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INTERNATIONAL STANDARD

ISO 8423:1991(E)

Sequential sampling plans for inspection by variables for
percent nonconforming (known standard deviation)

Section 1:

General

11 Scqape

111 Th International Standard specifies se-
quential gampling plans and procedures for in-
spection |by variables of discrete items. It is
complemgntary to ISO 8422. The plans in the main
body of the standard are indexed in terms of the
producer’$ risk point and the consumer’s risk point.

Annex A ppecifies sequential sampling plans and
procedurels indexed in terms of the acceptable
quality leyel (AQL) to supplement the system of
sampling plans in 1SO 3951.

The purpase of this International Standard is to pro-
vide procgdures based on a sequential' assessment
of inspection results, that may be used to induce the
supplier through the economic Jand psychological
pressure @f non-acceptance oOflots of inferior quality
to supply Jots of a quality baving a high probability
of acceptance. At the same time the consumer is
protected [by a prescribed upper limit to the proba-
bility of agcepting Iots‘of poor quality.

1.1.2 Th¢ _sampling plans in this International
Standard are_primarily designed for use when all of

c)

d)

where proddgction
control) and the quality characte
known-~standard deviation and is ¢
cording to a normal distribution d
praximation to the normal distribut

istic x has a
istributed ac-
r a close ap-
on;

is stable (un:ller statistical

where a contract or standard defines an upper

specification limit U, a lower spe
L., or both; an item is qualified as n
when its measured quality charact
fies one of the following inequalitie

ification limit
onconforming
bristic x satis-
S:

x> U . (1)
x <l ... (1.2)
either
x>U
or
x< L ...(1.3)

Inequalities (1.1) and (1.2) are call

bd cases with

a single specification limit, and (1.
double specification limits. In this |

8) a case with
st situation a

further distinction is made betweegn separate or
combined double specification limits according to
whether the risks are considered Ifor each limit

the following conditions are satisfied:

a) where the inspection procedure is to be applied
to a continuing series of lots of discrete items all
supplied by one producer using one production
process. If there are different producers, this
International Standard shall be applied to each
one separately;

b) where only a single quality characteristic x of
these items is taken into consideration, which
must be measurable on a continuous scale. If se-
veral such characteristics are of importance, this
International Standard does not apply;

separately or for both limits combined (see
2.3.3).

1.2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this International Standard. At the time of publi-
cation, the editions indicated were valid. All stan-
dards are subject to revision, and parties to
agreements based on this International Standard
are encouraged to investigate the possibility of ap-
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plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

ISO 2854:1976, Statistical interpretation of data —
Techniques of estimation and tests relating to means
and variances.

1ISO 2859-1:1989, Sampling procedures for inspection
by attributes — Part 1: Sampling plans indexed by
acceptable quality level (AQL) for lot-by-lot in-
spection.

1.3.1.4 maximum process standard deviation for
separate double specification limits [MPSD (sep.)]:
The upper limit to those values of the process stan-
dard deviation for which acceptance sampling is
applicable in the case of separate double speci-
fication limits. (See 2.4.3.2)

1.3.1.5 cumulative sample size (n,,): When sampl-
ing inspection of items from a lot is performed se-
gquentially, the total number of inspected items,
counting from the start of the inspection up to, and
including, the item last inspected

1ISO 3534-1:—", Qtatistics — Vocabulary and symbols
— Part 1: Probability and general statistical terms.

1ISO 3534-2:—", Jtatistics — Vocabulary and symbols
— Part 2: Statistjcal quality control.

1ISO 3951:1989, Sampling procedures and charts for
inspection by vafiables for percent nonconforming.

1SO 8422:1991, $equential sampling plans for in-
spection by attriputes.

1.3 Definitions and symbols

1.3.1 Definitions

For the purpose
definitions give
ISO 3951, togeth

5 of this International Standard, the
h in [SO 3534-1, 1SO 3534-2 and
pr with the following definitions, ap-

ply.

1.3.1.1 separatg double specification (linmits: The
term used whejv both upper and lower limits are
specified and sgparate AQLs [or separate produc-
er’s and consunjer’s risks] apply‘to-each limit. (See
2.3.3)

NOTE 1 The wofds in brackets have been added to the
definition given in|1SO 3951 'as a broader definition is re-
quired in this IntefnationahStandard.

1.3.1.2 combindd_double specification limits: The

1.3.1.6 least assessable quality level (LAQ): For a
given sequential sampling plan, the process| quality
level which entails the largest average sample size.

1.3.1.7 leeway (y): A quantity derived from the
measured value on an item._In the case of & single
lower specification limit ‘and in the case of{double
specification limits, the\leeway is obtained py sub-
tracting the numerical value of the lower| speci-
fication limit from\ the measured value. In the case
of an upper specification limit, the leeway| is ob-
tained by subiracting the measured value fom the
numerical valUe of the upper specification limit.

1.3.1.8, cumulative leeway (}): When sampling in-
speetion of items from a lot is performed sequen-
tially, the value calculated by summing the Ipeways
obtained from the start of the inspection up|to, and
including, that of the item last inspected.

1.3.1.9 acceptance value for sequential sampling
(A): A value derived from the specified pargmeters
of the sampling plan and the cumulative |[sample
size. Whether the lot may yet be accepted i$ deter-
mined by comparing the cumulative leeway yith the
acceptance value.

1.3.1.10 rejection value for sequential sampling
(R): A value derived from the specified pargmeters
of the sampling plan and the cumulative [sample
size. Whether the lot may yet be considefed un-
acceptable is determined by comparing thd cumu-
lative leeway with the rejection value.

term used when both upper and lower limits are
specified and an AQL is given [or the producer’s
and consumer’s risks] which applies to the com-
bined percent nonconforming at the two limits. (See
2.33)

1.3.4.3 limiting process standard deviation for
combined double specification limits [LPSD
(com.)]: The upper limit to those values of the proc-
ess standard deviation for which sequential sampl-
ing is applicable in the case of combined double
specification limits. (See 2.4.3.1))

1) To be published.

1.3.2 Symbols

The symbols used in this International Standard are
as follows:

A Acceptance value for sequential sam-
pling.

Ay Acceptance value corresponding to the
curtailed value of the cumulative sam-
ple size.
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CRQ Consumer’s risk quality level (in per- Pa Producer’s risk quality level (in pro-

cent nonconforming). portion nonconforming). P,=1—«
. when p = p,.

f In the case of separate double speci-
fication limits, a coefficient, which in Pq Least assessable quality level (in pro-
conjunction with ¢ and (U — L) deter- portion nonconforming). p, = 1 — F(g).
mines the applicability of acceptance o ) )
sampling. (See 2.4.3.2) PR Consumer’s risk quality level (in pro-

portion nonconforming). P,=f when

F Standardized normal distribution func- P =R
tion.

P, The probability of acceptance.
g Multiplier of the cumulative sample ) " '
= pvel (in percen
ceptance values and the rejection val- nonconforming).
ues (slope of the acceptance and L .
refection lines). R iFf‘e;jectlon value for’sedquential sampl-
ha Constant that is use_d to determine the U Upper specification limlt (as a super-
acceptancg values (intercept of the ac- script {0\ & parameter |or a variable
ceptance line). denotes its value for U)

I Constant that is used to determine the -
rejection values (intercept of the re- X gﬂnegzui';g?n V?'Uf :uf :he characteristic
jection line). of proguct.

L Lower specification limit (as a super- Y Leeway, defined as
script to a parameter or a variable, - U f . .
denotes its value for L). %")lc-atio;ljicmic:r a singje upper speci-

LAQ Least assessable quality level (in per- ) )
cent nonconforming). y=x—L for a single lower speci-

fication limit, and

LPSD (cdm.) Limiting process standard deviation for
combined double specification limits: y=x—1 for doublg specification

limits

MPSD (sep.) Maximum process standard~deviation
for separate double specification lim- Y Cumulative leeway obtalined by adding
its. the leeways up to, and including, the

e Sample size for a single sampling plan item last inspected.
corresponding 1q-41&” sequential sam- z, The P-fractile of the| standardized
pling plan. normal distribution:

N,y Average sample size. s — 16449

005~ — 1,

Peum Cumulative sample size. .

since

n Curtailment value of the cumulative
sample size. I(— 1,644 9) =0,05

p Process quality level (in proportion 2846
nonconforming). '

since

NOTE2 To convert p to percent noncon-
forming, multiply by 100.

I'(— 1,281 6) = 0,10
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o The producer’s risk.2
B The consumer’s risk.?
o Standard deviation of x in the process.

(62, the square of the standard devi-
ation, is known as the variance.)

Y In the case of combined double speci-
fication limits, a coefficient which in
conjunction with o and (U — ) deter-
mines the applicability of sequential
sampling. (See 2.4.3.1))

lot is considered acceptable and sampling of that lot
is terminated.

If, on the other hand, the cumulative leeway is such
that the risk of non-acceptance for a lot of satisfac-
tory quality (the producer’s risk) is sufficiently low,
the lot shall be considered not acceptable, and
sampling of that lot is terminated.

If the cumulative leeway does not allow either of the
above decisions to be taken, then an additional item
is inspected. The process is continued until sufficient
sample information has been accumulated to war-

A Index parameter that is used to deter-
mine approximations to the OC curve
at general quality levels. (See C.2.2)

1.4 Principle of sequential sampling by
variables

Under a sequential sampling plan by variables,
items are selecled at random and subjected to in-
spection one by one. After the inspection of each
individual item, the cumulative leeway is calculated
and used to asspss whether there is sufficient infor-
mation to sentepce the lot at that stage of the in-
spection.

If, at a given stage the cumulative leeway is such
that the risk of accepting a lot of unsatisfactory
quality (the congumer’s risk) is sufficiently low, the

rant a decision that the lot is acceptable| or not
acceptable.

NOTE3 In the case of separate doublé spegification
limits, the assessment of the cumulative leeway is per-
formed for each limit separately. If,|at’a given sfage, the
risk of judging a lot of satisfactory quality tg be un-
acceptable is sufficiently low for one or other of the limits,
inspection terminates and thé€)lot is not accepted. Alter-
natively, if at a given stage the risk of judging|a lot of
unsatisfactory quality to'be acceptable is sufficigntly low
for one of the limits}_then the lot is considergd to be
acceptable with pespect to that limit and inspegtion for
that limit is terminated; inspection is continued uptil

a) satisfactory results are obtained also for the other
limit, An“which case the lot is considered to bg accept-
abley.or

bj\Gnspection for the other limit leads to non-ac¢eptance
of the lot.

2) « and § may be considered to be the type | and type Il risks, respectively, when testing the null hypothesis

Hy: p = pa

against the alternative hypothesis

Hy: p=pg
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Section 2:

21 Factors determining the choice of a
sequential sampling plan by variables

2.1.1 Choice between variables and attributes

2.1.1.1 The first question to consider is whether it
is desir
attribute$. The following points should be taken into
account.

a) In telms of economics, it is necessary to com-
pare |the total cost of the relatively simple in-
spection of a larger number of items of product
by am attributes plan with the generally more
elabdrate procedure required by a variables
plan,|which is usually more expensive in time
and rmoney per item.

b) A vaifiables plan can be less readily understood
than |[an attributes plan; for example, it may at
first be difficult to accept that, when inspecting
by vdriables, a decision not to accept a lot may
be bgsed on measurements taken on a sample
that does not contain any nonconforming items.

c) A cormpparison of the size of the samples required
for sampling plans for inspection by attributes
and ¢quivalent sampling plans for inspéction by
variaples shows that a variables sampling plan
requifes a smaller sample size to give the same
prodycer’s and consumer’s risksithan an attrib-
utes [sampling plan. A variables’ sampling plan
therefore has a substantial.advantage when the
inspection process is expensive, for example in
the cpse of destructive-testing.

d) The gampling plans.in'this International Standard
only apply to the case of a single quality charac-
terist|c. If conformance to specification is to be
assegsed n.terms of more than one quality
chardcteristic, the standard shall be applied
separately to each of these. In such a situation

1SO 8423:1991(E)

Choice of sampling plan

ing results previously obtained using a single sam-
pling plan, and the stability of the standard deviation
may emerge from a control chart measuring process
variability. If it appears that the standard deviation
is in control, the (weighted) root mean square value
of observed standard deviations may be presumed
to be o, the “known” standard deviation of the
process. In order to verify that the variability re-
mains under control, the standard, dpviation in sub-
sequent samples should still be €alciilated.

If inspection is carried out on an isqlated lot, there
will be no evidence aboutthe standard deviation of
the process, and therefore this Intgrnational Stan-
dard does not apply to the inspection|of isolated lots.

NOTES

4 Tests for departure from normality pre dealt with in
section two-of 1SO 2854:1976, which prpvides examples
of graphicahmethods which can be used|to verify that the
distribution of the data is sufficiently norfmal to justify the
useofssampling by variables.

5. A more comprehensive treatment of fests of normality
is given in ISO 5479.

6 If k samples have given the estimales s,, s5,...5, of @

then the weighted root mean square esfimate s is deter-
mined as

(ny — 1)st + "2_1)513+ - +|(n k—1)SI§
m T 4m 1+ Fn—1

n, denote the sizes of the & samples.

where ny, ny, ...,

2.1.2 Choice between sequential and single
sampling plans

The average sample size is the averpge of the vari-
ous sample sizes which may occur under a sampl-
ing plan for a given level of the process quality. The
use of sequential sampling plans legds to a smaller
average sample size than single $ampling plans
having the same operating characteristic. For good

it is recommended that all the qualily charac-
teristics be treated as attributes and that attrib-
utes sampling plans from ISO 2859-1 or ISO 8422
be used.

2.1.1.2 The sequential sampling plans in this Inter-
national Standard may only be used when there is
reason to believe that the distribution of measure-
ments is normal and when there is valid evidence
that the standard deviation of the process can be
considered constant and taken to be o.

If inspection is carried out on a continuing series of

lots, the hypothesis of normality can be verified us-

or very poor quality lots, the savings over the cor-
responding single sampling plans may reach, or
even exceed, 50 %.

On the other hand, the actual number of items in-
spected for a particular lot when using a sequential
sampling plan may considerably exceed that of the
corresponding single sampling plan. For the se-
quential sampling plans in this International Stan-
dard, a curtailment rule (see 2.1.4) has been
introduced in order to limit the potential number of
inspected items. Annex C gives a method for deter-
mining approximate values of the average sample
size.
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As the ultimate sample size from a particular lot is
not known in advance, the selection of the sample
may present organizational difficulties when se-
quential sampling plans are used. Moreover, the
scheduling of inspection operations may present
difficulties when using a sequential sampling plan.
A further disadvantage is that the execution of a se-
quential sampling plan is more easily misunder-
stood by the inspectors than the simpler rules for
single sampling.

When the inspection procedure is applied to the
case of separa cification limits on a

out a decision having been made. The acceptance
or non-acceptance of the lot is then determined in
accordance with a rule which is also agreed in ad-
vance of sampling. The curtailment rules of this
International Standard have been determined in
such a way that the producer’s and consumer’s
risks are hardly affected by this deviation from the
principles underlying the statistical theory of se-
quential sampling inspection. The curtailment rules
to be used are given in 2.4.2.

2.2 Particular reservations on the

single quality characteristic, it may happen that in-
spection conceftning one of the limits terminates
favourably long pefore enough information has been
accumulated to| warrant a decision regarding the
other limit. Thefefore sampling has to continue for
some time befofe an overall decision can be taken.

The balance between the advantages of a smaller
average sample size and the organizational dis-
advantages asspciated with a fluctuating inspection
load results in sequential sampling by variables be-
ing suitable whegn only a single quality characteristic
is considered apd when the inspection of individual
items is costly {n comparison with inspection over-
heads.

2.1.3 Caution

The choice between single and sequential sampling
plans shall be nhade before the inspection of a lot is
started. During the inspection of a lot, it is not per-
mitted to switchl between one type of sampling plan
to another as the operating characteristic of the, ptan
may be drasticglly changed if the actual inspection
results influence¢ the choice of acceptance criterion.

2.1.4 Curtailment of the sample size

Although a seqpential sampling“plan is on average
much more ecgnomical thapythe equivalent single
sampling plan, |it may occur; during the inspection
of a particulgr lot, that acceptance or non-
acceptance comes at a-very late stage because the
cumulative leeway femains between the acceptance
value and the rejection value for a long time. With

inspection of small lots

The statistical theory underlying the’ sefuential
sampling plans in this International Standard is
based on the assumption that the samples ate taken
from an infinitely large population. When spmpling
is carried out without replacement from a|lot, the
theory remains valid for. alhpractical purposps if the
cumulative sample sizé_does not exceed ohe-tenth
of the lot size N; the theory remains approximately
valid even for cumulative sample sizes up|to one-
seventh of N. Unfertunately, in contrast to {he situ-
ation for single sampling plans, the| actual
cumulativeisample size that is necessary |n a se-
quential @ampling plan will not be knowr in ad-
vance:

In the case of a small lot it is therefore advisable to
ensure that the size of the lot is sufficiently [large to
allow a curtailed sequential sampling plan o oper-
ate under sampling without replacement, in|accord-
ance with the specified producer’'s and consumer’s
risks. For the general sequential sampling plans
described in 2.3.2 and 2.4.1, it is therefore| recom-
mended that the lot size exceed 7n, where | is the
curtailment value of the sequential sampling plan.

NOTE 7  If the lot size is not sufficiently large {o satisfy
the above requirement, both the consumer’s and the pro-
ducer’s risks will generally become less than their speci-
fied values.

2.3 Selection of a sampling plan

2.3.1 Plans matching those of ISO 3951

the graphical nrethod—this bUllepU!lda to—the—ran-
dom progress of the step curve remaining in the in-
decision zone. Such a situation is most likely to
occur when the quality of the lot is close to LAQ.

In order to alleviate this disadvantage, a maximum
cumulative sample size n, is set before sampling
begins, and inspection is stopped if the cumulative
sample size reaches the curtailment value, », with-

If it is required to find a sequential sampling plan
matching a “o” method plan from 1SO 3951:1989,
then annex A may be used. Annex A contains se-
quential sampling plans indexed by acceptable
quality level (AQL) and sample size code letter. The
operating characteristic curves of these plans
match, as closely as practicable, those of the corre-
sponding “o" method plans in ISO 3951.
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Figure 1 — Operating characteristic curve for a sampling plan with producer’s risk « = 0,05 and consumer’s

2.3.2 Gpneral plans

The gengral method described in 2.3.2 and 2.4.1 is
used when the requirements of the sequential sam-
pling plan are specified in terms of two points onthe
operating characteristic curve of the plan. The point
corresponding to the higher probability of\accept-
ance shall be designated the producer’s Fisk point,
the other] shall be designated the consumer’s risk
point.

The first $tep when designing a-sequential sampling
plan by the general method-is.to choose the pro-
ducer’s and consumer’s risk points, if they have not
already Wbeen dictated ,by-~circumstances. For this
purpose, |a producer'g)risk of « =0,05 and a con-
sumer’s |risk of f'=0,10 are often used. (See
figure 1)

When the desited sequential sampling plan is re-
quired to hayve approximately the same operating

risk f = 0,10

When both upper and lower specificgtion limits are
given, it may be appropriate to consifler quality lev-
els specified separately for each limit| in which case
the limits are known as “separate |double speci-
fication limits”. Alternatively, an overall quality level
may be specified for the proportion Fonconforming
for the combined process at both {he upper and
lower limits, in which case the limits| are known as
“combined double specification limits|".

2.4 Pre-operation preparation

2.4.1 Obtaining the parameters 4,, /; and g

The criteria for acceptance and for non-acceptance
of a lot that are invoked at each stage of the in-
spection are determined from the panameters A,, A
and g.

characteristicasan existing sampting ptam, thepro-
ducer’s risk point and the consumer’s risk point may
be read off from a graph or a table of the operating
characteristic of that plan. When no such plan exists,
the producer’s and consumer’s risk points have to
be determined from direct considerations of the
conditions under which the sampling plan will oper-
ate.

2.3.3 Specifying quality levels

When only a single specification limit is considered,
the proportion nonconforming in incoming product
relates to that limit.

The values of these parameters corresponding to a
producer’s risk of « =0,05, a consumer’s risk of
f = 0,10 and preferred values of the producer’s and
consumer’s risk qualities are given in table 1.

Annex B gives general procedures for determining
hs, by and g for any combination of producer’s and
consumer’s risk points.

In the case of a single specification limit or com-
bined double specification limits, only one set of
parameters h,, iy and g shall be determined.

With separate double specification limits, two sets
of parameters shall be determined:
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KO, KO and g©

, corresponding to the upper
limit, and :

h,(\L), h,(;” and g‘l’), corresponding to the lower
limit.

2.4.2 Determination of the curtailment value
of the sample size

2.4.21 Standard procedures

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

These requirements are achieved by fixing the pro-
ducer’s risk point at p, =0,005, « =0,05 and the
consumer’s risk point at p; = 0,02, § =0,10.

The specification refers to a single, lower limit. From
table 1 it is seen that the required sequential sam-
pling plan has the parameters

hy = 4,312
B =5 536

a) If the sampl i ing—plan
that is equivplent to the sequential sampling plan
under consideration is known, the curtailment

value for the cumulative sample size is deter-
mined as n = 1,50n,, rounded up to the nearest
integer.

b) If the sample size of the equivalent single sam-
pling plan if not known, the curtailment value is
determined from the producer’s and consumer’s
risk points.

The curtailment values corresponding to a pro-
ducer’s risk of « =0,05, a consumer’s risk of
f =0,10 and preferred values of the producer’s
and consumer’s risk qualities are given in
table 1.

Annex B gives general procedures for deter-
mining n, fof any combination of producer’s and
consumer’s frisk points.

NOTE 8 In the|case of separate double specification
limits, the curtailinent value is determined for each of.the
limits separately [according to the above rule. The, curtail-
ment value to be|used for the curtailed sequentialisampl-
ing plan is taken [as the larger of the two values obtained.

2.4.2.2 Truncation for small lots

If the resulting yalue of n, exceeds the lot size, then
the sequential $ampling platdshall be used with the
curtailment vallie n, of the 'sample size equal to the
lot size.

24.2.3 Examplr

g2=2315
n =49

The same values would have resulted from using
the general procedure given_ in_annex B.

2.4.3 Maximum values of process standard
deviation

2.4.3.1 Limiting process standard deviation| for
combined double specification limits, LPSD [com.)

In the case of combined double specificatign limits,
sequential sampling is only applicable if the[process
standard deviation o is sufficiently small in[relation
tothe specification interval (U — L). The| limiting
value of the process standard deviation is gjiven by

LPSD = (U — L)y

where  depends only on PRQ, the producer’s risk
quality.

Table 2 gives values of Y corresponding to greferred
values of PRQ.

2.4.3.2 Maximum process standard deviation for
separate double specification limits, MPSD (sep.)

In the case of separate double specificatign limits,
sampling by variables is only applicable if the proc-
ess standard deviation o is sufficiently small in re-
lation to the specification interval (U —|L). The
maximum tolerable value of the process $tandard

The specified minimum withstand voltage for certain
insulators is 200 kV. Lots from a steady production
are submitted for inspection. Production is stable
and it has been verified that the withstand voltages
vary within a lot in accordance with a normal dis-
tribution. It has further been documented that the
standard deviation within a lot is stable and can be
taken to be o = 1,2 kV.

It has been decided to use a sequential sampling
plan with the following properties:

a) If submitted quality is 0,5 % nonconforming, then
the probability of acceptance shall be 0,95.

deviation is given by
MPSD = (U — L)/

where f depends on PRQ and PRQ"“), the produc-
er’s risk qualities for the upper and the lower
specification limit, respectively.

Table 3 gives values offcorrespondmg to preferred
values of PRQ'"” and PRQ

If, in the case of separate double specification limits,
o exceeds MPSD, the lot shall immediately be
judged not acceptable without a sample being
drawn.
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NOTES9 When o exceeds MPSD, no lot can satisfy both
requirements

p” < PRQ®

and

p"? < PRQ™

and therefore acceptance sampling is pointless.

2.4.4 Choosing the form of the sampling plan

ISO 8423:1991(E)

The graphical method is well suited to the inspection
of series of lots, as the chart need only to be drawn
once, but the method is less accurate due to the in-
accuracy inherent in plotting points and in drawing
straight lines. On the other hand, the method does
have the advantage of displaying the increase in the
information on the quality of the lot as additional
items are inspected, information being represented
by the progress of a broken line within the indeci-
sion zone until the line reaches, or crosses, one of
the boundaries of that zone.

This International Standard gives two methods: a ] . d method. The

numericdl method and a graphical method.

The numegrical method has the advantage of being
accurate| thereby avoiding disputes about accept-
ance or rlon-acceptance.

graphical method may be used only\with the proviso
that “close” decisions to accept or not to accept a
lot shall always be resolved. by [the numerical
method.
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Table 1 — Sequential sampling plans by variables for percent nonconforming
for producer’s risk « = 0,05 and consumer’s risk f = 0,10

PRQ and CRQ levels in percent nonconforming

Consumer’s risk quality level

Par- CRQ
PRQ am-
eters

0,80 1,00 1,25 1,60 2,00 2,50 3,15 4,00 5,00 6,30 8,00 10,00 | 12,50 | 16,00 | 20,00 | 25,00 | 31,50

ha 3,304 | 2947 | 2,652 | 2,380 | 2,172 | 1,992 | 1829 | 1681 | 1,558 | 1,443 | 1336 | 1,245 | 1,161 | 1,074 | 1,001 | 0,932 | 0,863

0.100 hg 4242 | 3,784 | 3,405 | 3,056 | 2,789 | 2,557 | 2,348 | 2,158 | 2000 | 1853 | 1,715 | 1,598 | 1490 | 1,379 | 1,285 | 1,196 | 1,108

! 4 2,750 | 2,708 | 2,666 | 2617 | 2572 | 2,525 | 2475, 2420 | 2368 | 2310 | 2248 | 2186 | 2,120 | 2042 | 1966 | 1882 | 1,786
g 29 23 19 16 13 1" 10 8 8 7 7 5 5 4 4 4 4

ha 3,644 | 3,230 | 2879 | 2,561 | 2,322 | 2,117 | 1,934 | 1,769 | 1,633 | 1,508 | 1,391 | 1,293 | 1,202 | 1,110 | 1,0832°1.0,958 | 0,886

0.125 hr 4704 | 4,147 | 3696 | 3,288 | 2,981 | 2718 | 2483 | 2,271 | 2,097 | 1,936 | 1,786 | 1,659 | 1,543 | 1425 | 1,325/ 1,431 | 1,137

! g 2,716 | 2,675 | 2,632 | 2,584 | 2,539 | 2,492 | 2,441 | 2,387 | 2,334 | 2,277 | 2,214 | 2,152 | 2,087 | 2,009, 1,932 | 1,449 | 1,753
ny 35 28 23 19 16 13 1 10 8 7 7 5 5 5 4 4 4

ha 4,137 | 3,622 | 3,187 | 2,802 | 2,518 | 2,279 | 2,068 | 1,881 | 1,728 | 1,588 | 1,459 | 1351 | 1,252 |(3,¥53 | 1,069 | 0,990 | 0,913

0.160 hg 53643 1 4651 | 4091 | 3597 | 3,233 | 2926 | 2655 | 2414 | 2,218 | 2039 | 1873 | 1,735 | 1,608<} +480 | 1,372 | 1,371 1,172

T g 2,618 | 2,637 | 2,595 | 2,546 | 2,501 | 2,454 | 2,404 | 2349 | 2,296 | 2,239 | 2,176 | 2,115 | 2,049 | 1971 | 1,895 | 1,411 | 1,715
ny 4 35 28 22 17 14 13 10 10 8 7 7 5 5 4 4 4

ha 4,798 | 4,080 | 3,536 | 3,068 | 2,731 | 2,452 | 2,209 | 1,997 | 1,825 | 1,670 | 1,528 | 1,410(~1,303 | 1,195 | 1,105 | 1,422 | 0,939

0 200 hg 6,140 | 5,238 | 4,539 | 3,939 | 3,506 | 3,148 | 2,837 | 2,564 | 2,344 | 2,144 | 1,962 | A/ B107| 1,673 | 1,534 | 1,419 | 1,312 | 1,206

' g 2,644 | 2602 | 2,560 | 2,511 | 2,466 | 2,419 | 2,369 | 2,314 | 2,262 | 2,204 | 2,142,/~2,080 | 2,014 | 1,936 | 1,860 776 | 1,680
ny 5 44 34 25 20 17 14 11 10 8 7 7 5 5 5 4 4

ha 5685 | 4,683 | 3980 | 3,398 | 2,989 | 2,658 | 2375 | 2,131 | 1,937 | 1,763 | M606 | 1,476 | 1,359 | 1,242 | 1,145 | 1,456 | 0,968

0250 hr 7,260 | 6,013 | 5110 | 4,362 | 3,837 | 3,412 | 3,049 | 2,736 | 2,487 | 2,263,.4.2062 | 1,895 | 1,745 | 1,595 | 1471 | 1,355 | 1,243

! 8 2,608 | 2,567 | 2,524 | 2,476 | 2,430 | 2,384 | 2,333 | 2,279 | 2,226 | 2,169 | 2,106 | 2,044 | 1,979 | 1901 | 1824 | 1,441 | 1,644
ny 83 58 41 31 25 19 16 13 11 10 8 7 7 5 5 4 4

ha 6,974 | 5553 | 4591 | 3,833 | 3,320 | 2,917 | 2,580 | 2,295 | 2,074)\| 1,873 | 1,697 | 1,552 | 1,424 | 1296 | 1,191 | 1,494 | 1,001

0315 hp 8,983 | 7,130 | 5895 | 4921 | 4,263 | 3,745 | 3,313 | 2,946 | 2659 | 2,405 | 2,179 | 1,993 | 1,828 | 1664 | 1,529 | 1,405 | 1,285

! g 2,570 | 2,529 | 2,487 | 2,438 | 2,393 | 2,346 | 2,295 | 2,241 |\2,188 | 2,131 | 2,068 | 2,007 | 1,941 | 1,863 | 1,787 | 1,703 | 1,607
ny 12 80 55 38 29 23 19 14 13 10 8 8 7 5 5 g 4

ha 9,259 | 6,912 | 5482 | 4435 | 3,763 | 3,253 | 2,839 { 2,498 | 2,235 | 2,006 | 1,805 | 1,643 | 1,499 | 1,358 | 1,244 | 1,138 | 1,037

040 hg 11,887| 8,874 | 7,038 | 5694 | 4831 | 4,176 | 3.645/1.8,207 | 2870 | 2,576 | 2318 | 2,109 | 1,925 | 1,744 | 1,596 | 1,462 | 1,332

! ¥4 2,530 | 2,489 | 2,447 | 2,398 | 2,353 | 2,306 | 2,256\] 2,201 | 2,148 | 2091 | 2,029 | 1,967 | 1,901 | 1823 | 1,747 | 1463 | 1,567
ny 21 122 77 52 37 28 22 17 14 11 10 8 7 7 5 § 4

hp 13,488| 9,024 | 6,732 | 5218 | 4312 | 3,656\| 3,141 | 2,728 | 2418 | 2,153 | 1923 | 1,739 | 1,579 | 1,424 | 1,298 | 1,184 | 1,075

050 hr 17,817] 11,586 8,643 | 6,700 | 5,536 | 4693 | 4,033 | 3,503 | 3,105 | 2,764 | 2,469 | 2,233 | 2,028 | 1,828 | 1,667 | 1,420 | 1,380

' g 2,492 | 2,451 | 2,409 | 2,360 | 2,315~\2,268 | 2,218 | 2,163 | 2,110 | 2,053 | 1990 | 1,929 | 1,863 | 1,785 | 1,709 | 1,425 | 1,529
ny 46! 208 116 71 49 35 26 20 16 13 1" 10 8 7 5 4 4

hp 26,]90f 13,358 8,882 | 6,424 (" 5403 | 4,209 | 3,542 | 3,025 | 2,649 | 2,333 | 2,066 | 1,855 | 1,674 | 1,500 | 1,362 | 1,337 | 1,118

063 hr 33,625] 17,150| 11,403| 8,247 |-6,552 | 5403 | 4,547 | 3,884 | 3,400 | 2996 | 2,652 | 2,382 | 2,150 | 1,926 | 1,748 | 1,488 | 1,436

! g 24%2 | 2411 | 2368 | 2,320)| 2,274 | 2,227 | 2177 | 2,123 | 2,070 | 2,012 | 1,950 | 1,888 | 1,823 | 1,745 | 1,668 | 1,985 | 1,488
ny 1732 454 202 106 68 46 34 25 19 16 13 10 8 7 7 § 5

ha 27,265] 131440} 8,511 | 6,339 | 5015 | 4,095 | 3,420 | 2946 | 2,562 | 2,243 | 1,997 | 1,789 | 1,592 | 1436 | 1,398 | 1,168

0.80 hgr 35,005|{17,255| 10,927| 8,138 | 6,438 | 5258 | 4,391 | 3,783 | 3,289 | 2,879 | 2.564 | 2,297 | 2,043 | 1,844 | 1,466 | 1,500

' g 2,368.[\2/325 | 2,277 | 2,231 | 2,184 | 2,134 | 2,080 | 2,027 | 1,969 | 1,907 | 1,845 | 1,780 | 1,702 | 1,625 | 1,442 | 1445
ny 1886 460 185 103 65 44 31 23 19 14 1" 10 8 7 5

ha 26,505 12,374| 8,259 | 6,145 | 4819 | 3911 | 3303 | 2827 | 2,444 | 2,155 | 1,914 | 1,690 | 1,516 | 1,363 | 1,220

100 hg 34,028 15,886] 10,603{ 7,889 | 6,187 | 5021 | 4,241 | 3,630 | 3,137 | 2,766 | 2,458 | 2,170 | 1,947 | 1,450 | 1,567

! 2 2,284 | 2,235 | 2,190 | 2,143 | 2,093 | 2,039 | 1,986 | 1928 | 1866 | 1804 | 1,738 | 1,660 | 1,584 | 1,500 | 1,404
ny 1781 389 175 97 61 40 29 22 17 13 11 8 7 7 5

10
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Table 1 — (concluded )

Consumer’s risk quality level
Param CRQ
PRQ eters
1,60 2,00 2,50 3,15 4,00 5,00 6,30 8,00 10,00 12,50 16,00 20,00 25,00 31,50
ha 23,209 11,997 7,999 5,890 4,588 3,774 3,165 2,692 2,345 2,063 1,805 1,608 1,437 1,279
195 hr 29,798 15,402 10,270 7,562 5,890 4,845 4,063 3,456 3,011 2,649 2,318 2,065 1,845 1,643
! g 2,193 2,148 2,101 2,050 1,196 1,943 1,886 1,823 1,761 1,696 1,618 1,542 1,458 1,362
ny 1367 367 164 89 55 38 26 20 16 13 10 8 7 5
hA 24,832 12,206 7,893 5718 4,507 3,665 3,045 2,609 2,265 1,958 1,728 1,632 1,354
hr 31,881 | 15671 | 10,134 | 7341 | 5786 | 4705 | 3909 | 3350 | 2908 | 2513 | 2219 | 1,966 | 1738
1,60 2 2 009 2089 2009 1048 1 895 1837 1775 1713 1847 1500 1493 1,409 1,313
n 1564 379 160 85 53 35 25 19 14 1 10 7 7
ha 24,006 11,572 7,429 5,506 4 299 3,471 2915 2,492 2,125 1857 1,632 1,432
200 hg 30,821 14,857 9,537 7,069 5519 4,456 3,743 3,199 2,729 2,385 2,096 1,839
' g 2,007 1,956 1,902 1,849 1,792 1,729 1,668 1,602 1,524 1,448 1,364 1,268
ny 1462 341 142 79 49 32 23 17 13 10 8 7
ha 22,341 10,757 7.144 5,237 4,057 3,318 2,781 2,332 2,013 1,751 1,623
250 hr 28,683 | 13811 9,173 6,723 5,209 4,260 3,570 2,994 2,585 2,248 1,955
' g 1,910 1,855 1,802 1,745 1,683 1,621 1,655 1,477 1,401 1,317 1,221
ny 1267 295 131 71 43 29 22 16 1 10 7
ha 20,747 | 10,503 6,840 4,957 3,897 3,176 2,603 2,212 1,900 1,634
215 hg 26,637 | 13,485 8,782 6,365 5004 4,078 3,342 2,840 2,440 2,098
' g 1,805 1,752 1,695 1,632 17670 1,505 1,427 1,350 1,267 1,170
ny 1093 281 121 64 40 28 19 14 11 8
ha 21,273 10,204 6,514 4,799 3,750 2,977 2,476 2,092 1,774
400 hr 27,311 13,101 8.363 6,161 4815 3,822 3,179 2,686 2,278
! g 1,698 1,640, 1,578 1,516 1,451 1,373 1,296 1,213 1,116
ny 1148 265 109 59 37 23 17 13 10
ha 19,612 9,389 6,197 4,553 3,461 2,803 2,320 1,936
500 hr 25,180 | 12,054 7,956 5845 4,444 3,598 2,979 2,485
' g 1,587 1,525 1,463 1,398 1,320 1,243 1,160 1,063
ny 976 224 98 55 32 22 16 11
ha 18,010 9,059 5,929 4,203 3,270 2,631 2,147
6.30 hR 23,123 11,630 7,612 5,396 4,198 3,378 2,757
! g 1,468 1,406 1,340 1,262 1,186 1,102 1,006
ny 824 209 91 46 29 19 13
ha 18,226 8,838 5,483 3,996 3,082 2,438
8.0 hp 23,400 | 11,347 7.039 5,130 3,956 3,130
' g 1,343 1,278 1,200 1,123 1,040 0,9934
ny 844 199 77 41 26 17
hA 17,159 7,842 5117 3,709 2,815
100 R 22,030 10,068 6,570 4,761 3,614
! g 1,216 1,138 1,062 0,9780 | 0,8816
ny 748 157 68 37 22

1"
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Section 3:

3.1 Specification of the plan

The choice between single and sequential sampling

shall be made
started.

before the inspection of a lot is

Before sequential sampling takes place, the inspec-

tor must recor

d—on the eampling document the

Operation of a sequential sampling plan

presented by two straight lines with the same slope,
go. The line with intercept h,o is the acceptance line
and the line with intercept — /iza is the rejection line.

Add a vertical line, the curtailment line, at a cumu-
lative sample size n,.

The lines define three zones on the chart.

specified values

In addition the
decision criteria
fication limit, a g
bined double sp
specification lim
rameters must |
decision criteria
determined by r
sampling is reqy

of hy, hz, g, nyand A,.

nspector shall record whether the
are based on a single upper speci-
ingle lower specification limit, com-
bcification limits or separate double
its. In this last case separate pa-
e supplied for the upper and lower
. The appropriate values shall be
bference to tables A.1 and A.2 if the
ired to be compatible with ISO 3951.

3.2 Preparing the sampling plan

3.21

Single specification limit

3.21.1 Acceptance and rejection values

For each value,
that is less than
ple size, the co
found as

A= gongm 1

Neums Of the cumulative sample size
the curtailment value n, of the sam-
rresponding acceptance value A _is

|- hAO'

The rejection value R is found as

R=gon,m 1

The acceptancT

curtailment sam|
Ay=gon

The acceptance
corded with on

hro

value A, cerresponding ic the
ple size is defermined as

and\rejection values shall be re-
b (decimal place more than the in-

— The acceptance zone is the zone aboye*[and in-
cluding) the acceptance line together with that
part of the curtailment line which is above (and
including) the point (n; A4,).

— The rejection zone is the zone below {and in-
cluding) the rejection line“together with that part
of the curtailment lineswhich is below the point

(. Ay,

— The indecisipinzone is the strip between|the ac-
ceptance and. rejection lines that is to the left of
the curtailment line.

3.2.1.3% Example

Consider the sequential sampling plan by variables
with parameters [.=200 kV; o =12 kV; h, = 4,312;
hg =5536; g=2315 and » =49 that werg deter-
mined in the example given in 2.4.2.3.

The formula for the acceptance value 4 becpmes
A=2778n,,, + 5,174

and the formula for the rejection value R begomes
R=12778n,,, — 6,643

cum
The acceptance and rejection values corresponding
to the cumulative sample sizes n.,,, =1, 2, ..|, 48 are
determined by successively inserting the values of
N.um In these formulae. The acceptance Malue A,
corresponding to the curtailment sample sizle is de-

termined from

spection results

3.21.2 Acceptance chart

Prepare a graph such as figure 3, with the cumula-
tive sample size as the horizontal axis, the cumula-
tive leeway as the vertical axis, and the formulae for
the acceptance values and the rejection values re-

14

with the curtailment sample size », = 49.

Since the withstand voltage of the insulators is de-
termined to one decimal place, the acceptance and
rejection values are rounded to two decimal places.
The results are shown in figure 2.
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Cumulatl_ve Inspection result Leeway Rejection value Cumulative Acceptance value
sample size leeway
Aeum X y R Y A
kv
1 202,5 2,5 -3,86 2,5 7,95
2 203,8 3,8 -1,09 6,3 10,73
3 2019 1.9 1,69 8,2 13,51
4 205,6 5,6 447 13,8 16,29
5 199,9 -0,1 7,25 13,7 19,06
6 202,7 2,7 10,02 16,4 21,84
7 203,2 32 12,80 19,6 24,62
8 2036 3.6 15.58 232 27,40
9 204,0 40 18,36 27,2 30,18
10 203,6 36 21,14 30,8 32,95
11 203,3 33 23,91 341 35,73
12 204,7 47 26,69 38,8 38,51
13 — — 29,47 The lot'is ac- 41,29
14 — — 32,25 cepted 44,07
48 126,70 138,58
49 136,12
Figure 2 — Inspection record sheet for the sequential sampling-plan for a single specification Jimit considered

Cumulaflve leeway

in the example given‘in-3.2.1.3

180

160

Acceptance
zone

140

120

A
=

100

80

60

-

Indecision
zone

—

- Ay = 136,12

e «
40 0“ i)
B /%
A

ReJectlon
zone

N

20

30

40 50  Neum

n

Cumulative sample size

Figure 3 — Acceptance chart for the sequential sampling plan for a single specification limit considered in the
example given in 3.2.1.3
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Figure3 shows an acceptance chart for this se-
quential sampling plan. To construct this chart a
sheet of graph paper was prepared with the cumu-
lative sample size n,,,, as the horizontal axis and the
cumulative leeway Y as the vertical axis. The ac-
ceptance line is the line passing through the point
(0; hpo) and all the points (ngym: 80Mym + Ha0).
Choosing ny, =30 we find gong,, + hyo = 88,51.
The line was constructed by plotting the points
(0;5,17) and (30; 88,51) on the graph paper and con-
necting the two points by a straight line. The re-

jection line was
the points (0; —
to (0; Ago) and
curtailment line

through n,,,, = 49.

3.2.2 Combin

similarly constructed by connectin
6,64) and (30; 76,70) corresponding
Aeym: R) with n, = 30. Finally, the
was constructed as a vertical line

ed double specification limits

3.2.21 Acceptance and rejection values

For each value,

n.m Of the cumulative sample size

that is less than|the curtailment value n, of the sam-

ple size, a pair

of acceptance values and a pair of

rejection values|are determined.

The upper acce

A(U):(U_

and the lower a

A - 80Ny

The upper rejection value

btance value 4 is found as
L — go)neym — Pac

cceptance value A" ag

L, + hpo

R(U) is found as

R = (U —|L — go)ngym + hro
and the lower r¢jection value RP as
R(L) = g0 Moy — hRa

Whenever the Jalue of A(U) is_ less than the corre-

sponding value

of A“’), the sttmulative sample size

is too small to dllow accepfance of the lot.

The acceptance
to the curtailme

AP = (U~

and

values At(m and A,(") corresponding
ht sample size are determined as

curtailment line) at a cumulative sample size n, and
the formulae for the acceptance and rejection values
represented by four straight lines.

The uppermost line (the upper rejection line) has
slope (U — L — go) and intercept hgo. The upper re-
jection zone is the zone above (and including) this
line together with that part of the curtailment line
which is above the point [n; A,(U)].

The lower rejection line is the lowermost line, with
slope go and intercept — hzo. The lower rejection
line to-
gether with that part of the curtailment ligeswhich is
below the point [n; At(”].

The rejection zone consists of the)upper pnd the
lower rejection zones.

The upper acceptance ling has slope (U —|I — go)
and intercept — h,o. Thefourth line (the lower ac-
ceptance line) is the line with slope go and iptercept
hao. The acceptance,zone is the triangular sector on
the chart which is"bounded by the upper acceptance
line, the lower<acceptance line and the curfailment
line. The acceptance zone includes the two|accept-
ance lines:xmoreover, that part of the curtailment
line which is between (and including) thg points
[ At(U)] and [n; At”’)] belongs to the acceptance
zone,

The V-shaped strip of the chart between the|accept-
ance and rejection zones that is to the left of the
curtailment line is termed the indecision zore.

3.2.2.3 Example

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 docymented
that the standard deviation within a lot is stgble and

can be taken to be 0 =12 mm.

It has been decided to use a sequential spmpling
pltan by variables with p, = 0,005, « = 0,05, gz = 0,02
and f# = 0,10 for both limits combined.

T=go/m—Txo

AP = gon + hpo

The acceptance and rejection values shall be re-

corded with on

e decimal place more than the in-

spection results.

3.2.2.2 Acceptance chart

Prepare a graph such as figure 5 with the cumulative
sample size as the horizontal axis, the cumulative
leeway as the vertical axis, a vertical line (the

16

The parameters of the sampling plan are found from
table 1 to be h, =4312, hgx =5,536, g=2,315 and
n = 49.

The formulae for the upper and lower acceptance
values 4™ and 4" become

A = 72008 5174

cum
and

A =2778n,,. + 5174

Similarly, the forlmulae for the upper and lower re-
jection values R and R™ become
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R = 72200

cum

+ 6,643

for the upper rejection value, and

R =2778n,,, — 6,643

for the lower rejection value.

The acceptance and rejection values corresponding
to the cumulative sample sizes n,,, = 1,2, ..., 48 are
determined by successively inserting the values of

N.um iNto these formulae.

ISO 8423:1991(E)

The acceptance values At(U’ and A,(I‘) corresponding
to the curtailment sample size are determined from

A = 72021,
and
AP =2778n,
with the curtailment sample size n, = 49.

Since the dimension is determined to one decimal
place, the acceptance and rejection values are

rounded-totwodecimratptaces—Theesult is shown
in figure 4.
Cumulatiive Inspection L Lowe'ar Lov:er Cumulative Upper l.!ppt.ar
sample dize result eeway rejection acceptance leeway acceptance rejection
value value value value
Peum x » R(l') A(l:) Y A(U) R(U)
mm
1 202,5 2,5 —3,86 7,95° 2,5 2,05* 13,87
2 203,8 3,8 —1,09 10,73* 6,3 9,27* 21,09
3 201,9 1.9 1,69 13,51 8,2 16,49 28,31
4 205,6 5,6 4,47 16,29 13,8 23,71 35,53
5 199,9 -0,1 7,25 19,06 13,7 30,94 4275
6 202,7 2,7 10,02 21,84 16,4 38,16 49,98
7 203,2 3,2 12,80 24,62 19,6 45,38 57,20
8 203,6 36 15,58 27,40 23,2 52,60 64,42
9 204,0 4,0 18,36 30,18 27,2 59,83 71,64
10 203,6 3,6 21,14 32,95 30,8 67,05 78,87
11 203,3 3,3 23.91 35,73 341 74,27 86,09
12 204,7 47 26,69 38,51 38.8 81,49 93,31
13 — — 29,47 41,29 The lot is 88,71 100,53
14 — o 32,25 44,07 accepted 95,94 107,75
48 126,70 138,52 341,48 353,30
49 136,12 353,88
*  Acceptance is not permitted’for this cumulative sample size since the lower acceptance value excgeds the upper
acceptarce value.
Figure 4] — Inspéction record sheet for the sequential sampling plan for combined double spedification limits
considered in the example given in 3.2.2.3

17
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Figure5 shows an acceptance chart for this se-
quential sampling plan. To construct this chart a
sheet of graph paper was prepared with cumulative
sample size n,, as the horizontal axis and the cu-
mulative leeway Y as the vertical axis. The accept-
ance line for the lower specification limit was
constructed by connecting the points (0;5,17) and
(30; 88,51) by a straight line, and the rejection line for
the lower specification limit was constructed by
connecting the points (0; — 6,64) and (30; 76,70).

The acceptance line for the upper specification limit

ues are determined. Each pair of acceptance and
rejection values refers to each specification limit
separately.

The acceptance value AV for the upper speci-
fication limit is found as

AP = (U~ 1 - 2P\ —
and the rejection value RV for the upper speci-
fication limit as

R =W -1 -9, +Hh

(0; — 5,17) and (30; 211,49). Similarly, the rejection
line for the uppef specification limit was constructed
by connecting the points (0;6,64) and (30;223,30).
Finally the curtailment line was constructed as a
vertical line through n,,, = 49.

was ConStl’UCte1 as—tre—tine L»UIIIIUL:;IIB the })Uilltb
3

3.2.3 Separatpe double specification limits

3.2.3.1 Acceptance and rejection values

For each value, p,, of the cumulative sample size
that is less than|the curtailment value n of the sam-
ple size, two pa|rs of acceptance and rejection val-

The acceptance value A" for the lower specification
limit is found as
AV = g”')mzcum + h,(\l’)a

and the rejection value RD “for the lower speci-
fication limit as

R = gMongm— hg‘)o

The acceptance values A,(U) and At(l‘) corresponding
to the curtailmeqt sample size are determingd as

A =W 1L - gV — he

g v
3
g 360 ~ 4V = 353,88
w
=
= -
E
5 300
o Upper 4
- rejection Indeclslon
zone ~ zone
240 -
74
180 /
Acceptance w0
zone - AL = 136,12
120 /7A '
/éndeclslon
60
Lower
rejection
zone
0 1 ! |
30 40 50 7y

ny

Cumulative sample size

Figure 5 — Acceptance chart for the sequential sampling plan for combined double specification limits
considered in the example given in 3.2.2.3

18
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and

AP = gD 1 1P
The acceptance and rejection values shall be re-
corded with one decimal place more than the in-
spection results.

3.2.3.2 Acceptance chart

Prepare a graph such as figure 7 with the cumulative
sample size as the horizontal axis, the cumulative

1SO 8423:1991(E)

— The rejection zone for the upper specification
limit is the zone above (and including) the re-
jection line for the upper specification limit to-
gether with that part ofthe curtailment line which
is above the point [n; 4, O,

— The indecision zone for the upper specification
limit is the strip between the acceptance and re-
jection lines for the upper specification limit
which is to the left of the curtailment line.

The two sets of lines have been determined in such

leeway ds the verfical axis, a vertical line (ihe
curtailment line) at a cumulative sample size », and
the formylae for the acceptance and rejection values
represented by two straight lines referring to the
lower specification limit and two lines relating to the
upper specification limit.

The two lpwer lines, with common slope g(l')n, refer
to the loyer specification limit. The lowermost line,
with intefcept —~hé”o, is designated the rejection
line for the lower speuf‘catlon limit and the other
line, with] intercept hAI o, is the acceptance line for
the lowell specification limit.

These lines define three zones on the chart.

— The agceptance zone for the lower specification
limit s the zone above (and including) the ac-
ceptapce line for the lower specification limit to-
gethel with that part of the curtailment line which
is abgve (and includes) the point [n; A () ]

— The nejection zone for the lower specification
limit {s the zone below (and including) the re-
jection line for the lower specification line to-
gethel with that part of lhe curtailment line which
is belpw the point [7; /11 ].

— The ihdecision zone for(thé lower specification
limit ip the strip betweén the acceptance and re-
jectiop lines for the)lower specification limit
which|is to the left\0f'the curtailment line.

Analogoysly, lhe two upper lines, with common
slope [ - L% 0] refer to the upper speci-
fication [limit: The uppermost line, with intercept
hRU)a is fhe_rejection line for the upper specification

a way that they apply 10 the same gumulative lee-

way. Since the acceptability criterjia
plied to each specification limit‘sepa
may choose to prepare two_,charts, o

n 3.5.3 are ap-
ately, the user
he correspond-

ing to the lower specification-imit, and another cor-
responding to the upper, specification| limit.

3.2.3.3 Example

The specification*for the output voltage of an elec-
tronic compenhent is 5950 mV + 50 mV. Production
is stable~apd it has been verified fhat the output
voltage, varies within a lot in accordance with a
normal distribution. It has further beg¢n documented
that the standard deviation within a I¢t is stable and
can be taken to be ¢ =12 mV.

It has been decided to use a sequgntial sampling
plan by vanables with p /) = 0,005, U)—-005v
/,&U) 0,02 and /3 = 0,10 for the upper specification
limit U =6000mV and P <0025 o« =005,
pR = 0,10 and [)’( = 0,10 for the lower specification
limit /.=5 900 mV.

Since the quality levels have been spgcified for each
of the limits separately, two sets of parameters are
determined for the sequential samplipg plan.

The parameters referring to the upper specmcatlon
limit are found from table 1 to te A =4312,
W = 5536, o) = 2315 and n{” = 49

Similarly, the parameters referring| to the lower
specification  limit are found to He h? = 3318,
h = 4260, g = 1,621 and n") = 29

Svr})ce the larger of the two curtalhl?ent values is

limit and the other line, with intercept — hx "o, is the

acceptance line for the upper specification limit.

These lines also define three zones on the accept-
ance chart.

— The acceptance zone for the upper specification
limit is the zone below (and including) the ac-
ceptance line for the upper specification limit to-
gether with that part of the curtailment Ime which
is below (and includes) the point [n; A‘ M.

49—tk all be used for

H| L L3
h — J, T \,ullall!llclll ratrde—thatst

the sequential sampling plan is n, = 49.

The formulae for the acceptance value A and the
rejection value R corresponding to the upper
specification limit become

AW = 72.92n,,, — 51,74

and

R = 72.22n,,,, + 66,43

19
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Similarly, the formulae for thel acceptance value
AD and the rejection value R™ corresponding to
the lower specification limit become

AP = 19,45, + 39,82

and

RY = 19.45n_,, — 51,12

The acceptance and rejection values corresponding
to the cumulative sample sizes n,,,= 1,2, ..., 48 are
determined by successively inserting the values of
n into these formulae.

Since the output voltage is determined in millivolts
without decimals, the acceptance and rejection val-
ues are rounded to one decimal place. The result is
shown in figure 6.

Figure 7 shows an acceptance chart for this se-
quential sampling plan. To construct this chart a
sheet of graph paper was prepared with the cumu-
lative sample size n.,, as the horizontal axis and the
cumulative leeway Y as the vertical axis. The ac-
ceptance line for the lower specification limit was
constructed by connecting the points (0; 39,8) and

f f jeetten line for

the lower specification limit was constructed by
The acceptance values A.(U) and At”‘) corresponding connecting the points (0; — 51,1) and (30;533,4).
to the curtailment sample size are determined from
) , The acceptance line for the upper'spécificafion limit
A =72,23n, was constructed as the line cdnnecting the points
(0; — 51,7) and (30; 2 114,9). Similarly, the rejection
and line for the upper specification limit was corfstructed
AP = 19,455, by connecting the points(0; 66.4) and (30;]2 233,0).
Finally, the curtailment. line was constructed as a
with the curtailiment sample size n = 49. vertical line through, rig, = 49.

. . Rejection Acceptance . Acceptance Rejection
Cumt:latlye Inspectllon Leeway value for value for Ct:mulahve value for valEe for
sample size result lower limit lower limit eeway upper limit upper limit

Meum x » R(l') A(’A) Y A(U) rz(U)

mV

1 5930 30 -317 59,3 30 20,5 138,7
2 5909 9 —12,2 78,7 39 92,7 210,9
3 5921 21 7,2 98,2 60 164,9 2B3,1
4 5924 24 26,7 117,6 84 2371 365,3
5 5927 27 46,1 1371 11 309,4 47,5
6 5939 39 65,5 156,5 150 381,6 499,8
7 5914 14 85,0 176,0 164 453,8 §72,0
8 5916 16 104,5 195,4 180 526,0 6¢4,2
9 5932 32 1239 2149 212 598,2 7M6,4
10 5918 18 143,4 2343 230 670,5 7188,6
1 5934 34 162,8 253.8 264 7427 860,9
12 — . 1823 2732 The lot is 8149 933,1
13 — —— 2017 2927 accepted 8871 10053
14 — — 2212 3121 959,3 1077.,5
48 882,5 973,4 34148 3533,0
49 953.1 3538.8

Figure 6 — Inspection record sheet for the sequential sampling plan for separate double specification limits
considered in the example given in 3.2.3.3
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T 3500 ReJection zone for the - alU)-35388
3 upper specification Umit / ’
3000 4
B ] Indecision zone for the
/ upper specification Limit
72500

i ////

2 000 //
1 500 %
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I 1 lower\specification Linlt

500 i // —
%% —

ReJection zone for the
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Figure 7 — Acceptance chart for the sequential
considered in the

3.3 Drawing of the sample

The indiidual items in the sample shall, be drawn
at random from the lot and subjected to the in-
spection pne by one in the order in\which they were
drawn. Iff for convenience, successive samples of
several items at a time areldrawn, the order in
which the items of each samiple are inspected shall
be indepgndent of their etiginal position in the lot.

3.4 Thecumulative leeway

30 40 50  Neun
ny

Cumulative sample size

sampling plan for separate double specification limits

example given in 3.2.3.3

3.5 Determination of acceptability

3.5.1 Single specification limit

3.5.1.1 Numerical method
Compare the cumulative leeway Y with the corre-
sponding acceptance value 4 and fejection value
R.

a) If Y>A, the lot shall be considered acceptable.

b) If Y<R, the lot shall be considered not accept-

Following the inspection of each item, record the
inspection result x against the current value, 7.
of the cumulative sample size.

Calculate the leeway y for that item as

y=x— L in the case of double specification lim-
its or a single lower specification limit

y=U—x in the case of a single upper speci-
fication limit

Record the cumulative leeway Y as the sum of the
leeways found so far in the sample from the lot.

able.

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

When the cumulative sample size reaches the
curtailment value n, the lot shall be considered
acceptable if Y>A,, otherwise the lot shall be con-
sidered not acceptable.

3.5.1.2 Graphical method

Plot the point (n,,; ¥) on the acceptance chart pre-
pared in accordance with 3.2.1.2.
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a) If the point lies in the acceptance zone, the lot
shall be considered acceptable.

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

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

The successive points on the chart may be con-
nected by a step curve to show up any trend in the
inspection results.

CAUTION — If the point is close to the acceptance
or rejection linjes, the numerical method shall be
used to make the decision.

3.5.1.3 Example

For the sequential sampling plan with [ =200 kV,
o=12kV, hy=4312, hy=5536, g=27315 and
n, =49, the acg¢eptance and rejection values were
determined in the example given in 3.2.1.3.

The inspection| results x for the first 12 insulators
sampled from 4 lot are given in the second column
of figure 2. The fhird column gives the corresponding
leeway y = x —|200, and in the fifth column the cu-
mulative leewalys are recorded.

Inspection is continued up to and including the 12th
item, since the successive cumulative leeways after
inspection of item 1, 2, ..., 11 are greater than the
corresponding rejection values but less than the
corresponding acceptance values. The cumulative
leeway after inspection of the 12th item is greater
than the corresponding acceptance value and
therefore inspection is terminated and the lot is ac-
cepted.

Note that the lot is accepted although the withstand
voltage of the fifth item inspected is below the
i - } i of a se-
quential variables sampling plan that only. {he sam-
ple average is used to assess the quality |of a lot,
and therefore it may happen that,a\lot i$ judged
acceptable even if some inspection resulty deviate
from the specification by a smal.amount.

Figure8 shows an acceptamce chart for |this se-
quential sampling plan. Jhe preparation of this chart
is described in the example given in 3.2.1.3

The successive paifs of the cumulative sample size
and the cumufative leeway (n,,; ¥) from| figure 2
have been plotted on the acceptance chart and
connectede by a step curve. Because the point
(12; 38,8):is in the acceptance zone, inspectjon shall
be terminated after inspection of the 12th ifem, and
the_lat shall be declared acceptable.

50

Nem =12;Y=388

Termination of
Inspection

Cumulative leeway

40
Acceptance zone

//‘///

s

Rejection zone

10 5 Neum
Cumulative sample size

Figure 8 — Acceptance chart for the sequential sampling plan for a single specification limit considered in the
example given in 3.5.1.3
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3.5.2 Combined double specification limits

3.5.2.1 Numerical method

Compare the cumulative leeway Y with the corre-
sponding upper and lower acceptance values Al
and A(I’, and the corresponding upper and lower
rejection values RY and R,

a) If AY<y¥<A” the lot shall be considered
acceptable.

ISO 8423:1991(E)

3.5.2.3 Example

For the sequential sampling plan with L =200 mm,
U=210mm, o=12mm, h,=4,312, hy=5,536,
g =2315 and n = 49, the acceptance and rejection
values corresponding to combined double speci-
fication limits were determined in the example given

in 3.2.2.3.

b) If either Y>R™ or Y<R™ the lot shall be con-
sidered not acceptable.

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

When the cumulative sample size reaches the
curtailmept value n, the lot shall be considered
acceptab(lJe if A,“‘k Y<A{"”, otherwise the lot shall
be considered not acceptable.

3.5.2.2 (raphical method

Plot the point (r,,,; ) on the acceptance chart pre-

cum:»
pared in g§ccordance with 3.2.2.2.

a) If the |point lies in the acceptance zone, the lot
shall he considered acceptable.

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

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

The suc
nected b
inspectio

ssive points on the chait’ may be con-
a step curve to show up’any trend in the
results.

CAUTION — If the point-is-close to the acceptance
or rejection lines, the )numerical method shall be
used to make the decision.

The inspection results x for the first
pled from a lot are given in theysec
figure 4. The third column gives the
leeway, y = x — 200, and in.the’ sixth

12 items sam-
bnd column of
corresponding
column the cu-

mulative leeway is recorded/ Inspection is continued

up to and including the*42th item, sin

ce the succes-

sive cumulative leeways after inspedtion of item 1,
2, ..., 11 satisfy neither a) nor b) in 3.52.2. The value

of the cumulative.leeway after inspec
item is between-the corresponding lo

ion of the 12th
wer and upper

acceptance values and therefore inslpection is ter-

minated @nd the lot is accepted.

Figured shows an acceptance chant for this se-

guential sampling plan. The preparati
issdescribed in the example given in

The successive pairs of the cumulati
and the cumulative leeway (n.m; V)

bn of this chart
5.2.3.

e sample size
from figure4

have been plotted on the acceptampce chart and

connected by a step curve. Since the
is in the acceptance zone, inspectio
minated after inspection of the 12th it
shall be declared acceptable.

point (12; 38,8)
h shall be ter-
em, and the {ot
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3.5.3 Separdte double specification limits
3.5.3.1 Numerjcal method

The acceptability criteria in 3.5.3.1.1 and 3.5.3.1.2
shall be applied to determine the acceptability for
each specificalion limit separately. The-lot shall be
considered acg¢eptable and inspection“shall termi-
nate if the lot has been considered ‘acceptable with
respect to both limits according™e”3.5.3.1.1 a) and
3.5.3.1.2 a).

3.5.3.1.1 Acceptability criterion for the upper
specification limit

Compare the gumulative leeway Y with the corre-

Acceptance chart for the sequential sampling plan.for combined double specification
considered in the example given in 3.5.2.3

Cumulative sample slze

imits

When the cumulative sample size reaghes the
curtailment value 7 and )’>A,(U), the lot|shall be
considered not acceptable and inspection phall ter-
minate.

When the cumulative sample size readhes the
curtailment value n and Y<A((U), the lot [shall be
considered acceptable with respect to the upper
limit. If the lot has already been considered accept-
able with respect to the lower limit, or if )’;»A,U'), the
lot shall be considered acceptable and inspection
shall terminate, otherwise the lot shall bg consid-
ered not acceptable, and inspection shall t¢rminate.

3.5.3.1.2 Acceptability criterion for the lowpr

seg)nding acceptance value A™ and rejection value
R

a) If Y<A(U), the lot shall be considered acceptable
with respect to the upper specification limit and
inspection with respect to that limit shall termi-
nate.

b) If Y>R(U), the lot shall be considered not
acceptable and inspection with respect to both
limits shall terminate.

c) If neither a) nor b) is satisfied, another item shall

be sampled and inspected with respect to the
upper specification limit.

24

specification limit

Compare the cumulative leeway Y with the corre-
sp?lo)nding acceptance value A" and rejection value
R,

a) If Y>A””, the lot shall be considered acceptable
with respect to the lower specification limit and
inspection with respect to that limit shall termi-
nate.

b) If Y<R"™, the lot shall be considered not accept-
able and inspection with respect to both limits
shall terminate.
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c) If neither a) nor b) is satisfied, another item shall
be sambpled and inspected with respect to the

POLITAS cSpeL

lower specnf‘catlon llmlt

When the cumulative sample size reaches the
curtailment value n, and Y < 4", the ot shall be
considered not acceptable and inspection shall ter-
minate.

When the cumulative sample size reaches the
curtailment value n, and Y>AtL the lot shall be
considered acceptable with respect to the lower
limit. If the lot has already been considered accept-

ISO 8423:1991(E)

a) If the point lies in the acceptance zone for the
lower specification limit, the lot shall be consid-
ered acceptable with respect to the lower speci-
fication limit and inspection with respect to that

limit shall terminate.

b) If the point lies in the rejection zone for the lower
specification limit, the lot shall be considered not

ar‘rnntnhln and ingnection with resnect tg both

SqLLT Qv y (923}

IH ball t
IlIIIIlD 21TatT

able with [respect to the upper limit, or if Y<4;"’, the
lot shall pe considered acceptable and inspection
shall terminate, otherwise the lot shall be consid-
ered not acceptable, and inspection shall terminate.

3.53.2 raphical method

Plot the point (7,,; ¥) on the acceptance chart pre-
pared in @accordance with 3.2.3.2.

The accepptability criteria in 3.5.3.2.1 and 3.5.3.2.2
shall be applied to determine the acceptability for
each spegification limit separately. The lot shall be
considereld acceptable, and inspection shall termi-
nate, if the lot has been considered acceptable with

respect t¢ both limits according to 3.5.3.2.1 a) and
3.53.2.2 g)).
3.5.3.2.1 [Acceptability criterion for the upper

specificatjon limit

a) If the point lies in the acceptance zone-for the
upper |specification limit, the lot shall be consid-
ered Tceptable with respect to the upper speci-
ficatiop limit and inspection with respect to that
limit shall terminate.

b) If the goint lies in the rejection zone for the upper
specification limit, the lotshall be considered not
acceptable and inspection with respect to both
limits $hall terminate.

c) If the point lies<n)the indecision zone for the up-
per S;E(:iﬁcation limit, another item shall be

sampled ahd inspected with respect to the upper
specification limit.

< lllllldlc

c) If the point lies in the indecisior

. . R N’ i
lower specification limit,_aither

MOLL WU VUL

zone for the

item shall be

sampled and inspected with respegt to the lower

specification limit.

3.5.3.3 Example

For the sequential sampling plan with| L = 5900 mV,
U=6000mY, o =12 mV, A = 331§, A% = 4,260,
gP <821, A =4312, A =553 P =2315

and; n = 49, the acceptance and re
corresponding to separate double sp
its were determined in the example g

The inspection results x for the first
pled from a lot are given in the secq
figure 6. The third column gives the
leeway y=x—5900, and in the six
cumulative leeway is recorded.

After the inspection of the second ite
ance criterion for the upper sped
[ 3.5.3.2.1 a)] is satisfied, and inspe
limit is terminated. Inspection for the
continued until the 11th item is inspe
spection of that item, the acceptance ¢
lower limit [ 3.5.3.2.2 a)] is satisfied
accepted.

Figure 10 shows an acceptance cha
quential sampling plan. The preparatic
is described in the example given in 3

ection values
pcification lim-
ven in 3.2.3.3.

11 items sam-
bnd column of
corresponding
h column the

M, the accept-
ification limit
ction for that
lower limit is
cted. After in-
riterion for the
and the lot is

t for this se-
n of this chart
.2.3.3.

25
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The successive |pairs of the cumulative sample size
and the cumulative leeway (n,,; ¥) from figure.6
have been plofted on the acceptance chart and
connected by a |step curve. Since the point (2; 39) is
in the acceptance zone for the upper limit, in-
spection with respect to that limit is terminated after
inspection of tHe second item. Inspection with re-
spect to the lower limit is continued until the cumu-
lative sample dize reaches 11. BeCause the point
(11;264) is in fhe acceptance-zOne for the lower
limit, inspection is terminated.vand the lot is ac-
cepted after inspection of the’M1th item.

3.6 Operating characteristic curves and
average sample size

Inspection with respect
to the upper Limit terminates

10 15 feom
Cumulative sample size

Acceptance chart for the sequential sampling plan for separate double specification limits
considered in the example_given in 3.5.3.3

When the method described in 2.3.2 and 2{4.1 has
been used to determine the sampling plan, the
probability of acceptance P, will be approximately
equal to 1 — « when the process quality leve} is PRQ
and approximately equal to the consumer’s risk g
when the level of the process quality is CRQ.
Annex C gives a method for determining infermedi-
ate points on the OC curve.

CAUTION — If the actual standard deviation of the
process exceeds the value of s used in the sampling
plan, then the actual producer’s risk will be[smaller
than the nominal value, but the actual consumer’s
risk will exceed the nominal value f.

3.6.2 Average sample size

3.6.1 Operating characteristic curves

The operating characteristic curve for a sampling
plan indicates the fraction of lots which may be ex-
pected to be accepted by the sampling plan at any
given process quality level.

26

The average sample size is the average of the vari-
ous sample sizes which may be expected to occur
under a sampling plan for given process quality
levels. Annex C gives a method for determining ap-
propriate values of the average sample size.
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(normative)

8423:1991(E)

Sequential sampling plans corresponding to ISO 3951 single sampling plans

A1 Introduction

number A, for the sequential sampling plans in this

annex.

This anneix contains sequential sampling plans that
supplement the system of sampling plans given in
ISO 3951, The sequential sampling plans are
indexed the same values of AQL and the same
sample sife code letters as in ISO 3951.

The plang have been designed such that A, = A,
The common symbol A is therefore used to repre-
sent the parameters A, and Ag.

A.2 Relation to ISO 3951

When the|sampling plans in this annex are used to
supplement the system of sampling plans in
1ISO 3951, |all rules in ISO 3951 shall apply, the only
exception| being that the acceptance criteria in
clause 15|of ISO 3951:1989 shall be replaced by the
acceptande criteria for sequential sampling in 3.5 of
this Internfational Standard.

A.3 Chpice between single and sequential
sampling plans

See 2.1.

A.4 Obtaining a sampling plan

The AQL Bnd the sample.Size code letter shall be
used to olptain a plan from/table A.1.

Plans for [normal inspection are found by entering
the table using the "AQL values given at the top of
the table anddhe sample size code letter in the left
column of|the,table.

When no sampling plan is avaitable

for a given

combination of AQL and sample)size code letter,

arrows in the table direct the-user to a
letter.

different code

A.5 Determination) of acceptability

To determine acgeptability of a lot,

he applicable

sampling plan,shall be used in accordance with the

rules given/in'3.5.

A.6 . Switching rules for normal
and reduced inspection

When the sequential sampling plans
are substituted for plans in 1ISO 3951,

, tightened

in this annex
the switching

rules given in clause 19 of ISO 3951:1989 shall apply.

A.7 Maximum values of process standard

deviation

A.7.1 Limiting process standard ¢
combined double specification lim
(com.)

Heviation for
ts, LPSD

In the case of combined double specification limits,

a factor  is used to determine LPS
quential sampling plans in this annex

D for the se-
(see 2.4.31).

The value of i depends only on the specified AQL.

Table A.3 gives values of i correspon

When o exceeds LPSD = (U — L)y,

ding to AQL.

no sequential

Plans for tightened inspection are found using the
AQL values at the line next to the bottom line of the
table and the sample size code letter in the left col-
umn of the table.

Plans for reduced inspection are found using the
AQL values at the bottom line and the sample size
code letters in the right-hand column of the table.

Table A.1 gives the parameters A and g for the se-
quential sampling plans (see 2.4.1).

Table A2 gives the curtailment value, n, of the
sample size and the corresponding acceptance

sampling plan is available. If ¢ s betw

een LPSD and

MPSD (from ISO 3951), a single sampling plan is

available in 1SO 3951.

A.7.2 Maximum tolerable process standard
deviation for separate double specification

limits, MPSD

In the case of separate double specification limits,
the maximum value of the process standard devi-
ation for a sequential sampling plan in this annex is

given by
MPSD = (U - L)f

27
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where fdepends on the values of the AQL specified
for the upper and the lower limit. ’

Table A.4 gives values of f corresponding to combi-
nations of AQL values. If, in the case of separate
double specification limits, o exceeds MPSD, the lot
shall immediately be judged not acceptable without
a sample being drawn.

NOTE 10  When o exceeds MPSD, no lot can satisfy both
requirements p < AQLY and p® < AQL™ and therefore
acceptance sampling is pointless.

For each sampling plan table A.5 gives the exact
value of the average sample size corresponding to
three levels of process quality p. The three process
quality levels that have been chosen to illustrate the
average sample size are

a) pa. the process quality level that would lead to
90 % of the lots being accepted by the sampling
plan;

b) pg. the process quality level that would lead to
10 % of the lots being accepted by the sampling

A.8 Supplementary information

A.8.1 Operat|ng characteristic curves

The sampling pllans in this annex have been deter-
mined such that their operating characteristic (OC)
curves match |as closely as practicable the OC
curves of the cprresponding single sampling plans
in 1SO 3951. The curves and tables in table V of
ISO 3951:1989 may therefore be used to determine
the OC curves fpr the plans in this annex.

A.8.2 Average sample size tables

Values of the aJerage sample size for the sequential
sampling plans|are given in table A.5.

c) p, virtually the worst possible case;corfespond-
ing to the process quality level that wopld lead
to 50 % of the lots being accepted by the sampl-
ing plan.

The values of p,, pg and pf for the individugl single
sampling plans are.*“given in TableV of
1ISO 3951:1989.

Values of the average sample size correspgnding to
process quality‘levels that are not tabulated may be
found by interpolation between the tabulatef values
for the sampling plan, or by calculation in| accord-
ance withC:2.2.
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Table A.1 — Sequential sampling plans corresponding to 1ISO 3951 single sampling plans for normal,

tightened and reduced inspection (master table)

Code letter

Acceptable quality level in percent nonconforming {normal inspection)

for normal Parameters
inspection 010 | 0,15 | 025 | 040 | 065 | 10 | 15 | 25 | 40 | 65 10
c h 1 1 1,136 | 1,185 | 1,258 | 1,349 | 1,450 | 1,550 | 1,757 F
g 1,360 | 1,250 | 1,090 | 0,936 | 0,755 | 0,573 | 0,344
D h 1,190 | 1,244 1,307 | 1,390 | 1,485 | 1,595 | 1,706 | 1,719 G
g 1,680 | 1,420 | 1,330 | 1,170 | 1,010 | 0,825 | 0,641 | 0,429
E h 1,257 | 1,313 1,373 | 1,442 | 1,505 | 1,607 1,719 | 1,844 | 1,978 | 2,100 H
I3 || TO30 | 1810 | 1690 | 1560 | 1440 | 1,280 | 1,110 | 0,919 | 0,728 | 0,315
F h 1408 | 1,470 | 1,533 | 1610 | 1,678 | 1,765 | 1,877 | 2,005 | 2,157 | 2,313.])2,428 |
4 2,190 | 2,070 | 1,910 1,800 | 1,690 | 1,530 | 1,390 | 1,200 | 0,991 | 0,799)| 0,484
G h 1,679 | 1,632 | 1,701 | 1,755 | 1,838 | 1,938 | 2,034 | 2,119 | 2,260 | 2,406 | 2,596' |"2,792 | 2,969 J
g 2,490 | 2,390 | 2,300 | 2,140 | 2,050 | 1,880 | 1,780 | 1,620 | 1,450 | 1,280 | 1,070 } 0,877 | 0,449
H h 1,819 1,866 | 1,950 | 2,019 | 2,095 | 2,215 | 2316 | 2432 | 2595 | 2,766 | 2877 | 3,198 | 3,432 K
g 2,550 | 2,460 | 2,340 | 2,230 | 2,080 | 1,950 | 1,800 | 1,680 | 1,490 | 1,310 | 1,110 | 0,906 | 0,485
I h 2,041 2,074 | 2,142 | 2,252 | 2,338 | 2,459 | 2,569 | 2,686 | 2,878,| 3,077 | 3,317 | 3,547 | 3,426 L
g 2,590 | 2,490 | 2,370 | 2,250 | 2,130 1,960 | 1,830 | 1,700 | 1,510 1,340 | 1,130 | 0,924 | 0,706
’ h 2391 | 2462 | 2494 | 2618 | 2,732 | 2,868 | 3,015 | 3,147 |. 3(382 | 3,592 | 3871 | 4,164 | 4 444 M
g 2,630 | 2,540 | 2,450 | 2,290 | 2,160 | 2,010 | 1,880 | 1,750\ 1,560 | 1,380 | 1,170 | 0,964 | 0,437
K h 2,801 2,897 | 2,959 | 3,090 | 3,234 | 3,384 | 3,562 | 3709 | 3,965 | 4244 | 4588 | 4941 | 5376 N
¥4 2,720 | 2,590 | 2,490 | 2,350 | 2,210 | 2,070 | 1,930.4 1,790 | 1,610 | 1,420 | 1,210 | 0,995 | 0,770
L h 3,373 | 3,492 | 3,587 | 3,747 | 3,919 | 4094 | 4,299 | 4491 | 4804 | 5145 | 5584 | 5997 | 6,426 P
g 2,770 | 2,650 | 2,540 | 2,410 | 2,270 | 2,120 1970 | 1,840 | 1,650 1,460 | 1,240 | 1,030 | 0,403
M h 3,774 | 3,938 | 4071 | 4,322 | 4,492 | 4688 | 4937 | 5164 | 5518 | 5893 | 6,367 | 6,926
g 2,800 | 2,690 | 2,570 | 2,430 | 2,290 |(2940 | 2,000 | 1,860 | 1670 | 1,480 | 1,260 | 1,050
N h 4820 | 4,712 | 5072 | 5177 | 5416)| 5695 | 5966 | 6,272 | 6,668 | 7,158 | 7,711 | 8,370
g 2,840 | 2,720 | 2,620 | 2,470 | 2,330 | 2,170 | 2,030 | 1,890 | 1,690 1,510 | 1,290 | 1,070
P h 5273 | 5519 | 5795 | 5960.]°6.298 | 6,545 | 6,866 | 7,246 | 7,736 | 8,252 | 8,904 | 9,494
8 2850 | 2,730 | 2,620 | 2,480 | 2,340 | 2,180 | 2,040 | 1,890 | 1,700 | 1,510 | 1,290 | 1,070
Code lette
for tight- 0,10 0,15 0,25 0,40 0,65 1,0 1.5 25 40 6,5 10
ened in-
spection Acceptable quality level in percent nonconforming (tightened inspection)
0,10 0,15 0,25 0,40 0,65 1.0 1,5 25 40 6,5 1p Code letter
for reduced
Acceptable quality level in percent nonconforming (reduced inspection) inspection
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Table A.2 — Curtailment values for the sequential sampling plans of table A.1
Code letter Acceptable quality level in percent nonconforming (normal inspection)
for normal Parameters
inspection 0,10 | 0,15 | 0,25 | 0,40 | 0,65 1,0 1,5 2,5 4,0 6,5 10
c ny M 1 3 3 3 3 5 5 6 F
Ayfo 4,080 | 3,750 | 3,270 | 2,808 | 3,775 | 2,865 | 2,064
b ny 3 3 3 5 5 5 6 6 6
Ayfo 4,740 | 4,260 | 3,990 | 5,850 | 5,050 | 4,125 | 3,846 | 2,574
E ny 3 3 5 5 5 6 6 8 8 9 H
Ao 5820 | 5430 | 8,450 | 7,800 | 7,200 | 7,620 | 6,660 | 7,352 | 5,824 | 4,635
F ny 5 5 5 6 6 6 8 8 9 11 12 !
Ayfo 10,95 | 10,35 | 9,655 | 10,80 | 10,14 | 9,180 | 11,12 | 9,600 | 8,919 | 8,767 | 7,008
G ny 5 6 6 6 8 8 9 9 1" 12 14 17 18 J
Ayfo 12,45 | 1434 | 1380 | 1284 | 16,40 | 1504 | 1602 | 1458 | 1595 | 1536 | 14,98 | 14 90 11,68
H ny 6 8 8 9 9 1" " 12 14 15 18 24 24 K
Ao 1530 | 19,68 | 18,72 | 20,07 | 18,72 | 21,45 | 19,80 | 20,16 | 20,86 | 19,65 | 19,98 /19,03 | 16,44
\ ny 9 9 9 " 12 12 14 15 17 20 23 26 30 L
Ayfo 2331 | 22,41 | 2133 | 24,75 | 25,56 | 23,52 | 25,62 | 2550 | 2567 | 26,80 | 25/99 | 24,02 | 21,18
J ny 1" 12 14 14 15 17 18 21 23 27 30 36 41 M
Ao 28,93 | 30,48 | 3430 | 32,06 | 32,40 | 34,17 | 33,84 | 36,75 | 3588 |(37.26 | 3510 | 34,70 | 30,22
K ny 17 17 18 20 21 24 26 29 a3 28 44 50 57 N
Ao 46,24 | 4403 | 44,82 | 4700 | 46,41 | 4968 | 50,18 | 51,91 [<5343 | 53,96 | 53,24 | 49,75 | 43,89
L ny 23 24 26 29 32 35 38 42 48 54 63 74 84 P
Ao 63,71 | 63,60 | 66,04 | 6989 | 72,64 | 7420 | 7486 | 77,28 | 79,20 | 78,84 | 78,12 | 76,22 | 67,45
M ny 30 33 35 38 41 45 50 54 63 72 83 96
At/a 84,00 | 88,77 | 89,95 | 92,34 | 93,89 | 96,30 1000 100,4 105,2 106,6 104,6 100,8
N ny 45 47 51 56 60 66 74 81 92 105 123 143
Ao 1278 | 1278 | 1336 | 138,3 | 139,8 143,2 | 150,2 | 1531 1555 | 158,6 | 158,7 | 153,0
P ny 60 63 68 74 81 89 98 107 122 140 164 191
Ao 1710 | 172,0 | 1782 183,5 | 189§ 1940 | 1999 | 202,2 | 207,4 | 2114 | 2116 | 2044
Code letter
for tight- 0,10 0,15 0,25 0,40 0,65 1.0 1,5 2.5 40 6.5 10
ened in-
spection Acceptable‘quality level in percent nonconforming (tightened inspection)
0,10 0,15 0,25 0,40 0,65 1,0 1,5 2,5 40 6,5 10 Qode letter
for reduced
Acceptable quality level in percent nonconforming (reduced inspection) nspection
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