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natters of electrotechnical standardization.
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vhen a technical committee has collected data of a different
h that which is normally published(as*an International Standard
f the art”, for example).

bports of types 1 and 2 are subject to review within three years
bn, to decide whether they can be transformed into Inter-
ndards. Technical Reports of type 3 do not necessarily have to
i until the data they_provide are considered to be no longer
ul.

0, which is~a\ Technical Report of type 3, was prepared by
bmmittee [SO/TC 69, Applications of statistical methods, Sub-
SC 5, Acceptance sampling.

purpose of this Technical Report is to give guidance in the
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principally in the context of existing or draft ISO Standards. It reviews the
available systems and shows ways in which they can be compared in or-
der to assess their suitability for an intended application. The guide also
indicates how prior knowledge of the manufacturing or service delivery
process and quality performance could influence the choice of the sam-
pling system, scheme or plan, and likewise how the particular needs of the
customer affect the selection. Some specific circumstances encountered
in practice are described and the method of choosing a plan is explained.
Some check lists or pointers and tables are provided to assist users in
selecting an appropriate system, scheme or plan for their purpose. Two
charts are included to illustrate the procedures followed in the selection
process.
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Introduction

For the inspection of discrete items submitted in lots this dute
Technical Report gives guidance in the selection of an appropriate a
sampling scheme from those described in the relevant ISO standards

There are many situations where products (materials, (parts,
assemblies and systems) are transferred from one oxgdamization to
where the organizations may be different companies ‘or parts of
company or even different shops within a plant. In 'these situations
supplier and the customer may use acceptance sampling procedures t
themselves that the product is of acceptable quality. The supplief
seeking to maintain a reputation for good quality and to reduce the 1
of claims under warranty, but without inepirring unnecessary produd
supply costs. On the other hand, the customer will require adequate ¢
at minimum cost to himself,
specification. Compared with, say, 100%Z inspection, suitable samplin
will often be beneficial in achieving these aims. Sometimes a
sampling methods may be the only\ practical procedure, especially
tests for conformance are destriictive.

Several types of sampling systems, schemes and plans are available |

0:1994(E)
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purposes. They are presented in a number of ISO Standards which explain how

they are to be used. However, it is often difficult to decide on
appropriate procedure for use in a particular situation. The purpos
Technical Report is\to assist in that decision.

The choice of which sampling system, scheme or plan to use depends on

the most
e of this

a number

of conditions/and the circumstances prevailing. In any supply situgtion the

first essential is that the supplier and the customer understand,
agreed, the"requirements and the basis for release and acceptanc
product,{ including any acceptance sampling methods to be used.

Thesparties should agree on the following:

(@) the specification to which the discrete items of product are to
this is necessary because in all dealings between the parties t

and have
e of the

conform;
here has

stitutes

4= N vy + 0y . PP SR I SOy S an o aen 3 4 = ot
U C GELCCIHCLIL Vil wWild LU CUIIot I tuacT o a \/ULILULIHLLLE LTl alifua wiiats CUuUl

a nonconforming item;

(b) whether the acceptance of the product is to be determined by the

acceptance of individual items or collectively by the acceptanc

e of

inspection lots of items. Acceptance of individual items precludes

sampling.

When the acceptance is to be on a lot basis, the agreement between

supplier

and recipient needs to include not only the criteria for item conformance but
also the criteria for lot acceptance, the criteria for non-acceptance of the
lot and the acceptance sampling system, scheme or plan to be used. The latter

should be based on risk factors that are mutually acceptable between
and customer.

producer
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Having agreed on the acceptance sampling system, scheme or plan to be used,
the supplier knows, at various quality levels, the probability that his supply
lots will be accepted. Likewise the customer understands the protection that
the sampling system, scheme or plan gives him to prevent acceptance of poor
quality product.

Lots that are not acceptable cause difficulties for both supplier and
customer. The supplier incurs additional costs in rework, scrap, increased
inspection, damage to reputation and he may suffer loss of sales. Delays in
delivery and reinspection costs are a burden to the customer. For these

reasons ifr—is usuatly considered essentiar for the suppliier to provide 1ots
that have a very high probability of being accepted - 95% or more. The
supplier |[has to ensure that quality control of the production or delivery
process provides lots of a quality sufficient to meet this objective. A basic
principlel of some acceptance sampling inspection schemes is to promote~the
production of lots of acceptable quality. The primary purpose in these schemes
is not td discriminate between acceptable and non-acceptable lots,iYe. to
sort, buf] to keep production under control to yield an acceptablé. process

average q

some degy

nonconfor
the accep
acceptanc

1ality. Although all acceptance sampling plans are discriminatory to
ee, the process average quality (expressed in terfs~of percent
ming or number of nonconformities) should not be gkeater than half
table quality level in order to ensure a very high probability of

e .

Vi
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Guide for the selection of an acceptance sampling
system, scheme or plan for inspection of discrete items
in lots

1 Scop

W

The prfimary purpose of this Technical ‘Report is to give guidance in the
selectjon of an acceptance sampling system, scheme or plan. It does this
principally in the context of existimg ISO standards.

The gujldance in this Technical Report is confined to acceptance sampling of
products that are supplied in lots and that can be classified as consisting
of dis¢rete items (discrete farticles of product). Each item in a lot can be
identified and segregated-from the other items in the lot and has an equal
chance|of being included.irm the sample. Each item of product is countable and
has sppcific characteristics that are measurable or classifiable as being
conforming or nonconforming (to a given specification).

The ISQ® Standards orl acceptance sampling, and hence this Technical Report, are
applicable to,a\wide variety of inspection situations. These include, but are

not limited_to, the following:

(a) endl ftems, such as complete products or sub-assemblies;

(b) components and raw materials;
(c) services;

(d) materials in process;

(e) supplies in storage;

(f) maintenance operations;

(g) data or records;

(h) administration procedures.
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Although the Technical Report is written principally in terms of manufacture
and production, this should be interpreted liberally as it is applicable to
the selection of sampling systems, schemes and plans for all types of product
and processes as defined in ISO 8402.
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This Technical Report reviews the salient features of a number of

ISO/TR 8550:1994(E)

sampling

systems, schemes and plans and the specific applications for which they were

designed. The task of selecting a suitable system, scheme or

plan is

influenced by production and marketing conditions. In addition, the economics
of the sampling system, the resources of the inspection organization and other

aspects need to be considered. Therefore, the selection process
complex and rarely is there one method of acceptance sampling that
situations even though they may appear to be similar.

becomes
fits all

The tables provide ‘candidate’ schemes and ‘\pla
given inspection situations, Ke
respectively. The method suggested is to review tables 3{4A and 4
select as many ‘candidate plans’ as fit the situation. These candidat
then be reviewed through figure 8 or 9 so that the user{finally arrj
system, scheme or plan that is most feasible and ecenomic for the si

sampling systems,

The initial selection decisions are for long and “short runs, isolat
attribute or variables sampling; these decisions will lead to ome
possible ISO standards.

Figures 8 and 9 are not intended as flow charts. These figures

summary form, the procedures containediwithin each ISO Standard for
at a sampling system, scheme or plan.,The summaries are listed side
which allows direct comparison between them. The solid connecti
indicate the primary course to _:be followed in choosing and ope
standard, the broken lines indicate alternatives. These alternat]
applicable only under certain—conditions. Text references and note

and procedures given below'the horizontal line in each of the two fijg

continUity of production, when the number of lots is 10 or fewer,
warranty does not survive acceptance and/or when the presence of
numbér of nonconforming items can result in a large loss.

In this Technical Report, tables 3, 4A and 4B, together with figures|8 and 9,
illustrate the process for selecting a sampling system, scheme(or plan.

to fit

R G I
t comaitions,

B and to
s should
lves at a
tuation.

ed lots,
or more

show, in
arriving
by side,
ng lines
rating a
ives are
s to the

figures are given for guidanee in following these procedures. The gtandards

rures are

particularly for use when economy of average sample size is an j}mportant
consideration.

The procedure presented in figure 8 is followed when production is cgntinuous
and there are mdre than 10 lots of product undergoing inspection. ISQ 2859-1,
ISO 8422, ISQ 3951 and ISO 8423 are included here as potential ’‘c4gndidate’
systems.

Figure 9. is to be used when other conditions prevail, e.g. when thg¢re is no

when the
a small

A final selection should be based on both the requirements of the Tituation

In the process of selecting a system, scheme or plan, it is possible to find

that the selection has indicated a system, scheme or plan that has on

€ OY more

insurmountable deficiencies. This is a signal that the process needs to be

repeated. The cases in which there is only one appropriate method
Iterative investigations will usually identify two or more methods.
economic and appropriate one should be chosen.

are few.
The most
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4  Acceptance sampling systems, schemes and plans

An acceptance sampling plan is a set of rules by which a lot is to be
inspected and ‘sentenced’. The plan stipulates the number of items (units) in
the sample, to be drawn randomly from a lot for inspection against the product
specification. The lot is then sentenced as ‘acceptable’ or ’‘not acceptable’
according to how the inspection results compare with the criteria of the
acceptance sampling plan.

Sometimes, when a long series of lots is being inspected, a sampling procedure
may call i i ; i
current 4nd previous sample results. Sampling procedures that call for
switching| from one sampling plan to ancther, and possibly back again, are
called sapmpling schemes. A sampling scheme may also call for discontinuation
of inspection if product quality appears to remain poor. The customer may(then
shift to gnother supplier, if available, or initiate 100% screening until~the
supplier [can upgrade the production process so as to produce acceptable
product.

In the cage of destructive testing, the customer may cease to_dccept product
until the| supplier hasw demonstrated that the production problems that were
giving rige to the previous low quality have been overcome.

A collectlion of sampling plans and related sampling¢schemes constitute a
sampling pystem. The system will be indexed in somelway, e.g. by lot size,
inspectioh level and acceptable quality level (cf.&«ISO 2859-1).

The currgnt ISO Standards present plans for single, double, multiple or
sequential sampling. Procedures for skip-lot\ sampling for inspection by
attributes are given in ISO 2859-3. A comparison of the various sampling
methods apd the principles on which they are based will assist in assessing
their suitability for a particular application and will enable an appropriate
selection| to be made.

5 IS0 Standards for ’‘acceptancelsampling’ of lots
5.1 General

This clauge presents in.stmmary the salient features of each of the current
IS0 Stand4rds concerned-with acceptance sampling methods. The summaries of the
scope and|application\of the available ISO Standards should enable a user to
select thpse Standards which are most likely to suit a given purpose.

The comparisons_ between the various ISO Standard acceptance sampling systems
in these |summdries are not enough to allow a final selection of a system,
scheme or|plan to be made in a particular situation. Before this can be done

a number 6f factors need To be understood and comnsidered. 1hese factors are
reviewed in 6 and 7.

5.2 Sampling for inspection by attributes

Within this category the following ISO Standards are relevant:

(a) IS0 2859-0 Sampl ing procedures for inspection by attributes

Part 0: Introduction to the IS0 2859 attribute sampling
system
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ent to this Technical Report and can be read in

This is a com
Ccon

inis =

cument to chnic
conjunction with 1t if desired, but this is not essential. It is not a source
of sampling schemes or plans.

m

ISO 2859-0 consists of two sections. Section 1 General introduction to
acceptance sampling is essentially an introduction to the sampling schemes
employed in ISO 2859 and ISO 8422 but it treats the subject in a general way.
It contains explanations of terms, gives practical advice on sampling
inspection and discusses some underlying concepts. Section 2 The ISO 2859-1
system extends Section 1 and ampllfles the introductory text and instructions

comtatimed— 15028551 =2} 6J.v.l.1.16 detailed—ceomments—anad—exampres—{C assist

in using the procedures and tables that make up the ISO 2859-1 system.

(b) ISO 2859-1 Sampllng procedures for lnspectlon by att

Part 1: depLLug pidub indexed uy accepta

level (AQL) for lot-by-lot inspection

This Part of ISO 2859 presents a sampling system indexed by lot-sizp ranges,
inspection levels and AQLs and spe01f1es sampllng plans and procedures for
inspection by attributes of discrete items. It contains sampling plans for
single, double and multiple sampling indexed by.percent nonconforming and

nonconformities per 100 items.

ISO 2859-1 is intended to be used as a system employing tightened, nprmal and
reduced inspection on a continuing series of lots to achieve |customer
protection while assuring the producer’that, if quality is better|than the
AQL, acceptance will occur most of the" time.

The objective in ISO 2859-1 is toJinduce a supplier, through the ecopomic and
psychological pressure of poteritial non-acceptance, to maintain } process

average quality at least as good as the specified AQL, while at the same time
providing an upper limit *for the risk to the consumer of accepting the
occasional lot of poor quality.

The continuing series“of lots should be of sufficient duration to pllow the
switching rules to ‘be applied. These rules provide for the following:

- an automatic protection to the customer (by means of a gwitch to
tighterned inspection or to discontinuation of inspection) in [the event
that _@n apparent deterioration in quality is detected;

- afh )incentive to reduce inspection costs (by means of a gwitch to
Yeduced inspection - at the discretion of a Responsible Authprity) if
consistently good quality is being achieved.

The plans in ISO 2859-1 may also be used for the inspection off lots in
isolation, but in this case the user is strongly advised to cotfult the

operating characteristic curves to find a plan which will yield the desired
protection. A much simpler procedure to follow in this type of situation is
presented in ISO 2859-2.



https://standardsiso.com/api/?name=441445d8a25eed1a13aa73e2b6cd69fc

ISO/TR 8550:1994(E) ©ISO

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

This Part of ISO 2859 establishes sampling plans indexed by limiting quality
and procedures that can be used when the switching rules of ISO 2859-1 cannot
be applied. The LQ is used to indicate the customer protection. The plans are
primarily intended for use with single lots (procedure A), or lots isolated
from a series (procedure B) where the switching rules are precluded. Both
procedures treat the limiting quality as an indicator of the actual percentage
nonconforming—i R - can—a be d e

where quallity is expressed in non-conformities per 100 items.

The two prpcedures provide for situations often met in practice. Procedure A
is used when both the supplier and the customer wish to regard the lot \in
isolation pnd it is also used as the default procedure (i.e. it is used undess
there is a specific instruction to use procedure B).

Procedure B is used when the supplier regards the lot as one of a.continuing
series, byt the customer considers the lot received in isolatien.’ The plans
employed permit a producer to maintain consistent procedures for his
customers,| irrespective of whether the customers receive individual lots or
a continuilng series of lots. The manufacturer is concernéd with all of the
production but the individual customer only with the particular lot received.

For procedure A plans are identified by their lot size‘and LQ; for procedure
B they are| identified by lot size, LQ and inspection* level.

Procedure |A includes plans with an acceptance number of zero, whereas
procedure |B does not. Double and multiple. sampling plans can be used as
alternativies to single sampling plans in punocedure B and for the non-zero
acceptance| number plans in procedure A.

(d) 1ISO 2859-3 Sampling procedures:>for inspection by attributes
Part 3: Skip-lot sampling procedures

This Part pf ISO 2859 presentsa sampling system that extends the procedures
contained [in ISO 2859-1. It pravides a procedure for reducing the inspection
effort on products submitted\by suppliers who have demonstrated their ability
to control, in an effective manner, all facets of product quality and to
produce syperior quality material consistently. However, this procedure is
proscribed for the imspéction of product characteristics that involve the
safety of |personnel

The skip-lot pregramme uses the acceptance sampling plans described in
ISO 2859-1 and(is intended only for a continuing series of lots. It is totally
inapproprilte for isolated lots. All lots in the series are expected to be of

a similar eason to believe that lots

not inspected are of a poorer quality than the ones inspected.

In a skip-lot sampling procedure some lots in a series are accepted without
inspection when the sampling results for a stated number of immediately
preceding lots meet stated criteria. The lots to be inspected are chosen
randomly with a stated frequency, called the ’'skip-lot frequency'.
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(e) 1ISO 8422 Sequential sampling plans for inspection by attributes

This Standard presents a sampling system that provides a wide range of
sequential sampling plans indexed in terms of the consumer’s risk point (CRP)
and the producer’s risk point (PRP). It also contains a sequential sampling
system indexed by lot size ranges, inspection levels and AQLs to supplement
the system in ISO 2859-1, including switching rules. (For the relationship
between AQL, LQ, CRP and PRP see figures 1 and 2, page 23.)

In sequential sampling the sample is formed by taking items randomly one after
sneother—until s deeision—pointis reached he decision that 'sentences’ the
lot acceptable or not acceptable can occur at almost any stagg and for
sequential sampling by attributes depends on the number of items-inspected and
the cumulative number of nonconforming items or nonconformities fqund up to
that point.

This Standard provides procedures based on a sequenbial assegsment of
inspection results that may be used to induce thesupplier - thirough the
economic and psychological pressure of non-acceptance of lots of| inferior -
quality - to supply lots of a quality with a high'probability of 4cceptance
while maintaining an upper limit for the risk to“the consumer of |accepting
lots of poor quality.

The plans are intended primarily for use jm inspection of a continuing series
of lots from the same production run. Subject to certain provisions|the plans
may also be used for the inspection oflots in isolation.

In terms of the average number of ‘items inspected per lot, this| Standard
offers plans that are more economic than those in ISO 2859-1, albgit at the
expense of an increase in admifristrative complication.

5.3 Sampling for inspectiomn’ by variables

In sampling for inspeetion by variables, the product characteristic of each
item in the sample is‘measured. The criterion for lot acceptance ig based on
an assessment of tHe percentage nonconforming determined from the ayerage and
variability of (the measurements. Within this category the follpwing ISO
Standards are frelevant:

(a) ISO 3951 Sampling procedures and charts for inspection by |variables
for percent nonconforming

This. ‘Standard presents a sampling system indexed by lot size¢ ranges,
inspéction levels and AQLs and is complementary to ISO 2859-1f The two
Standards share a common philosophy and purpose. ISO 3951 is| intended
primarily for the inspection of a continuing series of lots from dne source
of sufficient duration to allow the switching rules to operate, |but, like

Ton 9 q_1 h | be uced for lote of an icolated nature
4—+0F—6+tS +

oc 44 o
TOoOU—Z2 0071, &t Ca8nr—arS0—PoC—=o

It is only applicable where a single product characteristic, measurable on a
continuous scale, is considered. The product characteristic should be
distributed according to a normal distribution or to a distribution closely
approximating normality ). A lot is judged as unacceptable when the

1y 0ften a simple mathematical transformation, such as taking the logarithm
or square root, will convert a set of measurements from a non-normal to a
normal (or near normal) distribution.
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distribution of the product characteristic fails to indicate an average and
variability which meets the sampling criteria for the single or double
specification limits prescribed. A choice is available between numerical and
graphical acceptance criteria. Procedures are given for the case where the
process standard deviation is known and also for the case where it is unknown.
Guidance is given on how these procedures can be used in combination with
sampling for inspection by attributes, the most important suitable product
characteristic being sampled by variables.

ISO 3951 is intended primarily for the inspection of a continuing series of
lots from one source of sufficient duration to allow the switching rules to

operate, b&t, like ISO 2859-1, it can also be used for lots of an isolated
nature. HoWever, inspection carried out on an isolated lot will provide little
evidence aHout the normality of the distribution of the product characteristic
and about [the standard deviation of the process. In practice, therefore)
ISO 3951 dges not apply to the inspection of isolated lots.

o double or multiple sampling plans in the current edition((1989)
Standard.

There are T
of this IS(
ISO 8/

23 Sequential sampling plans for inspection by, variables for

percent nonconforming (known standard deviation)

(b)

This Standdqrd presents a sampling system providing a wide-xange of sequential

sampling p]
producer’s
indexed by
system in
requires th
footnote o

The procedy
results an
psychologid
supply 1lot
maintaining
poor qualit

lans indexed in terms of the consumer’'s risk“point (CRP) and the
risk point (PRP). It also contains a sequential sampling system
lot size ranges, inspection levels and AQLs to supplement the
ISO 3951, including switching rules,(CLike ISO 3951, ISO 8423
at the product characteristic should be distributed normally (see
} p.11).

res in ISO 8423 are based on a séquential assessment of inspection
i may be used to induce a supplier - through the economic and
al pressure of non-acceptance of lots of inferior quality - to
s of a quality with a \high probability of acceptance while

an upper limit for the risk to a consumer of accepting lots of

y.

The plans are intended primarily for use in the inspection of a continuing

series of 1
applied to
will provig
product ch
Therefore,
isolated 14

5.4 Advant

ots from the same-production run. In theory, the Standard could be
hn isolated lot» However, inspection carried out on an isolated lot
le little evidénce about the normality of the distribution of the
hracteristi'c and about the standard deviation of the process.
in practice, the Standard does not apply to the inspection of
ts.

ages of specifying ISO standard sampling plans

To those concerned with the writing of specifications it is of benefit that
statistically sound sampling procedures be provided. Because of the prime need
to ensure that a sample is representative, most sampling schemes presented in
the ISO Standards reviewed above relate sample size to lot size. Apart from
providing control over the methods of selection of the sample, these Standards
should normally be invoked because they provide clauses that control the
treatment of nonconformities found during inspection and the treatment of lots
resubmitted after initial non-acceptance. Furthermore, the AQL indexed systems
contain built-in switching rules (from 'normal’ to 'tightened’ or to 'reduced’
inspection) to adjust the sampling plan in the event of deterioration or
improvement in quality. Use of these basic reference standards can save much
time often wasted in subjective discussion, and reduce the large areas of
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discretion often contained in non-standard sampling schemes that have only
limited value, particularly for international trade.

More notes on the practical and economic advantages of using the above
Standards are given in 6.1.

6 Some general considerations influencing a selection

6.1 Practical and economic advantages of using the ISO standard sampling

—plans

Sampling involves risk and quite naturally all parties concerned wii} attempt
to minimize their share. Theoretically these risks are funhctioms of the
sampling plan and the quality level specified, without (relatidqn to the
industry or the product. In practice these risks can be reduced by cqntrolling
the production process and improving the level of quality"

These risks cannot be eliminated completely, but| ‘they can be |precisely
calculated and economically assessed by the use of modern sgatistical
techniques. Consequently, it is of benefit to all-parties that statistically
sound acceptance criteria be specified in produet/process specificgtions and
that, wherever possible, the generally appldcable basic reference [Standards
on sampling, such as ISO 2859 and ISO 3951,)be utilized.

Generally speaking, in arriving at the\optimum performance of an gcceptance
sampling plan or scheme, prevention ‘costs should be balanced against the
probabilities of failure in servige.” Providing that various assumptions can
be made with regard to the sample“size to lot size ratio (n/N) apnd to the
appropriate distribution theory; it is a relatively straightforward|matter to
formulate sampling plans from\ 'statistical theory. It should be ndted that,
while ISO 3951 is only applicable to a product characteristic that has a
normal distribution, IS0-2859 is not dependent on the distributional shape of
the product characteristic.

It is a more diffdicult matter to establish practical sampling schemes or
Standards that take account of the many and varied situations met im practice
to such an extent that they are likely to be adopted for generpl use by
industry world=wide, as is the case with the established AQL indexed
procedures given in ISO 2859 and ISO 3951. There are undeniable advgntages in
having relatively few standard schemes, as this leads to greater uniformity
of acti®n~and simplifies the administrative procedures across organizational
and national boundaries.

Thevmotivation for acceptance sampling is primarily economic: inspection of
a“sample from a lot is the (usually small) price paid to achieve desirable
quality in the accepted lots. This quality is achieved by two pressures, i.e.
the purely statistical pressure of different probabilities of accgptance of
good and bad quality lots and, secondly, when sequences of lots are purchased,
the commercial pressure of frequent non-acceptance of lots and the switch to
tightened inspection when quality is poor.

The problem associated with acceptance sampling inspection relates to defining
unambiguously the criteria used to judge discrete individual items supplied
in quantity, the criterion for acceptance of the lot, the quality level
expected from the manufacturing process, the discrimination afforded by the
plans and the rules to be followed when a lot is not accepted. Above all,
however, it is necessary to design the sampling scheme so that it may be
invoked easily in a purchasing contract. The plans in the set of related ISO
Standards discussed in 5 enable this to be done efficiently.
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6.2 Long and short production runs

ISO 2859-1, ISO 2859-3, ISO 8422, ISO 3951 and ISO 8423 are all intended
primarily to be used for a continuing series of lots of sufficient duration
to allow the switching rules to be applied. This implies a ‘long’ production
run.

The Limiting Quality (LQ) plans of ISO 2859-2 can be used where the switching
rules of ISO 2859-1 are not applicable. They are primarily intended for use
with single lots or lots of an ’'isolated nature’. By implication this embraces

a 'short’ s es—o e o o o

ISO 8422 and ISO 8423 can provide sequential plans which match the other
Standards and in many cases are thus similarly applicable to long or short
runs.

In order fqr a production run to qualify as ’‘long’, one criterion is clearly
that the switching rules have a reasonable chance of coming into g&ffect if
"the qualify is unsatisfactory". It is equally clear that this alone raises
a number ¢f supplementary issues (as indicated by the quotation marks)
depending pn the requirements and circumstances prevailing, in each case
considered| It 1is impossible to stipulate simply and (precisely what
constituteg a short run (number of 1lots) in the context of sampling
inspection

In the absgnce of any other guide, or evidence, on which to base a judgement,
anything uf to 10 consecutive inspection lots should be considered as a ‘short
run’ and tHe plans in ISO 2859-2 should be used.‘»However, lots should not be
subdivided |arbitrarily in order to create a ‘'long run’ artificially. To do so
simply intgoduces other disadvantages. It is always preferable to have large
homogeneoug lots because they allow a smaller sample size to lot size ratio,
and provide better representation by the “sample, sharper discrimination and
more economical inspection.

In a long pfoduction run there will be-continuity and stability, so production
will settlé¢ down to a long term 'stable process average. Nevertheless, the
quality of |individual lots will(vary about this process average. On the other
hand, at the start of produdtion, after a significant break or change in
production{ or for a short )production run, the lot quality may well be
somewhat different and morfe)variable, even markedly so. The practical factor
to considef is whether ‘thére is evidence that a stable process average has
been established and exists.

6.3 Nonconformity ‘and nonconforming item

For the pu ; with—=
specified characteristic, dimension, attribute or performance requirement
represents a mnonconformity. A nonconforming item may have one or more
nonconformities.

For example, suppose that a ball point pen fails to write. The failure to
write is a nonconformity; the pen is nonconforming. The same pen could also
have failed to meet its specification in a number of other ways, e.g. colour,
dimensions, etc. Though it exhibited several nonconformities it would be
counted as one nonconforming item.

10
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The qualification 'nonconformity’ does not necessarily imply that the unit of

product cannot be used for the purpose intended. For example, a bric

k with one

of its dimensions outside the prescribed tolerance interval, though

nonconforming, can still be used for building.

The distinction between nonconformity and nonconforming item

is of no

importance if the items have no more than one nonconformity, but becomes

essential when multiple nonconformities can occur.

The quality of a given quantity of product may be expressed either as percent

nonconiorming or as ’

are not usually interchangeable.

Sampling plans are available for either percent nonconforming"or {
of nonconformities per hundred items.

Example 1: In counting pinholes in metal foil the number of pin
square metre may be of interest. Here we would count 411 the pin hol
square metre (item) examined and express the quality in pinholes/]
metres.

Example 2: Suppose there is a lot of 500 articles. Of these, 480 c(¢

but these

the number

holes per
es in each
00 square

pbnform and

are acceptable, 15 have one nonconformity-e€ach, 4 have two nonconformities

each, and 1 has three nonconformities.
The lot percent nonconforming is givénJby the formula:

number of ‘nonconforming items
x 100

Percent nonconforming
total number of items

(20/500) x 100 = &

That is, the lot is 4% mnonconforming.

The number of nonconformities per hundred items in the lot is giy
formula:

number of nonconformities

x 10¢

Nonconformities per 100 items
total number of items

I

(26/500) x 100 = 5,2
That is, the lot has 5,2 nonconformities per hundred items.

Whether percent nonconforming or nonconformities per hundred items

en by the

is to be

used—Ts @ matter for fdividual—considerationmr—imreachparticutar
important thing is that it has to be considered, specified, a

case. The
nd agreed

beforehand - not left until a sample has been inspected and then considered.

Factors to be taken into account in deciding whether to use percent

nonconforming or nonconformities per hundred items are as follows.

1
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a) Inspection for percent nonconforming assumes that if an item
contains one or more nonconformities, the item is nonconforming and is
not acceptable.

It also presupposes that the number of different ways in which an item
can be nonconforming is limited and known, e.g. there are only 5 ways
in which each particular item could be nonconforming (see also b)
below). )

Under the conditions of inspection for percent nonconforming, a record

shoul be —Kept of all noncontormities found —im each of the ]
nonaclceptable items, so that corrective action can be taken for each

type [of nonconformity. No differentiation need be made in the count.

An item with one nonconformity or an item with several is counted as a
nonconforming item.

b) Inspection for nonconformities per hundred items counts ‘each
nonconformity found. Three nonconformities found in one item/count as
three|, and are given the same weight as three items each \with one
nonconformity.

A spedcial case arises when a nonconformity can occur ‘an unknown and
almost unlimited number of times in items, e.g. surface blemishes or
pinholles can occur in any number and it is not known how many times
they |do not occur, so percent nonconforming “for this feature is
meanipgless. In such cases nonconformities per ‘hundred items should be
used [(see example 1).

NOTE |- Percent nonconforming implies albinomial distribution. For
noncoEformities per hundred items (@ Poisson distribution is

appropriate. See 6.4 for information on the operating characteristic
curvels of sampling plans.

c) Tyo properties will be dependent if nonconformities in an item
arise|, in part or wholly, through some common cause, or if one property
affects the other. Detailed«<knowledge of the production process is thus
needed to decide that properties are independent. In mathematical
terms|, if two charactéristics, say length and diameter, are
independent, it means( that if all the units produced were taken and
sorte into two sgroups according to whether the length was
noncopforming or,mot, then the percentage nonconforming for diameter
would| be found to\be essentially the same in each of these two groups;
or, 4dlternatively, if they were sorted into two groups according to
whether thefdiameter was nonconforming or not, then the percentage
noncopforming for length would be essentially the same in the two
groupls. Al can be shown mathematically that these two procedures are
equivplent.

If two nonconformities are not independent, then they are said to be
related, or dependent. It should be agreed that the occurrence of both
in one item is to count as only one nonconformity, not as two.
Occasionally the correlation between two related nonconformities is
low. Under these conditions the two may be considered to be
independent. Inspection for percent nonconforming avoids this
difficulty.

12
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d) If the percentage of nonconformities in the lot is less than 2,5%,

then the probability distributions of nonconforming
nonconformities will be almost identical. In the range 2,5% t

items

and
o 10% some

difference will be apparent, a nonconformities per hundred items plan
being rather more severe than the equivalent percent nonconforming

plan.

e) At an inspection station, and where admissible, it may be simpler
and better practice to use one method rather than to change frequently
from one method to the other, e.g. nonconforming items rather than

non S .

f) From the point of view of keeping records that will(be

iseful for

improving quality, nonconformities per hundred items is preférable, as

the records will then automatically contain
nonconformities, whereas some nonconformities may éscape the
the percent nonconforming approach is adopted.

6.3.2 Nomenclature

The discussion in the remainder of this guide will be in terms of j§

for nonconforming items. When appropriate Gt may be read in
inspection for nonconformities, by replacing 'nonconforming

'nonconformities’, and ‘percent nonconforming’ by ‘nonconformities p
items.'’

6.3.3 Classification of nonconformities

The discussion so far has assumed‘that, if an article can be noncon

more than one way, the differédt possible nonconformities are all

importance. It is then possible to sentence by counting the mnon
items. For example, if thére are three dimensions to be checked
sample, three articles.are nonconforming in the first dimension al
articles in the secomnd dimension alone, one article in the third
alone, and one articlé in both the first and second dimensions, th
total of eight nonconforming items, which is the number to comparg
acceptance and_te)jection numbers.

The procedure)of adding nonconforming items of different types is 1
only if the“nonconformities are of equal, or nearly equal, importa
this is-not so, it is necessary to classify the possible nonconform
groups) so that nonconformities in different groups are of different

infermatios

ltems’

h on all
record if

nspection
terms of
by
er hundred

forming in
of equal
ronforming
and, in a
bne, three
dimension
is gives a
e with the

reasonable
hce. Where
ities into
orders of

importance but all nonconformities within a group are of approximpately the

same' order of importance. Different AQLs are then used for the
groups.

different

rmities of

For many purposes, two groups are sufficient, namely ma jor nonconfo

class A which are of greatest concern and noncontormities of class B

which are

of the next greatest concern. Sometimes it is necessary to introduce further
classes or sub-classes within these classes. The most important class of all
contains the critical nonconformities which render the articles hazardous,

potentially hazardous, or adversely affect usage.

13
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Critical nonconformities are a special case and are discussed in more detail
in 6.3.4. For the moment, the discussion will be restricted to the major and
minor classes. It should be realized that these classes refer to the relative

importance

of different nonconformities within any given product, and as

products themselves vary in importance, the classes do not correspond to any
absolute standards. Therefore, there is no particular AQL that normally goes
with any class.

The classifying of nonconformities should be done properly. It is clear that

care has to be taken not to

n ’
to the alljzance of more nonconformities of this class in the plan for the

class B no

feature con
that it is

When the s
necessary t
important, (

‘under-classify’ (for example, to classify as a

terned than is really required. However, often it is not realized
hlso very important not to ‘over-classify’.

ystem of classification of nonconformities is adopted, it{~jis
b allocate a different AQL to each class to ensure that the more
lass A, nonconformities are more tightly controlled than the class

B nonconforpmpities.

If an artic
within diff
serious cla
than in ten
counted in

6.3.4 Crit

By definiti
affect usag
impossible

conformitie
tolerable."

Where non-d
is to requit
size equal

inspection,
sorting. Thi
bad but an
nonconformi
different b
accepted (2
Whenever pg
thorough i
nonconformi
reason for

le has more than one nonconformity and the nonconformities come
erent classes, it counts as a nonconforming item" of the more
5s. (However, if inspection is in terms of noncofformities rather
ms of nonconforming items, each nonconformity./in the sample is
its appropriate class.)

ical nonconformities

on, critical nonconformities present\ a hazard and/or adversely
b or safety. These nonconformities . form a special category. It is
to choose any value of percent~nonconforming for these non-
s and say, " this percentage of critical nonconformities is

bstructive inspection is.involved, the solution generally adopted
e that critical characteristics are to be inspected using a sample
to the lot size and(an acceptance number of zero. This is 100%
but it should bel noted that it is not the traditional 100%
bre is no attempt here to sort the articles into the good and the
attempt to check that there are no bad ones. If a critical
ty is found,‘“this does not merely mean that it is put into a
bx and the inspection continues; it means that the whole lot is not
11though non-acceptance does not necessarily mean scrapping).
ssibley it should also mean that production is stopped while a
nvestigation takes place to attempt to discover how the
ty arose and to devise methods to prevent another occurrence. The

serious non

this procedure is to try to prevent the production of items with

resstTon
|4

conrorm es

that it will not matter too much if some are produced as the inspector will
sort them out. Even the best inspector may occasionally fail to notice a
nonconformity, so it is only by preventing critical nonconformities from being

made that i

14

t can be ensured that none will get through to the customer.
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If it is ever thought that any particular critical nonconformity does not
warrant this procedure, then serious consideration should be given to having
it reclassified as a major nonconformity. Critical nonconformities really have

to be critical; then no amount of effort is too great.

Where the only possible inspection for critical nonconformities is
destructive, the search for ways of preventing them from ever being made at
all is even more important. In this case, we cannot have a sample which is
100% of the lot, and it is necessary to decide what sample should be taken.
This can be done using a s1mple formula relatlng (a) the number of
uuu\,ou.ULuu_l,.Lca/ uuux,uu;u;.uu.ub +Heems—Treor—wWhlten—1i+—the were-present , We would
wish to be almost certain of finding at least one nonconformlty/nonconformlng
item in the sample, (b) the lot size, (c) the sample size, and (d) the risk
we are prepared to take of failing to find a nonconformlty/nonconfornlng item.

Obtain the sample size (n) from the following formula and then round|up to the
nearest integer). The lot is acceptable if no criticaltnonconformities are
found in the sampnle.

n= (N - d/2)(1 - BY) (L)

where
N : lot size;
B : the specified probability of failing to find at least one|critical
nonconformity;
d : the maximum number of critically nonconforming items ‘alllowed’ in
the lot. If p is the maximum fraction nonconforming spedified for
the lot, then
d = Np rounded down to the nearest integexy .
Example 3: Suppose there is a“lot of 3 454 items. A probability, B8} of 0,001
and a maximum percentage of*0)2% critically nonconforming items are jpecified.

Then p = 0,2/100 = 0,002-and Np = 3 454 x 0,002 = 6,908 which is royinded down
to give d = 6.

Thus, (N - d/2) (I - BYM) = (3 454 - 3)(1 - 0,001*7) = 3 451 x 01627 24 =
2 164,61 which(is" rounded up to give n = 2165.

The samplifng) plan is:

S sample size n =2 165;
- acceptance number Ac = 0 nonconforming items;
- rejection number Re = 1 nonconforming item.

rposes in
acceptance sampling. In rare cases it will give a result which is one unit
larger than necessary.

2) Only small values of percent nonconforming should be considered tolerable,
as the nonconformities are critical.

15
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Example 4: To find the lot size, N, needed to yield a specified number of
items, L, after destruction of the sample of n items under test, assuming no
nonconforming items are found, then for given values of the probability B and

the number

rounded up.

Now, suppos

of nonconforming items in the lot, the lot size is

= (L - d/2)/B/ + df2 (2)

e that 1 500 items are required after testing the sample, using
Then L is 1 500 and the lot size is

and d = 6 ac in nvnmrﬂc 3

B 0,001
(1 500 - 6

up to give [N =

(It followsg
obtained us

If the init
risk (proba
items in th

2)/0,0017 + 6,2
4 019.

1497/0 372 76 + 3 = 4 018,99 which is rounded

that n=N - L =4 019 - 1 500 = 2 519. This value of n is also
ing equation (1) with a lot size of 4 019.)

lal calculation yields an unacceptable sample or lot size, then the
bility) and/or the possible number of nonconformities/nonconforming
e lot need(s) to be reassessed and new criteria established.

An altern

ive plan for critical nonconformities, where ,the critical

characteridtic is something that can be measured rather thanda pure attribute,

is to sample with a safety margin. Thus,

load for so
that the 11
the limit w
should be S
of the amouy
question.
results for
the possibi
stress test
characteris

6.4 The op

The operati
sampling pl
lots; that
particular

In acceptan
Type B. Taki

When this approach is possible,

if the minimumallowable breaking
e component were 2 000 kg, it might be possible, instead of saying
mit was 2 000 kg and the nonconformity was’eritical, to say that
ns 2 500 kg and the nonconformity was major. Just where the limits
et, and what plan is allowable, depend§-upon some past knowledge
nt of variability observed in the strength of the components in
it c@n give much more satisfactory
all concerned than does 100% inspection. In this case, there is
lity of sampling by variables x(ISO 3951) which will allow over-
ing and yield information on the average and the variability of the
tic.

erating characteristic%\(0C) curve

ng characteristic ¢urve is a curve that shows what any particular
an can be expectgd -to do in terms of accepting and not accepting
is, it is a sott of 'efficiency curve’. An OC curve refers to a
sampling plar« Each possible plan has its own curve.

ce sampling there are two ‘types’ of OC curve, known as Type A and
ing first' the general case of a long productlon run with a stable

process ave
0 to 1), t
process ave
in lot qual
of lots (of

age quality (100p percent nonconforming, where p lies in the range
e .quality of the lots taken from the run will vary about this
rage in accordance w1th a'blnomlal dlstrlbutlon For each var1atlon

that partlcular quallty) that on average, w111 be accepted by the

sampling plan on which the 0C curve is based The OC curve in this case is

said to be

of Type B and describes how a user would view the operating

characteristic of a sampling plan in respect of a steady supply of product

from a give
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In the case of isolated or individual lots, the ordinates of the OC curve
cannot be interpreted in terms of long-run average proportions of accepted
lots. However, such an interpretation is possible if we consider a fictitious
process producing a series of identical lots, i.e. lots that are all of
exactly the same size and quality (100p percent nonconforming). The ordinate
of the OC curve is then, again, the proportion of those identical lots that
will be accepted by the given sampling plan. However, in this case we are not
sampling from a process with random variations in quality but from a finite
number of items making up one lot. The ordinates of the OC curve indicate

probabilities of acceptance (rather than average proportions of lots

The OC curve is said to be of Type A and describes how a user would
operating characteristic in the case of isolated or individualljtot

Although the two types of OC curves are determined by different pr
distributions, the Type B curve serves both purposes ™ becaus

accepted)
lot size.
| view the
S.

obability
it can

b

fortunately be taken as a good approximation of the Type A curve wh¢n the lot

size is sufficiently large, say, 10 or more times the size of th
although it should be kept in mind that the quality,\is that of ths
lot and not that of the production. If the sample~size comprises

e sample,
isolated
a greater

proportion of the lot and acceptance numbers areipositive integers (4s opposed

to zero), the Type B curve (as an approximation.of Type A) gives a p¢
indication of the producer’s and consumer’s-tisks, i.e. it errs ’'or
side’. In the limit (i.e. for large lots) ‘the Type A and Type B ¢
identical. Thus, for practical purposes. Type B curves can be used
types of sampling without significantierror in most cases. The OC g
acceptance sampling plans given in _the ISO Standards are of Type B

ISO 2859-1 presents operating characteristic curves of sampling i
plans for percentage of items” nonconforming and for nonconform
hundred items. These operating characteristic (OC) curves show th

ssimistic
1 the safe
urves are
for both
urves for

nspection
ities per
e average

percentage of lots acceptedvas an ordinate plotted against the perd
nonconforming items or thé number of nonconformities per hundred it
process quality as theabscissa. For percent nonconforming they

entage of
ms in the
ave been

calculated based on thé binomial distribution when the single sample size is

equal to or less«than 80. For nonconformities per 100 items th
distribution is @ppropriate and has been used when calculating the
for these plans.

The Poissondistribution is based on the assumption that nonconformit

Poisson
OC curves

[ies occur

independeéntly with constant expectation. This assumption holds in mgny cases.

Any substantial departure from this assumption yields distribut
greater variance than that of the Poisson distribution. In these
cofsumer’s protection is somewhat better than that indicated by the
characteristic curves.

ions with
cases the
operating
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In ISO 2859-2 the tables for procedure A (lot in isolation) are based on
random sampling from finite lots for both consumer’'s and producer'’s risk.
However, for procedure B, the tables are based on random sampling from a
finite lot for the consumer’s risk at the LQ, but on random sampling from a
process for the producer’s risk and the OC curves. The actual operating
characteristic will accept with greater probability when the indicated
probability is greater than or equal to 0,90 and it will accept with smaller
probability when the indicated probability is less than 0,10.

For sampling by variables the operating characteristic curves are matched to

those forhEhE—aItrIbutE—Samptrng—ptans—fvr—simildL Tot—sizesamd quatity
levels. T acceptability decisions are based on an assessment of the

percentage |nonconforming determined from the average and variability of the
data obtaiged by measuring the product characteristic on all items in the

sample.
6.5 Sampling risks
6.5.1 Risks when sampling: PR and CR

les constitute only a small part of the whole of ant¢inspection lot
t, sampling involves risks for both the producer and the

Because sagE
or consignmen

consumer. (ccasionally a ’‘good’ lot may not be accepted bécause the sample
inspected, [though randomly selected, does not reflect thé) true quality of the
lot. The ¢fisk of this happening is known as 'producer’s risk’ (PR).
Conversely,| a ’‘poor quality’ lot may pass inspection’because of the limited

data available in the sample. This eventuality is kmown as 'consumer'’s risk'’
(CR).

In 6.1 it wgs stated that the risks associated with sampling can be calculated
and assess¢d. Using its operating characteristic curve we can, for each
sampling pllan, read off the proportion of\ilots that will be accepted for a
given inpuf (or process) quality, i.e.cfhe probability of acceptance for a
stated quallity.

The producelr requires a high probability of acceptance if the quality is good
while the stomer would want a( low probability of acceptance if the quality
is poor. Cdnventionally these\probabilities have been set at 0,95 and 0,10,
respectivelly. This gives a PR of non-acceptance of 0,05, or 5%, and a CR of

accepting It is becoming increasingly common
For predetermined PR and
es the corresponding producer’s risk quality (PRQ) and consumer’s

practice td make both the PR and the CR equal to 5%.

CR percent

oor quality of 70,10 or 10%.

risk qualitly (CRQ) can be read off the OC curve (see figure 1). Conversely,

for a give

0C cufve the AQL and the limiting quality level (LQL) determine

the PR and [the CR;, respectively (see figure 2). Alternatively, the sampling

plan and ifs AOC curve may be specially designed to

'fit' the preselected

points (AQU,“2,0 - PR) ® and (IQL,CR).

*) Alternatively expressed as (AQL, 100% - PR).
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1 110 Producer’s risk point (PRP)

Consumer's risk pomt (CRP)

3 Low
________ o
Conmme~r’s risk (CR) *\'\—
—————— ¢ T
0' Producer’s risk Consumecs risk P{ocess quatiy
quaity (PRQ) quatity (CRQ) decreasing

- (PR) and consumer's risk (CR)

A

rodfomraree | 'l

Figure 1 — Operating characteristic curve defined by producer's risk

1.0 Producer’s risk point (PRP)

e o -t
1 \/
Probability of accepmnce '+ A Conmumer's il poine (CHPY
1 e - ‘
) —

— mn s = - I
I 0 -Acceotssie quality Limtng quality Prgcess quaiity
{ fever (AQL) tever (LAOL) dedreasing

Figure 2 — Operating characteristic curve defined by acceptable quality

level (AQL) and limiting quality (1LQ)
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An examination of the 0OC curves given in ISO 2859-1 for the sampling plans
indexed by AQL at normal inspection will show that at the designated AQL the
probability of acceptance varies from approximately 0,87 to 0,99 (i.e. the PR
varies from 13% to 1%). This is a feature of these AQL sampling plans and, of
course, of any plans designed to have characteristics ‘matching’ these AQL-
designated single sampling plans. The term 'AQL’ should not be used without
reference to one or other of the ISO Standards. The OC charts and the tables
also show the effect of moving to tightened inspection: the PR increases for
the same AQL whereas the CR decreases for the same LQ.

When a sam ed, the switching rules are an important

.on51der1ng the rlsks due to sampling. For example, in ISO 2859-1
s show what to expect under normal inspection. They show that for
s in that Standard the percentage of lots likely to be accepted

are followed. The rate of acceptance at the AQL under tightened inspection
will be only of the order of 80% and at twice the AQL it will ,drop to
something lfike 50% and much less in a number of cases. These low acceptance
rates under| tightened inspection should prompt investigation into_the cause
of the infefior quality. The rule for discontinuation of sampling’/inspection
ultimately |makes this investigation a necessity. The remedial:action taken
will result| in a return to the previous quallty level or, @as happens often,

to an improved quality.

CAUTION - Although OC curves are a very useful\concept, not only in
risk |analysis, it should be recognized that in practice lots in a
seriels are rarely, if ever, identical and that operating processes are
rarelly strictly random. While the curves indicate what to expect under
the stated conditions, they cannot accurately describe what happens in
a perfiod when conditions are constantly\changing. Therefore, one has to
be wary of making dogmatic assertioms)

6.5.2 Methods for reducing the risks

Risks in sapmpling inspection, in beth the acceptance of bad lots and the non-
acceptance pf good lots, are unavoidable but these risks should be tolerable,
provided that the AQL and inspection level have been well chosen.

If either tfthe manufacturer.-ofr the customer should consider in a particular
instance that the risk heis taking is too high, it would be well to check
that the AQL and the {n&pection level have been well chosen, but for the
remainder of this subelause it will be assumed that they are appropriate and
were properlly seleetéd.

The manufacjturet will be interested in reducing risks when quality is better
than the AQL--“he is not entitled to any reduction of risk otherwise. The
customer will narticul ar'lv interested in the risks MMLLS_YLQLL
than the AQL, as, if quality is better than the AQL, he is getting the quality
required.

There are three methods that can be used to reduce the risks for both parties.
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The first method is to improve the quality of production. This may seem too
obvious to be worth saying, but it is surprisingly easy in discussions on
sampling plans, OC curves, switching rules, etc., to forget the simple rule
that a low percentage nonconforming in the production gives the customer what
he wants and ensures a high proportion of acceptance to the manufacturer.

The second method applies only in a particular case, but it is the case which
is most likely to cause anxiety, namely, where the acceptance number is O.
Plans with a zero acceptance number have such shallow OC curves that big risks
are unavoidable.

100

70

40

30 -

10

b Code letter

| RJ

T m 1 T
4 AQL o 2 4
& -F e

..j-J
®
©

5 €

Percent nonconforming in submitted lots

Figure 3 - OC curves: Four sampling plans for AQL 1,5% nonconforming,

normal inspection, single sampling
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For this reason, ISO 2859-1 allows the use of an alternative when the tables
lead to a =zero acceptance number (provided the responsible authority
approves). This alternative is to use the plan for the same AQL, with an
acceptance number of 1, instead of 0. There is a price to be paid, in that a
sample size about four times as big is required, but the risks for both
parties are so much reduced that it is often well worthwhile.

The cost may be reduced somewhat by adopting double or multiple sampling (see
7.3 and ISO 2859-0 clauses 1.21 and 1.22). These alternatives become available

when the acceptance number is 1 or more.

Sequential sampling is a further

possibility, hut it is ontside the scope of this section

The third

If the lot
and an inc
as the lar
arranged t

ethod is to consider the possibility of increasing the lot size.
ize can be increased far enough to lead to a change of code letter
ase of sample size, this will reduce the risks for both parties,
r sample size leads to a steeper OC curve, and the tables are.so
t this curve will be higher than the old curve at most peints

where qualifty is better than the AQL, and lower at most points where quality
is worse than the AQL.

Unfortunate
are always
shows, as a

AQL of 1,5%.

sample the
worse than

ly, it is not possible to arrange the tables so that these features
as desired, without losing other desirable features. Figure 3
h example, four of the normal inspection plans a§sociated with an
For quality better than the AQL, it is seen.that the larger the
higher is the proportion of lots accepted, ‘whereas for quality
twice the AQL, the largest sample does not-accept most and the

smallest sdmple does not accept least (and it is desired that the plan as

often as pdq
crossing p
satisfactor

The idea of]
may be obje
Lot sizes

production,

ssible does not accept when quality is~Wworse than the AQL). The

bint of the curves for sample sizes 32 and 50 is not so
y .

increasing lot sizes, to gain better protection in the sampling,
bted to as it is not always easy, or sensible, to change lot sizes.

have to be fixed according’ to such things as continuity of
the quantity of productién that can be handled at one time,

transport problems, stock control problems, and so on. This is all true, but

it is neve
increased 1

rtheless worth remembering that, other things being equal, an
bt size can be helpful-from the sampling inspection point of view.

In examining the height ofi_the curves in figure 3 at twice, three times and

four times
the picture
plans in IS
AQL, is les
inspection

In some ci

the AQL, it has’\to be remembered that the curves show only part of
- the normal inspection part. For nearly all the normal inspection
D 2859-1, the percentage of lots accepted, if quality is twice the
5 than 80%. Such an acceptance rate will always lead to tightened
before\long.

involved in

Fcumstances, it may be decided that the compromise necessarily

cheme is not worthwhile. The parties

involved may then negotiate to choose a plan direct from the OC curves, but
where such an approach is adopted, the parties need to be knowledgeable if a
satisfactory choice is to result.
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6.6 Selecting the AQL, PRQ, LQ and CRQ values

6.6.1 The AQL and PRQ

For the purpose of this consideration the AQL and the PRQ can be deemed
synonymous. They are both indices of what quality can be tolerated for the
purposes of sampling inspection, the difference being that the PRQ is
associated with a specified small PR whereas the AQL denotes a quality level
for which the (unspecified) PR will be small.

ndication
p asked to
produce lots of an average quality better than the AQL. On the (ome hand, this
quality has to be reasonably attainable, whilst on the other hand|it has to
be a reasonable quality from the customer’s® point of view,”Frequently this
will mean a compromise between the quality the customexr'would like and the
quality he can afford, for the tighter the requirement) the more difficult it
may be for the production to meet it, and the more" expensive may be the
inspection to ensure that it is met.

The primary consideration has to be the customer’s requirement put it is
necessary to make sure that the customer, i's’ being realistic apd is not
demanding something tighter than is really ‘needed. It is necessayy to take
into account how the items in question are ‘to be used and the consefuences of
a failure. If the items are to be available in large numbers and the failure
is simply a failure to assemble so that the nonconforming item dan be put
aside and another used in its pl@ce, a relatively generous AQL may be
tolerable. If, on the other hand;l’a failure is going to cause a failure to
function of an expensive and important piece of equipment at a time|and place
where a replacement of the non¢onforming item cannot be made, a tjghter AQL
will be required.

It is also necessary to _consider how many components will be contaiped in the
eventual equipment. If, for example, it is decided that the quality pf a piece
of equipment containing three different but equally important ¢omponents
should be not more'than 10% nonconforming, then each of the three ¢omponents
could be 3,5% nénconforming and the requirement would be met, whereas if it
were to contain ten components, these would have to be no worse than 1%
nonconforming)

It should’be remembered that even if components are sampled to one|AQL, they
may and\should come from a source or sources with a smaller process average

to inerease the probability of lot acceptance.

Provided that the components conform or do not conform independg¢ntly, the
formula here is that if k is the number of components in the assembly, X is
the AQL of the assembly, and x is the AQL of the components, then from the

multiplication law of probabilities, 1t follows that

X 100 - x )*
_ =1 - J—

100 100

*) The "customer" could be the next process in production, not necessarily the
end user.
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The AQL is the limit of a satisfactory process average. It is to be expected
that the supplier’s quality would be better than the AQL.

The value

of X, however, does not take into account nonconformities which may

arise through a faulty assembly process.

The simpl
important

e approach above has assumed that all components are equally
to the successful operation of the equipment. This is seldom true,

so their application will have to be graded and the equipment rate subdivided
accordingly. The appropriate rate for the supply of components (if identical)

would the
approach
matter. I
for advic

In these
seem to b
can be ex

specify an
quality f£q
probably {

equipment

because it

that good

equally gg

The quest]

that for the most important component application. Another

ould be to require different actual product standards - a design
determining quality levels the designer should always be consulted
, if possible.

ircumstances the producer would probably wish to choose what would
a suitable AQL for each component and then calculate what quality
ected in the overall equipment, whereas the consumer would /wish to
AQL for the overall equipment and then calculate what has ‘to be the
r the components. In general, the second of these approaches is
he more reasonable in that it is the performance, of/the overall
that really matters, but it is also the more expensive approach
almost always leads to tighter AQLs. However, it(has to be accepted
quality in a complicated article is inevitably‘more expensive than
od quality in a simple one.

on of what quality level can reasonably be expected, at the price

the customer is prepared to pay, and with the methods of production envisaged,

can often

produced 4
has been n
which relse

may be par

be answered by an examination of what quality level has been
nd tolerated in the past. Where thecarticle is a new one, and there
o past production, there will oftem be other similar articles from
vant information can be obtained()Past process average calculations
ticularly helpful. This idea‘0f looking at the quality obtained in

the past [should not be taken as _meadning that past quality levels are
sacrosanct and are always good enough! This is because the production cost of
a nonconfprming item is nearlyy equal to that of a conforming item and

reduction
cost. It 1§
what is a

Although i

often trud.

to the exf
less costl]
existent.
or returng

Attemptin
expensive

Therefore,

of percentage nonconforming frequently means reduction of production
s simply one of the factors to be taken into account in assessing
reasonable AQL to-set.

t is a common’belief that better quality costs more, the reverse is
Effective{process control can provide extremely good quality, even
ent of pakts per million. Quality achieved in this manmer is much
y than the poorer quality that results when process control is non-
The main’reason for this is that there is virtually no scrap, rework
d material.

and, due to the inefficiency of inspection, not highly effective.
it becomes necessary that attempts to achieve the quality of

fractional AQLs or parts per million be accompanied by a review of process
control procedures and the design of the product, rather than attempting to
achieve such results by inspection.
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It has to be remembered that the mere setting of an AQL does not

50:1994(E)

give the

customer a guarantee that lots of a worse quality will not be accepted. In the

first place, the AQL refers to the average. Some lots may be worse

than the

AQL while the average is better than the AQL. In the second place, if the
average quality being offered is a little worse than the AQL, a number of lots

will probably be accepted before a switch to tightened inspection
for, and even after the switch there is likely still to be some ac
In general, however, it can be expected that the customer will get

is called
ceptance.
a product

with an average which is better than the AQL, as sampling schemes have a

built-in economic incentive in that a manufacturer cannot afford to
the quality of production if this proportion is exceeded.

It might be thought that this is not very satisfactory from.the c
point of view, relying as it does upon what is likely to happen ra

upon what will certainly happen. But in practice most manufacturers g

to see that their process average does not exceed the AQL, if onl
relatively frequent lot non-acceptance makes life difficult. In any
customer's protection depends upon the lower end of.‘the OC curve a

have more
o improve

ustomer'’s
ther than
ake steps
y because
case, the
5 well as

upon the upper end with which the AQL is concerned; -and this lower end can be

adjusted by considering the LQ values of any suggested plan.

If it is decided that this approach is uoet adequate for any p

articular

product, and more positive customer protection is needed, then this can always

be attained by specifying a tighter AQL, bearing in mind that this
to increase the cost of the product. It.cannot be denied that this e
will sometimes be worthwhile. Most firequently a proper approach to
quality and fewer nonconformities will result in lower, not higher

It is not necessary that the AQL should always be the primary ch
which all else is derived. Tt is always possible,
require, to enter sampling tables "through the back door", choosing
some other criterion and-then finding the AQL specified to get th
result. In this case; the AQL is a convenient index to enable the

tables to be used, and“is also valuable as an answer to the question

the manufacturer is\primarily interested - at what quality does h
manufacture to gét)'most lots accepted?

If such a "bdck-door" method is used, the primary choice may be eit]

point on the) curve, where this is thought particularly important
economic_epiterion. Probably the simplest economic criterion that

suggesteéd is to make an estimate of the break-even point, i.e. the 1o
the cost of the damage dot
accéepted nonconforming items would be exactly the same as the cost o

such «that, if the lot were accepted,
to-accept the lot.

If this break-even quality can be estimated, it would be well to chog

when circumst

is likely
Ktra cost
improved
costs.

bice from
rances so
a plan by
desired
standard
in which
 have to

2}

her a low

or some
has been
t quality
le by the
f failing

se a plan
t because

a 50% chance of acceptance with this quality is particularly wanted (by
definition, if this particular quality is offered, it is not of much interest

what the inspection plan does with it), but because this ensures

a greater

than 50% chance of acceptance for better quality than break-even quality, and
a greater than 50% chance of nonacceptance for quality worse than break-even

quality.
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Sometimes it is suggested that there could be a 'trade-off’ between AQL and
tolerances. For example, a dimension is specified with a tolerance of + 0,6 mm
and an AQL of 0,1% selected. On the (not unreasonable) assumption that the
measurement of this dimension is normally distributed, a tolerance of + 0,3 mm
with an AQL of 10 % will give much the same result. This is based on the
relative areas in the tails of the distribution against the measurement scale.
Adoption of this modification has the merit that 10% nonconforming is much
easier to detect, leading to a big reduction in sample size. However, there
are penalties associated with these extremes.

To illust e —u
of 10% implies that the
of 0,1%Z thHe lot size has to exceed 10 000. A reduction in tolerance imposes
unreal pressure on the inspection function as well. Inspection will be
required [to record measurements actually conforming to the product
specificatlion tolerance as unacceptable. Worse still is the situation in ‘Wwhich
a lot has peen sentenced as ’'not acceptable’ and has to be screened when, in
fact, most of the product is within specification. Under these cirgumstances
it would He tempting, but blatantly wrong, to reassess the offepnding sample
measuremerjts on the basis of the product specification tolerance.~These uses
of compresjsed or narrowed ’‘tolerance’ limits to gauging conformiance are more
appropriatle for process control or internal acceptance practices. They are not
appropriatle for specifications.

evels for sampling purposes, which brings wus back to the
nonconfornity classification and the question ©f just how serious are
departureq from conformity. The specifications xShould be realistic and the
quality lgvels should properly reflect the classification and its relative
importanceg and be consistent.

Among the |most common bases for setting the AQL are the following:

(a) Histlorical data: Analysis of past data to estimate process average. The
level is then set at, or close’to, the estimate obtained.

(b) Empilrical judgement: The{ hevel is set relative to a known satisfactory
levdl for a similar item.

(c) Engilneering judgement: The level is based on 'engineering’ estimates of
the quality requirements for function, performance, life,
intgrchangeability, etc.

(d) Expgrimentdly' Levels are set tentatively and subsequently adjusted by
perflormarnice "and experience.

(e) Minimm ‘total cost: The level is based on an analysis of the ’‘cost of
quality*—versus—the—costof Tot taving quatity™*

(£) Knowledge of the product and of the supplier: The level is based on
'experience’.

These bases may be used singly or in combination.
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Finally, having taken all these factors into account, it is desirable to
choose one of the AQL values given in the tables to be used if possible, as
the tables are otherwise inapplicable and a special plan would have to be
designed. The preferred AQLs values approximately form a geometric progression
with a common ratio of about 1,6 so it should be a rare occurrence to find

none of them suitable.
6.6.2 The LQ and CRQ
In analogy with the AQL and the PRQ, the LQ and the CRQ can be cons

sampling, a level of 'objectionable’ quality which has ohly a small
acceptance.

The process of setting these quality levels is similar to that for
except that we are now considering an intolerable level that, if i
exist, would cause operational problems, additional costs, etc. T
will be associated with the chosen level of consumers risk and
decided accordingly.

6.7 Inspection level (IL) - Sample size/lot size-relation

6.7.1 The inspection level

The inspection level is an index of the.relative amount of inspect

sampling scheme and relates the sample.size to the lot size and hen

discrimination afforded between ‘gopd® and ‘poor’' quality. As an
table 1 of ISO 2859-1 provides seven inspection levels, ISO 3951
five.

Having set the AQL (or PRQ), the ’‘inspection level’ is determined i
of ISO 2859-1 or ISO 3951,x'or, more generally, by considering wha
should have only a small “chance of acceptance if an occasional lo

quality is submitted fotri inspection, i.e. the LQ or the CRQ. The samp
OC curves in the basic ‘IS0 Standards (ISO 2859 and ISO 3951) are then|
to ascertain which_plan most nearly meets the joint requirement and t
size code letter(is noted. Table 1 of the standard gives the rang

sizes appropriate to this code letter for different inspection leve

indicates the preferred lot size range to be used. Inspection ley

considered. o be appropriate for many applications.

NOTE 1. ISO 8422 and ISO 8423 both provide plans indexed by PR

(Table 1) where, therefore, inspection level does not apply.

in Annex A these standards also provide plans correspondir

basic standards (ISO 2859-1 and ISO 3951, respectively).

NOTE 2. It is always possible to deal with 'special’ cases by

idered to
irpose of
rhance of

the AQL,
L were to

he levels
should be

jon for a
ce to the
example,
provides

n table 1
L quality
c of that
ling plan
surveyed
he sample
re of lot
l1s and it
rel II is

P and CRP
However,
g to the

assigning
ple if a

definite OC curve were required. The design of 'special plans' for a

particular case is outside the scope of this guide but it
possible to avoid this recourse in the vast majority of case

should be
S.

27


https://standardsiso.com/api/?name=441445d8a25eed1a13aa73e2b6cd69fc

ISO/TR8550:1994(E) ©1SO

NOTE 3. It is possible that a ‘low’ inspection level, such as S1, may
have to be used for economic reasons or because the tests are
destructive. In these cases the discrimination may suffer. However, if
records are kept for a continuing series of lots the cumulative sample
may show that the CR is more acceptable.

NOTE 4. Procedure A in ISO 2859-2 does not index the plans by
inspection level because this procedure is for use with isolated lots
where both the producer and the consumer are concerned with the LQ.

If no OC gqurve cam befoumdt—that—meets—therequired—AQE—=and—EQ—~vatues;—the—

requirement should be questioned as to whether it is essential. If the CRQ (or
LQ) is noft relaxed, then the only course is to tighten the AQL, with a
consequent] increase in producer’s risk.

If, after having established a sample size code letter, it is found thatvnone
of the inspection levels includes that code letter for the expected lot sizes,
it will be|necessary to review and amend the requirement or, failing this, to
specify thg sample size code letter without an inspection level. If\the latter
results in a sample size exceeding the lot size, then 100% dinspection is
called for.

6.7.2 Comment on sample size/lot size relation

There is
lot size.
the requir
the sampl
practical
The choice
of the lot
plans requ
the plans
similar co
is greate
important

simple mathematical relationship between the sample size and the
he reason most sampling schemes relate sample size to lot size is
ment that the sample should be representative of the lot. Provided
size is small compared with the lot “size, the lot size can, for
urposes, be ignored in developing the 0C curve for a sampling plan.
of a sampling plan and the sample:size depends on the homogeneity
Larger samples are needed when there is a lack of homogeneity. AQL
re that lots are homogeneous. L@ plans require larger samples. When
f ISO 2859-1 are used, the.lots should originate from essentially
ditions and should not be/”mixed’. Although the effect of lot size
for small lots, it is the absolute sample size that is more
han its proportion of ‘the lot.

From the ppint of view of sampling inspection there is an advantage in large
lots, provjided homogeneity (is ‘maintained, as it is then possible and economic
to take a large sample while maintaining a large lot-to-sample ratio, thereby
achieving [better discrimination. Furthermore, for a given efficiency the
sample sizp will not dincrease as rapidly as the lot size and will not increase
at all aftler a certain lot size. However, there are a number of reasons for
limiting the lot {size, as follows:

(a) the [formation of larger lots may result in the inclusion of a widely
varyfing quality;

(b)  the production or supply rate may be too low to permit the formation of
large lots;

(c) storage and handling may preclude large lots;
(d) accessibility for drawing random samples is difficult with large lots;

(e) the economic consequence of non-acceptance of a large lot in terms of
scrap, rework and further inspection may be large.
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6.8 Rectifying inspection for lot-by-lot sampling - AOQL

50:1994(E)

A lot acceptance sampling plan has no direct effect on the quality of the lots
that are being inspected except for the replacement of the nonconforming items

found in the sample. If 3% of the product is nonconforming prior to s

ubmission

to sampling inspection, approximately 3% will be nonconforming after sampling

inspection. The primary effects of a sampling plan on product qu
indirect and stem from the effects that the non-acceptance of lo

ality are
ts has on

subsequent production, e.g. the attitude of the operators and the steps taken

by management to improve the process.

Rectifying inspection for lot-by-lot sampling is a combination_of

inspection and 100% inspection (or 'screening’) that seeks directly t

the quality of product that passes through inspection. All lots a

inspected but lots that are not accepted under sampling. insped
Any nonconforming items that are found aré-discarde
The average outgoing(quality (4

inspected 1007%.
be replaced by conforming items.
results from this rectifying inspection will be better than the

quality. It is to be noted that the AOQ is an average over many lots
not pertain to individual lots. The AOQ and the average outgoing qual]
Section 1. (Thé AOQL is the maxijmum value

(AOQL) are described in ISO 2859-0 :
of the A0Q.)

sampling
o control
re sample
tion are
d and may
AOQ) that
incoming
and does
ity limit

While rectifying inspection undoubtedly puts’/some pressure on the supplier to

improve the quality (assuming he
requirements for assessing the effect axe'somewhat idealistic. The ca
of the AOQ assumes perfect 100% sorting and the replacement of nonc
product with good product (new ox'reworked). As perfection is un
practice, the results of the screening process and the calculation
viewed with some caution as thelcalculated result could be quite op
Tables giving AOQL factors are included in ISO 2859-1.

A major problem with rectifying inspection is that the supplier is

rely on the rectification, especially if it is carried out by the p

and may not diligently-attempt to improve the process quality.

Another problem @ssociated with this kind of inspection is the pre

cost imposed ofn )the inspection department. Whenever a lot is sen
unacceptable( Jthe increased workload can be considerable and dem

manpower atd)equipment resources such that 'standards’ and throughp
difficult-to maintain. This may adversely affect the 100% screening €
and it-may also very likely affect the quality of 'original’ inspecti
should{be awareness of the danger that this situation could possib
a ¢onscious or subconscious temptation to cut corners, with a ¢
degeneration of quality. Notwithstanding, the AOQL can be a useful ¢

P

[=

dssessing the effect of rectifying inspection on outgoing quality,
providing an incentive to produce good quality in the first place.

is ~carrying out the inspecti

on), the
lculation
onforming
likely in
should be
timistic.

liable to
urchaser,

ssure and
tenced as
anding in
ut can be
fficiency
on. There
ly create
onsequent
oncept in
s well as

The AOQL can also be used as a basis for comparing and selecting a plan for
an application. Where AOQL factors are not given in a standard, the AOQL can

be calculated from AOQ values using the approximation:

AOQ = P, x 100p
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P,

a

p

where

©|SO

= the probability of acceptance
= fraction nonconforming

from which AOQ, and subsequently AOQL, are obtained in percent nonconforming.

In fact,

this approximation could be a better indication than the more

detailed calculation when rectification is not applied efficiently.

7 Making

7.1 Attrij

Provided d
of requir;
given degr
informatid
process v4
is more rg
it is si

a comparison of the methods for sampling inspection

butes—vs—variables

ertain assumptions are true, the variables method has the advantage
ng a smaller sample size than the attributes method to attain .a
ee of protection against incorrect decisions. Also it provides more
n as to whether quality is being adversely affected by process mean,
riability or both. The attributes method has the advantage that it
bust (not subject to assumptions of distributional shape)“and that
pler to use. The larger sample sizes and the increased costs

associated with using attribute sampling methods may be justifiable for these

reasons.

readily b
nature, s
measuremer
attendant
has a subsg
is destruc
item incr

separately.

but these
it could
characteri
two, of t
(IS0 3951
of measurd

Table 1 gi
and by var
inspectior
variables

rthermore, an attribute scheme may be understood and\accepted more
inspection personnel. With ’‘short rums’ or lots of an 'isolated’
pling by attributes is recommended even to the eXtent of converting
its to attributes. This avoids the assumptions~of normality and the
inability or difficulty in checking for it Sampling by variables
tantial advantage when inspection is expensive, e.g. when testing
tive. It becomes less suitable as the number of measurements on one
bases because each quality characteristic has to be considered
ISO 3951 and ISO 8423 deal with sampling inspection by variables
standards only apply to inspection:¢f a single variable. Therefore,
be advantageous to apply attribute sampling to the majority of
stics, reserving sampling inspection by variables to one, or at most
he more important requirements. Sampling inspection by variables
and ISO 8423) is dependent-‘on the assumption that the distribution
ments is normal (but see the footnote on p.1ll).

ves a comparison of (the sample sizes for inspection by attributes
iables for a few cdde letters when using normal single sampling at
) level II. Similar- advantages exist when comparing inspection by
and by attributes in sequential sampling.

Table 1..Comparison of sample sizes in inspection by
attributes and by variables

Sample sizes

Sample size code letter
Illbl}cbtiull b)’ Iuapcutiuu b_y
attributes variables
C 5 4
F 20 10
H 50 20
K 125 50
N 500 150

Under ‘o known'’ conditions even smaller samples can be used for inspection by

variables

30

(see ISO 3951 table 1-B).
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7.2 Relationship between form of distribution of product characteristic and
percent nonconforming

A key aspect of sampling by variables is the form of the distribution of the
quality characteristic. If this characteristic is normally distributed and if
an upper specification 1limit is located at the mean plus two standard
deviations, the percentage nonconforming will be about 2,5%. If the
specification limit is located at the mean plus three standard deviations the
percentage nonconforming will be about 0,1%. If the distribution of the
product characteristic is not normal and has a large positive skewness (a long

—tailto the right)amupperspecificationHimit tocatedatthemeanpius three
standard deviations might yield a percentage nonconforming appreaddhing 10%
instead of equal to 0,1 % (see figures 4 and 5).

Upper
specificatipn
limit
0,1%|above
speciffication
Figure 4 Normal distribution
Upper
specification
limit

\\\\\\\\~‘§\““-—-.

Figure 5 Distribution with large positive skewness
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Therefore, whenever a sampling plan for inspection by variables for percent
nonconforming is to be employed, 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 should
be based on several thousand items. In addition, a test of distributional form
should be applied. Details of such tests can be found in Section 2 of ISO 2854
Statistical interpretation of data Techniques of estimation and tests
relating to means and variances or in ISO 5479 Statistical interpretation of
data - Tests for departure from normality (in preparation). Attention is also

drawn to the footnote on p.1ll.

7.3 Use *f 0OC curves for comparing sampling plans

OC curves
sampling f
some compd
the AOQL

7.4 Disci

If there 1
discrimin
0OC curve

For qualit
a region

provide an excellent basis for making direct comparisons between
lans because each sampling plan has its own OC curve. Alternatively,
lrison can be made by using factors derived from the OC curvej-e’.g.
see 6.8) or the discrimination ratio (see 7.4 below).

rimination ratio (DR)

bere a perfect sampling inspection plan, this would\give absolute
tion at a percentage nonconforming equal to the quality level. The
ould be a straight vertical line at the nonconforming quality level.
fies of a lower percentage nonconforming than the’ AQL there would be
of total acceptance and for qualities of “a higher percentage

nonconforping than the AQL there would be a regioncof total non-acceptance.

This ideal is unattainable (see ISO 2859-0 or 1S0,2859-1).

Once a Iethod of sampling inspection is \introduced, the ability to
discrimingte absolutely between ‘acceptablef’;and 'unacceptable’ quality is
lost. The|penalty for not inspecting every-item is reflected in the slope of

the 0C cuy

ve, in particular the slope of *that part of the curve lying between

the PRP a
vertical

compariso
compariso

d the CRP which is known as the discrimination ratio (DR). The more
his slope, the greater is the'discrimination of the plan. Thus, the
of the slope over this ‘part of the OC curves provides a direct
of the effectiveness' of the sampling plans in terms of

discrimination.

When OC cyrves are on different pages in a book or Standard, it is not so easy
to compar¢ them directly(and the following numerical alternative can then be
useful. This method utilizes the slope of the straight line joining the PRP
and the CRP. The straight line is a satisfactory approximation of that part
of the OC|curve.

The factgr (GRQ)/(PRQ) gives this slope as a numerical index of the
discrimingtion ratio. The larger this number, the less discriminatory is the
sampling

comparison

However, sampling plans with the same discrimination ratio are not necessarily
equivalent. For example, using ISO 2859-1, the OC curve for the plan with AQL
1% and code letter L is similar to the curve for the plan with AQL 0,25% and
code letter M but the CR and PR points are quite different. In the most
frequent application of this method, curves with similar PR points and quality
level are compared for their degree of discrimination against poor quality,
i.e. the variation in consumer'’s risk.
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7.5 Comparison of single, double, multiple and sequential sampling
7.5.1 Equivalent plans

If the acceptance number in a single sampling plan by attributes is greater
than zero, it is possible to find a double, multiple or sequential sampling
plan with an operating characteristic curve close to that of the single
sampling plan. Hence, except for those single plans with acceptance number
zero, there is no reason to choose between single, double, multiple or
sequential sampling on the basis of the operating characteristic curve.

another of the sampling procedures. The characteristics that should
into account are as follows:

attraction of simplicity is the major consideration in the sel

attraction of being able to take a second(sample in apparently
cases will favour double sampling plans.

b) Variability in the amount of sampling inspection. In single
the sample size is fixed and the.amount of inspection effort
to reach a decision is knowny in advance. For the other

sampling, the number of items ‘tested varies according to thg

———NeIther—rs—there—reasUn—to—prefer—cne—to—another—for—a%%—possrbie—siluations.
The balance of advantages and disadvantages sometimes favours one,x$ometimes

be taken

a) Simplicity. Single sampling is the easiest“t0 descfibe and
administer. Double sampling requires more administration to arfange for
the second sample to be made available when required. Mulfjiple and
sequential sampling are obviously even more complicated. Sometimes the

bction of

the sampling plan. There will be other occasions when the psychological

marginal

sampling
required
types of
results
re amount

from the early samples. It.is possible to calculate an averag
of sampling inspection and/the average cost of inspection for
input quality. This varies with the quality, being least for
good and very poor quality. In addition to the uncertainty a
with the unknown input quality, but also even when the input gq
known, there is sthe uncertainty due to the variation of the
sampling inspection about this average. This uncertainty carn
problems in afranging for sufficient resources to be made avai
the inspection required. If insufficient resources are avail
result is(délayed. In the contrary case there will be ineffig
of resources. In some situations the variable inspection 1
often(be considered a small price to pay for the significant 1
in the average total inspection cost.

(¢) Ease of drawing sample items. Sometimes it is easy to draw

ny given
oth very
sociated
ality is
mount of
lead to
lable for
able the
tient use
oad will
reduction

a second
draw one

sample and to draw two samples is no more trouble than to
sample of the combined size. At other times, however, the
arises where the drawing of sample items forms a large par
inspection task and here, having disturbed the lot to draw on

ituation
of the

these cases, single sampling is usually the best plan. There is, of
course, the alternative possibility of drawing a sample of the maximum
size that could be needed and then inspecting according to the
preselected double, multiple or sequential plan. This may give little
cost saving compared with the single plan due to problems in returning
uninspected items to the lot.
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(d) Duration of test. If a test is of long duration and it is possible
to apply it to a number of items simultaneously, it will usually be
better to do so rather than to risk finding that at the end of the test
of a first sample the result is inconclusive and that a second sample,
or even more, is needed, therefore at least doubling the time taken.
This is another case where single sampling is wusually the best,
provided that the whole of the single sample size can be tested at
once. However, if only one or two articles can be tested at one time,
multiple (or sequential) sampling may be preferable.

Examp
a nymber of tins for 3 weeks under certain atmospherlc conditions.

To achieve a desired OC curve, the choice might perhaps lie between-a
single sample of 80 tins, a double plan with samples each of 50 tins,
and|a seven-stage multiple plan with samples each of 20 tins. If single
sampling is used, the answer will be available 3 weeks after _the test
is started; under double sampling, the result might be available in 3
weeks, but might require 6 weeks instead; under multiple\ sampling,
nea ly 5 months might be required in an unlucky event.

Single sampling will probably be chosen in these circumstances.

Example 4: A destructive inspection is to be€) performed. All the
artjcles in the lot are available at the testing station and the
testing apparatus can take only one article at{a time. As the principal
of the test is the destruction of the axticle, it is desirable to
destroy as few as possible consistent with)the desired OC curve.

As
of
wel
cong

he articles in the sample have to bé tested one at a time, the use
cequential rather than single sampling will probably save time as

as cut down the average sample size and would be well worth
idering.

(e) |[Multiple nonconformities.. The more complicated the product in terms
of the number of possible«nonconformities and the number of classes of
non¢onformities, the more jinvolved double or multiple sampling becomes.
Efficient use of labour)and inspection equipment is difficult if the
firgt sample has to_be)inspected for all features, a second sample only
for (some features, and possibly a third sample only for some of those.
In general, it _can be said that a complicated inspection favours a
simple sampling\plan, whereas, where the inspection is simpler, a more
complicated sampling plan may pay rich dividends.

The operating characteristic curve for the single sampling plan with sample
size 200,| accéptance number 3, and rejection number 4, and the equivalent
double and multiple plans are shown in figure 6. The match is not exact, but
is good enough for most practical purposes. The equivalent sequential plan is
also matched to the single sampling plan OC curve but is not shown in order
to avoid overcrowding. The operating characteristic curves of the sequential
and single sampling plans are virtually indistinguishable from each other.
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NOTE. The OC «curve of the sequential plan 1is virtually
indistinguishable from that of the single plan.
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7.5.2 Average sample size

In order to compare single, double, multiple and sequential sampling it is
helpful to consider the average sample size that would be needed in a long run
of sampling at different average product quality. This produces an average
sample size curve which is indicative of the relative efficiency of the
several sampling systems. These curves indicate the number of items to be

. s A .
examined on average before arriving at a decision to accept or reject.

Figure 7 shows the average sample sizes for the set of equivalent single,
double, multiple and sequential sampling plans given in table 2 and featured

in figure 6

Table 2| Equivalent sampling plans for code letter L, AQL 0,65
Type |of Sample size(s) Acceptance/.
sampling plan re jection
nunbexs
Single Sample n = 200 Acl='3 Re = 4
Double First sample n = 125 Ac =1 Re =4
Combined 1lst and 2nd sample n = 250 Ac = 4 Re = 5
Multiple First sample n =_"50 Ac = # Re = 3
Cumulative sample size n, = 100 0 3
n =150 1 4
(# acceptance n’ = 200 2 5
not peimitted n = 250 3 6
at thi n = 300 4 6
sample [size) n = 350 6 7
Sequential See 1ISO 8422

On averag¢ the number of items to be examined before reaching a decision is
largest wien single sampling is‘used. The greatest reduction in sample size
when using double, multiple jor-sequential sampling occurs when lots are of
very good|quality or very bad”’quality.

For good ¢r bad quality-the average saving in inspection can be substantial,
but the adtual number(of“items to be inspected for a particular lot when using
a double,| multiplel/of sequential sampling plan may exceed that for the
correspondling single plan. This is most likely to occur when quality is at an
intermediate value, e.g. 2 or 3 times the AQL.

It is for ,theése reasons that single sampling may be preferred in some
instances| for example, when the test duration is long and all items can be

tested at the same time. On the other hand, when the tests can only be done
one at a time, or are destructive, double, multiple or sequential sampling can
offer a substantial advantage (see examples 3 and 4).

For double and multiple plans there is an upper limit to the number of items
to be inspected. For sequential plans there is generally no such limit unless
the truncation rule has been invoked to restrict the potential number of items
inspected. ISO 8422 and ISO 8423 provide for curtailment of sample size.
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Double, multiple and sequential sampling offer the opportunity for significant
savings in sample size, but they require more administrative control. When
apparatus for semi-automatic use is available, automated sequential sampling
offers an opportunity for increased efficiency and economy, particularly when
destructive tests are performed.

Average sample size curves for double and multiple plans are given in
ISO 2859-1. For sequential sampling plans by attributes the average sample
sizes are tabulated in ISO 8422. For sequential sampling plans by variables
for known process standard deviation corresponding to the single sampling

> 1S0 3951
does not contain double, multiple or sequential sampling plans.
Single
200
-_— —
— ~—
e O
— - - \
/// ~ \Doub/e
150 — / ~ ~
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Quality of submitted product in percent nonconforming, 100p

Figure 7 Comparison of average sample sizes for single, double, multiple and
sequential sampling (for acceptance plans of figure 6)
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8 Other methods sometimes adopted in practice
8.1 100 X inspection

Many modern plants incorporate automatic methods of product quality checking
on each item produced. Similar practices are adopted to remove nonconforming
items from lots accepted by sampling. However, some independent monitoring may
be necessary to insure against malfunctions of the test system that result in
the continued production and 'acceptance’ of nonconforming product. In some
cases the actual process control, or some other part of the quality system,

mnoen

can provide—this—moenitering-

8.2 Grab| samples

The pract
plan, is

is thus
purposes.

jce of grab sampling, a technique of sampling according to no fixed
penerally deprecated because it effects no statistical contrély-and
nreliable, uneconomic and ineffective for acceptance and control
However, it is sometimes used in a ‘feed forward’' systemwhere a

nonconforming item causes no real inconvenience at a subsequent.'stage. For

these rea

A grab sa
code lett
the shipm
the items
specifica

sons this practice is normally confined to ’'in-house/ operations.

ple of between 2 and 20 items (see ISO 2859-1 sampling plans with
rs A through F at inspection level II) can be usé€d to establish that
bnt contains items similar to those ordered, ,particularly when all

in the small grab sample conform to the “item description and
fion. A grab sample has none of the statistical characteristics of

a proper
sampling

random sample and a sampling plan withgacceptance criteria. Grab
hould only be used when the history ofithe vendor and the item have

been good| or when conditions are such that the recipient cannot contribute
to controlling or correcting the supplier’s process and when the nonconformity
is of such a nature that it will be easily recognized and nonconforming items

will be
inappropr
acceptanc

replaced in subsequent assémbly or test. Grab sampling is
iate for expensive items whose warranty does not survive lot

=)

A grab sapple that is found to contain any nonconforming items is a signal to

revert td
decision

8.3 Ome-

An unusua
lot fails
which evel
items tha
an eventu
been desi

the use of a standard sampling plan and to follow the normal
process that such & sample indicates.

pf-a-kind lots

| situationf‘exists when one specially produced, unique or ‘one-off’
to be accépted by the sampling plan. Resubmission of the same lot,
1 after¢ecreening and/or correction contains many more nonconforming
h desired, or submission of a substitute lot, is likely to lead to
h]l acceptance due to cumulative sampling risk. Sampling plans have

an excess

resubmitted several

bried” to reduce the probability of the acceptance of a lot containing

s ©

times.*® This procedure changes the relationship between

sample size and acceptance number for each successive resubmission of a
rejected lot and limits the number of resubmissions allowed.

*)  These

sampling plans are not yet available as an ISO Standard. Defence

Standard 05-58 of the UK Ministry of Defence contains plans for inspection (by
attributes) of isolated lots. (DEF STAN 05-58 utilizes a later development of

the princ
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iples presented in ISO Document ISO/TC 69/SC 5 N 47.)
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