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Foreword

ISO (the International Organization for Standardization) iy a worldwide
federation of national standards bodies (ISO member bodies). The work

of preparing International Standards is normally-carried o

through ISO

technical committees. Each member body interésted in ja subject for
which a technical committee has been established has the right to be

represented on that committee. International organizat
mental and non-governmental, in liaisgn_with ISO, also ta

ons, govern-
ke part in the

work. 1SO collaborates closely with%the International Elgctrotechnical

Commission (IEC) on all matters of electrotechnical standg

Draft International Standards/adepted by the technical co
circulated to the member bodies for voting. Publication 3
tional Standard requires approval by at least 75 % of the m
casting a vote.

International Standard ISO 8422 was prepared by Technig
ISO/TC 68, Applications of statistical methods, Sub-Com
Acceptance sampling.

Annexes A“B’and C form an integral part of this Internatig
Annex.D-is"for information only.

rdization.
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al Committee
mittee SC 5,

nal Standard.
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INTERNATIONAL STANDARD

ISO

8422:1991(E)

Sequential sampling plans for inspection by attributes

11 Scagpe
1.1.1 This International Standard specifies se-
quential $ampling plans and procedures for in-

spection Ry attributes of discrete items.

The plang in the main body of the standard are
indexed irff terms of the producer’s risk point and the
consumet(s risk point.

Annex A [specifies sequential sampling plans and
procedurds indexed in terms of the acceptable
quality lepel (AQL) to supplement the system. of
sampling plans in ISO 2859-1.

The purpgse of this International Standard, is to pro-
vide prockdures for sequential assessment of in-
spection fesults that may be used_to induce the
supplier fhrough the economic_and psychological
pressure pf non-acceptance of lots of inferior quality
to supply [lots of a quality havihg a high probability
of acceptance. At the sam@ time, the consumer is
protected|by a prescribed’ upper limit to the proba-
bility of ag¢cepting lotsyof poor quality.

1.1.2 The sampling plans designated in this Inter-
national §tandard are applicable, but not limited, to

Section 1:

General

— administrative procedures.

it contains sampling plans for inspection by attrib-

utes of discrete items. The sampling
used when the extent of nonconformit

plans may be
is expressed

either in_terms of proportion (or percent) noncon-

forming items or in terms of nonco
itemy,(per 100 items).

hformities per

The sampling plans are based on tHe assumption

that nonconformities occur randomly
tistical independence. There may be
to suspect that one nonconformity in
be caused by a condition also likely to
If so, it may be better to consider the
conforming or not, and ignore multipl
ities.

The plans in annex A are primarily i
used for inspection of a continuing

and with sta-
good reasons
an item could
cause others.
items just as
b nonconform-

htended to be
series of lots

from the same production run. The plgns in the main

body of this International Standard ma
for inspection of lots in isolation.

1.2 Normative references

y also be used

The following standards contain pro

isions which,

inspectior in“different fields _such as

— end items;

— components and raw materials;

— operat

— materi

ions;

als in process;

— supplies in storage;

— maintenance operations;

— datao

r records;

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-
plying the most recent editions of the standards in-
dicated below. Members of IEC and ISO maintain
registers of currently valid International Standards.

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.
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1ISO 3534-1:—",

(E)

Statistics — Vocabulary and symbols

— Part 1: Probability and general statistical terms.

ISO 3534-2:—",

Statistics — Vocabulary and symbols

— Part 2: Statistical quality control.

1.3 Definitions and symbols

1.3.1 Definiti

ons

For the purposes of this International Standard, the

definitions giv

n_in SO 3534-1_ |SO 3534-2 and

CRQ

Acceptance number for sequential sam-
pling.

Acceptance number corresponding to the
curtailed value of the cumulative sample
size.

Consumer’s risk quality level (in percent
nonconforming).

Cumulative count.

Multiplier of the cumulative sample size

ISO 2859-1, tog
apply.

ether with the following definitions,

1.3.1.1 cumuligtive count (D): When sampling in-

spection of ite
tially, the tots
(nonconformitig

ms from a lot is performed sequen-
I number of nonconforming items
s) found during inspection, counting

from the start ¢f inspection up to, and including, the

item last inspe

cted.

1.3.1.2 cumulative sample size (n,,): When sam-

pling inspectio
quentially, the

n of items from a lot is performed se-
total of inspected items, counting

from the start

f the inspection up to, and including,

the item last ingpected.

1.3.1.3 accept
(A): A value ds
of the samplin

mined by com

nce value for sequential sampling
rived from the specified parameters
g plan and the cumulative sample

aring the cumulative count with the

size. Whether He lot may yet be accepted is deter-

acceptance nu

NOTE 1 In sarj
are integers and
This latter term
Standard.

ber.

hpling by attributes, acceptancenvalues
are referred to as acceptange\numbers.
is used throughout this™International

1.3.1.4 rejection value for sequential sampling (R):

A value deriveq
sampling plan
Whether the lo

from the specified parameters of the
and the cUmdulative sample size.
shall yet. bé-considered not accept-

able is deternjined by.comparing the cumulative

count with the

rejection number.

NOTE 2 In san

hpling by attributes, rejection values are
g by ]

hg

av

Meum

Pa

Pr

PRQ

that 15 used o determine the acceptance
and the rejection numbers {slope of the
acceptance and rejection_lines).

Constant that is used to determine the
acceptance numbets “(intercept of the
acceptance line).

Constant that-is used to determine the
rejection pumbers (intercept of the re-
jection line).

Sample size for a corresponding single
sampling plan.

Average sample size.
Cumulative sample size.

Curtailment value of the cuymulative
sample size.

Lot or process quality level (in proportion
nonconforming or nonconformities per
item).

NOTE3 To convert p to percenf noncon-

forming or nonconformities per J00 items,
multiply by 100.

Producer’s risk quality level. I,=1—«
when p = p,.

Consumer’s risk quality level P,=/
when p = pg.

The probability of acceptance.

Producer’s risk quality level (in percent

integers and are referred fo as rejection numbers. This
latter term is used throughout this International Standard.

1.3.2 Symbols

The symbols used in this International Standard are
as follows:

4, Acceptance number for a corresponding
single sampling plan.

1) To be published.

nonconforming).

Rejection number for sequential sam-
pling.

Rejection number corresponding to the
curtailed value of the cumulative sample
size.
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o The producer’s risk.?
B The consumer’s risk.?

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 a sequential sampling
plan by attributes

Under a sequential sampling plan by attributes,

ISO 8422:1991(E)

If, at a given stage, the cumulative count is such that
the risk of accepting a lot of an unsatisfactory quality
level (the consumer’s risk) is sufficiently low, the lot
is considered acceptable and sampling of that lot is
terminated.

If, on the other hand, the cumulative count is such
that the risk of non-acceptance for a lot of a satis-
factory quality level (the producer’s risk) is suffi-
ciently low, the lot shall be considered not
acceptable, and sampling of that lot is terminated.

items ard selecifed af random and subjected fo In-
spection pne by one, and a cumulative count is kept
of the nymber of nonconforming items (or of the
number g@f nonconformities). After the inspection of
each item, the cumulative count is used to assess
whether there is sufficient information to sentence
the lot at|that stage of the inspection.

theTtumutative countdoes not—attow either of the
above decisions to be taken, then-an. pdditional item
is inspected. The process is coptinued until sufficient
sample information has been accumulated to war-
rant a decision that the lotjis#acceptable or not ac-
ceptable.

Ho: p = pa

against the alternative hypothesis

Hip=pr

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

21 Choice between sequential, single,
double and multiple sampling plans

2.1.1 Advantages and disadvantages of
sequential plans

1ISO 8422:1991(E)

Choice of sampling plan

2.1.2 Caution

The choice between single, double, multiple and
sequential sampling plans shall be made before the
inspection of a lot is started. During the inspection
of a lot, it is not permitted to switch from one type
of sampling plan to another as the operating char-

acteristic of the plan may be drastica

lly changed if

The averdge sample size is the average of the vari-
ous sample sizes which may occur under a sam-
pling plan for a given lot or process quality level.
Like doubfe and multiple sampling plans, the use of
sequential sampling plans leads to a smaller aver-
age sample size than single sampling plans having
the same |operating characteristic. However, the av-
erage sayings are even greater when using a se-
quential pampling plan than when a double or
multiple sampling plan is used.

For good| quality lots, the savings may reach, or
even excged, 50 % compared with a maximum sav-
ing of 37 % with double sampling. Annex C gives a
method f@r determining approximate values of the
average Imple size.

On the other hand, the actual number of items in-
spected fpr a particular lot when using a double,
multiple ¢r sequential sampling plan may exceed
that of th¢ corresponding single sampling plan For
double and multiple sampling plans there is.an up-
per limit fo the actual number of items {{o) be in-
spected.

For sequential sampling plans, there_is generally no
such limitf and the number of inspected items may
consideraply exceed the sample size of the corre-
sponding kingle sampling plan/and even exceed the
lot size. Hor the sequentiallsampling plans in this
Internatiopal Standardy“a curtailment rule (see
2.1.3) has|been introduced in order to limit the po-
tential number of jAspected items.

As the ultimate\8ample size from a particular lot is
in, advance, the selection of the sample

not know
may pre ‘

quential sampling plans are used. Moreover, the
sheduling of inspection operations may present dif-
ficulties when using a double, multiple or sequential
sampling plan. A further disadvantage is that the
execution of a sequential sampling plan is more
easily misunderstood by the inspectors than the
simpler rules for single sampling.

The balance between the advantages of a smaller
average sample size and the organizational dis-
advantages associated with a fluctuating inspection
load results in sequential sampling being suitable
only when inspection of individual items is costly in
comparison with inspection overheads.

the actual inspection results influencs
acceptance criterion.

2.1.3 Curtailment of the sample s

Although a sequential_sampling plan
much more economical than the equ
sampling plan, it ‘may occur, during
of a particular\lot, that accepta

the choice of

ize

is on average
ivalent single
the inspection
nce or non-

acceptance eomes at a very late stagtl’e because the

cumulativelcount remains between t

number and the rejection number for

With thergraphical method this corre
random progress of the step curve re
indecision zone. Such a situation is
oecur when the quality level of the lot
nonconforming or in nonconformitieq

e acceptance
a long time.
sponds to the
maining in the
most likely to
(in proportion
per item) is

close to g, where g is the slope of the acceptance

and rejection lines.

In order to alleviate this disadvantagg
cumulative sample size n, is set be
begins, and inspection is stopped if t
sample size reaches the curtailment

out a decision having been made. T}
or non-acceptance of the lot is then

accordance with a rule which is also
vance of sampling. The curtailment
International Standard have been (¢
such a way that the producer’'s an
risks are hardly affected by this devi
principles underlying the statistical

quential sampling inspection. The cun
to be used are given in 2.4.2.

. arficular reservations on
inspection of small lots

The statistical

b, @ maximum
fore sampling
he cumulative
alue, n,, with-
e acceptance
determined in
agreed in ad-
rules of this
etermined in
d consumer’s
ation from the
theory of se-
tailment rules

the

theory underlying the sequential

sampling plans in this International Standard is
based on the assumption that the samples taken
from the lot are “with replacement”, i.e. each sam-
pled item is replaced before the next item in the
sample is selected. When, as is usual, sampling is
without replacement, the theory remains valid for all
practical purposes if the cumulative sample size
does not exceed one-tenth of N, where N denotes
the lot size; the theory remains approximately valid
even for cumulative sample sizes up to one-seventh
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of N. Unfortunately, in contrast to the situation for
single sampling plans, the actual cumulative sample
size that is necessary in a sequential sampling plan
will not be known in advance.

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 to 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 f m > f
curtailment valué of the sequential sampling plan.

NOTE 4 If the ot size is not sufficiently large to satisfy
the above requirement, both the consumer’s and the pro-
ducer’s risks will generally become less than their speci-
fied values. If, hgwever, the acceptance number of the
corresponding single sampling plan is zero, then the pro-
ducer’s risk may slightly exceed the specified values.

2.3 Selection of a sampling plan

2.3.1 Plans mptching those of ISO 2859-1

If it is required [to find a sequential sampling plan
matching a pjan from SO 2859-1:1989, then
annex A may belused. Annex A contains sequential
sampling plans |ndexed by acceptable quality level
(AQL) and sample size code letter. The operating
characteristic cyrves of these sequential sampling
plans match, as|closely as practicable, those of the
corresponding plans in ISO 2859-1.

2.3.2 General|plans

The general method described in 232 and in 2.4.1
is used when the requirements7of the sequential
sampling plan gre specified n\terms of two points
on the operatinf characteristic curve of the plan.
The point corregponding4o)the higher probability of
acceptance shall be désignated the producer’s risk
point; the other shall be designated the consumer’s
risk point.

sumer’s risk points have to be determined from di-
rect considerations of the conditions under which
the sampling plan will operate.

2.4 Pre-operation preparations

2.41 Obtaining the parameters /,, /i; and g

The criteria for acceptance or non-acceptance of a

The values of these parameters correspondi
producer’s risk of » = 0.05, a consumer’s|risk of
f = 0,10 and preferred values of the| producgr’s and
consumer’s risk quality levelslsare giyen in
tables 1-A and 1-B.

Annex B gives general pfogedures for detefmining
ha, hg and g for any combination of producelr’s and
consumer’s risk poipts:

EXAMPLE

The specification for a type of electrical insylator is
given as thernominal withstand value 1000|kV. An
inspection~agency is using a single sampling plan
with sample size 65 and acceptance numbegr 6 for
determination of the acceptability of productjon lots
of\this insulator type. Since the build-up of the test
yoltage is consuming in both time and energy, it has
been decided that a sequential sampling plan
should be used in future to determine the accepta-
bility of production lots of the insulator. The se-
quential sampling plan is to have an ogperating
characteristic similar to that of the single sampling
plan being used.

The single sampling plan has the following [proper-
ties:

— if 5 % of the insulators from the production fail
at the nominal voltage then the probability of ac-
cepting a lot is 0,95;

— if 16 % of the insulators from the production fail
at the nominal voltage then the probabilitP/ of ac-

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, a producer’s risk of « = 0,05 and a con-
sumer’s risk of B = 0,10 are often used. (See
figure 1.)

When the desired sequential sampling plan is re-
quired to have approximately the same operating
characteristic as an existing single, double or multi-
ple sampling plan, the producer’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 con-

teptingthetotis 616
These requirements correspond to fixing

a) the producer’s risk quality (PRQ) at 5 % with
95 % of lots expected to be accepted; i.e. such
that the producer’s risk is 5 %, or o = 0,05.

b) the consumer’s risk quality (CRQ) at 16 % non-
conforming with 10 % of lots expected to be ac-
cepted; i.e. such that the consumer’s risk is
10 %, or # =0.10.

The requirements are indicated on the graph of the
operating characteristic curve in figure 1.
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rounded up to the nearest integer and, in the
case of inspection for nonconformities per
100 items, » is determined as

oy
B 100 2hyhg
Ly o=
g8 | - ‘
5 3 80
e rounded up to the nearest integer.
£E3 -
S
a3 " 2.4.2.2 Truncation for small lots
40 A
[FThe resulling value of n, exceeds e lot size, then
i the sequential sampling plan shall be used with the
20 curtailment value n, of the sample sire equal to the
lot size.
< | 1
0 5 10 15 100p
| Process quallty 24,23 Example
PRQ CRQ level (In percent

nonconforming)

Figure|1 — Operating characteristic curve for a
sampling plan with producer’s risk « = 0,05 and
consumer’s risk f = 0,10

From tabjle 1-A it is found that the parameters of the
sequential sampling plan that satisfies these re-
quirements are

hy =[1,750
he =[2,247
g =0,0957

The samfe values could have been-found by calcu-
lation us|ng the procedure given in’ annex B.

2.4.2 Determining<¢he’ curtailment value of the
sample [size

2421 ftandard procedures

Consider the sequential sampling pla
for percent ‘““nonconforming wit

h for inspection
 parameters

hy = 1,750441% = 2,247 and g = 0,095 1 that were de-

terminedin‘the example given in 2.4.

1. The plan was

chosen. to match the single sampling plan with

1, =65 and A, =16.

The curtailment value for the cum

ulative sample

size is therefore n = 98.

Had the corresponding single sampling plan not
been known, the curtailment value wpuld have been
determined by 2.4.2.1 b). Substituting the values of
hy, bz and g in the formula in 2.4.2.1|b) leads to the
curtailed sample size n, = 91.

2.4.3 Choosing the form of the sampling plan

This International Standard gives two methods of
operating a sequential sampling plgn: a numerical
method and a graphical method.

The numerical method has the advgntage of being
accurate, thereby avoiding disputeg about accept-
ance or non-acceptance.

a) If the sample size n, of the single sampling plan
that is equivalent to the sequential sampling plan
under consideration is known, the curtailment
value for the cumulative sample size is deter-
mined as n, = 1,51, rounded up to the nearest
integer.

b) If the sample size of the equivalent single sam-
pling plan is not known, the curtailment value
under inspection for percent nonconforming is
determined as

nW=——-x
t g(1—g)

Fhegraphicatmethodis-wettstitedto the inspection
of series of lots, as the chart needs 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 in-
decision zone until the line reaches, or crosses, one
of the boundaries of that zone.

The numerical method is the standard method, so
far as acceptance or non-acceptance of a lot is con-
cerned. See the caution in 3.4.2.
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2.4.3.1 Numerical method

For each value, n,,, of the cumulative sample size
that is less than the curtailment value of the sample
size, the acceptance number A is found by rounding
the quantity

8Meum — hA s (2-1)

down to the nearest integer. The rejection number
R is found by rounding the quantity

8leym + Pg ..(2.2)

The smallest cumulative sample size permitting ac-
ceptance of the lot is obtained by rounding A./g up
to the nearest integer.

The smallest cumulative sample size permitting
non-acceptance of the lot under inspection for pro-
portion nonconforming is obtained by rounding
he[(1 — g) up to the nearest integer.

EXAMPLE

For the sequential sampling plan with parameters
hy =1.750, hy = 2247 and g=0,095 7 that were de-

up to the neargst integer.

The acceptange number, 4,, corresponding to the
curtailed sampje size is determined as

Ay=gn,
rounded down [to the nearest integer.

The corresponding rejection number is calculated
as

thA'+1

Whenever the yalue of equation (2.1) is negative, the
cumulative sample size is too small to allow ac-
ceptance of th¢ lot. Conversely, whenever the value
of equation (2.2) is larger than the cumulative sam-
ple size, the cymulative sample size is too small to
permit non-ac¢eptance of the lot under inspection
for proportion fonconforming.

The quantities| given by equations (2.1) and (2.2)
shall be determined to three decimal places before
rounding.

ment value of the sample size was detetmined in the
example given in 2.4.2.3 to be n +98. The corre-
sponding acceptance number is found by [rounding
gn, = 9,38 down to the nearest integer, hence the
acceptance number A, is 9 angdythe rejectiop number
R, is 10.

termined in the example given in 2.4.1, th'le curtail-

The formula for the aecceptance number 4 becomes
0,095 7n.ym — 4,750

rounded down Ao the nearest integer, and the for-
mula for thexrejection number R becomes

0,095 7neym + 2,247

rounded up to the nearest integer.

The acceptance and rejection numbers confrespond-
ing to the cumulative sample sizes ny,,=1.,2,...,97
are determined by successively inserting the values
of n.,, in these formulae and rounding the'[:esult as

cum
described above. The result is shown in figjure 2.
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Cumulatsll\;t: sample 8Neum — ha Acceptance number EMeum + P Rejection number
Meum [equation (2.1)] A [equation (2.2)] R
1 — 1,654 * 2,343 **
2 — 1,659 * 2,438 >
3 — 1,463 * 2,534 3
4 — 1,367 * 2,630 3
5 — 1,272 * 2,726 3
6 - 1,176 * 2,821 3
7 — 1,080 * 2,917 3
8 — 0,985 * 3,013 4
9 — 07889 - 37108 4
10 — 0,793 * 3,204 4
11 — 0,697 * 3,300 4
12 — 0,602 * 3,395 4
13 — 0,506 * 3,491 4
14 - 0,410 * 3,587 4
15 - 0,315 . 3,683 4
16 - 0,219 ) 3,778 4
17 - 0,123 * 3,874 4
18 — 0,028 : 3,970 4
19 0,068 0 4,065 5
20 0,164 0 4,161 5
97 7,533 7 11,530 12
98 — 9 — 10
* indicdtes that the cumulative sample size is too small to permit acceptance.
** indicqtes that the cumulative sample size is too small\{6’permit non-acceptance.
Figure 2| — Inspection record sheet for the sequential sampling plan considered in the example|given in 2.4.3.1
2.43.2 @Graphical method — The acceptance zone is the zone[below (and in-
cluding) the acceptance line, toglether with that
Prepare [a graph as shown in figure 3, with the cu- part of the curtailment line that is| below (and in-
mulative|sample size as the horizontal axis, the cu- cludes) the point (n; 4,).
mulative| count as the vertical” axis, and with the
quantitiep given by equations (2.1) and (2.2) repres- — The rejection zone is the zone pbove (and in-
ented by| two straight lines with the same slope, g. cluding) the rejection line togethelr with that part
The lowdr line, with_intercept —h,, is designated the of the curtailment line that is above (and in-
acceptangce line, and the upper line, with intercept cludes) the point (n; R).

hg, is degignated™the rejection line.

Add a v@rtical Vline, the curtailment line, at a cumu-
lative sample size n,.

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

The lines define three zones on the chart.
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Curtallment

<« U
c
g tine
g2 —
5 —
é 0 ReJectlon zone e
) t
- A,
8 —
L N =15:0=4%
p 0,095 7Ny + 2,247
!
= ;;f.ii;g??. Indeclslon zone
& $ / / ALLQ‘pfun\.c Zohe
hﬂz f / 0.095 Tncyn - 175
o D —alN N T R IR B
/ 20 40 60 80 100 Peuk
":n [ ' Cumilative
£ iy
sample size

Figure 3 — Acceptance chart for the sequential sampling plan considered in the example given in 2|4.3.2

EXAMPLE

Consider figure 3, which shows an acceptance chart
for the sequential sampling plan with the par-
ameters A, = 1,150, Az =2,247 and g= 0,095 7 that
were determinefl in the example given in 2.4.1. To
construct this gcceptance chart a sheet of graph
paper was prepared with the cumulative sample
size ng,, on the horizontal axis and the cumulative
count D on the yertical axis. The acceptance line is
the straight line| passing through the point (0; — /)
and all the points (rgm; 8M%cum — 1a)- Choaosing
Neym = 97 we find gngm — Aa = 7,533. The line, was
constructed by [plotting the points (0; — 1;750) and
(97;7,533) on thle graph paper and connecting the
two points by a ptraight line. The rejection line was

similarly constructed by connecting the| points
(0; 2,247) and(97; 11,530), corresponding to (0; Ag)
and (Mg 8Mcum + Ar) With  ng,,, =97. Finally, the
curtailment line was constructed as a vertical line
throughwn,,,, = 98 (see the example given in [2.4.2.3).

ThePacceptance zone is bordered by the accg¢ptance
line and the curtailment line; moreover the| part of
the curtailment line that is below and includes the
point (98; 9) belongs to the acceptance zope. The
rejection zone is bordered by the rejection ljne and
the curtailment line; moreover the part|of the
curtailment line that is above and includes the point
(98; 10) belongs to the rejection zone. The indecision
zone is bordered by the acceptance line, [the re-
jection line and the curtailment line.
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Section 3:

3.1 Specification of the plan

The choice between single, double, multiple and
sequential sampling plans shall be made before the
inspection of a lot is started.

Before sequential sampling takes place, the inspec-
tor must record on the sampling document the

1SO 8422:1991(E)

Operation of a sequential sampling plan

found for that item; then record the cumulative count
D as the number of nonconformities found so far in

the sample from the lot.

3.4 Determination of acceptability

specified values of h,, Az, g, n and A,.

3.2 Drawing of the sample

The indivjdual items in the sample shall be drawn
at randonp from the lot and inspected one by one in
the order|in which they were drawn. If, for conven-
ience, sug¢cessive samples of several items at a time
are drawh, the order in which the items of each
sample afe inspected shall be independent of their
original ppsition in the lot.

3.3 Cumulative count

3.3.1 lTpection for proportion
nonconforming

Following| the inspection of each item, record the
inspection result as a zero for a conforming it€m
and 1 otHerwise; then record the cumulative ‘count
D as the|number of nonconforming items_found so
far in the[sample from the lot.

3.3.2 Injspection for nonconformities per item

Following| the inspection of each~item, record the
inspection result as the number of nonconformities

A . 1 Al I
nwumicticar meuivy

a) If the cumulative count D is less t
the corresponding acceptance nu
shall be considered aceeptable.

b) If the cumulative count D is greate
to the corresponding rejection nur

shall be considered not acceptabl¢.

c) If neitherd@) nor b) is satisfied, ang
be sampled and inspected.

When Jthe cumulative sample size
curtdilment value n, the rules in a) an
théo curtailment acceptance numbe
clrtailment rejection number R, = 4, -

EXAMPLE

For the sequential sampling plan W
hg = 2,247 and g =0,095 7, the accep
jection numbers were determined i
given in 2.4.3.1 . Assume that, of thg
lators sampled from a lot, the 3rd, 8th|

an or equal to
ber A, the lot

r than or equal
hber R, the lot

b

ther item shall

reaches the
d b) apply with
I A, and the
- 1.

ith A, = 1,750,
tance and re-
the example
first 15 insu-
. 11th and 15th

insulators were found not to conform fo the specified

nominal withstand voltage. These ins
may be presenied in tabular form, ag
ure 4.

pbection results
shown in fig-
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* indicates tha

the cumulative sample size is too small to permit acceptance.

** indicates that| the cumulative sample size is too small to permit‘non-acceptance.

As the cumulat|ve count after the inspection, of 15
insulators equals the rejection number, the*lot is
considered not [acceptable and inspection-is termi-
nated.

On the other hland, if the first 49 <insulators in a
sample from anpther lot had athbeen found to con-
form to the spedgification, inspgction of that lot would
have been terminated aftép~inspection of the 18th
insulator and the lot acecepted, since the cumulative
count (zero) thep equals the acceptance number.

If, during inspedtion of a lot, inspection has not ter-

Figure 4 — Inspection record sheetfor the data of the example given in 3.4.1

b) If the point lies in the rejection zone, the [ot 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 pe con-
nected by a step curve to show up any trend in the
inspection results.

or rejection lines, the numerical method shall be

CAUTION — If the point is close to the acceptance
used to make the decision. }

minated before ;llbpt:b‘l;ull of —the—88th—item—in
spection shall terminate following inspection of the
98th item. The lot is considered acceptable if, after
inspection of the 98th item, the cumulative count is
at most 9 items. If the cumulative count is 10 or

more, the lot is considered not acceptable.

3.4.2 Graphical method

Plot the point (n,,m: D) on the acceptance chart pre-
pared in accordance with 2.4.3.2.

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

12

EXAMPLE

For the sequeniial sampling plan for proportion
nonconforming  with  parameters  h, = 1,750,
hg = 2,247 and g=0,095 7, the construction of the
acceptance chart has been described in the exam-
ple given in 2.4.3.2.

Assume as before that inspection of the first 15 in-
sulators sampled from a lot resulted in the 3rd, 8th,
11th and 15th insulators being found not to conform
to the specified nominal withstand voltage.
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The successive points (n,; D) are plotted on the
chart and connected by a step curve as shown in
figure 3. Since the point (15; 4) is clearly in the re-
jection zone, inspection is terminated after in-
spection of the 15th item, and the lot considered not
acceptable.

3.5 Operating characteristic curves and
average sample size

3.5.1 Operating characteristiccurves  a) Although the actual producer’s a

The opetating characteristic curve for a sampling
plan shoys the fraction of lots that may be expected
to be acgepted by the sampling plan as a function
of the prgcess quality level.

When th¢ 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 | — « when the process quality level is PRQ
and appnoximately equal to the consumer’s risk
when thg process quality level is CRQ. (For the val-
idity of tHe approximations see 3.6))

Annex C| provides a method for determining the
intermed|ate points on the OC curve.

3.5.2 Aperage sample size

The averpge sample size is the average of the vari-
ous sample sizes which may occur under. & ;sam-

ISO 8422:1991(E)

pling plan for a given level of the process quality.
Annex C gives a method for determining approxi-
mate values of the average sample size.

3.6 Validity of approximations

The procedure described in annex B was also used
to calculate the plans in tables 1-A and 1-B. The
procedure has the advantage that it is simple to ap-
ply and gives reasonably accurate results.

b)

risks associated with a plan dete
procedure may be fairly different
inal risks « and f, it can be state
of the actual risks will.‘not be g
sum o + f of the nominal risks
not specific to sequential inspecti

nd consumer’s
rmined by this
from the nom-
d that the sum
eater than the
This defect is
on. in all types

of attribute sampling plans specified by the pro-

ducer’s and the“ctonsumer’s risk
crete nature<of items and of tH
nonconformahce imply that only
cases will the actual risk of the
coincide’ with the nominal risk.

The approximation to the averag
given in annex C tends to under¢
erage sample size of the plan, t
between the actual average samp
calculated approximation bein|
nounced for small values of the a
erage sample size. This is try
sampling plan has been curtailed

points, the dis-
e definition of
in exceptional
sampling plan

e sample size
stimate the av-
he discrepancy
le size and the
g most pro-
pproximate av-
e even if the
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Annex A
(normative)

Sequential sampling plans corresponding to ISO 2859-1 sampling plans

A.1 Introduction

has acceptance number zero for this combination
of code letter and AQL. In such a case the sequential

This annex contdins sequential sampling plans that
supplement the [system of sampling plans given in
ISO 2859-1. In 10 2859-1, three types of sampling

plans — single,

tables 1I, Il and |
2-D a fourth typd
pling plans, inde

oublé l@nd multiple — are given in
V. This annex gives in tables 2-A to
of sampling.plan, sequential sam-
ked by the same values of AQL and

the same sampl¢ size code letters,as in ISO 2859-1.

A.2 Relation

to 1ISO 2859-1

When the sampling plans in this annex are/used to

supplement the
1ISO 2859-1, all r

system of sampling plans in
iles in 1SO 2859-1 shall apply, (the

only exception bing that the acceptance criteria in

clause 11 of ISQ
the acceptance
A.5 of this Intern

A.3 Choice h

2859-1:1989 shall be replaced by
criteria for sequential sampling in
btional Standard.

etween single, double,

multiple and §equential sampling plans

See 2.1.

A.4 Obtainin

The AQL and th
used to obtain a

Plans for perce
given in table 2-4
(tightened insped
100 items inspeg
inspection) and t

j a sampling plan

e sample size code letter shall be
plan from tables 2-A to 2-D.

nt nonconforming inspection are
\ (normal inspection) and table 2-B
tion). Plans for nonconformities per
tion are given in table 2-C (normal
hble 2-D (tightened inspection).

sampling plan is identical with the single simpling
plan with curtailment, and the user is advised to use
the simpler single sampling plan in place| of the
more complicated sequential plan. Then the|curtail-
ment rule for these plans is that inspection ghall be
terminated and the lot considered not acceptable if,
and as soon as, one nonconforming item is found.

A.5 Determination of acceptability

To determine the acceptability of a lot, the applica-
ble sampling plan shall be used in accordance with
3.1,3.2,33 and 3.4

A.6 Switching rules

When the sequential sampling plans in this| annex
are substituted for plans in ISO 2859-1, the switching
rules,given in clause 9 of ISO 2859-1:1989 shajl apply
with“the, only exception that reduced inspegtion is
not possible with the sequential sampling plans
given in thiscannex.

A.7 Supplementary information

A.7.1 Operating characteristic curves
The sampling plans in this annex have beer| deter-
mined such that their operating characteristjc (OC)
curves match as closely as-“practicable the OC
curves of the corresponding single~sampling plans
in 1SO 2859-1. The curves and tables.in tabje X of
ISO 2859-1:1989 may therefore be useddo determine
the OC curves for the plans in this annex:

The tables give the parameters A,, Az and g of the
sequential sampling plan (see 2.4.1). Tables 3-A to
3-D give the curtailment value n, of the sample size
and the corresponding acceptance number A, for the
sequential sampling plans in this annex.

When no sampling plan is available for a given
combination of AQL and sample size code letter,
arrows in the table direct the user to a different code
letter.

For some combinations of AQL and sample size
code letter, the entry in the table is a star (*) indi-
cating that the corresponding single sampling plan

18

A.7.2 Average sample size

Values of the average sample size for the sequential
sampling plans are given in tables 4-A to 4-D.

For each sampling plan, table 4 gives the exact
value of the average sample size corresponding to
four levels of process quality. The four levels of
process quality that have been chosen to illustrate
the average sample size are

a) zero, corresponding to perfect production with
all items conforming to specifications;


https://standardsiso.com/api/?name=48820dad65e507b3e4b03f174d32617b

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

¢) pgr. the process quality level that would lead to
10 % of the lots being accepted by the sampling
plan; and

d) g, virtually the worst possible case, correspond-
ing to an average proportion nonconforming
(nonconformities per item) in the process which
is equal to the parameter g of the sampling plan.

is 10

The valldes of pg“and py for the individual sampling
plans gre given<in_ percent nonconforming or

ISO 8422:1991(E)

nonconformities per 100 items in table X of
1ISO 2859-1:1989.

Under percent nonconforming inspection, the aver-
age sample size corresponding to an extreme pro-
cess quality level with all items nonconforming may
be found by rounding Ag/(1 — g) up to the nearest
integer.

Under nonconformities per 100 items inspection, the
average sample size corresponding to the hy-
pothetical process quality level with infinitely many
iti i i ays 1.

Values of the average sample size cprresponding to
process quality levels that are not tdbulated may be
found by interpolation between the tpbulated values
for the sampling plan.

19
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Table 4-A — Average sample size for sequential sampling plans for normal inspection for percent
' nonconforming
Quality Acceptable quality level in percent nonconforming (normal inspection)
level, p
Code letter (proportion
noncon-
forming) 0,025 | 0,040 | 0,065| 0,10 | 0,15 | 0,25 | 0,40 | 065 | 1,0 15 2,5 4,0 6,5 10
0,00 5 4
6,0 59
D Pa
g 6,5 6,6
Pr 4,1 4,6
0,00 8 6 5
E Pa 9,8 8,4 8,3
g 103 | 94 9,9
PR 6,4 6,4 6,7
0,00 13 10 8 6
. Pa 155 | 138 | 138 | 12,5
g 156 | 14,7 | 154 | 154
PR 9,2 94 | 109 | 106
0,00 21 16 14 " 9
o Pa 248 | 222 | 21,5 | 204 | 191
g 247 | 236 | 240 | 240 | 235
PR 144 | 148 | 153 | 16,p | 16,0
0,00 32 26 22 17 14 12
" Pa 37,8 | 356 | 337 | 316 | 30, 29,8
g 37,7 | 37,2 | 37,2 | 370 | 37,2 | 37,2
PR 21,9 | 229 | 230 | 239 | 24,7 | 254
0,00 52 41 35 28 24 20 16
J Pa 61,2 | 56,4 | 53,9 | 51,1 | 50,0 | 48,3 | 46,7
g 60,7 | 58,7 | 591 | 59,1 | 59,3 | 59,2 | 58,9
PR 348 | 359 | 366 | 37,8 | 38,8 | 39,6 | 40,2
0,00 80 64 54 43 36 30 25 19
K Pa 938 | 872 | 818 | 76,6 | 73,2 | 69,8 | 654 | 60,1
g 927 | 902 | 89,1 | 878 | 861 | 84,4 | 81,0 | 763
PR 528 | 54,7 | 546 | 554 | 556 | 555 | 54,3 | 52,3
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Table 4-A — {concluded )}
Quality Acceptable quality level in percent nonconforming (normal inspection)
level, p
Code lattar Inronortion
.......... {proportion
noncon-
forming) 0,025 | 0,040 | 0,065| 0,0 | 0,45 | 0,25 | 0,40 | 0,65 1,0 1,5 2,5 4,0 6,5 10
0,00 128 103 87 63 58 50 41 33
L Pa 152 141 133 125 120 116 109 103
g 150 145 145 143 141 139 134 130
Prr B4O | R7R | AR 1 AGS | 803 | S114 83 2 88,1
0,00 205 162 138 11 95 80 67 54
Pa 241 221 211 200 192 186 179 171
AN
g 237 227 229 229 225 224 221 215
Pr 135 137 139 143 144 146 146 145
0,00 326 260 220 177 152 128 108 88
N Pa 383 354 335 317 311 298 289 280
4 377 365 363 362 364 358 355 351
Pr 213 220 220 226 232 233 235 236
0,00 522 415 354 285 245, 206 175 143
p Pa 613 566 540 513 499 481 470 458
g 605 583 586 584 584 577 577 574
Pr 342 351 355 365 372 375 380 385
0,00 820 649 556 446 383 326 276 227
Q Pa 965 886 850 804 779 765 742 728
g 952 912 924 916 910 919 909 912
PR 539 549 559 573 580 596 599 611
0,00 1303 | 1040 | 889 716 615 521 440 363
R Pa 1531 | 1419714357 | 1293 1252 | 1221 1178 | 1159
4 1508 | 1461)| 1473 | 1475 | 1464 | 1465 | 1441 | 1449
PR 853 879 892 921 932 949 949 970
NOTES
1 Values of pa (P, = 0,90) and=pg (P, = 0,10) are shown In table X of ISO 2859-1:1988.
2 Average [sample sizé for p = 1,0 (100 % nonconforming) is an integer immediately above hg/(1 — g)
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Table 4-B — Average sample size for sequential sampling plans for tightened inspection for percent
) nonconforming
Quality Acceptable quality level in percent nonconforming (tightened inspection)
level, p
Code letter (proportion
noncon-
forming) 0,025 | 0,040 | 0,065| 0,90 | 0,45 | 0,25 | 0,40 | 0,65 | 1,0 1,5 25 4,0 6,5 10
0,00 5
6,0
D Pa
g 6,5
PR 41
0,00 8 6
9,8 8,6
E Pa
8 10, 9,4
PR 6,4 6,4
0,00 13 10 8
. Pa 155 | 13, 13,3
g 15,6 | 14, 15,4
PR 9,2 9,4 | 10,0
0,00 21 16 14 11
o Pa 248 | 22,2 | 21, 20,4
8 24,7 | 23,6 | 24, 24,2
PR 144 | 148 | 15, 16,0
0,00 32 26 22 17 13
y Pa 378 | 356 | 337 | 31,6 | 30,4
g 37,7 | 37,2 | 37,2 | 37, 37,2
PR 219 | 22,9 | 230 | 23,8 | 249
0,00 52 41 35 28 22 18
J Pa 612 | 56,4 | 53,9 | 51,1 | 49, 47,0
g 60,7 | 58,7 | 59,1 | 59,1 | 59,6 | 58,4
PR 348 | 359 | 36,6 | 37,8 | 39, 39,4
0,00 80 64 54 43 34 27 21
K Pa 938 | 87,2 | 818 | 76,6 | 71,8 | 67,5 | 61,2
g 927 | 90,2 | 89,1 | 87,8 | 853 | 82,1 | 76,8
PR 528 | 54,7 | 546 | 554 | 555 | 55p | 52,3

34



https://standardsiso.com/api/?name=48820dad65e507b3e4b03f174d32617b

ISO 8422:1991(E)

Table 4-B — (concluded )

Quality Acceptable quality level in percent nonconforming (tightened inspection)
level, p _
Code letter (proportion
noncon-
forming) 0,025 | 0,040 | 0,065 0,10 | 0,15 025 | 040 | 065 1,0 1,5 2,5 4,0 6,5 10
0,00 129 103 87 69 56 45 36
L Pa 152 141 133 125 119 112 105
g 150 145 145 143 141 137 131
PR 849 | R7 8 881 899 | 908 906 | 885
0,00 205 162 138 111 88 73 59
M Pa 241 221 211 200 188 182 174
g 237 227 229 229 223 222 217
Pr 135 137 139 143 144 146 146
0,00 326 260 220 177 143 n7 95
N Pa 383 354 335 317 307 294 283
g 377 365 363 362 363 357 352
Pr 213 220 220 226 233 234 235
0,00 522 415 354 285 231 190 155
p Pa 613 566 540 513 496 478 465
g 605 583 586 584 586 580 578
PR 342 351 355 365 376 380 386
0,00 820 649 556 446 361 299 243
Q Pa 965 886 850 804 774 754 723
g 952 912 924 916 916 916 897
PR 539 549 559 573 587 600 597
0,00 1303 | 1040 | 889 716 579 478 392
R Pa 1531(1 H419| 1357 | 1293 1242 | 1203 | 1168
g 1508 1461 | 1473 | 1475 | 1467 | 1460 | 1449
PR 853 879 892 921 940 954 964
0,00 2,059
2419
s Pa
g 2 384
PR 1347
NOTES
1 Values of pa (P, =0,80) and pg (T =0, N tape X of SO 28581 1889"

2 Average sample size for p = 1,0 (100 % nonconforming) is an integer immediately above hp/(1 — g)
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.

per 100 items

Table 4-C — Average sample size for sequential sampling plans for normal inspection for nonconformities

Quality Acceptable quality level in nonconformities per 100 items (normal inspection)
level, p
Code letter ;2:’:1?1?:;
per
item) 0,40 0,65 1,0 1.5 2,5 4,0 6,5 10 15 25 40 65 100 150 250 400
0,00 5 4 4 3 2 2 2 2 1 1
b DA 6,0 55 6,0 53 53 56 56 5,6 56 58
6,2 59 6,5 6,3 6,2 7,0 6.7 6,7 6,6 6,8
R 3,8 39 4,2 41 4,2 4.5 45 45 45 46
0joo 9 7 6 5 4 3 3 3 2 P
E Ba 10,7 9,6 9,1 89 8,2 7,8 8,2 8,3 8,1 85
4 10,8 | 10,1 | 10,1 | 104 | 9,7 95 10,0 | 16,47} 10,1 | 10,
IR 6,4 6,3 6,5 6,8 6,4 6,4 6,7 7,0 6,9 710
0joo 13 1 9 7 6 5 5 4
A 15,4 | 149 | 136 | 13,2 | 13,0 | 12,5 | 12(3)]1 12,1
F 4 15,4 | 155 | 151 | 155 | 15,6 | 155151 | 153
MR 9,0 9,5 9,4 10,0 | 10,1 | 102 10,1 | 10,4
0loo 21 17 14 12 10 9 7 6
o Ba 249 | 233 | 21,8 | 21,0 | 206 _]. 218 | 195 | 194
4 248 | 241 | 24,2 | 242 | 24,4273 | 242 | 24,3
R 143 | 147 | 149 | 1563 |A57 [ 1773 [ 16,1 | 164
0joo 33 26 22 18 16 13 11 9
A 38,8 | 35,7 | 339 | 32,2 (f 32,2 | 31,0 | 30,0 | 29,9
H 4 38,5 | 370 | 37,2 |.368°| 379 | 37,4 | 368 | 379
Br 220 | 22,5 | 22,9 233 | 243 | 243 | 245 | 2555
0joo 52 42 36 29 25 21 18 15
J BA 61,3 | 579 | 54,5)| 52,3 | 51,1 | 50,1 | 48,5 | 474
4 60,7 | 60,2 (| 59,4 | 60,1 | 59,9 | 60,5 | 59,7 | 59,9
J: ™Y 34,7 | 36,3 36,2 | 37,7 | 38,3 | 391 | 39,5 | 40,4
0joo 82 65 56 45 39 33 28 24
K Aa 96,7 {889 | 859 | 815 (796 [ 778 | 76,0 | 75,5
p 95;8\}/91,7 | 936 | 93,6 | 93,4 | 93,6 | 93,8 | 9511
)i 54,5 | 55,4 | 56,7 | 58,7 | 59,6 | 60,8 | 61,8 | 63,5
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Table 4-C — (concluded )
Quality Acceptable quality level in nonconformities per 100 items (normal inspection)
level, p
Code letter {non con-
formities
per item) 0,025 0,040 0,065 0,10 0,15 0,25 0,40 0.€5 1.0 1.5 2,5 40 6,5
0,00 130 104 90 73 62 54 45 36
L Pa 153 142 137 132 126 124 120 118
g 151 146 150 151 148 149 148 148
Pr 85,6 88,4 90,7 94,0 94,5 96,7 97,1 99,1
0,00 205 162 139 113 97 81 73 58
M Da 241 221 208 206 198 195 189 186
f:4 237 227 225 235 233 235 232 232
PR 135 137 136 147 149 152 153 156
0,00 327 262 222 178 156 131 112 93
N Pa 385 358 339 320 318 307 300 297
g 380 369 369 365 372 368 368 373
PR 215 222 223 229 237 238 242 249
0,00 524 417 357 287 248 209 182 147
p Pa 616 570 546 518 504 491 484 473
g 608 587 593 590, 590 590 593 593
PR 344 354 358 368 376 382 390 397
0,00 806 651 558 449 386 330 281 229
Q Pa 976 890 855 808 788 773 753 743
g 958 917 931 921 918 929 924 929
Pr 545 551 563 575 584 602 608 622
0,00 1305 1043 891 719 617 527 445 370
R Pa 1533 | 1424 1361 1299 | 1261 1230 | 1191 1173
g 1511 1466 A 478 | 1481 1474 1475 | 1458 1467
IR 854 881 894 924 937 955 3958 981
NOTES
1 Values of pa (I, = 0.90) and'\pg (P, = 0,10) are shown In tahle X of ISO 2859-1:1989.
2 Average [sarple size forp = oo is always 1.
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