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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Starnjdards
adopted by the technical committees are circulated to the member bodies for voting2yPublication pgs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shill not be held responsible for identifying any or all such patent rights.

ISO 8423 was prepared by Technical Committee ISO/TC 69, Applications of statistical methods,
Subcommitte¢ SC 5, Acceptance sampling.

This second gdition cancels and replaces the first edition (ISO 8423:1991), which has been technically re¢vised.
It also incorgorates the Technical Corrigendum SO 8423:1991/Cor.1:1993. Annex A of ISO 8423:1991 is
superseded by ISO 3951-5:2005.

The following|improvements have been introduced:

— values of| the parameters /,, hg and g have been recalculated in order to provide plans that exactly meet
stated requirements,

— the avergge sample sizes for quality~levels equal to producer’s risk quality and consumer’s risk quality
have been significantly decreased(

iv © 1SO 2008 — All rights reserved
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Introduction

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

those [sample sizes are still too large. Therefore, there is a need to apply standardized statistical procedures
that require the smallest possible sample sizes; sequential sampling plans are the only statistical procedures
that sptisfy that need. It has been mathematically proved that among all possible sampling|plans having
similar statistical properties the sequential sampling plan has the smallest average sample‘size.
The grincipal advantage of sequential sampling plans is the reduction in theCaverage sample size. The
average sample size is the average of all the sample sizes that may occur undéer a sampling plan for a given
lot or process quality level. The use of sequential sampling plans leads to a.smaller average sample size than
single|sampling plans having the equivalent operating characteristic.
Otherf|factors that should be taken into account are as follows:
a) QGomplexity
The rules of a sequential sampling plan are more easily misunderstood by inspectors than the simple
ryles for a single sampling plan.
b) Variability in the amount of inspection
As the actual number of items inspected\for a particular lot is not known in advance, the usg of sequential
sampling plans brings about various.:organizational difficulties. For example, scheduling|of inspection
operations may be difficult.
c) Difficulty of drawing sample items
Ifldrawing sample itemsris, rather difficult, the reduction in the average sample size by sequential sampling
plans may be cancelled,out by the increased sampling cost.
d) Duration of test
If| the test<of'a single item is of long duration and a number of items can be tested simultaneously,
sequentialksampling plans are much more time-consuming than the corresponding single sampling plan.
e) Vafability of quality within the lot

If the lot consists of two or more sublots from different sources and if there is likely to be any substantial
difference between the qualities of the sublots, drawing of a representative sample under a sequential
sampling plan is far more difficult than under the corresponding single sampling plan.

The balance between the advantage of a smaller average sample size of the sequential sampling plan and the
above disadvantages leads to the conclusion that sequential sampling plans are suitable only when inspection
of individual items is costly in comparison with inspection overheads.

The choice between single and sequential sampling plans should be made before the inspection of a lot is
started. During inspection of a lot, it is not permitted to switch from one type to another, because the operating
characteristic of the plan may be drastically changed if the actual inspection results influence the choice of
acceptability criteria.

© 1SO 2008 — All rights reserved
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Although a sequential sampling plan is on average much more economical than the corresponding single
sampling plan, it may occur, during inspection of a particular lot, that acceptance or non-acceptance comes at
a very late stage because the cumulative leeway (the statistic used for the determination of lot acceptability)
remains between the acceptance value and the rejection value for a long time. With the graphical method, this

corresponds t

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

In order to alleviate this disadvantage, the curtailment values are set before the inspection of a lot (or a
process) is started, and inspection terminates if the cumulative sample size reaches the curtailment value, #,,
without determination of lot acceptability. The acceptance and non-acceptance of the lot (or the process) is
then determined using the curtailment acceptance and rejection values.
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INTERNATIONAL STANDARD

ISO 8423:2008(E)

Sequential sampling plans for inspection by variables for

percent nonconforming (known standard deviation)

1 cope

This Ipternational Standard specifies sequential sampling plans and procedures for inspection b
discrete items

The plans are indexed in terms of producer’s risk point and the consumer’s riskypoint. There

e not only for the purposes of acceptance sampling, but for the more géneral purpose of]
¢ statistical hypotheses for proportions.

stipplied by one producer using one production process. In such a case, sampling of pa
efjuivalent to the sampling of the process. (Hthere are different producers or production p
International Standard shall be applied teleach one separately;

here only a single quality characteristic x of these products is taken into consideration, v
easurable on a continuous scale;

here the measurement grrof is negligible (i.e. with a standard deviation no more thar
plocess standard deviation);

here production is’stable (under statistical control) and the quality characteristic x has a kn

deviation, and ,is. distributed according to a normal distribution or a close approximation

d|stribution;

y variables of

fore, they are
the testing of

ssessment  of
gh probability
probability of

e products all
rticular lots is
focesses, this

hich must be

10 % of the

own standard
o the normal

ion to lots that

an |tem is quallfled as conforming |f and only if its measured quallty characterlstlc X,
appropriate one of the following inequalities:

1)
2)

x < U (i.e. the upper specification limit is not violated);
x = L (i.e. the lower specification limit is not violated);
3)

x < Uand x > L (i.e. neither the upper nor the lower specification limit is violated).

Inequalities 1) and 2) are called cases with a “single specification limit’, and 3) is the case
specification limits”.

© 1SO 2008 — All rights reserved

imit L, or both;

satisfies the

with “double


https://standardsiso.com/api/?name=3e3e5730d3679432335ccfa6121a1b71

ISO 8423:2008(E)

In this International Standard, it is assumed that, where double specification limits apply, conformance to both
specification limits is either equally important to the integrity of the product or is considered separately for both
specification limits. In the first case, it is appropriate to control the combined percentage of product outside the
two specification limits. This is referred to as combined control. In the second case, nonconformity beyond
each of the limits is controlled separately, and this is referred to as separate control.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (in(ﬂud;nu ally Aartmreltd IdIIIUI Ito) GllJlJ:;UO

ISO 3534-1:2
probability

ISO 3534-2:2
ISO 3951-1:2

plans indexed
single AQL

3 Terms

For the purpo
and the follow

31
inspection b
inspection by

[ISO 3534-2:2

3.2

D06, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms u

D06, Statistics — Vocabulary and symbols — Part 2: Applied statistics

D05, Sampling procedures for inspection by variables — Part 1: Specification for single sa
by acceptance quality limit (AQL) for lot-by-lot inspection for a single quality characteristic

and definitions

ses of this document, the terms and definitions given-in/ISO 3534-1, ISO 3534-2 and ISO 3
ing apply.

/ variables

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

006, definition 4.1.4]

sampling ingpection

inspection of
[ISO 3534-2:2

3.3

belected items in the group under consideration

006, definition 4.1.6]

acceptance

ampling

sampling aftgr which~decisions are made to accept or not to accept a lot, or other grouping of pro
materials or sgrviges;"based on sample results

[ISO 3534-2:4006, definition 1.3.17]

sed in

mpling
and a

951-1

ducts,

3.4

acceptance sampling inspection
acceptance inspection where the acceptability is determined by means of sampling inspection

[ISO 3534-2:2006, definition 4.1.8]

3.5

acceptance sampling inspection by variables
acceptance sampling inspection in which the acceptability of a process is determined statistically from
measurements on specified quality characteristics of each item in a sample from a lot

[ISO 3534-2:2006, definition 4.2.11]

© 1SO 2008 — All rights reserved
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qualit
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y level

quality expressed as a rate of occurrence of nonconforming units

3.7

nonconformity
non-fulfillment of a requirement

[ISO 9000:2005, definition 3.6.2, and ISO 3534-2:2006, definition 3.1.11]

3.8

nonconforming unit

unit wi
[1ISO 3

3.9
speci
limitin

[1SO 3

3.10
lower]
L
specif

[1ISO 3
3.1
uppet
U
specif]
[1ISO 3

3.12

th one or more nonconformities
534-2:2006, definition 1.2.15]
fication limit

j value stated for a characteristic

534-2:2006, definition 3.1.3]

specification limit
cation limit that defines the lower limiting value

534-2:2006, definition 3.1.5]

specification limit
cation limit that defines the upper limiting value

534-2:2006, definition 3.1.4]

combined control

requiri
apply

NOTE
equal,

3.13
separ
requir

bment when both upper)and lower limits are specified for the quality characteristic and 3
to the combined percent nonconforming beyond the two limits

The use of,combined control implies that nonconformities beyond either specification limit are b

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

ate control
bment when both upper and lower limits are specified for the quality characteristic and

pecified risks

elieved to be of

separate risks

are gi

NOTE

3.14

laiala 1 4+ | 4
Clrwinolit apply tU ©aulT it

The use of separate control implies that nonconformities beyond either specification limit are believed to be of
different importance to the lack of integrity of the product.

maximum process standard deviation

Omax

largest process standard deviation for a given sampling plan for which it is possible to satisfy the acceptance
criteria for a combined double specification limit when the process variability is known

NOTE

NOTE

1 Maximum process standard deviation oy,5x Was denoted by its acronym MPSD in older standards.

2 This definition is different from the similar definition given in ISO 3534-2 in which the concept of

© 1SO 2008 — All rights reserved
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3.15

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

[ISO 3534-2:2006, definition 3.2.1]

3.16
leeway

quantity derived from a measured value of an item

upper

hat of

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

3.17

cumulative l¢geway

value calculated by summing the leeways obtained from the start of the inspection up to, @nd'including,

the item last inspected

3.18

cumulative sample size

total number
inspected

3.19
acceptance \
value derived

NOTE
value.

WH

3.20

pf inspected items, counting from the start of the inspection upto, and including, the ite

alue for sequential sampling
from the specified parameters of the sampling plan‘and the cumulative sample size

ether the lot may yet be accepted is determined by~comparing the cumulative leeway with the acce

rejection value for sequential sampling

value derived

NOTE WH
the rejection vg

3.21
consumer's
CRQ

Ocr
(acceptance 3
a specified co

from the specified parameters of the sampling plan and the cumulative sample size

lue.

isk quality

ampling).quality level of a lot or process which, in the acceptance sampling plan, correspo
NSumMers risk

m last

ptance

ether the lot may yet be considered unacceptable is determined by comparing the cumulative leeway with

nds to

NOTE The

b Qr\nr‘ifind caonsumer's risk is IIQII;I"‘\’I 10 %

[ISO 3534-2:2006, definition 4.6.9]

3.22
producer’s ri
PRQ

Opr

sk quality

(acceptance sampling) quality level of a lot or process which, in the acceptance sampling plan, corresponds to
a specified producer's risk

[ISO 3534-2:2006, definition 4.6.10]

NOTE

The specified producer's risk is usually 5 %.

© 1SO 2008 — All rights reserved
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average sample size

ASSI

(acceptance sampling) average number of units in a sample inspected per lot in reaching decisions to accept

or not

to accept when using a given acceptance sampling plan

[ISO 3534-2:2006, definition 4.7.3]

3.24

sequential acceptance sampling inspection

accep

tance sampling inspection in which, after each item has been inspected, the decision to accept the lot,

not accept the lot, or to inspect another item is taken based on the cumulative sampling evidence to date

[1SO 3

3.25

sequeéntial sampling plan

plan w

3.26

operating characteristic curve

curve
a givel

[1SO 3

3.27
produ
PRP
(acce
proba

[1SO 3

3.28

consumer’s risk point

CRP
(acce
proba

[1SO 3

4 S

The s

534-2:2006, definition 4.2.7]

hich states acceptance criteria in sequential acceptance sampling inspection

showing the relationship between probability of acceptance of product and the incoming gpality level for
h acceptance sampling plan

534-2:2006, definition 4.5.1]

cer’s risk point

btance sampling) point on the operating characteristic curve corresponding to a predetermined high
pility of acceptance

534-2:2006, definition 4.6.7]

btance sampling) point-on“the operating characteristic curve corresponding to a predgtermined low
bility of acceptance

534-2:2006, definition 4.6.5]

ymbois

rbols used are as follows.

A

Ay

acceptance value for sequential sampling
acceptance value corresponding to the curtailed value of the cumulative sample size

a factor given in Tables 5 and 6, that relates the maximum process standard deviation to the
difference between U and L

multiplier of the cumulative sample size that is used to determine the acceptance values and the
rejection values (slope of the acceptance and rejection lines)

constant that is used to determine the acceptance values (intercept of the acceptance line)

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

© 1SO 2008 — All rights reserved 5
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L lower specification limit (as a suffix to a variable, denotes its value at L)
N lot size (number of items in a lot)

n sample size (number of items in a sample)

Moum cumulative sample size

ny curtailment value of the cumulative sample size

P, probability of acceptance

Ocr cons
Opr prod
R rejeg
U upp§

X mea

umer's risk quality

ucer's risk quality

tion value for sequential sampling

r specification limit (as a suffix to a variable, denotes its value at U)
sured value of the quality characteristic for the item of the sample

ay, defined as

/ — x for a single upper specification limit

— L for a single lower specification limit

— L for double specification limits

Llative leeway obtained by adding the leeways up to, and including, the item last inspected
ucer's risk

umer's risk

jard deviation of a process that is under statistical control

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

mum process standard deviation

y leew
y=4
y =X
y =X
Y cum
a prod
g cons
o stan
NOTE a?
Omax max
5 Princi

Under a sequ
and the cum

les of.sequential sampling plans for inspection by variables

y one,

ntlal sampllng plan by varlables sample |tems are drawn at random and mspected one b

imits) is

obtained. After the mspectlon of each item, the cumulatlve Ieeway is compared W|th the acceptablllty criteria in
order to assess whether there is sufficient information to determine lot or process acceptability at that stage of
the inspection.

If, at a given stage, the cumulative leeway is such that the risk of accepting a lot of unsatisfactory quality level
is sufficiently low, the lot is considered acceptable and the inspection is terminated.

If, on the other hand, the cumulative leeway is such that the risk of non-acceptance of a lot of satisfactory
quality level is sufficiently low, the lot is considered not acceptable and the inspection is terminated.

If the cumulative leeway does not allow either of the above decisions to be taken, then an additional item is
sampled and inspected. The process is continued until sufficient sample information has been accumulated to
warrant a decision that the lot is acceptable or not acceptable.
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6 Selection of a sampling plan

6.1 Producer’s risk point and consumer’s risk point

The general method described in 6.1 and 6.2 is used when the requirements of the sequential sampling plan
are specified in terms of two points on the operating characteristic curve of the plan. The point corresponding
to the higher probability of acceptance shall be designated the “producer’s risk point”; the other shall be
designated the “consumer’s risk point”.

The first step when designing a sequential sampling plan is to choose these two points, if they have not

already been dictated by circumstances. For this purpose, the following combination is often used:

Q

a
This G

When
chara
point

exists

conditions under which the sampling plan operates.

producer’s risk of o < 0,05 and the corresponding producer’s risk quality (Opg), and
consumer’s risk of < 0,10 and the corresponding consumer’s risk quality (Ocg)-
ombination of requirements is used in this International Standard for the desigh.of the sam
the desired sequential sampling plan is required to have approximately the sa
cteristic curve as an existing single sampling plan, the producer’s,risk/point and the co

may be read off from a graph or a table of the operating characteristic of that plan. When
the producer’s and the consumer’s risk points have to be determined from direct consid

bling plans.

me operating
nsumer’s risk
no such plan
eration of the

6.2 |Preferred values of Opg and Oqg

Table|4 gives 21 preferred values of Opg (producer’s wisk quality) ranging from 0,1 % to 10,0 %, and 17
preferfed values of Ocg (consumer’s risk quality) ranging from 0,8 % to 31,5 %. This Internationpl Standard is
only applicable to a combination of the preferred values of Opg and Ocg.

6.3 [Pre-operation preparations

6.3.1 | Obtaining the parameters /,, /ig and g

The cfiteria for acceptance and nor=acceptance of a lot are determined from the parameters #,, fig and g.
Table|4 gives the values of these parameters corresponding to each combination of preferred yalues of Opg
and Q-r together with (the” producer's risk aapproximately equal to 0,056 and the consumer's risk
S apploximately equal t6.0y7.

6.3.2 | Obtaining-the curtailment values

The cprtailment value, n;, of the cumulative sample size of the sequential sampling plan is gien in Table 4
together with'the other parameters.

7 Operation of a sequential sampling plan

71

Specification of the plan

Before operating a sequential sampling plan, the inspector shall record on the sampling document the

specifi

7.2

ied values of the parameters, 7,, hg, g and n;.

Drawing a sample item

As a rule, the individual sample items shall be drawn at random from the lot and inspected one by one in the
order in which they were drawn. If, for convenience, successive items are drawn at the same time, the order in

which

each sample item is inspected shall be at random.

© 1SO 2008 — All rights reserved


https://standardsiso.com/api/?name=3e3e5730d3679432335ccfa6121a1b71

ISO 8423:2008(E)

7.3 Leeway and cumulative leeway

Following the inspection of each item, record the inspection result x against the current value, n,, of the

cumulative sa

Calculate the

mple size.

leeway y for that item as

y=x— L in the case of combined control of double specification limits or a single lower specification limit;

y=U-x

in the case of a single upper specification limit.

Record the cy

(P2eH ! A" k. £ Ll ! £ o £ HY=E 128 laf o lat
ToTatveTCCWay 1T~ asS e SUTT T OUT e TCCWay S ToUUT O SUTAT I e SarmtprieTTonT e Ot

7.4 Choice between numerical and graphical methods

This Internati
method and 3

The numericd
thereby avoid
inspection reg

The graphica
increase in th
by the piece
boundaries o
plotting points

The numericg
the numerica
table be done

The following
chart is prepq
displayed on
acceptability ¢

displayin
compute

printing d

compres

graphical method, either one of which may be chosen.

| method uses an acceptability table for operating, and has the advantage of being acq
ng disputes about acceptance or non-acceptance. An acceptability table can also be used
ord sheet, after inscribing the inspection results.

method uses an acceptability chart for its operation, and has'the advantage of displayi
e information on the lot quality as additional items are inspected, information being repres
wise linear curve within the indecision zone, until theé.line reaches, or crosses, one
that zone. On the other hand, the method is less acéurate, due to the inaccuracy inhe
and in drawing lines.

I method is the standard method so far as acceptance or non-acceptance is concerned.
method is applied, it is recommended that the calculation and preparation of an accep
using appropriate software.

provisions are based on the assumption that either the acceptability table or the accep
red on a sheet of paper. Howeyver, if a computer program is used, the acceptability table ¢

f the lot. Furthermore, it is pessible to incorporate additional features, such as

j both the acceptability table and the acceptability chart on different windows of the
screen,

ut the inspection record sheet after determination of the lot acceptability, or

5ing thesinspection record to the necessary minimum.

7.5 Numer

pnal Standard provides two methods of operating a sequential sampling \plan: a numerical

urate,
as an

ng the
ented
of the
ent in

\When
ability

ability
an be

a computer screen so that.entering a minimum of data may be sufficient to determine the

same

ical method for a single specification limit

7.51

Acceptance and rejection values

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

For each value, n,,, of the cumulative sample size, that is less than the curtailment value of the sample size,
the acceptance value, 4, is given by the following equation:

A=gongym +hpo

(1)

© 1SO 2008 — All rights reserved
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For each value of n,, the rejection value, R, is given by the following equation:

R=gongym —hro

The acceptance value 4, corresponding to the curtailment sample size », is determined as

Ay = gony

(©)

The values, 4 and R, given by Equations (1) and (2), shall be recorded to one decimal place more than the
inspection results.

7.5.2

Inscrilpe the leeway and the cumulative leeway into the acceptability table prepared in-accordan

after t

Comp

a) If

n

b) If

S

c) If

When
Y > A4,

7.6

7.6.1

When

Determination of acceptability

he inspection of each item.

are the cumulative leeway, Y, with the corresponding acceptance value, 4;-and rejection va

ze, ngym, the lot shall be considered acceptable and the inspection shall be terminated.

the cumulative leeway, 7, is less than or equal to the rejection‘value, R, for the cumulative
L.m» the lot shall be considered not acceptable and the inspection shall be terminated.

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

the cumulative sample size reaches the curtailment value »;, the lot shall be considered
, otherwise the lot shall be considered not acceptable.

Graphical method for a single specification limit

Acceptance chart

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

proce
leewal

acceptance and rejection.values, 4 and R, given by Equations (1) and (2). The lower line with th
—-hgo lis designated the)‘rejection line”, and the upper line with the intercept of i,0 is d
“acceptance line”. Add.a vertical line, the “curtailment line”, at ng,,, = 1.

The lifes defing three zones on the chart.

the-curtailment line that is above and includes the point (n;, 4;).

, Y, as the vertical (axis. Draw two straight lines with the same slope, go, corresp

e #acceptance zone” is the zone above (and including) the acceptance line together wi

ce with 7.5.1,

lue, R.

the cumulative leeway, Y, is greater than or equal to the acceptanceivalue, 4, for the cumdlative sample

sample size,

acceptable if

the following

ures. Prepare a graph ‘with the cumulative sample n,,, as the horizontal axis, and the cumulative
bnding to the

e intercept of

bsignated the

h that part of

— The “rejection zone” is the zone below (and including) the rejection line together with that part of the
curtailment line that is below the point (r;, 4;).

— The “indecision zone” is the strip between acceptance and rejection lines that is to the left of the
curtailment line.

An example of the prepared graph is given as Figure 1.
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Figure 1 — Example of acceptance chart for the sequential sampling plan
for a single specification limit

7.6.2 Determination of acceptability
When the graphical method is used, the following procedures shall be followed.

Plot the poin (n«,; Y) on the acceptability chart prepared in accordance with 7.6.1, after the inspection of
each item.

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

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

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

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

CAUTION — If the point is close to the acceptance or rejection lines, the numerical method shall be
used to make the decision.
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7.7 Numerical method for combined control of double specification limits

7.7.1 Maximum values of process standard deviation
In the case of the combined control of double specification limits, sequential sampling is only applicable if the

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

Omax = (U - L)f

where fdepends only on the value of Opg, and can be found in Table 5.

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

7.7.2 | Acceptance and rejection values

When|the numerical method is used, the following calculations shall be carried_out and an accagptability table
shall he prepared.

For each value, ng,,, of the cumulative sample size that is less than the curtailment value of thg sample size,
a pair|of acceptance values and a pair of rejection values are determined.

The upper acceptance value, 4, is found as
A= (U~ L - gongym — hpo (4)
The Igwer acceptance value, 4,, is found as
Ay = gongym + hao (5)
The upper rejection value, R, is found.as
Ryy=(U~-L - go)ngym + hga (6)
The Igwer rejection value, R;y-is found as
Ry = gongym — hpo (7)

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

The agpceptance values 4; ; and 4; ; that correspond to the curtailment sample size are determingd as

Ay y=(U-L - gony (8)
and
Ay =gony (9)

The acceptance and rejection values shall be recorded to one decimal place more than the inspection results.
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7.7.3 Determination of acceptability

Inscribe the leeway and the cumulative leeway into the acceptability table prepared in accordance with 7.7.2,
after the inspection of each item.

Compare the cumulative leeway, Y, with the corresponding upper and lower acceptance values, 4;; and 4;,
and the corresponding upper and lower rejection values, R;;and R;.

a)

If, for the cumulative sample size, ng,, the cumulative leeway, Y, is greater than or equal to the lower

acceptance value, 4;, and less than or equal to the upper acceptance value, 4;, the lot shall be
considered acceptable and the inspection shall be terminated.

b) If, for the

rejection

not acceptable and the inspection shall be terminated.

c) If neither

When the cufnulative sample size reaches the curtailment value »;, the lot shall be-considered accept

App S Y <Ay
7.8 Graph

7.8.1 Accey

When the gra
procedures. R
leeway, Y, as

upper acceptance and rejection values, 4;; and Ry, given by Equations (4) and (6), and two straight line

the same slg
Equations (5)

The uppermo
acceptance i
intercept —hg
hAO'.

The lines defi
The “acc

line, the
acceptan

cumulative sample size, n,,, the cumulative leeway, 7, is either less than or equal to the
value, R;, or greater than or equal to the upper rejection value, R, the lot shall be-cons

a) nor b) is satisfied, another item shall be sampled and inspected.

, otherwise the lot shall be considered not acceptable.
cal method for combined control of double specification limits

tance chart

phical method is used, an acceptability chart shall beprepared in accordance with the fol
repare a graph with the cumulative sample size n_j;, as the horizontal axis, and the cum
the vertical axis. Draw two straight lines with the same slope, U - L — go, corresponding

pe, go, corresponding to the lower acceptance and rejection values, 4; and R;, giv
and (7). Add a vertical line, the “curtailment line”, at ng,,,, = n;.

5t line with the slope U - L — go andlintercept hro is called the “upper rejection line”. The

ne has the slope U- L - go, @nd intercept —iyo. The lowermost line with the slope g
i is called the “lower rejectienline”. The lower acceptance line has the slope go and int

he the following zones on the chart.

lower acceptance line and the curtailment line. The acceptance zone includes th
ce lines; /moreover, that part of the curtailment line which is between (and including) the

(mt, At,L)

The “up
part of th

nd (ny,+dpy7) belongs to the acceptance zone.

er_rejection zone” is the zone above (and including) the upper rejection line together wit

of the curtailment line that is below the point (n;, 4 ;).

of the curtailment line.

An

12

example of the prepared graph is given as Figure 2.

lower
dered

able if

owing

ilative

to the
s with

en by

upper

o and

ercept

eptance zone” 4s)the triangular sector on the chart which is bounded by the upper acceptance

e two
points

h that

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

The “indecision zone” is the V-shaped strip between the acceptance and rejection zones that is to the left
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Figure 2 — Example of(acceptance chart for the sequential sampling plan
for combined control of double specification limits

7.8.2 | Determination of acceptability
When|the graphical methed4s used, the following procedures shall be followed.

Plot the point (ny,4,Y) on the acceptability chart prepared in accordance with 7.8.1, after the|inspection of
each item.

a) Iffthe peint lies in the acceptance zone, the lot shall be considered acceptable and the inspgction shall be
tgrminated.

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

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

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

CAUTION — If the point is close to the acceptance or rejection lines, the numerical method shall be
used to make the decision.
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7.9 Numerical method for separate control of double specification limits

7.91

Maximum values of process standard deviation

In the case of the separate control of double specification limits, sequential sampling is only applicable if the
process standard deviation o is sufficiently small in relation to the specification interval (U — L). The limiting
value of the process standard deviation is given by

Omax = (U - L)f

where f'depends only on the values of Opg specified for the upper and lower limit, and can be found in Table 6.

If, in the case
be judged not

7.9.2 Acceq

When the numerical method is used, the following calculations shall be carried out and-an acceptability

shall be prep4

For each valu
a pair of acce|

The acceptan|
Ay =(U
The acceptan|
Ap =g,
The rejection
Ry =(U
The rejection
Ry =gp
The acceptan|

Ay =(U

of the separate control of double specification limits, o exceeds oy, the lot shall imme
acceptable without a sample being drawn.

tance and rejection values

red.

e, neym, Of the cumulative sample size, that is less than the curtaitment value of the sampl
ptance values and a pair of rejection values are determined.

Ce value 4, for the upper specification limit is found as
—L _gUG)”cum —hayo

ce value 4; for the lower specification limit is-found as
Picum + A LT

value R, for the upper specification limit is found as

- L — gUG)”cum +hryo

value R; for the lowér specification limit is found as

P Ncum — MR L O

Ce valugs 4, ;; and 4, ; corresponding to the curtailment sample size are determined as

—L—gUO')nt

Jiately

table

b Size,

(10)

(11)

(12)

(13)

(14)

and

A =grmo

(15)

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

14
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7.9.3 Determination of acceptability

7.9.3.1 General

Inscribe the leeway and the cumulative leeway into the acceptability table prepared in accordance with 7.9.2,
after the inspection of each item.

The acceptability criteria in 7.9.3.2 and 7.9.3.3 shall be applied to determine the acceptability for each
specification limit separately. The lot shall be considered acceptable and inspection shall terminate if the lot

has been considered acceptable with respect to both limits according to 7.9.3.2 a) and 7.9.3.3 a).

7.9.3.

Comp

a) |f

S5 n

1

f

o n

c) If

n

When
if Y> 4

When
accep

the lo
the lot

7.9.3.

Comp

a) |f

S
th

f

n

p Determination of acceptability for the upper specification limit

are the cumulative leeway Y with the corresponding acceptance value A;; and rejection val

the cumulative leeway, 7, is less than or equal to the acceptance value, 4, for-the cumy
ze, ny,m, the lot shall be considered acceptable with respect to the uppér specification
spection with respect to that limit shall be terminated.

the cumulative leeway, 7, is greater than or equal to the rejection yalue, R, for the cumty
ze, ng,m the lot shall be considered not acceptable and the ingpection with respect to bg
e terminated.

neither a) nor b) is satisfied, another item shall be sampled and inspected with respec
pecification limit.

the cumulative sample size reaches the curtailment'value #,, the lot shall be considered n

1; ; and inspection shall terminate.

table with respect to the upper limit. If.the lot has already been considered acceptable W
er limit, or if Y > 4 ,, the lot shall.be-Considered acceptable and inspection shall termin
shall be considered not acceptable,/and inspection shall terminate.

B Determination of accéptability for the lower specification limit

are the cumulative leeway Y with the corresponding acceptance value 4; and rejection val

nmple size, ng4yy the lot shall be considered acceptable with respect to the lower specific
e inspectionwith respect to that limit shall be terminated.

L.m. the lot shall be considered not acceptable and the inspection with respect to both

tg

Je RU.
lative sample

limit and the

lative sample
th limits shall

to the upper

ot acceptable

the cumulative sample size reaches the.Curtailment value »; and Y < 4, ¢, the lot shall be considered

ith respect to
hte, otherwise

e RL.

the cumulative-leeway, Y, is greater than or equal to the acceptance value, 4;, for the cumulative

ation limit and

the cumulative leeway, 7, is less than or equal to the rejection value, R;, for the cumulative sample size,

imits shall be

rminated.

c)

specification limit.

If neither a) nor b) is satisfied, another item shall be sampled and inspected with respect to the lower

When the cumulative sample size reaches the curtailment value #,, the lot shall be considered not acceptable
if Y < 4; ; and inspection shall terminate.

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

7.10.1 Acceptance chart

When the graphical method is used, an acceptability chart shall be prepared in accordance with the following
procedures. Prepare a graph with the cumulative sample n,,, as the horizontal axis, and the cumulative
leeway, 7, as the vertical axis. Draw two straight lines with the same slope, U - L - g;;0, corresponding to the
upper acceptance and rejection values, 4;; and R, given by Equations (10) and (12), and two straight lines
with the same slope, g; o, corresponding to the lower acceptance and rejection values, 4; and R;, given by
Equations (11) and (13). Add a vertical line, the “curtailment line”, at n ., = n;.

Theupperm 1 TE—STOPE U “1NLY ST CeP R,U S—Ca G L~ D1O€E ”’i' L~
upper acceptance line has the slope U - L — g0 and intercept —i, ;0. The lowermost line with the-siope g, o
and intercept| -/g ; o is called the “lower rejection line”. The lower acceptance line has the slope-g;jo and
intercept /ip ;f.

N

The lines defipe the following zones on the chart.

— The “acceptance zone for the upper specification limit” is the zone below (and incldding) the acceptance
line for the upper specification limit together with that part of the curtailment’line that is beloyw and
includes the point (n;, 4 ).

— The “rejertion zone for the upper specification limit” is the zone above{and including) the rejection I[ne for
the uppef specification limit together with that part of the curtailmentline that is above the point (n;, 4 ;).

— The “indgcision zone for the upper specification limit” is the strip between acceptance and rejection lines
for the upper specification limit that is to the left of the curtailment line.

— The “acceptance zone for the lower specification limit’:is’the zone above (and including) the acceptance
line for tHe lower specification limit together with that-part of the curtailment line that is above and in¢ludes
the point|(n, 4; ;).

— The “rejection zone for the lower specification limit” is the zone below (and including) the rejection line for
the lower| specification limit together with that part of the curtailment line that is below the point (n, 4 ;).

— The “indgcision zone for the lower.-specification limit” is the strip between acceptance and rejection lines
for the lower specification limit thatuis to the left of the curtailment line.

An example df the prepared graph:is given as Figure 3.
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Figure 3 — Acceptance chait for the sequential sampling plan
for separate controhof double specification limits

7.10.2 Determination of acceptability

7.10.2.1 General
When|the graphical method is\used, the following procedures shall be followed.

Plot the point (n.,,, Y)en the acceptability chart prepared in accordance with 7.10.1, after the| inspection of
each item.

The dcceptability) criteria in 7.10.2.2 and 7.10.2.3 shall be applied to determine the acceptability for each
specifjcation_limit separately. The lot shall be considered acceptable and inspection shall terminate if the lot
has bTen considered acceptable with respect to both limits according to 7.10.2.2 a) and 7.10.2.3|a).

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

CAUTION — If the point is close to the acceptance or rejection lines, the numerical method shall be
used to make the decision.
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7.10.2.2 Determination of acceptability for the upper specification limit

Apply the following criteria.

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

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

c) If the poipt lies in the indecision zone for the upper specification limit, another item shall be samplgd and
inspected with respect to the upper specification limit.

7.10.2.3 Determination of acceptability for the lower specification limit

Apply the follg

a)

b)

c)

8

8.1

The specified
submitted for
lot in accorda
alot is stable

It has been dgcided to use@.sequential sampling plan with the following properties.

a)

b)

If the po
acceptab)

terminatd.

If the po
acceptab)

terminatd.

If the poi

inspected with respect to the lower specification limit.

Examp

Example 1

If submit

If submitted-quality is 2,0 % nonconforming, then the probability of acceptance shall be 0,10.

wing criteria.

int lies in the acceptance zone for the lower specification limit, the-lot shall be cons
e with respect to the lower specification limit and inspection with~respect to that limi

e with respect to the lower specification limit and inspection with respect to both limits

nt lies in the indecision zone for the lower specification limit, another item shall be samplg

es

minimum withstand voltage for certain insulators is 200 kV. Lots from a steady producti
inspection. Production is'stable and it has been verified that the withstand voltages vary w
hce with a normal distribution. It has further been documented that the standard deviation
and can be takento.be o= 1,2 kV.

d qualitynis 0,5 % nonconforming, then the probability of acceptance shall be 0,95.

dered
shall

nt lies in the rejection zone for the lower specification limit, the lot shall be consider¢d not

shall

d and

bn are
ithin a
within

These requirements are achieved by fixing the producer’s risk quality at Opg = 0,5 %, and the consumer’s risk
quality at Ocgr = 2,0 %.

The specification refers to a single, lower limit. From Table 4, it is seen that the required sequential sampling
plan has the parameters

18

hp = 3,826
hg = 5,258
g =2,315
ny =49
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The equation for the acceptance value 4 becomes
A=2T78ngyy +4,591

and the equation for the rejection value R becomes
R=2778ngy, —6,310

The acceptance and rejection values corresponding to the cumulative sample sizes n,,=1.2, ..., 48 are
determined by successively inserting the values of ng, in these equations. The acceptance value 4, that
corresponds to the curtailment sample size is determined from

At = 2,778nt
with the curtailment sample size n, = 49.

Since|the withstand voltage of the insulators is determined to one decimal place, the acceptance and rejection
values are rounded to two decimal places.

Information needed Value obtained
g slope of the acceptance and rejection lines 2,315
hp intercept of the acceptance line 3,826
hg intercept of the rejection line 5,258
ny  cprtailment value 49
kpown standard deviation 1,2 kV
L Iqwer specification limit 200 kV

Table 1 — Example of the operation of the sequential sampling plan in the casge
ofa.single specification limit

Cymulative Inspection result Leeway Rejection value Cumulative Acceptance value
sample size leeway
Neum X y R Y A
kV
1 202,5 2,5 -3,53 2,5 7,37
2 203,8 3,8 -0,75 6,3 10,15
3 201,9 1,9 2,02 8,2 12,93
4 205,6 5,6 4,80 13,8 15,70
5 199,9 -0,1 7,58 13,7 18,48
& 2027 2F 1036 164 21,26
7 203,2 3,2 13,14 19,6 24,04
8 203,6 3,6 15,91 23,2 26,82
9 204,0 4,0 18,69 27,2 29,59
10 203,6 3,6 21,47 30,8 32,37
11 203,3 3,3 24,25 34,1 35,15
12 204,7 47 27,03 38,82 37,93
@  The lotis accepted.

The sample mean of the lot meets the acceptability criterion so the lot is accepted.
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8.2 Example 2

The specification for the dimension of an industrially manufactured mechanical part is 205 mm £+ 5 mm.
Production is stable and it has been verified that the dimension varies within a lot in accordance with a normal
distribution. It has further been documented that the standard deviation within a lot is stable and can be taken

tobe o =1,2

mm.

It has been decided to use a sequential sampling plan with the producer’s risk quality Opg = 0,5 %, and the
consumer’s risk quality Ocg = 2 % for both limits combined.

The parameters of the sampling plan are found from Table 4 to be 7, = 3,826, hg = 5,258, g = 2,315 and »; = 49.

The equation

AU = 7,2

and
AL = 2,7

Similarly, the

RU = 7,2

and

RL :2,7

The acceptar]

determined b
4y ; that corre

At,U = 7,

and

At,L = 2,-

with the curta

Since the dim

values are ro

I

F-fortheupperand-fower acceptarce vatues A and A, becore

220, — 4,591

781cum + 4,591

equations for the upper and lower rejection values R;;and R; become

22n,m +6,310

78 cym — 6,310

ce and rejection values corresponding to the etimulative sample sizes ng,, =1, 2, ..., 4
successively inserting the values of n_,,, in'these equations. The acceptance values 4,
spond to the curtailment sample size are determined from

D22,

178n,

Iment sample size nyg=49.

ension of the mechanical part is determined to one decimal place, the acceptance and rej
nded to two_decimal places.

18 are
y and

ection

Information peeded Value obtained

f factor from Fable 5 0,165

g slope of theaeceptanceandrejectioninres——————— 2345 |
hp  intercept of the acceptance line 3,826

hg intercept of the rejection line 5,258

ny  curtailment value 49

o known standard deviation 1,2 mm

L lower specification limit 200 mm

U upper specification limit 210 mm

Maximum process standard deviation, o5, (U~ L)f 1,65 mm

As cis less than o, ,,, the sample is analysed further for lot acceptability.

20
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Table 2 — Example of the operation of the sequential sampling plan in the case
of combined control of double specification limits

Cumulative | Inspection Leeway Lower Lower Cumulative Upper Upper
sample size result rejection acceptance leeway acceptance rejection
value value value value
Aeum X y R; Ap Y Ay Ry
mm

1 202,5 2,5 -3,53 7,372 2,5 2,632 13,53
2 203,8 3,8 -0,75 10,158 6.3 9,852 20,75
3 201,9 1,9 2,02 12,93 8,2 17,08 27,98
4 205,6 5,6 4,80 15,70 13,8 24,30 35,20
5 199,9 -0,1 7,58 18,48 13,7 31,52 42,42
6 202,7 2,7 10,36 21,26 16,4 38,74 49,64
7 203,2 3,2 13,14 24,04 19,6 45,96 56,86
8 203,6 3,6 15,91 26,82 23,2 53,19 64,09
9 204,0 4,0 18,69 29,59 27,2 60,41 71,31
10 203,6 3,6 21,47 32,37 30,8 67,63 78,53
11 203,3 3,3 24,25 35,15 34,1 74,85 85,75
12 204,7 4,7 27,03 37,93 38,80 82,07 92,97

@  Agceptance is not permitted for this cumulative sample size sincé the lower acceptance value would have excg¢eded the upper

accepfance value.

b The lotis accepted.

The sample mean of the lot meets the acceptability criterion so the lot is acceptable.
NOTE(1 For a single sampling plan from 1SO 2859-1, the required sample size is n = 32.

NOTEJ|2 If, for example, o had peen known to be 2,0 mm, then o exceeds the a5 and therefore sampling inspection
should| not even have taken plaee.

8.3 [Example 3

The specification farthe output voltage of an electronic component is 5 950 mV + 50 mV. Produgtion is stable
and itlhas been verified that the output voltage varies within a lot in accordance with a normal |distribution. It
has flrther_been documented that the standard deviation within a lot is stable and can bg taken to be
o =12 mX.

It has been decided to USe a sequential sampling plan with the producers fisk quality Opgr ;= U,5 %, and the
consumer’s risk quality Ocr =2 % for the upper specification limit U= 6 000 mV and the producer’s risk
quality Opg,;=2,5%, and the consumer's risk quality Ocg,=10% for the lower specification limit
L=5900mV.

Since the quality levels have been specified for each of the limits separately, two sets of parameters are
determined for the sequential sampling plan

The parameters of the sampling plan referring to the upper specification limit are found from Table 4 to be
hA,U: 3,826, hR,U: 5,258, gU: 2,315 and nt’U: 49

Similarly, the parameters of the sampling plan referring to the lower specification limit are found from Table 4
to be hp; =2,812, hg ; = 3,914, g, = 1,621 and n; ; = 29.
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Since the larger of the two curtailment values is n; ;= 49, the curtailment value that shall be used for the
sequential sampling plan is n; = 49.

The equations for the acceptance value A; and the rejection value R; corresponding to the upper

specification |
AU = 72,

and

imit become

22n¢,m —45,91

Ry =72,22ng,m + 63,10

Similarly, the
specification |

AL :19,

and

RL :19,z

The acceptar
determined b
Ay ;, correspor

At,U = 72
and
At,L = 19

with the curta

Since the oufput voltage of the insulators_is, determined in millivolts without decimals, the acceptandg

rejection valu

Information needed

equations for the acceptance value 4; and the rejection value R; corresponding to the
mit become

14506y + 33,74

5116, — 46,97

ce and rejection values corresponding to the cumulative sample sizes n,,,=1,2, ..., 4
successively inserting the values of n,,, in these equations. The acceptance values 4,
ding to the curtailment sample size are determined from

,22nt

457’lt

Iment sample size n, = 49.

bs are rounded to one decimal‘place. The results are shown in Figure 3.

Value obtained

lower

8 are
v and

e and

f factgr from Table 6 0,220
gy slop¢ of the acceptance and rejection lines for upper limit 2,315
hau interpept of the~acceptance line for upper limit 3,826
hRr.u interpept of.the rejection line for upper limit 5,258
1y curtgilment value 49

gr slope of the acceptance and rejection lines for lower limit 1,621
hp intercept of the acceptance line for lower limit 2,812
hr intercept of the rejection line for lower limit 3,914
c known standard deviation 12 mV
L lower specification limit 5900
U upper specification limit 6 000
Maximum process standard deviation, op,,: (U - L)f 22 mV

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

22
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Table 3 — Example of the operation of the sequential sampling plan in the case
of separate control of double specification limits

Cumulative | Inspection Leeway Rejection | Acceptance | Cumulative | Acceptance | Rejection
sample size result value for value for leeway value for value for
lower limit lower limit upper limit | upper limit
oum x y Ry Ay Y Ay Ry
mV
1 5930 30 -27,5 53,2 30 26,3 135,3
2 5909 9 -8,1 72,6 39 98,5 207,5
3 5921 21 11,4 92,1 60 170,7 279,8
4 5924 24 30,8 111,6 84 24350 352,0
5 5927 27 50,3 131,0 111 315,2 4242
6 5939 39 69,7 150,5 150 3874 496,4
7 5914 14 89,2 169,9 164 459,6 568,6
8 5916 16 108,6 189,4 180 531,8 640,9
9 5932 32 128,1 208,8 2122 604,1 713,1
2@ The lotis accepted.
9 Tlables
Table$ 4 to 6 are given on the following pages.
Table[4 — Parameters for sequential samplingplans for percent nonconforming (Master table fof « ~ 0,05 and

B=0,1)

Table|5 — Values of f for maximum precess standard deviation (combined control of double

limits)

Table|6 — Values of f'for maximum process standard deviation (separate control of double speci

specification

fication limits)
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