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Foreword

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

In contemporary production processes, quality is often expected to reach such high levels that the
number of nonconforming items is reported in parts per million. Under such circumstances, popular
acceptance sampling plans by attributes, such as those presented in ISO 2859-1, require prohibitively
large sample sizes. When it is possible to apply acceptance sampling plans by variables, such as
those presented in ISO 3951-1, the sample sizes are much smaller. However, especially in the case of
acceptance of a product of extremely high quality, those sample sizes are still too large. Therefore,
there is a need to apply standardized statistical procedures that require the smallest possible sample
sizes; sequential sampling plans are the only statistical procedures that satisfy that need. It has been
matHematically proved that among ait possible sampling pians having similar statistical prioperties the
sequential sampling plan has the smallest average sample size.

The principal advantage of sequential sampling plans is the reduction in the average’sample size. The
averxge sample size is the average of all the sample sizes that may occur undera sampling plan for a
given lot or process quality level. The use of sequential sampling plans leads te@smaller average sample
size than single sampling plans having the equivalent operating characteristie:

Othefr factors that should be taken into account are as follows.
a) (omplexity

The rules of a sequential sampling plan are more easily) misunderstood by inspectors than the
gimple rules for a single sampling plan.

b) Variability in the amount of inspection

As the actual number of items inspected for_a\particular lot is not known in advancg, the use of
gequential sampling plans brings about varidus organizational difficulties. For examplg, scheduling
of inspection operations may be difficult.

c) Difficulty of drawing sample items

If drawing sample items is rather-difficult, the reduction in the average sample size by sequential
gampling plans may be cancelled out by the increased sampling cost.

d) Duration of test

If the test of a single.item is of long duration and a number of items can be tested simpltaneously,
gequential samplihg plans are much more time-consuming than the corresponding single
gampling plans

e) Variability.of quality within the lot

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

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

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

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

© ISO 2018 - All rights reserved v


https://standardsiso.com/api/?name=d1a939a4e8837c655dca6c910ef6ab98

ISO 39511

:2018(E)

graphical method, this corresponds to the random progress of the step-wise linear curve remaining in
the indecision zone.

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

the process)

is then determined using the curtailment acceptance and rejection values.

For sequential sampling plans in common use, curtailment usually represents a deviation from their
intended usage, leading to a distortion of their operating characteristics. In this International Standard,
however, the operating characteristics of the sequential sampling plans have been determined with

curtailment
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Sequential sampling plans for inspection by variables for

p€

1

rcent nonconforming (known standard deviation)

Scope

This International Standard specifies sequential sampling plans and procedures for inspection by

varid

The

are §
testi

The

of in
prob
the p

This
a)

blesof discreteitents:

plans are indexed in terms of producer’s risk point and the consumer’s risk point:Thg

g of simple statistical hypotheses for proportions.

purpose of this International Standard is to provide procedures forcthie sequential
Epection results that may be used to induce the supplier to supply lots of a quality h

robability of accepting a lot (or process) of poor quality.
International Standard is primarily designed for use underthe following conditions:

yhere the inspection procedure is to be applied to a continuing series of lots of discrg
31l supplied by one producer using one production process. In such a case, sampling

ts is equivalent to the sampling of the process.df there are different producers oy
rocesses, this International Standard shall be applied to each one separately;

refore, they

uitable not only for the purposes of acceptance sampling, but for the more genepal purpose of the

assessment
hving a high

ability of acceptance. At the same time, the consumer is protecteé-by a prescribed upper limit to

rte products
f particular
production

b) here only a single quality characteristic x%f these products is taken into consideration, which
must be measurable on a continuous scale;

c) here the measurement error is negligible (i.e. with a standard deviation no more than 10 % of the
process standard deviation);

d) here production is stable (uhder statistical control) and the quality characteristic x lpas a known
gtandard deviation, and is_distributed according to a normal distribution or a close approximation
tlo the normal distributien;

CAUTION — The procedures in this International Standard are not suitable for application to

lots that have been screened previously for nonconforming items.

e) Yhere a contract or standard defines an upper specification limit U, a lower specificati¢n limit L, or

Iboth; an ifem is qualified as conforming if and only if its measured quality characteristi
the appropriate one of the following inequalities:

1

C, X, satisfies

|JC-x"< U (i.e. the upper specification limit is not violated);

2) x=2L (i.e.the lower specification limit is not violated);

3) x<U and x=L (i.e. neither the upper nor the lower specification limit is violated.)

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

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

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced

document (i

ncluding any amendments) applies.

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in

probability

IS0 3534-2:2006, Statistics — Vocabulary and symbols — Part 2: Applied statistics

ISO 3951-1,

Sampling procedures for inspection by variables — Part 1: Specification for single sam

pling

plans indexe
and a single

3 Terms

For the pur]
[SO 3951-1 4

31
inspection
inspection H

[SOURCE: IS

3.2
sampling iy
inspection @

[SOURCE: IS

3.3

acceptance,
sampling af
materials o

[SOURCE: IS

3.4
acceptance
acceptance

[SOURCE: IS
3.5

d by acceptance quality limit (AQL) for lot-by-lot inspection for a single quality characte
AQL

and definitions

poses of this document, the terms and definitions given in ISO 3534-1, ISO 3534-2
nd the following apply.

by variables
y measuring the magnitude(s) of the characteristic(s) of anitem

0 3534-2:2006, definition 4.1.4]

jspection
f selected items in the group under consideration

0 3534-2:2006, definition 4.1.6]

sampling
fer which decisions are made.to-accept or not to accept a lot, or other grouping of prod
services, based on sampletesults

0 3534-2:2006, definition 1.3.17]
sampling inspection
nspection where the acceptability is determined by means of sampling inspection

0 3534+2:2006, definition 4.1.8]

acceptance

ristic

and

ucts,

sampling inspection by variables

acceptance sampling inspection in which the acceptability of a process is determined statistically

from measu
[SOURCE: IS
3.6

rements on specified quality characteristics of each item in a sample from a lot

0 3534-2:2006, definition 4.2.11]

quality level
quality expressed as a rate of occurrence of nonconforming units

3.7

nonconformity
non-fulfilment of a requirement

[SOURCE: IS

09000:2015, definition 3.6.9, and ISO 3534-2:2006, definition 3.1.11]
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nonconforming unit
unit with one or more nonconformities

[SOU

39
spec

RCE: ISO 3534-2:2006, definition 1.2.15]

ification limit

limiting value stated for a characteristic

[SOU

RCE: ISO 3534-2:2006, definition 3.1.3]

3.10
lowe
L

spec

[SOU

3.11

uppe
U
spec

[soy

3.12
com|
requ
risks

Note
belief

3.13

separate control

requ
risks

Note
beliey

3.14
max
Omax
largd
acce]

r specification limit

fication limit that defines the lower limiting value

RCE: [SO 3534-2:2006, definition 3.1.5]

r specification limit

fication limit that defines the upper limiting value

RCE: [SO 3534-2:2006, definition 3.1.4]

bined control

apply to the combined percent nonconforming beyond the two limits

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

rement when both upper,and lower limits are specified for the quality characteristic 3
are given which apply to each limit

1 to entry: The use pf'separate control implies that nonconformities beyond either specifica
red to be of differentimportance to the lack of integrity of the product.

imum process standard deviation

st process standard deviation for a given sampling plan for which it is possible tdg
ptanee criteria for a combined double specification limit when the process variability i

rement when both upper and lower limits are spécified for the quality characteristic and specified

1 to entry: The use of combined control implies that nonconformities beyond either specification limit are

nd separate

tion limit are

satisfy the
5 known

Note 1 to entry: Maximum process standard deviation omax was denoted by its acronym MPSD in older standards.

Note 2 to entry: This definition is different from the similar definition given in ISO 3534-2 in which the concept

of AQ
3.15

L is used.

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

[SOU

© ISO

RCE: ISO 3534-2:2006, definition 3.2.1]
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quantity derived from a measured value of an item

Note 1 to entry: In the case of a single lower specification limit and in the case of double specification limits, the
leeway is obtained by subtracting the numerical value of the lower specification limit from the measured value.
In the case of an upper specification limit, the leeway is obtained by subtracting the measured value from the
numerical value of the upper specification limit.

3.17
cumulative

leeway

value calculated by summing the leeways ohtained from the start of the inspection up to, and inclu

that of the it

3.18

cumulative
total numbé
last inspectq

3.19
acceptance
value derive

Note 1 to ent
acceptance v

3.20
rejection v;
value derive

Note 1 to ent
leeway with {

3.21
consumer's
CRQ

Qcr

(acceptance
correspondj

Note 1 to ent
[SOURCE: I

3.22
producer's
PRQ

em last inspected

sample size
r of inspected items, counting from the start of the inspection up to, and ineluding, the
bd

value for sequential sampling
d from the specified parameters of the sampling plan and the cumulative sample size
'y: Whether the lot may yet be accepted is determined by comparing the cumulative leeway wit

hlue.

hlue for sequential sampling
d from the specified parameters of the sampling plan and the cumulative sample size

'y: Whether the lot may yet be considered unacceptable is determined by comparing the cumu
he rejection value.

risk quality

sampling) quality level,;of a lot or process which, in the acceptance sampling
to a specified consumer’s risk

y: The specified eonstumer's risk is usually 10 %.

0 3534-2:2006,"definition 4.6.9]

risk quality

ing,

item

h the

ative

plan,

Qpr

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

[SOURCE: IS

0 3534-2:2006, definition 4.6.10]

Note 1 to entry: The specified producer's risk is usually 5 %.

3.23

average sample size

ASSI

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

acceptor no

[SOURCE: IS

4

t to accept when using a given acceptance sampling plan

0 3534-2:2006, definition 4.7.3]
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sequential acceptance sampling inspection
acceptance sampling inspection in which, after each item has been inspected, the decision to accept
the lot, not accept the lot, or to inspect another item is taken based on the cumulative sampling
evidence to date

[SOU
3.25

RCE: ISO 3534-2:2006, definition 4.2.7]

sequential sampling plan

plan

which states acceptance criteria in sequential acceptance sampling inspection

3.26
oper|
curv
level

[SOU

3.27
prod
PRP
(accq
high

[SOU
3.28

consumer’s risk point

CRP
(accq
low j

[soy

ating characteristic curve

for a given acceptance sampling plan

RCE: [SO 3534-2:2006, definition 4.5.1]

ucer’s risk point

ptance sampling) point on the operating characteristic cur¥e corresponding to a pre
probability of acceptance

RCE: ISO 3534-2:2006, definition 4.6.7]

ptance sampling) point on the operating characteristic curve corresponding to a prq
robability of acceptance

RCE: 1SO 3534-2:2006, definition-4.6.5]

bymbols

ymbols used are as folows.

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

afactor given in Tables 5 and 6, that relates the maximum process standard devi
difference between U and L

e showing the relationship between probability of acceptance of product and the incoining quality

determined

determined

Kize

ation to the

ha
hr

Ncum

© ISO

TUitipiierof the cumulative Sampie SiZe that 1S USed to determine the acceptanc
the rejection values (slope of the acceptance and rejection lines)

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

values and

ance line)

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

lower specification limit (as a suffix to a variable, denotes its value at L)
lot size (number of items in a lot)
sample size (number of items in a sample)

cumulative sample size

2018 - All rights reserved
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Nt curtailment value of the cumulative sample size
P, probability of acceptance
Qcr consumer's risk quality
Qpr producer's risk quality
R rejection value for sequential sampling
U upper specification limit (as a suffix to a variable, denotes its value at U)
x nmjeasured value of the quality characteristic for the item of the sample
y lgeway, defined as
yEU-x for a single upper specification limit
YEx-L for a single lower specification limit
YyEx-L for double specification limits
Y cimulative leeway obtained by adding the leeways up to, and including, the item last

B C

o St

Omax 1

5 Princi

Under a seq
one by one,
specificatio}
with the ac(
lot or proce;j

If, at a given
level is suffi

NOTE o2, the square of the process standard deviation, is known as the process varian|

spected
Foducer's risk
bnsumer's risk

andard deviation of a process that is under. Statistical control

aximum process standard deviation

ples of sequential sampling plans for inspection by variables

juential sampling plan by variables, sample items are drawn at random and insp¢{
and the cumulative-leeway (which measures a “distance” between the process leve
1 limits) is obtained. After the inspection of each item, the cumulative leeway is comp
eptability criteria in order to assess whether there is sufficient information to deter
s acceptability at that stage of the inspection.

stage,the-Cumulative leeway is such that the risk of accepting a lot of unsatisfactory qy
ciently-tfow, the lot is considered acceptable and the inspection is terminated.

pcted

and
ared
mine

ality

If, on the otH

erhand the cumulative lppwny issuch thatthe risk nfnnn-nr‘r‘ppfnnrp of alot of satisfa

Ctory

quality level is sufficiently low, the lot is considered not acceptable and the inspection is terminated.

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

6 Selection of a sampling plan

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

The general method described in 6.1 and 6.2 is used when the requirements of the sequential sampling
plan are specified in terms of two points on the operating characteristic curve of the plan. The point

© ISO 2018 - All rights reserved
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corresponding to the higher probability of acceptance shall be designated the “producer’s risk point”;
the other shall be designated the “consumer’s risk point”.

The first step when designing a sequential sampling plan is to choose these two points, if they have not
already been dictated by circumstances. For this purpose, the following combination is often used:

— aproducer’s risk of @ < 0,05 and the corresponding producer’s risk quality (Qpr);
— aconsumer’s risk of f < 0,10 and the corresponding consumer’s risk quality (QcRr).

This combination of requirements is used in this International Standard for the design of the
sampling plans.

Wheh the desired sequential sampling plan is required to have approximately the sanje operating
characteristic curve as an existing single sampling plan, the producer’s risk point andthe consumer’s
risk point may be read off from a graph or a table of the operating characteristic of that{plan. When
no suyich plan exists, the producer’s and the consumer’s risk points have to be.determined|from direct
consjderation of the conditions under which the sampling plan operates.

6.2 | Preferred values of Qpr and Qcr

Table 4 gives 21 preferred values of Qpr (producer’s risk quality) kdnging from 0,1 % to 10,0 %, and
17 preferred values of Qcr (consumer’s risk quality) ranging froth 0,8 % to 31,5 %. This International
Stanglard is only applicable to a combination of the preferred4altes of Qpr and Qcg.

6.3 | Pre-operation preparations

6.3.1 Obtaining the parameters hy, hg and g
The ¢riteria for acceptance and non-acceptance of a lot are determined from the parametersfha, hgr and g.

Tabl¢ 4 gives the values of these parameters corresponding to each combination of preferijed values of
Qpr 4nd QcRr together with the producer's risk @ approximately equal to 0,05 and the consymer's risk
apprpximately equal to 0,1.

6.3.] Obtaining the curtailment values

The furtailment value, nt,-0f the cumulative sample size of the sequential sampling plan is given in
Tabl¢ 4 together with-the‘other parameters.

7 Operatioirof a sequential sampling plan

7.1 | Specification of the plan

record-on-the-samphng-document the

B f 5 Baratine o arantial marlinailan +tha 1o o nt o o o
eIore OptTratiiTga SCHUCTItIaT SAatTpTIiiTg prall, Ciac IS ptttoOT—SITar

specified values of the parameters, hy, hgr, g and n.

7.2 Drawing a sample item

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

7.3 Leeway and cumulative leeway

Following the inspection of each item, record the inspection result x against the current value, ncym, of
the cumulative sample size.
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Calculate the leeway y for that item as:

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

specific

ation limit;

— y=U-xinthe case of a single upper specification limit.

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

7.4 Choice between numerical and graphical methods

rical

The numerijcal method uses an acceptability table for operating, and has the advantdge of being

accurate, th|
also be used

The graphic

ereby avoiding disputes about acceptance or non-acceptance. An acceptability table
as an inspection record sheet, after inscribing the inspection results.

al method uses an acceptability chart for its operation, and has the advantage of displ{

P can

ying

the increasq in the information on the lot quality as additional items are inspéeted, information being

represented
one of the b
inherentin |

The numeri
When the n
acceptabilit

The followi
acceptabilit
acceptabilit
sufficient to
features, su

displayi
comput

printing

compre
7.5 Numg

7.5.1 Acc

by the piecewise linear curve within the indecision zone, until the line reaches, or crd
undaries of that zone. On the other hand, the method is less accurate, due to the inaccu
blotting points and in drawing lines.

ral method is the standard method so far as acceptaifice' or non-acceptance is conce
limerical method is applied, it is recommended thatthe calculation and preparation
y table be done using appropriate software.

hg provisions are based on the assumptionithat either the acceptability table o
y chart is prepared on a sheet of paper.-However, if a computer program is used
7 table can be displayed on a computer screen so that entering a minimum of data m
determine the acceptability of the lot. Furthermore, it is possible to incorporate addit
Ch as

ng both the acceptability table-and the acceptability chart on different windows of the
PT screen,

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

5sing the inspectienpecord to the necessary minimum.
erical methodfor a single specification limit

bptance-and rejection values

When the n

sses,
[racy

'ned.
pf an

" the
, the
hy be
jonal

baime

hility

1|1merica1 method is used, the following calculations shall be carried out and an accepta

table shall be prepat ed:
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For each value, n¢ym, of the cumulative sample size, that is less than the curtailment value of the sample

size,

A=gon

Fore

R=gon

the acceptance value, 4, is given by the following equation:

cum T hAG

ach value of ncym, the rejection value, R, is given by the following equation:

cum _hRG

The acceptance value A corresponding to the curtailment sample size n¢ is determined as:

)

(2)

4

The 1
thei

7.5.2

Inscy
7.5.1

Comyj

a) 1

q

b) 1

q

c) 1

Whe
if Y >

7.6

7.6.1
Whe

l, =gon,

Ualues, A and R, given by Equations (1) and (2), shall be recorded to one decimal plac
hspection results.

Determination of acceptability

after the inspection of each item.
bare the cumulative leeway, Y, with the corresponding acceptance value, 4, and rejecti

f the cumulative leeway, Y, is greater than or equal ¢ojthe acceptance value, 4, for the
ample size, ncym, the lot shall be considered acceptable and the inspection shall be ter

f the cumulative leeway, Y, is less than or equal\to the rejection value, R, for the cumul
ize, ncum, the lot shall be considered not acceptable and the inspection shall be termin|

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

h the cumulative sample size reaches-the curtailment value ny, the lot shall be considere
At, otherwise the lot shall be considered not acceptable.

Graphical method for a single specification limit

Acceptance chart

follo
cum
tot
the i
desig

ving procedres. Prepare a graph with the cumulative sample ncym as the horizontal 4

lative leeway, Y, as the vertical axis. Draw two straight lines with the same slope, go, co
e acceptarice and rejection values, A and R, given by Equations (1) and (2). The low
htercept of —hro is designated the “rejection line”, and the upper line with the interc
nated the “acceptance line”. Add a vertical line, the “curtailment line”, at n¢ym = n.

3

e more than

ibe the leeway and the cumulative leeway into the acceptabilitytable prepared in accordance with

n value, R.

cumulative
minated.

htive sample
ated.

d acceptable

h the graphicalmethod is used, an acceptability chart shall be prepared in accordarnce with the

xis, and the
rresponding
er line with
bpt of hpo is

Thel

ines define three zones on the chart.

of the curtailment line that is above and includes the point (ng, At).

the curtailment line that is below the point (nt, At).

curtailment line.

An example of the prepared graph is given as Figure 1.

© ISO

2018 - All rights reserved

The “acceptance zone” is the zone above (and including) the acceptance line together with that part
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Figure 1 — Example of acceptance chart for the sequential sampling plan for a single
specification limit

7.6.2 Determination of acceptability

When the graphical'method is used, the following procedures shall be followed.

Plot the point (.ym, Y) on the acceptability chart prepared in accordance with 7.6.1, after the inspertion
of each item.

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

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

c) Ifthe pointlies in the indecision zone, another item shall be sampled and inspected.

The successive points on the acceptability chart shall be connected by a step curve to show up any
trend in the inspection results.
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CAUTION — If the point is close to the acceptance or rejection lines, the numerical method shall
be used to make the decision.

7.7 Numerical method for combined control of double specification limits

7.7.1 Maximum values of process standard deviation

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

Pmax = (U _L)f

whete fdepends only on the value of Qpgr, and can be found in Table 5.

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

7.7.1 Acceptance and rejection values

Wheh the numerical method is used, the following calculations shall be carried out and an 4cceptability
tabld shall be prepared.

For dach value, ncym, of the cumulative sample size that is less than the curtailment value of the sample
size, a pair of acceptance values and a pair of rejection yalues are determined.

The yipper acceptance value, 4y, is found as:

v=(U-L-go)ncum - hao 4)

X

The lower acceptance value, A4y, is found@s:

AL:go ncum+hAO- (5)

The yipper rejection value, Rg, isfound as:

=3

v=(U-L-go)ncym+hro (6)

The lower rejection'value, Ry, is found as:

EL =g0‘ ncum - hRa (7)

Whehever the value of Ay is less than the corresponding value of A, the cumulative sample size is too

L 1 L Cal 1 .4
smalttoatow accepranceor e 1ot

The acceptance values A,y and At 1, that correspond to the curtailment sample size are determined as:

Avy=(U-L-go)ng (8)

and

At =go ne 9)

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

© ISO 2018 - All rights reserved 11
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ermination of acceptability

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

Compare the cumulative leeway, Y, with the corresponding upper and lower acceptance values, Ay and
Ay, and the corresponding upper and lower rejection values, Ry and Rj.

a)

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

lower acceptance value, Ay, and less than or equal to the upper acceptance value, Ay, the lot shall be

conside
b)
conside

c)

When the cy
ifAr L <Y<4

7.8 Grapl

7.8.1 Acc
When the g

following pr
the cumulat
correspondi
and two st
values, A}, and Ry, given by Equations (5) and (7). Add a vertical line, the “curtailment line”, at ncyn

The upperm
upper accep|

b

intercept hy|

and interce

The lines de|

accepta

points (|

If, for tH
lower r{

If neithd

The “acq
line, thd

The “up|
that paf

red acceptable and the inspection shall be terminated.

red not acceptable and the inspection shall be terminated.

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

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

pptance chart

raphical method is used, an acceptability chart shall be prepared in accordance wit

ive leeway, Y, as the vertical axis. Draw two straight lines with the same slope, U - L
ng to the upper acceptance and rejection values, Ay and Ry, given by Equations (4) an
pight lines with the same slope, go, corresponding to the lower acceptance and reje

0.

fine the following zones.on the chart.

ht, At 1) and{(ng, At y) belongs to the acceptance zone.

[per rejection zone” is the zone above (and including) the upper rejection line together
tof the curtailment line that is above the point (nt, A4t,y).

e cumulative sample size, ncym, the cumulative leeway, Y, is either less than or equabt
pjection value, Ry, or greater than or equal to the upper rejection value, Ry, the lot'sh{

mulative sample size reaches the curtailment value n, the lot shall be considered accep

ocedures. Prepare a graph with the cumulative samnple size n¢ym as the horizontal axis

ost line with the slope U - L - gg-and intercept hro is called the “upper rejection line’}
ance line has the slope U - L - go/and intercept —~hao. The lowermost line with the sloj
t —hRro is called the “lower_rejection line”. The lower acceptance line has the slope gd

eptance zone” isthetriangular sector on the chart which is bounded by the upper accept
e lower acceptance line and the curtailment line. The acceptance zone includes the
hce lines; moteover, that part of the curtailment line which is between (and including

o the
111 be

[table

h the
, and
- go,
i (6),
ction
= Ng.

The
be go
y and

ance
two
) the

with

that part of the curtailment line that is below the point (nt, At,1).

the left

An example

12

of the curtailment line.

of the prepared graph is given as Figure 2.

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

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

7.8.1 Determination of-acceptability
Wheh the graphical method is used, the following procedures shall be followed.

Plot the point (ncg-Y) on the acceptability chart prepared in accordance with 7.8.1, after thie inspection
of earh item.

a) If thespoint lies in the acceptance zone, the lot shall be considered acceptable and the inspection
ghall'\be terminated.

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

c) Ifthe pointlies in the indecision zone, another item shall be sampled and inspected.

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

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

© ISO 2018 - All rights reserved 13
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7.9 Numerical method for separate control of double specification limits

7.9.1 Maximum values of process standard deviation

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

Omax = (U - L) f
Wherefdep s uu}_y otrthe-vatesof Qy}( opcuificd for-the tppet atrdtowet }illlit, atrd-earrbefound in
Table 6.
If, in the cgse of the separate control of double specification limits, ¢ exceeds omax, the lot |shall
immediately be judged not acceptable without a sample being drawn.
7.9.2 Acceptance and rejection values
When the n@imerical method is used, the following calculations shall be carriedout and an acceptability
table shall be prepared.
For each value, ncym, of the cumulative sample size, that is less than th€ curtailment value of the sample
size, a pair qf acceptance values and a pair of rejection values are determined.
The acceptajnce value Ay for the upper specification limit is found.as:

Ay =(UFL-gy0)neym —hp yo (10)
The acceptajnce value Ay, for the lower specification limit is found as:

AL =9, D1 cum +hA,LO- (11)
The rejection value Ry for the upper specification limit is found as:

Ry =(UFL-gy0)neym +hg yo (12)
The rejection value Ry, for the loWer specification limit is found as:

Ry =919Mcum —hR 1O (13)
The acceptance values’At,y and At corresponding to the curtailment sample size are determined gs:

Ay =(U=L-gyo)n, (14)
and

Agp =900 (15)

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

results.

14
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7.9.3 Determination of acceptability

7.9.3.1 General

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

The acceptability criteria in 7.9.3.2 and 7.9.3.3 shall be applied to determine the acceptability for each
specification limit separately. The lot shall be considered acceptable and inspection shall terminate if
the lot has been considered acceptable with respect to both limits according to 7.9.3.2 a) and 7.9.3.3 a).

7.9.3.2 Determination of acceptability for the upper specification limit

Compare the cumulative leeway Y with the corresponding acceptance value Ay and rejectign value Ry.

a) If the cumulative leeway, Y, is less than or equal to the acceptance value; Ay, for thg cumulative
ample size, ncym, the lot shall be considered acceptable with respect_toythe upper gpecification
imit and the inspection with respect to that limit shall be terminated.

b) If the cumulative leeway, Y, is greater than or equal to the rejection’ value, Ry, for thd cumulative
gample size, ncym, the lot shall be considered not acceptable and the inspection with regpect to both
limits shall be terminated.

c) If neither a) nor b) is satisfied, another item shall be sampled and inspected with respect to the
upper specification limit.

Wheh the cumulative sample size reaches the curtailment value ng, the lot shall be corsidered not

acceptable if Y > Aty and inspection shall terminate,

Whep the cumulative sample size reaches the-curtailment value ny and Y < Ay, the |lot shall be

consjdered acceptable with respect to the upper limit. If the lot has already been considerefl acceptable

with|respect to the lower limit, or if Y > A4y, the lot shall be considered acceptable and inspection shall

termlinate, otherwise the lot shall be considered not acceptable, and inspection shall termir

late.

7.9.3.3 Determination of acceptability for the lower specification limit

Compare the cumulative leeway Y with the corresponding acceptance value Ay, and rejection value Rj.

a) If the cumulative legéway, Y, is greater than or equal to the acceptance value, 4;, for th¢ cumulative
gample size, ncyfmnthe lot shall be considered acceptable with respect to the lower 4pecification
limit and the ifispection with respect to that limit shall be terminated.

b) If the cumulative leeway, Y, is less than or equal to the rejection value, Ry, for the cumulative sample
gize, negm, the lot shall be considered not acceptable and the inspection with respect t¢ both limits
ghall béterminated.

¢) lMneithera}norblissatistied another tem-shall- be sampled-and-inspected-with-relspect to the

1

ower specification limit.

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

When the cumulative sample size reaches the curtailment value nt and Y = A¢, the lot shall be
considered acceptable with respect to the lower limit. If the lot has already been considered acceptable
with respect to the upper limit, or if Y < At g, the lot shall be considered acceptable and inspection shall
terminate, otherwise the lot shall be considered not acceptable, and inspection shall terminate.

© IS0 2018 - All rights reserved 15
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7.10 Graphical method for separate control of double specification limits

7.10.1 Acceptance chart

When the graphical method is used, an acceptability chart shall be prepared in accordance with the
following procedures. Prepare a graph with the cumulative sample n¢ym as the horizontal axis, and
the cumulative leeway, Y, as the vertical axis. Draw two straight lines with the same slope, U - L - gyo,
corresponding to the upper acceptance and rejection values, Ay and Ry, given by Equations (10) and
(12), and two straight lines with the same slope, gro, corresponding to the lower acceptance and
rejection values, Ay, and Ry, given by Equations (11) and (13). Add a vertical line, the “curtailment line”,
at neym = Nt

The uppernjost line with the slope U - L - gyo and intercept hg yo is called the “upper rejectien |ine”.
The upper acceptance line has the slope U - L - gyo and intercept -hp,yo. The lowermost line’with the
slope gro and intercept -hg, 0 is called the “lower rejection line”. The lower acceptande line hap the
slope g0 anld intercept ha, 0.

The lines define the following zones on the chart.

— The “adceptance zone for the upper specification limit” is the zone below (and including) the
acceptapce line for the upper specification limit together with that part-of the curtailment ling that
is below and includes the point (nt, 4At,v).

— The “rejection zone for the upper specification limit” is the zone above (and including) the rejertion
line for the upper specification limit together with that part ofthe curtailment line that is above the
point (n, At v).

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

— The “adceptance zone for the lower specification limit” is the zone above (and including) the
acceptapce line for the lower specification limit together with that part of the curtailment ling that
is abovg and includes the point (ng, At ).

— The “rejection zone for the lower specification limit” is the zone below (and including) the rejegtion
line for the lower specification limiftogether with that part of the curtailment line that is beloyv the
point (ng, At,1).

— The “ingdlecision zone for the lewer specification limit” is the strip between acceptance and rejection
lines fof the lower specification limit that is to the left of the curtailment line.

An example|of the prepaféd‘graph is given as Figure 3.
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Figure 3 — Acceptance chart for the sequential sampling plan for separate control pf double
specification limits

7.10{2 Determination of acceptability

7.10{2.1 General
Wheh the graphical methed is used, the following procedures shall be followed.

Plot [the point (ncymy—¥) on the acceptability chart prepared in accordance with 7.10{1, after the
insp¢ction of eachjitem.

The acceptability criteriain 7.10.2.2 and 7.10.2.3 shall be applied to determine the acceptability for each
specification limit separately. The lot shall be considered acceptable and inspection shall terminate if
the lgt hds been considered acceptable with respect to both limits according to 7.10.2.2 a) and 7.10.2.3 a).

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

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

7.10.2.2 Determination of acceptability for the upper specification limit
Apply the following criteria.

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

acceptable with respect to the upper specification limit and inspection with respect to both limits
shall terminate.

sampled and inspected with respect to the upper specification limit.

7.10.2.3 Determination of acceptability for the lower specification limit

Apply the following criteria.

a) Ifthe pot
accepta
shall tef

b) If the pq
accepta
shall tet

c) Ifthepd
and insj

8 Examy

8.1 Exam

The specifie

are submitt
vary within|
standard de|

It has been (
a)
b)

If subm
If subm

These requi
risk quality

The specifid

ble with respect to the lower specification limit and inspection with respect to thab
minate.

int lies in the rejection zone for the lower specification limit, the lot shall berconsidere
ble with respect to the lower specification limit and inspection with respgct to both 1
minate.

bected with respect to the lower specification limit.

)es

ple 1

d minimum withstand voltage for certain insulators is 200 kV. Lots from a steady produ
bd for inspection. Production is stable and ithas been verified that the withstand vol
a lot in accordance with a normal distribution. It has further been documented th4d
viation within a lot is stable and can be.taken to be 0 = 1,2 kV.

lecided to use a sequential sampling-plan with the following properties.
tted quality is 0,5 % nonconforming, then the probability of acceptance shall be 0,95.
tted quality is 2,0 % nonconforming, then the probability of acceptance shall be 0,10.

Fements are achieved.by fixing the producer’s risk quality at Qpr = 0,5 %, and the consui
At Qcr = 2,0 %.

ation refersc«tora single, lower limit. From Table 4, it is seen that the required seque

If the point lies in the indecision zone for the upper specification limit, another item shall be

idered

limit

d not
mits

intlies in the indecision zone for the lower specification limit, anotheritem shall be sanmpled

ction
ages
t the

mer’s

ntial

sampling plan has the parameters:
— ha =3,826;

— hRr =5,358;

— g =2,315;

— n¢ =49.

18

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=d1a939a4e8837c655dca6c910ef6ab98

ISO 39511:2018(E)

The equation for the acceptance value A becomes:

A=2,778n_,, +4,591

cum

and the equation for the rejection value R becomes:

R=2,778n_,, —6,310

cum

The acceptance and rejection values corresponding to the cumulative sample sizes ncy;m = 1,2, ..., 48 are
determined by successively inserting the values of n¢ym in these equations. The acceptance value At

h | b el PR | de 1 - - . - 1L
t at LUTTTSPUITUS LU LT CUT ULAITITITIIU SAITPIT SIZT 1S5 UTLTT HITTIICU TTULIL.

A, =2,778n,

with|the curtailment sample size n¢ = 49.

Sincg the withstand voltage of the insulators is determined to one decimalplace, the accgptance and
rejedtion values are rounded to two decimal places.

Information needed Value obtained

g slope of the acceptance and rejection lines 2,315
ha intercept of the acceptance line 3,826
hr intercept of the rejection line 5,258
ne curtailment value 49

o known standard deviation 1,2kV
L lower specification limit 200 kv

of a single specification limit

Table 1 — Example of.the operation of the sequential sampling plan in the cz

ise

Chimulative Inspéction s Cumulative Adceptance
sdmple size result Leeway Rejection value leeway value
Ncum X y R Y A
kV
1 202,5 2,5 -3,53 2,5 7,37
2 203,8 3,8 -0,75 6,3 10,15
3 2019 1,9 2,02 8,2 12,93
#% 205;6 56 4,86 13;8 15,70
5 199,9 -0,1 7,58 13,7 18,48
6 202,7 2,7 10,36 16,4 21,26
7 203,2 3,2 13,14 19,6 24,04
8 203,6 3,6 1591 23,2 26,82
9 204,0 4,0 18,69 27,2 29,59
10 203,6 3,6 21,47 30,8 32,37
11 203,3 3,3 24,25 34,1 35,15
12 204,7 4,7 27,03 38,82 3793
a  Thelotis accepted.

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

© ISO 2018 - All rights reserved
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8.2 Example 2

The specification for the dimension of an industrially manufactured mechanical partis 205 mm * 5 mm.
Production is stable and it has been verified that the dimension varies within a lot in accordance with
a normal distribution. It has further been documented that the standard deviation within a lot is stable
and can be taken to be 0 = 1,2 mm.

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

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

ng = 49,
The equatio
AU = 7,2

and

AL :2,7

Similarly, thi
RU = 7,2

and
RL = 2, 7
The accepta

determined
and A, that

At,U :7

and

At,L :2

with the cuy

Since the dimension of the mechanical part is determined to one decimal place, the acceptancg

rejection va

20

hs for the upper and lower acceptance values Ay and A;, become:

22n,,,, —4,591

78n,.,, +4,591

cum

fe equations for the upper and lower rejection values Ry and-R;, become:

22n.ym +6,310

cum

78Ny —6,310

cum

nce and rejection values correspondingto the cumulative sample sizes neym =1, 2, ..., 4
by successively inserting the values 0f ncym in these equations. The acceptance value
correspond to the curtailment sample size are determined from:

222n,

778n,

tailment sample size ny = 49.

ues\are rounded to two decimal places.

B are
5 At'(j

and
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Information needed Value obtained

f factor from Table 5 0,165

g slope of the acceptance and rejection lines 2,315

ha intercept of the acceptance line 3,826

hr intercept of the rejection line 5,258

ne curtailment value 49

o known standard deviation 1,2 mim

L lower specification limit 200'mm

U upper specification limit 210 mm
Maximum process standard deviation, omax: (U - L)f 1,65 mm

As ofis less than op,x, the sample is analysed further for lot acceptability.

T4ble 2 — Example of the operation of the sequentiaksampling plan in the case of jombined
control of double specification limits

Cumulative | Inspection Leeway Lower Lower Cumulative Upper Upper
sample size result rejection_spacceptance leeway acceptance || rejection
value value value value
lcum X y Ry, Ap Y Ay Ry
mm
1 202,5 2,5 -3,53 7,372 2,5 2,632 13,53
2 203,8 3,8 -0,75 10,152 6,3 9,852 20,75
3 2019 1,9 2,02 12,93 8,2 17,08 2798
4 205,6 5,6 4,80 15,70 13,8 24,30 35,20
5 1999 -0,1 7,58 18,48 13,7 31,52 42,42
6 202,7 2,7 10,36 21,26 16,4 38,74 49,64
7 203,2 3,2 13,14 24,04 19,6 45,96 56,86
8 203,6 3,6 15,91 26,82 23,2 53,19 64,09
9 204,0 4,0 18,69 29,59 27,2 60,41 71,31
10 203,6 3,6 21,47 32,37 30,8 67,63 78,53
11 203,3 3,3 24,25 35,15 34,1 74,85 85,75
12 204,7 4,7 27,03 3793 38,8b 82,07 92,97
a  Acceptance is not permitted for this cumulative sample size since the lower acceptance value would have exceeded the
upper acceptance value.
b The lotis accepted.

The sample mean of the lot meets the acceptability criterion so the lot is acceptable.
NOTE1 For asingle sampling plan from ISO 2859-1, the required sample size is n = 32.

NOTE 2 If, for example, ¢ had been known to be 2,0 mm, then o exceeds the opnax and therefore sampling
inspection should not even have taken place.

© ISO 2018 - All rights reserved 21


https://standardsiso.com/api/?name=d1a939a4e8837c655dca6c910ef6ab98

ISO 39511

:2018(E)

8.3 Example 3

The specification for the output voltage of an electronic component is 5 950 mV * 50 mV. Production is
stable and it has been verified that the output voltage varies within a lot in accordance with a normal
distribution. It has further been documented that the standard deviation within a lot is stable and can
be taken to be 0 =12 mV.

It has been decided to use a sequential sampling plan with the producer’s risk quality Qpr,y = 0,5 %, and
the consumer’s risk quality Qcr,u = 2 % for the upper specification limit U= 6 000 mV and the producer’s
risk quality Qpgr, 1 = 2,5 %, and the consumer’s risk quality Qcg 1 = 10 % for the lower specification limit
L=5900 mV.

Since the qui
determined

The parame|
be ha,u = 3,9

Similarly, thie parameters of the sampling plan referring to the lower specification,limit are found

Table 4 to b{

Since the lal
the sequent

The equatid

specificatio}
and
Ry =72

Similarly, th
lower specif

A, =19

and

R, =19,

The acceptal
determined

Ince and.rejection values corresponding to the cumulative sample sizes ncym = 1,2, ..., 4

ality levels have been specified for each of the limits separately, two sets of parametéy
for the sequential sampling plan

ters of the sampling plan referring to the upper specification limit are found,frem Tabl
26, hg y = 5,258, gy = 2,315 and ny,y = 49.

e ha = 2,812, hg 1 = 3,914, g;, = 1,621 and ny 1, = 29.

rger of the two curtailment values is ng,y = 49, the curtailment®alue that shall be use
al sampling plan is nt = 49.

ns for the acceptance value Ay and the rejection value Ry corresponding to the u
1 limit become:

22n,,,, —45,91

22Ny 63,10

cum

e equations for the acceptance value A; and the rejection value R; corresponding t
ication limit become:

45n,, +33,74

cum

A5n .y — 4697

cum

by-Successively inserting the values of ncyp in these equations. The acceptance value

and Ay, 1, cory

S are

b 4 to

from

d for

pper

b the

B are
;AtU

esponding to the curtailment sample size are determined from:

Acy =72,22n,

and

A =19,45n,

with the curtailment sample size n = 49.

Since the output voltage of the insulators is determined in millivolts without decimals, the acceptance
and rejection values are rounded to one decimal place. The results are shown in Figure 3.

22
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Value obtained

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

f factor from Table 6 0,220
gu slope of the acceptance and rejection lines for upper limit 2,315
ha,u intercept of the acceptance line for upper limit 3,826
hr,u intercept of the rejection line for upper limit 5,258
ne curtailment value 49

gL slope of the acceptance and rejection lines for lower limit 1,621
ha,L intercept of the acceptance line for lower limit 2,812
hr 1 intercept of the rejection line for lower limit 3914
o known standard deviation 12 mV
L lower specification limit 5900
U upper specification limit 6 000
Maximum process standard deviation, omax: (U - L)f 22 mV

Table 3 — Example of the operation of the'sequential sampling plan in the case of separate
control of double specification limits
Cumulative | Inspection Leeway Rejection | Acceptance | Cumulative | Acceptance || Rejection
sample size result value for value for leeway value for value for
lower limit | lower limit upper limit | upper limit
lcum X Y Ry AL Y Ay Ry
mV
1 5930 30 -27,5 53,2 30 26,3 135,3
2 5909 9 -8,1 72,6 39 98,5 207,5
3 50921 21 11,4 92,1 60 170,7 279,8
4 5924 24 30,8 111,6 84 243,0 352,0
5 5927 27 50,3 131,0 111 315,2 424,2
6 5939 39 69,7 150,5 150 3874 496,4
7 5914 14 89,2 1699 164 459:6 568,6
8 5916 16 108,6 189,4 180 531,8 640,9
9 5932 32 128,1 208,8 212a 604,1 713,1
a  Thelotis accepted.

9 Tables

Tables 4 to 6 are given on the following pages.

Table 4 — Parameters for sequential sampling plans for percent nonconforming (Master table for
a=0,05and f%0,1)

© ISO 2018 - All rights reserved

23


https://standardsiso.com/api/?name=d1a939a4e8837c655dca6c910ef6ab98

ISO 39511:2018(E)

Table 5 — Values of f for maximum process standard deviation (combined control of double
specification limits)

Table 6 — Values of ffor maximum process standard deviation (separate control of double specification
limits)
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