatively high for low,values of x and relatively low for hi
the extremities of the plot being almost horizontal.

ce distribution is similar, except that there is a shorter region in the normal probability plot where
h is indistinguishable from the normal distribution,~and the extremities of the plot are far fr

Al probability plot for the exponential distribution” has a very characteristic shape, rising very stee
and becoming almost horizontal towards the, right.

the lognormal distribution, the distribution can be transformed exactly to normality without knowi

root transformation on expenentially distributed variables, as shown by Kittlitz[20. In other casg
e sampling by variables ‘might not be possible without a method tailored to that family
ns. If such a methoddoes not exist, acceptance sampling by attributes might have to be us|
e loss in efficiency being more than compensated for by the increase in integrity of the acceptan
esults.

to 7 show norral probability plots for samples of size 100. Often there is not the luxury of such lan
With smalksamples, it is less clear whether the departures from linearity of the normal probabi
Lle to non-riormality or merely to sampling fluctuations. In case of doubt, subjective assessment
from normality should be replaced by objective statistical tests, such as those discussed in 3.2.2.
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Kdy
X | quality characteristic, x
Y | probability density of x
a) Normal distribution
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b) Normal probability plot of a random sample of size 100 from a normal distribution

Figure 3 — Normal distribution and normal probability plot
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YA

Key
X quality|characteristic, x
Y probabjility density of x
a) Lognormal distribution
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b) Normal probability plot of a random sample of size 100 from a lognormal distribution

Figure 4 — Lognormal distribution and normal probability plot
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Keay
X | quality characteristic, x
Y | probability density of x
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b) Normal probability plot of a random sample of size 100 from a Cauchy distribution

Figure 5 — Cauchy distribution and normal probability plot
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Yﬂ

Key
X quality|characteristic, x
Y probahility density of x

a) Laplace distribution

b) Normal probability plot of a random sample of size 100 from a Laplace distribution

Figure 6 — Laplace distribution and normal probability plot
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Keay
X'| quality characteristic, x
Y | probability density of x

a) Exponential distribution
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b) Normal probability plot of a random sample of size 100 from an exponential distribution

Figure 7 — Exponential distribution and normal probability plot
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3.2.2 Statistical tests for departure from normality

3.2.21 Directional versus omnibus tests

Statistical tests are used to determine the degree to which the available evidence fails to support a given null
hypothesis, say H,. The power of the test is the probability of rejecting the hypothesis H, in favour of the
alternative hypothesis H; when the alternative hypothesis is true.

When testing for departures from normality, the null hypothesis Hj is that the distribution is normal while the
alternative hypothesis H, is that it is not normal. If the alternative hypothesis is more specific, stating the
alternativd Tamily of disfribufions to which the distribufion belongs, then the fest is said to be direciional.
Otherwisg, it is said to be an omnibus test.

In both capes, a statistic T is calculated from the sample evidence, and H is rejected if the value of Tlies in a
so-called ritical region. The critical region is chosen so that the probability of T falling in the~critical region
when H |s true is a small quantity, usually 5 %. For an omnibus test, the critical region simply consists|of
values of [I" that lie far away from the expected value of 7 under Hj. For a directional test}-the critical region
consists of the values of T for which the power is greatest.

In general, therefore, greater power is achieved by being as specific as can be justified about the alternatjve
hypothesis, i.e. about the likely nature of the departure from the null hypothesis.

As might be expected, power is generally also increased by increasing thesample size on which T is based,

3.2.2.2 Directional tests

ISO 547911997 provides two directional tests. One of these ds for skewness, the other for kurtosis (i.e.
peakedneps). A simultaneous bi-directional test for skewness.'and kurtosis is also provided. The skewndss
and kurtogis test statistics for n observations x4, x,, . . ., x,, are, respectively, the moment coefficients:

b1 =I’VI3/WI2% and b2:m4/m§,

where:
n

m; = 1Z(x,~ —)_c)j for j=2,8.and 4.
=

3.2.2.3 Omnibus tests

ISO 547911997 also provides two omnibus tests: the Shapiro-Wilk test and the Epps-Pulley test. The test
statistic for the Shapiro-Wilk test is a linear function of the ordered observations. The Epps-Pulley test statigtic
is a little more complicated to implement as it involves a sum and a double sum of exponentiated quantiti¢s.
A rule of thumb is given for deciding which of these to use in a given situation.

3.3 Trar'lsforming to normality

3.3.1 Normalization and variance stabilization

Much analysis of variance is invalidated if the quality characteristic under analysis is heteroscedastic, i.e.
when its variance varies with its mean. A mathematical transformation of the characteristic that roughly
equalizes the variance over all values of the mean is called a variance-stabilizing transformation. It is often the
case that transforming such data to eliminate heteroscedasticity, i.e. to make the data homoscedastic, also
has the effect of making the data more normal. In other words, variance-stabilizing transformations are often
normalizing transformations.

10 © ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=0ca274041ca921f1a102186e39be4b73

ISO/TR 8550-3:2007(E)

A rough rule for determining the appropriate transformation is as follows. If the standard deviation o of a
process characteristic x can be expressed approximately as a function A(x), where u is the corresponding
mean of the characteristic, then an approximate variance-stabilizing transformation of x is g(x), where:

x dt
g(x):.[ m

Examples of the use of this method are given in 3.3.2 and 3.3.3.

If
ing

W

Va3

TH

W

va

TH

TH
sa

(1)

a test for departure from normality indicates that x is non-normal, the use of y = g(x) should be considered

tead of x.

.3.2 The square root transformation

nere o is a constant multiple of \[u , i.e. h(u)=c\[u, where c is a constant, then, from’Expressio

2= =2V,

the coefficient 2/c has no effect on the stabilization of the variance;} it can be ignored. An ap
riance-stabilizing transformation is therefore the square root transformation:

g(x)=x.

e standard deviation of g(x) is approximately ¢/2.

.3.3 The logarithmic transformation

pxdt 1

g(x) —In(x).

ct ¢

the coefficient 1/¢ has no effect on the stabilization of the variance, it can be ignored. An ap
riance-stabilizing transformation is therefore the logarithmic transformation:

g(x) = In(x).
e standard deviation of g(x) is approximately c.

is transfermation might be appropriate when the quality characteristic is the sample variance b
mple of'size n, in which case c¢=.2/(n-1) .

hen o is a constant multiple of «, i.e. h(y) =cu , where c is a constant, then, from Expression (1):

n (1):

proximate

proximate

ased on a

3. 54 —TFheBox-Coxtransformation

A general transformation, proposed by Box and Cox['9] is to set

_xi—1

g(x)="—

where 1> 0.

©l
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Note that:
— setting 1 equal to 1 simply relocates the existing distribution, leaving its original shape unchanged;

— setting 4 equal to 0,5 is equivalent to first using the square root transformation and then relocating and
rescaling the resulting distribution;

— letting 1 tend to zero is equivalent to using the logarithmic transformation, i.e. equivalent to setting
g(x) = In(x).

However, |1 is not limited to taking one of these particular values, so the value of 1 in excess of zero thaibést
normalizes the distribution can be found either by trial and error or by some optimization method applied|to
past data.

A more géeneral version of the Box-Cox transformation is:

M
g(x) | (x+2p)7 -1 for 24>0 and 2 > —xy; .

M

This transformation effectively relocates the distribution of x by an amount 4, before applying the simpler Box-
Cox powser transformation. A consequence is that the more general transformation does not require all the
data valugs to be positive. Because the more general transformation hasdwo parameters, it allows a greater
range of distribution families to be transformed to normality.

4 Types of control
4.1 Control of a single quality characteristic

4.1.1 General

Acceptange sampling by variables can become complicated when there are two or more quality
characteriptics, so the text first considers the.case where only a single quality characteristic is being controlled.
As the adceptance criterion for a single. quality characteristic involves either x and s, or X and o, it can
always be represented diagrammatically as well as algebraically. A diagrammatic representation of fjan
acceptande criterion is called an acCeptance diagram.

Within thg case of a single quality characteristic, there are several possible methods of control, which are
described|in 4.1.2 and 4.1.3.

4.1.2 Single specification limit

The simplest case of a single quality characteristic is where there is a single specification limit, i.e. where
either an Uippér limit or a lower limit to values of the characteristic is specified, but not both. Control of such a
characterigticby means of sampling by variables is relatively straightforward, requiring the sample mean to |pe
within a specification and at least a given multiple, denoted by %, of the sample standard deviation (or process
standard deviation, if known) away from the specification limit. When the acceptance criterion is expressed in
terms of this factor &, the method is described as “Form £’ (see 5.2).

4.1.3 Double specification limits

4.1.31 General
Rather more complicated is the case of a single quality characteristic with double specification limits, i.e.

where both an upper limit and a lower limit to values of the characteristic are specified. In this case, there are
three modes of control.

12 © ISO 2007 — All rights reserved
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4.1.3.2 Combined control

Double specification limits are said to be under combined control when the fraction nonconforming beyond
both limits belongs to the same class, to which a single AQL applies. By implication, nonconformity beyond

eit

EXAMPLE 1

her limit is of roughly the same degree of seriousness.

A weapon guidance system is to be tested against a moving target. Missing the target either to the left or

to the right is equally unsatisfactory so combined control of both sides of the target might be appropriate in this case.

Form k is inadequate for combined control. Instead, Form p* is used, i.e. the lot is accepted only if an estimate

of

the nrocess fraction—nonconformina—is less than a2 aivan valilg »% In Athgr warde % ic thg
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timate of the process fraction nonconforming that is deemed to be acceptable for the given sambpl
DL.

3.3 Separate control

uble specification limits are said to be under separate control when the fractionacmonconforming b
b limits belongs to different classes, to which different AQLs apply.

ain, by implication, nonconformity beyond each of the two limits is of a different degree of serioug
DL for the class of greater seriousness will be smaller than the AQL for.the other class.

IAMPLE 2 In a given bottle-filling plant, overfilling leads to a marginal’reduction in profit, whereas un
ch more serious as it could lead to weights and measures violations; financial penalties, bad publicity

bdwill. The lower specification limit in this case should therefore have'a much smaller AQL than the upper
it.

r separate control, a Form k acceptance criterion_€an be applied separately to each limit.
cepted if both acceptance criteria are satisfied.

3.4 Complex control

uble specification limits are said to besunder complex control when the fraction nonconforming b

e size and

eyond the

ness. The

derfilling is
hnd loss of
pecification

The lot is

eyond the

it of greater seriousness belongs te-oene class, to which a given AQL applies, and the combin

aracteristic while still maintaining control of the fraction nonconforming at the more important
tribution that is of the greatest concern.

IAMPLE 3 Woodenstrips, supplied in batches and used in the construction of garden furniture, are sp¢
ween 86,5 cm and~86;7 cm in length. Strips that are too large can be shortened, but strips that are to
Usable and have¢to,be replaced, which is more time-consuming and can interfere with production. An AQL
for both limits¢corribined, with another AQL on the lower limit of 0,65 %.

mplex_control is a combination of combined control of both limits with control of just one of th
rm k is,therefore again inadequate for this situation, so that Form p* has to be used.

407 Lot vl -

d fraction

nconforming beyond both limits belongs to another class, to which a larger AQL applies. This allows some
de-off between the fractions«nonconforming at both ends of the distribution of values of the quality

nd of the

icified to be
b short are
of 2,5% is

pbse limits.

4.21 General

The number of possible combinations of control soon becomes vast as the number of quality characteristics
increases. The discussion below is therefore confined to providing examples in the case of two quality

ch

©l

aracteristics, x and y.

SO 2007 - All rights reserved

13


https://standardsiso.com/api/?name=0ca274041ca921f1a102186e39be4b73

ISO/TR 8550-3:2007(E)

4.2.2 Examples of the control of two independent quality characteristics

4221

General

For most cases of two or more quality characteristics, it is necessary to use Form p*. For brevity, all the

examples

given for two variables are given in terms of Form p*.

In all cases, it is assumed that a single acceptance criterion is stipulated for each class of nonconformity, and
that a lot is only acceptable if the criterion for each and every class is satisfied.

4222

With two quality characteristics, some new notation is necessary. The two quality characteristics are denoted

by x and
by L(y) 4
pL(x)apU

. The lower and upper specification limits on x are denoted by L(x) and U(x) respectively, and o
nd U(y). The process fraction nonconforming beyond each of these four limits is.denoted
x), p; (¥) and py (v), respectively, and their estimates by p; (x), py; (%), p;(v) and gy¢y) .

Due to the independence of x and y, the total process fraction nonconforming dn-.a class containi

nonconfor

—_

p:

mity at all four of these limits is given by:

=P () =pu ()1 P ()= pu (v)]

and its estimate by:

—_

ﬁ:

The class
and (3)

(1, ()= o (x) ][1- 1. ()~ o ()]

of nonconformity is indicated by the appropriate subseript from A, B, etc. to p or p. Expressions

may be used generally, with the elements not included.in the class set to zero. The following examp

demonstrate this.

Note that,
if pr(x), A

4223

For a sing
Pa=

Similarly,

p;(x) and
deviation

if pp(x), py (x), pr(y)and py(y) are all very small, then p = p; (x)+ py (x)+ py (¥)+ py (¥) ; simila
L/ (x), pr(y)and py (y) are all very small, then p = p; (x)+ py (x)+ pr (») + py (»).

Example of control of a single-class (Example 4)

e class A consisting of p; (), pi(x) and p (»), setting p;(y) = 0 in Expression (2) gives:

1=[1=po (%)= pu W 1-pu () ]-

setting p; (1)50/in Expression (3), gives pp =1- [1 pL ][1 pU ]

py(x) are under combined control. It is important to recognize this when the process standz
s presumed to be known (see 5.3.4.2).

4.22.4

4.2.2.41

Ny
by

2)
es

ly,

d

=4

Examples of control of two classes (Examples 5. 6 and 7)

Example 5

If class A consists of p;(x) and class B consists of p;(x), p;(v) and p(»), then, from Expression (3):

Pa =1-[1-py(x)-0][1-0-0] =y (x) and

Ps :1—[1_PL x)_0:|[1_PL(Y)—ﬁU(Y)J:1_[1_13L(x)][1_ﬁL(y)_ﬁU(y):|'

NOTE

14

pr(x) and p;(x) are under separate control, while p;(y) and p;(y) are under combined control. Again, it is
important to recognize this when the process standard deviations of x and y are presumed to be known (see 5.3.4.2).
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42242 Example 6

If class A consists of p; (x) and p;(y), while class B consists of p(x) and p;(y), then:

b =1-[1= b, (x)][1- 51 ()] and e =1-[1- p (x)[1- 50 (»)]

NOTE pr(x) and p(x) are under separate control, and p;(x) and p;(y) are also under separate control. Again, this is
important when the process standard deviations for x and y are presumed to be known (see 5.3.4.2).

4.2-243—FExample+

If ¢lass A consists of p;/(x) while class B consists of p;/(x), p;(») and p(»), then:

Pa = by (x) and pg =1-[1= py (x) ][ 1- . (¥) - Pu (»)]-

NQTE puyx), pr(») and p (») are under complex control, while p,;(y) and p(») arg,under combined coptrol. Once
agpin, this is important when the process standard deviations for x and y are presumed4o®é known (see 5.3.4.2).

4225 Example of control of three classes (Example 8)

If ¢lass A consists of p;(x), class B consists of p;(y) and class C consists of p;(y), then:

PA =Py (x) and pg = py (J’) and p¢ = p; (J’) .
NOQTE pr(v) and py(y) are under separate control, whichzis of significance if the process standard devigtion of y is

présumed to be known (see 5.3.4.2).

5| Forms of acceptance criteria
5.1 General

5.1.1 Target of acceptability.test

ISP 2859-1:1999 subclause._8.3.3 explains that only Type B operating characteristic curves are relevant to
sampling by variables. Thus, it is the process fraction nonconforming at the time that the lot was |produced,
rather than the lot_fraction nonconforming, that is being assessed. For all the acceptance crjteria, this
asisessed value is.compared, either implicitly or explicitly, with an upper limit.

THe acceptability constants referred to in this clause are given in 1ISO 3951-1 (Form k) and in 1$0O 3951-2
(Fprm k& and\Eorm p*).

5.1.2° “The “s” method and the “ o ” method

If a process standard deviation o is unknown, it is estimated by the corresponding sample standard
deviation s. Acceptance sampling procedures based on s are referred to collectively as the “s” method.

Conversely, acceptance sampling procedures based on o are referred to collectively as the “o ” method.

Under the “ o ” method there is less uncertainty in the value of the quality statistic, which generally results in a
lower sample size requirement, dramatically in the case of large lots.

NOTE The process standard deviation, although never known exactly, might on occasion be known accurately
enough for practical purposes.
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5.1.3 Maximum standard deviations

5.1.3.1 Maximum sample standard deviation, s,

For the control of double specification limits under the “s” method, there is a limit to s above which it will be
impossible for a lot to satisfy the acceptance criteria. This limit is called the maximum sample standard
deviation sp,ax - The value of s.,5« Will be different depending on whether separate, combined or complex
control is in force, and whether inspection is normal, tightened or reduced. For technical reasons, it is optional
under the “s” method to first test that s does not exceed the appropriate s, . The advantage of doing so is

that, when s exceeds sp,54 the lot can be non-accepted at once without carrying out any numerical calculations.

The international standards in the 1SO 3951 series provide values of factors for s, for combined control
under normal, tightened and reduced inspection. Each of these is a two-dimensional table, with sample size
code lettef tabulated against AQL.

Tables of factors for s,,5x have not been provided for separate or complex control because three-dimensiofal
tables wollld have been needed. For separate control, it would be necessary to tabulate the.sample size code
letter aga|nst both the AQL at the lower specification limit and the AQL at the upper specification limit.
Similarly, for complex control it would be necessary to tabulate the sample size code.letter against both the
AQL for the single specification limit and the AQL for both specification limits combined. As each of these
methods ¢f control would require more than a dozen tables, and as an initial testof s against s, is optional,
such tablgs have not been provided in the standards.

5.1.3.2 Maximum process standard deviation, o,
For the cantrol of double specification limits under the “c” method, there will be a limit to ¢ above which if is
impossible for a lot to satisfy the acceptance criteria. This limit'is called the maximum process standgrd
deviation oy« - The value of o5, Will vary depending on whether separate, combined or complex control is

applied. Flor technical reasons, it is necessary under the “¢ method to ascertain that ¢ does not exceed the
appropriatle o,y - 10 avoid unnecessary calculations, this/is normally done first.

Tables of o2 are smaller and fewer than for s, 5.-because o,y iS

— independent of the sample size, and therefore independent of the sample size code letter, so that the
table [for combined control is one-dimensional and the tables for separate and complex control are two-
dimensional, and

— determined under the worst case scenario of tightened inspection, so it is independent of inspectipn
seventy.

5.2 Form k procedures-for single sampling plans

5.2.1 Applicability

Form k prpcedures are applicable to a single quality characteristic when control of a single specification lipit

single sample from the lot.

5.2.2 Form & with a single specification limit
In the case of a single specification limit, the lot is acceptable if the quality statistic O is greater than or equal

to the acceptability constant k. The quality statistic measures how far inside the specification limit the sample
mean lies, as a multiple of the sample or process standard deviation, whichever is appropriate.
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a) Inthe case of an upper specification limit U, the quality statistic is defined thus:

1) under the “s” method:

U-Xx
Oy = ;

N

2) under the “ o ” method:

U-Xx
.

Oy =

ISO/TR 8550-3:2007(E)

(®)

b)|In the case of a single lower specification limit, the quality statistic is:

1) under the “s” method:

x—L
O = ;

N

2) under the “ o ” method:

x—L
O = .

o

(7)

Regardless of which formula for Q is appropriate, the acceptance-criterion necessitates that the sample mean

bd at least & standard deviations inside the specification limit, &.g.:

which can alternatively be written thus:
X <U—ks.

An acceptance diagram for a single, upper specification limit is shown in Figure 8.

(8)

9)

X A
111 .
o REJECTION
ZONE
1p9
\
1p8 \\
1p7 ~ o
Sy
16 “As
be ACCEPTANCE 3770, 175
ZONE 770%
104 \\S
103 ~
102
101 -
0 1 2 3 4 5 6
s(U-L)

Figure 8 — Acceptance diagram for a single, upper specification limit of 110,
sample size code letter G, “s” method, AQL =1 %:n =18, k=2,770
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5.2.3 Form & with separate control of double specification limits

In the case of separate control of double specification limits, the upper and lower limits belong to different
classes with different AQLs that reflect their different degrees of seriousness. This in turn leads to different
Form k acceptability constants that can be denoted by &;; and k;, respectively. Denoting the corresponding

quality statistics by O;;and Q;, the lot is considered to be acceptable only if both O, >k and O, > &; .

In the case of unknown process standard deviation (the

Ltkps<X<U-—lkys

“

s” method), these two inequalities can be written:

It follows that:

L+k1s<U—kUs,

from which it can be deduced that:

U-L
S < —

ki +k;

(10)

In other words, if Inequality (10) is not satisfied, then it is not possible for inequalities Q;; > k;; and O, > kjto
be satisfigd simultaneously. The right hand side of Inequality (10) is_therefore s,,,, for separate doulble

specificatipn limits.

An accepfance diagram for the separate control of double specification limits under the

s” method is shown in

Figure 9. By a simple transformation of the axes, the figure has>been standardized to apply to any values| of
the upper [and lower specification limits U and L.

:“ A
)
=1
~
x \
0,8 \\
0,6 —~
ACCEPTANCE ZONE
04 e
0,4 REJECTION ZONE
0 >
0 0,05 0,1 0,15 0,2 0,3
sI(U-L)

Figure 9 — Standardized acceptance diagram for separate control of double specification limits: “s

method, sample size code letter G, AQLs 0,40 % on lower limit and 1,0 % on upper limit

18
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For the “s” method, the method by which each value of o,,,, Was calculated is rather more complicated. First,
the acceptance constants under tightened inspection were determined. The AQLs to which these acceptance
constants corresponded under normal inspection were then found, say a;; and q;. Finally, the value of
Omax Was calculated as:

U-L

o = YT 11
max K, +K,, (1)

where K, is the upper p-fractile of the standard normal distribution.

5.3 Form p* procedures for single sampling plans

5.3.1 Applicability

Fdrm p* procedures involve accepting a lot only when an explicit estimate p.0f the procegs fraction
nanconforming p does not exceed an upper limit p*, i.e. the acceptance criterion is ‘efithe form:

Accept the lot if p < p’, otherwise do not accept. (12)

Unlike Form k procedures, Form p* procedures are completely general They can be applied to mor¢ than one
quality characteristic at a time, and they encompass the combined and-‘complex control of double specification
limits. However, just like a Form k acceptability constant, the~value of a Form p* acceptability constant
dgpends on the lot size, the acceptance quality limit (AQL)_the inspection level, and whether pr not the
process standard deviation o is known.

5.3.2 Form p* for a single specification limit (single'quality characteristic)

5.3.21 Suitability

Fdrm £ involves simpler calculations and is therefore much easier to use than Form p* for a single quality
chiaracteristic and a single specification-limit. However, the main advantage of using Form p* under these
circumstances is that an estimate of the*process fraction nonconforming is obtained. This can be plptted on a
control chart to provide an early warning of any deterioration in quality.

5.3.2.2 Acceptance criterion under the “s” method

THe quality statistic Q is\calculated in accordance with Expression (4) or Expression (6), as appropriate. The
estimate of the process-fraction nonconforming is then given by:

. 1 1 _n
P—B(n—z)/z(E‘EQﬁ] (13)
where:
n is the sample size;

B,(.) represents the symmetric beta distribution function with both parameters equal to 5.

NOTE An approximation to this function that only requires tables of the normal distribution is provided in ISO 3951-2
and 1SO 3951-3, in case the user does not have access to suitable software or beta function tables.

The acceptance criterion is obtained by substituting the expression for p from Expression (13) into
Expression (12).
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5.3.2.3 Acceptance criterion under the “s” method

The quality statistic Q is calculated in accordance with Expression (5) or Expression (7), as appropriate. The
estimate of the process fraction nonconforming is then given by:

ol

where @(.)denotes the standard normal distribution function.

The acceptance criterion is obtained by substituting the expression for p from Expression (14) irLto
Expressioh (12).

5.3.3 Fdrm p* for separate control of double specification limits (single quality characteristic)

5.3.3.1 Suitability

Form k is|also much easier to use than Form p* for a single quality characteristicywith separate control|of
double specification limits. Again, the advantage of using Form p* under the€se circumstances is that jan
estimate gf the process fraction nonconforming is obtained, which can be plotted*on a control chart to provide
an early warning of any deterioration in quality.

For separate double specification limits, each of the limits belongs to a‘different class to which a different AQL,
and therefore a different Form p acceptability constant, applies. These acceptability constants are denoted |by
p(*/ at thel upper limit and by p; at the lower limit. The values of‘these constants are unaffected by whether
the “s” method or the “ o ” method is used, although the sample-Size is affected.

5.3.3.2 Acceptance criterion under the “s” method

Denote the quality statistic for the upper specification.imit by O, calculated in accordance with Expression (4).
Similarly, [denote the quality statistic for the lower specification limit by O, calculated in accordance wjith
Expressiop (6). Substitute Q;; in ExpreSS|on (13)to obtam py and Q; in Expression (13) to obtain p, The |lot
is judged aicceptable if, and only if, p, < p; ‘@and p, < p; .

5.3.3.3 Acceptance criterion under the “s” method

For separpte control under the € g " method, the applicable o, factor f for separate control with the givien
AQL requ|rements should be\found, and the value of o5, determined as (U - L)f. If the presumed value|of
o exceeqs o,y > then lotsmay be judged non-acceptable, without the need to draw any samples, until such
time as thg value of o canbe demonstrated to be less than or equal to o .

If o <omdyx, sampling is potentially worthwhile. The quality statistic for the upper specification limit, Q.| is
calculated in accordance with Expression (5). Similarly, the quality statistic for the lower specification limit, @,
is calculated“in ‘accordance with Expression (7). The fractions nonconforming beyond the upper and lower
specificatipnZlimits are found by substituting O;, in Expression (14) to obtain p, and substituting O, |in
Expression (14) to obtain p, . The lot is judged acceptable if, and only if, p, < p, and p, < p;.

5.3.4 Form p* for combined control of double specification limits (single quality characteristic)

“w

5.3.4.1 Acceptance criterion under the “s” method

The quality statistic O, for the upper specification limit is calculated in accordance with Expression (4).
Similarly, the quality statistic O, for the lower specification limit is calculated in accordance with Expression (6).
Oy, is substituted in Expression (13) to obtain p;, and Q; in Expression (13) to obtain 13%. The lot is judged
acceptable if, and only if, the sum of these estimates is sufficiently small, i.e. if p, +p, <p .
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“w

Alternatively, an acceptance diagram can be used. Figure 10 shows the typical shape of a standardized “s
method acceptance diagram for the combined control of double specification limits. The main disadvantage of
this approach is that no estimate of the process fraction nonconforming is produced. There is also, as with all
diagrammatic methods, a small chance of sample points lying too close to the acceptance curve to determine
whether they are inside or outside the acceptance zone.

’:l A
)
= 1
~
|>I< 0,9 \\\
0,8 \\
0’7 \\
06 ACCEPTANCE ZONE \\
0,5 /
0,4 —
/
0,3 — ¢
0’2 //
/ REJECTIONZONE
0,1 —
0 >
0 0,05 0,1 0,15 0,2 0,26
si(U-1L)

“

gure 10 — Standardized acceptance diagram for combined control of double specification Jimits: “s
method, sample size code letter G, AQL = 1 %: n = 18, p* = 0,0332 3

-m

5.3.4.2 Acceptance criterion under the “s” method
Fgr combined control under(the “s” method, the first step is to look up the applicable o5 faictor f for
combined control with the given AQL requirements, and to determine the value of o, a@s (U —|L)f. If the
presumed value of o exceeds o,,,, then lots may be judged non-acceptable without the need to| draw any
samples, until such tinteas the value of o can be demonstrated to be less than or equal to oy,,-

If b <omax, it ispessible, though not certain, that the process is operating at a satisfactory level, sg sampling
is [potentially worthwhile. The quality statistic O, for the upper specification limit is calculated in agcordance
with Expression (5). Similarly, the quality statistic O, for the lower specification limit is calgulated in
accordance with Expression (7). Q;;is substituted in Expre*ssion (14) to obtain p,, and Q; in Expressfion (14) to
obtain{ p; . The lot is judged acceptable only if p, +p, <p .

A standardized acceptance diagram is shown in Figure 11. Note that the upper and lower bounds to the
acceptance zone are approximately straight lines. In fact, for all practical purposes, the upper and lower
bounds can be drawn as the straight lines:

(F-L)/(U~L)=ko and (x-L)/(U~-L)=1-ko,

where k is the Form & acceptance constant corresponding to a single specification limit and the combined AQL.
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Figure 11 — Standardized acceptance diagram for combined control of double specification limits
sigma method, sample size code letter G, AQL = 1 %: n = 10,'¢*= 0,0332 3

5.3.5 Fdrm p* for complex control of double specification limits (single quality characteristic)

5.3.5.1 General

The acceptability constant for both Ijkmits combined is denoted“by p* and the smaller acceptability constant for
the limit of greater seriousness by p; .

5.3.5.2 Acceptance criteria under the “s” method

The quality statistic O, for the upper spegcification limit is calculated in accordance with Expression (#).
Similarly, the quality statistic O, for the lowerspecification limit is calculated in accordance with Expression {6).
Oy, is substituted in Expression (13) to.obtain p;, and Q; in Expression (13) to obtain p; . pq is set equallto
py if the Jupper limit is the Iirpit of greatel:k seriousness; otherwise p, is set equal to p; . The lot is judged
acceptable only if p; +p; <p and_py<py.

A typical ghape of the acceptarice region for complex control when the process standard deviation is unknown
is shown ip Figure 12. Thislis)for the case of sample size code letter G where there is an overall AQL of 1,5|%
together with an AQL ,on.the upper specification limit of 0,4 %. Note that it is the acceptance region for
combined|control minus:the section above the line corresponding to control of the upper specification limit.
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Figure 12 — Standardized acceptance diagram for combined control of double specification limits:
sigma method, sample size code letter’'G, AQL =1 %: n =10, p* =0,0332 3

5.3.5.3 Acceptance criteria under the “ "method

THe first step is to look up the applicablé\e,,,, factor f for complex control with the given AQL reqgpirements,
and determine the value of o, as-(U-= L)f. If the presumed value of o exceeds o5 then lofs may be
judged non-acceptable without the need to draw any samples, until such time as the value of [c can be
dgmonstrated to be less than or équal to oy, 4«

If b <omax. it is possible for;lots to satisfy the acceptance criteria. A random sample is drawn frgm the lot.
THe quality statistic O, for the upper specification limit is calculated in accordance with Expression (5).
Similarly, the quality statistic O; for the lower specification limit is calculated in accordance with Expression (7).
Q| is substituted inCExpression (14) to obtain p, and Q, in Expression (14) to obtain p,. p, is sgt equal to
p if the upper-limit is the limit of greater seriousness, otherwise it is set equal to p,. The lot|is judged
acceptable onlyif py; + py < p* and py< pT.

Characteristic shapes of the acceptance region for complex control when the process standard dpviation is
knownare shown in Figure 13.
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Figure I3 — Standardized acceptance diagrams for complex control of-double specification limits
sigina method, sample size code letter M, combined AQL = 1,5 %, AQL 0,4 % for upper limit

5.3.6 Fdrm p* for two independent quality characteristics

5.3.6.1

If not ob
following

nonconfor
nonconfor
nonconfor

otherwise
single, up

Where thd
greatest s

5.3.6.2

5.3.6.2.1

Calculate

5.3.6.2.2

Notation

P(x)=pr(x) in the case ofsa 'single, lower specification limit and p(x)= py(x) in the case o
per specification limit. The_same applies for U(y) and L(y).

Acceptance criteria under the “s” method

Single class of nonconformity

ious, the statistics and parameters for the two quality characteristics are distinguished in the
sub-clauses by attaching x or y in_parentheses. Thus, the estimate of the process fraction
ming above the upper limit U(x) for x is;denoted by [aU(x) and the estimate of the process fraction
ming below the lower limit L(x) (for'x is denoted by ﬁL(x). The estimate of the total fraction
ming in the case where x has double specification limits is denoted by p(x)=p;(x)+ py (%)

a

re is more than one class of nonconformity, the classes are indicated by the suffix A for the class| of
eriousness, B for the-next most serious class, etc. Thus, the respective estimated process fiactions
nonconforming are denoted’ by pa, pg, . . ., whereas the acceptability constants are denoted by pa, pg, ---|-

p(x) and p(y), then p=1-|1-p(x) ]| 1-p(») |- Acceptthelotonlyif p<p .

Two classes of nonconformity

For two classes of nonconformity A and B, the quantities p, and pg are calculated, using in each case the

formula:

p=1-[1-pp(x)= by (x) [ 1- 2L (»)- Pu (¥)],

24
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except that only those elements that belong to each respective class are included. For example, if class A
comprises the lower limit on x and class B comprises both limits on x and the lower limit on y, then:

pa=1-[1-p1(x)]=pr (%),
while

e =1-[1= b1 (x)= by (x) [1- 21 (»)]

The lot is only accepted if both py < i)Z and pp < ;3;,

5.3.6.2.3 Three or more classes of nonconformity

THhe generalization to three or more classes of nonconformity is now evident. The quantities’ pa, pg, Pc.- - -
are calculated and the lot is accepted only if pp < pa and pg < pg and pc < p¢ - .+

5.3.6.3 Acceptance criteria under the "¢" method

THe procedure for the “c” method are similar to those for the

s” method, except that:

—| the formulae for p; (x) and p (x) are tail areas under a normal distribution instead of under a beta
distribution, and are therefore simpler to determine;

— wherever both limits of a quality characteristic are included in the same class, the value of| o for that
characteristic has to be checked to see that it does not exceed the value of o, ,, for combined [control for
that class;

— wherever one limit of a quality characteristic _is, included in one class and the other limit is ipcluded in
another class, the value of ¢ for that charactéristic has to be checked to see that it does not gxceed the
value of o,,,,, for separate control for that pair of classes;
— wherever both limits of a quality characteristic are included in one class and one of the limits is included in

another class, the value of o for-that characteristic has to be checked to see that it does not gxceed the
value of o,,,,, for complex control-for that pair of classes.

5.4 Double sampling plans

5.4.1 General

Dquble sampling plans achieve a reduction in the average amount of sampling and inspection by
twp-stage sampling process, with both sample sizes considerably smaller than the corresponding single
sample size~When quality is particularly good or particularly bad, the first sample generally furnishes results
that are «sufficiently unequivocal for a decision to be made without recourse to a second sample. For
in

, work-6 oling 3554 3 AP a I, to avoid
unnecessary complexity. This is assumed to be the case in the remainder of this sub-clause. When both
sample sizes are equal, they are typically about 60 % of the corresponding single sample size, so that
average savings in sampling and inspection of up to about 40 % are possible.

Double sampling plans can have a number of disadvantages. When items take a long time to test, but can be
inspected or tested simultaneously, replacing a single sampling plan by a double sampling plan can double
the time needed to produce an accept or non-accept decision. This problem is made worse if time has to be
booked in advance at the inspection facility.

Even worse is the case where items need to be transported a considerable distance to be tested. This raises
a number of questions. Should both samples be transported to the inspection facility at the same time? Should
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time for one or for both samples to be inspected be booked in advance, i.e. what are the costs of booking time
that is subsequently not used? If the second sample is transported but not required, can it be transported back
again and returned to the lot from which it was drawn, i.e. can it be assumed that the item is not adversely
affected by its long journey? Does any delay caused by the use of double sampling cause a storage problem
for the lots that are awaiting a disposition decision? Are the savings from the use of double sampling more
than cancelled out by extra administrative and logistical costs?

The decision as to whether or not to replace single sampling plans by double sampling plans therefore
depends on whether the potential savings from the reduction in the average amount of sampling and
inspection outweighs the negative aspects of double sampling.

5.4.2 Fchm k double sampling plans

A Form k [double sampling plan with equal first and second sample sizes has four parameters: #, ki, K @nd ke,
the use of which, when the process standard deviation is unknown, is as follows. Suppose that'there i§ a
single, upper specification limit, U. A random sample of size » is drawn from the lot, and the  value of the
quality characteristic x is measured on each sampled item. The sample mean x;, the -sample standard
deviation §; and the quality statistic 0y = (U —xy)/s4 are calculated. If Oy > k,, the lot is(immediately accepted.

If O < ki, [the lot is immediately non-accepted.

If k, < O04|< k,, a second random sample of size » is drawn from the lot, and-its mean X, and standgrd
deviation |s, are calculated. The combined sample mean X, =(x;+X,)/2 and the combined standard
deviation s, = /(s12 +s§)/2 are calculated, together with the combined quality statistic O, = (U —X; )/s¢| If
0. = kg, the lot is accepted; otherwise, the lot is non-accepted.

If the process standard deviation o is presumed to be known, s4and s, in the above expressions for O, and O,
are replaged by o. The first sample standard deviation s, sheuldstill be calculated to verify that the value of o
has not changed.

If inspectipn is against a lower specification limit L, instead of against an upper specification limit, expressigns
of the form U —Xx are replaced by corresponding expressions of the form x — L.

5.4.3 Fgrm p* double sampling plans

A Form p{ double sampling plan has fourparameters: n, p;, p: and pz, the meaning of which is as follovs
when the [process standard deviation“is*unknown. A random sample of size » is drawn from the lot, and the
value of the quality characteristic x(isymeasured on each sampled item. The sample mean x; and the sample
standard deviation s are calculated, together with an estimate py of the process fraction nonconforming; If
D1 < pa, fhe lot is immediately-accepted. If p;> p,, the lot is immediately non-accepted.

If py < 1K pr,a second_random sample of size n is drawn from the lot, and its mean X, and standard

deviation §, are calculated. The combined sample mean x; =(¥;+X,)/2 and the combined standard deviation

SC:J(S12 rsg)/Z are calculated, together with the combined estimate p, of the process fraction

nonconforming. If p. < p; , the lot is accepted; otherwise, the lot is non-accepted.

When the process standard deviation ¢ is unknown, the estimates pq and p. are tail areas of a symmetrical
beta distribution (see 5.3.2.2). For known ¢, the estimates p; and p. are tail areas of a normal distribution
(see 5.3.2.3). When ¢ is known, s4 and s, are not required for the purposes of calculating py and p. However,
as is the case with Form £, it is still advisable to calculate and use the first sample standard deviation, s, for
monitoring purposes.

If inspection is against a lower specification limit L, instead of against an upper specification limit, expressions
of the form U—-Xx in p; and p. are replaced by corresponding expressions of the form x — L.

Form p* double sampling plans can be applied to multivariate situations in much the same way as Form p*
single sampling plans.
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5.5 Multiple sampling plans

Multiple sampling plans for inspection by variables are conceptually simply an extension from two-stage plans
to multi-stage plans. However, no such standardized plans exist or are currently in development.

5.6 Sequential sampling plans

5.6.1 General

Seguentia i i j ' isi ept, to non-
ept or to continue samp easured.
arly, sequential sampling plans are inappropriate when a lot of time is required to test\each item for
formity and when it is possible to test all the sampled items simultaneously. When sequential sampling
plans are suitable, they provide, on average, the greatest economy of sampling and inspection effort.

At|present, there are no International Standards on sequential sampling plans by<variables for the case of
unknown process standard deviation.

5.6.2 Curtailment
THe disadvantage of sequential sampling plans is that sampling could*go on almost indefinitely. (The chance
of|exceeding the single sample size is, in fact, much smaller for sequential sampling plans than for the
corresponding double sampling plans.) However, to overcome this\perceived drawback to sequential sampling
plans, standardized sequential sampling plans are generally‘curtailed at a sample size »; that is|about 1,5
times the corresponding single sample size. Thus, an accept.or non-accept decision is forced at sgmple size
n |f such a decision has not been reached earlier.

5.6.3 Form & sequential sampling plans

A Form k sequential sampling plan for inspection by variables has four parameters, namely: 4,, g, g and n;.

Itgms are selected one by one at random from the lot. The sample size after each item has been gelected is
denoted by ng,y,, Where ng,, =1, 2, . . .

Coansider first the case of a single specification limit on a single quality characteristic x, when the process
standard deviation of the quality;characteristic is o. The “leeway” y is defined by y=U-x in the ¢ase of an
upper specification limit U, or;as y =x — L in the case of a lower specification limit L. The “cumulatiye leeway”
is defined as:

Farngym =42, .. ., n,— 1, the lot is accepted without further sampling if:

Yysum = noum = (gncum +hA)G'

or non-accepted without further sampling if:
Y"cum < R”cum = (gncum + hR)G'

However, if:
R

<Y, <A
lcum icum cum’
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another item is selected at random from the lot and measured. If the curtailment sample size », is reached, the
lot is accepted if:

Yn( = Ant =ogn
and non-accepted otherwise.

For simplicity 4, is sometimes abbreviated as 4.

A typical acceptance chart for a single specification limit is shown in Figure 14

Ynlumh
60 D Ay
Bl
50 —
ACCEPTANCE ZONE T
//
30 /’
/\\\ﬁﬁ
20 e
Pl REJECTION ZONE
10 — =
"
0/‘/ >
0 2 4 6 8 10 12 14 16 185 20 22 24 26|28 30
ny Ncum

Figure 14 — Acceptance diagram for sequential sampling by variables for a single specification limit:
sigma mpthod, sample size code letter K, o= 1;0,,AQL = 1,0 %, &y = 2,764, hg = 3,895, g = 1,900, n, = 27

5.6.4 Fdrm p* sequential sampling plans

Form p* gequential sampling plans;'even for a known process standard deviation, cannot be expressed [as
concisely fas Form & plans. As a-result, they have not been standardized. However, as with single sampling
plans, a Horm p* plan can be-derived from the corresponding Form & plan. The appropriate formulae for a
known prqcess standard dewviation are:

p*A’nc m :(D{c(g+hA/nCum)} forncum = 1, 2, ey nt—'];

*

PR = Q{E(CE— IR/ noum )} for ngym =12, .., m—1;

m

PAR =D cg):

ﬁnwm = CD(cYncum /G”cum) forngym =12, ..., n;
where ¢=— /M and ®(.) represents the standard normal distribution function.
Mleum —

At sample size ngy,, where ng,,<n; the lot is accepted if p, <p;‘vncum and non-accepted if
Py Z PRongy ' T Py < Py < PRong,, » @NOther sample item is drawn. If sample size n; is reached without
an accept or a non-accept decision having been made, the lot is accepted if ﬁnt Sp:\’nt and non-accepted
otherwise.
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6 International Standards for acceptance sampling of lots by variables

6.1 General

This clause describes the salient features of each of the International Standards on acceptance sampling by
variables that are currently available or in development. These descriptions, together with the preceding
information, should usually enable a user to select the International Standard on sampling by variables that
suits a given purpose.

Should the comparisons between the various International Standard acceptance sampling systems by
variables given here not be enough to allow a final selection of a sampling system, scheme or plan to be
made in a particular situation, the user is advised to review the factors considered in ISO/TR 85501

Infrnational Standards in the 1ISO 3951 series on acceptance sampling by variables are intended pfimarily for
theé inspection of a continuing series of lots from one source of sufficient duration to allow the switghing rules
to joperate. Inspection carried out on an isolated lot using ISO 3951 standards will provide little evidgnce about
thé normality of the distribution(s) of the product characteristic(s) or about the standard deviation(s) of the
process. ISO 3951 standards should therefore not be applied to the inspection of/isolated lots.

6.2 IS0 3951-1: Sampling procedures for inspection by variables — Part 1: Specification for
sipgle sampling plans indexed by acceptance quality limit (AQL) for lot-by-lot inspecition for
a single quality characteristic and a single AQL

ISP 3951-1 presents a sampling system indexed by lot sizé/ranges, inspection levels and AQLs, and is
complementary to 1ISO 2859-1. The two International Standards share a common philosophy and purpose.
ISP 3951-1 is intended primarily for the inspection of a continuing series of lots from one source of sufficient
dduration to allow the switching rules to operate.

ISP 3951-1 provides single sampling plans, i.e. plans for which a decision on lot acceptability is based on a
single sample. Unlike ISO 2859-1, it does not \provide double or multiple sampling plans. Doublg sampling
plans by variables are provided in ISO 3951-83:

ISP 3951-1 is only applicable where .al'single product characteristic, measurable on a continuous scale, is
considered together with a single class’ of nonconformity. The product characteristic should be distributed in
accordance with a normal distribution, a distribution closely approximating normality, or a distribution that can
be transformed so that it closely approximates normality (see Clause 3).

A ot is judged unacceptable when the distribution of the product characteristic fails to indicate an average and
variability that conforms.te’the prescribed sampling criteria for the given single or double specificatign limits. A
choice is available between numerical and graphical acceptance criteria. Procedures are given both for the
case where the progess standard deviation is unknown and for the case where it is known.

Fgrm k progedures are used throughout the standard, except in the case of sample sizes three and four, for
which Formp™* procedures are provided.

6.3C-1S0 3951-2: Sampling procedures for inspection by variables — Part 2: General
specification for single sampling plans indexed by acceptance quality limit (AQL) for lot-by-
lot inspection of independent quality characteristics

ISO 3951-2 is a generalized version of 1SO 3951-1. Like 1SO 3951-1, ISO 3951-2 only provides single
sampling plans, and is intended for the inspection of a continuing series of lots from one source of sufficient
duration to allow the switching rules to operate.

Whereas 1SO 3951-1 is applicable to a single quality characteristic measurable on a continuous scale,
ISO 3951-2 is applicable to any number of such quality characteristics if they are independent, or at least
nearly so. Each characteristic has to be distributed in accordance with a normal distribution, a distribution
closely approximating normality, or a distribution that can be transformed so that it closely approximates
normality (see Clause 3).
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A lot is judged to be non-acceptable when the distributions of the product characteristics fail to indicate a
process fraction nonconforming that meets the sampling criteria for the prescribed specification limits. All
acceptance criteria are numerical. Procedures are given both for the case where the process standard
deviation is unknown and also for the case where it is presumed to be known.

Both Form & and Form p* procedures are presented in the standard.

If there is more than one class of nonconformity, acceptance procedures have to be applied to each class
separately. A lot is judged acceptable only if it conforms with the acceptance criteria for all classes.

6.4 1SQ 3951-3: Sampling procedures for inspection by variables — Part 3: Double
sampling schemes indexed by acceptance quality limit (AQL) for lot-by-lot inspection

ISO 395143 provides double sampling plans by variables (see 5.4). Because the procedures)for double
sampling [plans are relatively complicated, the main text is confined to the case of a(single quality
characteristic. Procedures for two or more quality characteristics are provided in the annexes. Again, each
characteristic should be measurable on a continuous scale and be distributed accérding to a normal
distribution, a distribution closely approximating normality or a distribution that can beltransformed so that it
closely approximates normality (see Clause 3).

The purpdse of these sampling plans is to reduce the average amount of sampling’and inspection for a series
of lots.

A lot is juflged non-acceptable when the distributions of the product characteristics fail to indicate a procdss
fraction ngnconforming that meets the sampling criteria for the prescribed specification limits. All acceptance
criteria are numerical. Procedures are given both for the case.where the process standard deviation|is
unknown and for the case where it is known.

Both Form k& and Form p* procedures are presented in the standard.

To keep tihe sampling plans as simple as possible, the-first and second sample sizes of each plan have been
kept equgl. However, to provide a good match between the OC curves of these plans and those of the
corresponding single sampling plans of ISO 2859=1, the sample sizes along rows of the master tables hgve
been alloyed to differ. Indeed, there is a marked tendency for sample sizes to be smaller for smaller AQLs,
providing |an additional incentive, if one were needed, for producers to improve their quality levels. This
tendency |s interrupted down the secondvand third (top right to bottom left) diagonals of the master tables for
normal and tightened inspection, and({down the second, third and fourth diagonals for reduced inspection. This
is because the plans along these_diagonals are matched to the optional plans of 1ISO 2859-1 that hgve
fractional [acceptance numbers,(resulting in a subtly different shape of operating characteristic (OC) cunve
from the plans with integer acéeptance numbers.

6.5 1SQ 3951-4: Sampling procedures for inspection by variables — Part 4: Procedures for
assessment of declared quality levels 1)

This provides sampling plans and procedures by variables for assessing whether the quality level of a lot|or
process cnnforms to a declared value. Procedures for any number of quallty characterlst|cs are prowded with
each char
a distribution closely approxmatmg normality or a drstrlbutlon that can be transformed so that it closely
approximates normality (see Clause 3). The sampling plans have been devised to have a risk of less than 5 %
of contradicting a correct declared quality level (DQL). Conversely, the risk is 10 % of failing to contradict an
incorrect DQL, which is related to the limiting quality ratio. ISO 3951-4 provides sampling plans corresponding
to three levels of discriminatory ability. Procedures are given both for the case where the process standard
deviation is unknown and for the case where it is known.

1) Under development.

30 © ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=0ca274041ca921f1a102186e39be4b73

ISO/TR 8550-3:2007(E)

In contrast to other parts of ISO 3951, the procedures in ISO 3951-4 are not intended for the acceptance
assessment of lots. In general, the balancing of the risks of reaching incorrect conclusions for assessment
procedures differs from the balancing in the procedures for acceptance sampling.

ISO 3951-4 may be used for various forms of quality inspection in situations where objective evidence of
conformity to some DQL is to be provided by means of inspection of a sample. The procedures are applicable
to entities such as lots, process output, etc. that allow random samples of individual items to be selected.

ISO 3951-4 is intended for use when the quantity of interest is the fraction of nonconforming items in the
process.
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5, with plans indexed by lot size ranges, inspection levels and AQLs to supplement the

D 3951-1, ISO 3951-2 and I1SO 3951-3, including switching rules. As with the\plans provided in
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nsformed so that it closely approximates normality (see Clause 3).
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The sampling plans are intended primarily for use in the inspection of a single quality characteristic.

7

Effect on the selection process of market and production conditions

Some of the ways in which the market and production conditions identified in ISO/TR 8550-1:2007,
Clause 11 2), affect the choice of sampling systems, schemes or plans by attributes in differing inspection

2)

©l

In this clause and in the following tables, numbers in bold refer to subclause numbers in ISO/TR 8550-1:2007.
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situations are summarized in Tables 1, 2 and 3. Tables 2 and 3 contain guidance notes, which are indexed by,
and refer to, the market conditions (ISO/TR 8550-1:2007, 11.2) and production conditions
(ISO/TR 8550-1:2007, 11.3). It is to be noted that any coexistence of various conditions can affect the
selection. The inspection situation also has to be considered (see Table 1).

Figures 15 and 16 illustrate the selection procedure for sampling by variables respectively for the case of
continuous production with a run length in excess of 10 lots and for the case where production is not

continuous or the run length is 10 or fewer lots.

Table 1 — Guidance for selection of a candidate acceptance sampling system, scheme or plan for
inspection by variables, based on the inspection situation
Conditions that affect the
Example of inspection choice of a sampling plan Applicable type of Specific acceptance

sjtuations sampling plans sampling plans
(see ISO/TR 8550-1:2007)
ISO 3951 schemes
Quality characteristic(s) not |11.3 p), 11.3 q), 11.3 g), inappropriate, unless the

11.3)

normally distributed 11.3 h) characteristic(s) can be
transformed to normality.
More thanjone quality AQL ISO 3951-2 or ISO 3951-3.
characterigtic
100 % inspectioh No standard.
Expensivd or critical items [11.2 ¢), 11.2 d) AQL ISO 3951-3.
Sequential ISO 8423.
ISO 3951-1 or ISO 3951-5 fpr
o . 11.2 a), 11.2 f), 11.3 a), a single quality characteristic
Final inspgction 1.3 b)), 1.3 j; ) AQL and a single AQL.
ISO 3951-2 otherwise.
History of feceived quality [11.2 c), 11.2 f), 11.2:h), }
unknown 11.3g), 11.3 m) LQ ISO 2859-2.
Any standard in the series,
Limiting aVeraae outaoin but determine corresponding
it 9 geoulgong 1442 ), 11.3n), 11.3 0) AOQL AQL from the OC curves anjd
q y consider starting on tightened
inspection.
Small lots jwith good quality, 11.2 ¢), 11.3 a), 11.3 ), AQL Preferable to use attributes
needed 11.3 0) (see 1SO 2859-2).
History of feceived gualit Any standard in the series,
y ualily  141.2 g), 11.2 h) AQL starting under normal
has been good inspection.
11.2 ¢), 11.2 d), 11.2 f), Sampling by variahles
One-of-a-kind Tots One-off plans unsuitable

NOTE

See also Tables 2 and 3 and Figures 15 and 16 illustrating the selection process.
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