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INTERNATIONAL STANDARD

1ISO 3951 : 1989 (E)

Sampling procedures and charts for inspection by
variables for percent nonconforming

1 Scope and field of application

1.1 Scope

1.1.1 Thiq International Standard establishes sampling plans
and procedlres for inspection by variables. It is complementary
to 1ISO 2859. When specified by the responsible authority, both
this International Standard and ISO 2859 may be referenced in
a product of process specification, contract, inspection instruc-
tions, or other documents, and the provisions set forth therein
shall govern. The "responsible authority”” shall be designated in
one of the pbove documents.

1.1.2 The| object of the methods laid down in this Inter-
national Standard is to ensure that lots of an acceptable quality
have a high probability of acceptance and that the probability
of not accgpting inferior lots is as high as possible.

1.1.3 In cpmmon with ISO 2859, the percentage of noncon-
forming prpducts in the lots is used to define the quality of
these lots gnd of the production process in question.

1.2 Field of application

This Interngtional Standard/is primarily designed for use under
the following conditions\:

a) where the.inspection procedure is to be applied to a

Section one : General

normal distribution or a close approximation to the normal

distribution;

d) where a contract jor standard defines an upper

specification limit U, a lower specific

ation limit L, or

both; a productiis qualified as nonconfprming when its
measured quality’ characteristic x satisfies one of the fol-

lowing inequalities:

x>y ..M
xX L ..(2)
eitherx > Uorx < L ..(3)

Inequalities (1) and (2) are called cases with a

bingle specifica-

tion limit, and (3) a case with double specifjcation limits. In

this last situation a further distinction is made
or combined double limits according to wh
applied to each limit separately or to both lim
clause 4).

2 References

ISO 2854, Statistical interpretation of data

between separate
bther the AQL is
ts combined (see

— Techniques of

estimation and tests relating to means and variances.

IS0 2859, Sampling procedures and tables
attributes.

for inspection by

ISO 3634, Statistics — Vocabulary and symHols.

IS0 5479, Normality tests. V

ISO 5725, Precision of test methods —

Determination of

repeatability and reproducibility for a standard test method by

P
plied to each one separately;

b) where only a single quality characteristic x of these
products is taken into consideration, which must be
measurable on a continuous scale. If several such
characteristics are of importance, this International Stan-
dard shall be applied to each separately;

c) where production is stable (under statistical control)
and the quality characteristic x is distributed according to a

1) At present at the stage of draft.

Triter-faboratory tests:

3 Definitions and symbols

3.1 Definitions

For the purposes of this International Standard, the definitions

given in ISO 3534 and ISO 2859, together w
apply.

ith the following,
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3.1.1 inspection by variables (contrdle par mesures) : A
method which consists in measuring a quantitative character-
istic for each item of a population or a sample taken from
this population.

3.1.2 acceptance sampling by variables (échantillonnage
par mesures en vue d’'acceptation) : An acceptance procedure
wherein a specified characteristic is measured to establish
statistically the acceptability of a lot from the result obtained
from the items in a sample.

3.1.3 accepta I (AQL) [niveau de gualité ac-

3.1.10 specification limit (limite de spécification): The
limiting value (lower or upper) specified for a quantitative
characteristic.

3.1.11 lower specification limit (L) [limite inférieure de spé-
cification (L;)]: A specification limit that defines the lower con-
formance boundary for an individual unit of a manufacturing or
service operation.

3.1.12 upper specification limit (U) [limite supérieure de
spécification (L )]: A specification limit that defines the upper
conformance boundary for an individual unit of a manufactur-

ceptable (NQA) : When a continuous series of lots is con-

sidered, a quali
spection is the
nonconforming

3.14
sidered in isola
sampling inspe

level which for the purposes of sampling in-
imit of a satisfactory process average percent
(See clause 4.)

limiting| quality (qualité limite) : When a lot is con-

ion, a quality level which for the purposes of
tion is limited to a low probability of accep-

tance (in this International Standard : 10 %). (See 12.1.)

specified requir

ment by a quality characteristic of an item or

3.1.5 noncoriormity (non-conformité) : Failure to fulfil a

. . "
Mg or—Strvicc—operatomn

3.1.13 single specification limit (limite dnigue |de spécifica-
tion) : The term used when one limit only‘is specjfied.

spécifications doubles séparées) :_The term used when both
upper and lower limits are_specified and separate AQLs are
applied to each limit individaally. (See 4.3.)

3.1.14 separate double specification Iimit1 (limites de

spécification double ‘combinée) : The term used when both

3.1.15 combined{double specification Iimg (limite de
upper and loweérdimits are specified and an AQL ig given which

service, the assessment of which does not depend essentially
on the passage|of time.

Nonconformities will generally be classified by their degree of
seriousness, sufh as:

Class A. Thos¢ nonconformities of a type considered to be of
the highest corjcern for the product or service. In acceptance
sampling, such| types of nonconformity will be assigned very
small AQL valups.

Class B. Thos¢ nonconformities of a type considered to have
the next lowel degree of concern; thereforé these can be
assigned a larger AQL value than those in class A and smaller
than in class C] if a third class exists, and so on.

The number of|classes and the assignment into a class should
be appropriate fo the quality requirements of the specific situa-
tion.

3.1.6 nonconforming-unit (unité non conforme): A unit of
product or service gontaining at least one nonconformity.

applies to the\combined percent nonconforming at the two

limits. (See'4.3.)

3.1,16.> acceptability constant (k) [constante d

acceptabilité

(k)1 A constant dependent on the specified valjie of the ac-

ceptable quality level and the sample size. (See 1
or clause C.5 in annex C.)

function of the specification limit, the sample m

.2 and 15.2,

an, and the

3.1.17 quality statistic (Q) [statistique de qU}Iité Ql: A

standard deviation. The lot is sentenced on the r
paring Q with the acceptability constant k. (See 1
or clause C.5 in annex C.)

3.1.18

sult of com-
1.2 and 15.2,

lower quality statistic (Q;) [statistique de qualité

correspondant a la limite inférieure (Q;)] : A function of the

lower specification limit, the sample mean, and

the standard

deviation. The lot is sentenced on the result of comparing Q;

with the acceptability constant k. (See 14.2 and 1

b.2, or clause

C.5in annex C.)

3.1.19 upper quality statistic (Q,) [statistiqle de qualité
correspondant a la limite supérieure (Qg)] : A function of the
upper_specification limit, the sample mean, and Jthe standard

3.1.7 s method (méthode «s»]: A method of assessing the
acceptability of a lot by using the sample standard deviation.
(See clause 14.)

3.1.8 “o” method (méthode «o»): A method of assessing
the acceptability of a lot by using knowledge of the process
standard deviation. (See clause 15.)

3.1.9 “R” method (méthode «R»): A method of assessing
the acceptability of a lot by indirectly using an estimate of the
standard deviation of the process based on the average range
of the measurements of the items in sub-groups of the sample.
(See annex C.)

deviation. The lot is sentenced on the result of comparing Q,,
with the acceptability constant k. (See 14.2 and 15.2, or clause
C.5in annex C.)

g

3.1.20 maximum sample standard deviation (MSSD)
[écart-type maximal de I'échantillon (ETME)]: Under given con-
ditions, the largest acceptable sample standard deviation. (See
14.6 and B.8.3 in annex B.)

3.1.21 maximum process standard deviation (MPSD)
[écart-type maximal du procédé (ETMP)]: Under given con-
ditions, the largest acceptable process standard deviation. (See
15.3 and B.5.2 in annex B).
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3.1.22 switching rules (régles de modification du contrdle):
Instructions within a sampling scheme for shifting from one
sampling plan to another based on demonstrated quality

history. (See clause 19.)

3.2 Symbols

The symbols used are as follows:

fs A factor, given in table IV-s, that relates the maximum
sample standard deviation to the difference between U

and L.

f, AfwwmmWW
process| standard deviation to the difference between U

and L.

k  The pcceptability constant when using the "’s” method,

"g" method or "R’ method.

K The| acceptability constant when both u and ¢ are

known.

L Lowpr specification limit. (As a suffix to a variable,

denotes|its value at L.)

U Upper specification limit. (As a suffix to a variable,

denoteslits value at U.)

n  Sample size (number of units in a sample).

N Lot pize (number of units in a lot).
P, Thq probability of acceptance.

Q Thelquality statistic.

Q; Lovver quality statistic.

Q. Upper quality statistic.

s Stanflard deviation of a sample (estimate of the standard

deviatiof of the process).

(See|also annex A.)

X MeaIured value of-a‘characteristic in the sample.

X Mea

X; Lower-aceeptance value.

value of-x for the sample of n items.

ISO 3951 : 1989 (E)

> "Greater than” (for example, a > b means a is greater

than b).

> "Greater than or equal to”” (for exampl
is greater than or equal to b).

e, a > bmeansa

< "Less than” (for example, a < b means a is less than

b).

< "Less than or equal to” (for example,
less than or equal to b).

A bibliography-of documents used in the-dey
International Standard is given in annex D.

4 Acceptable Quality)Level (AQlL

4.1 Definition

When a continyous series of lots is considerg
which for the purposes of sampling inspectio)
satisfactory,process average percent noncont

4.2 Use

The AQL, together with the sample size code]
index the sampling plans in this International

4.3 Specifying AQLs

The AQL to be used will be designated in the p
tion contract or by the responsible authority. V
and lower specifications limits are given, separ
given to the individual limits, which are
""separate double specification limits”. Alternd
AQL may be given which applies to the combi
conforming at both the upper and lower lir]

a < bmeansais

yelopment of this

~—

ed, a quality level
n is the limit of a

orming.

letter, is used to
Standard.

roduct specifica-
Vhere both upper
ate AQLs may be
then known as
tively, an overall
hed percent non-
hits; this is then

known as a "combined double specification ljmit".

4.4 Preferred AQLs

Eleven AQLs given in this International Star
value from 0,10 % to 10 % nonconforming,
preferred AQLs. If, for any product or ser|

dard, ranging in
are described as
vice, an AQL is
this International

designated other than a preferred AQL, then

Standard-is-not-applicable—See-12-2)}——

Xy Upper acceptance value.

M Mean of the process.

o Standard deviation of the process. (g2, the square of the

standard deviation, is known as the variance.)

Y “The sum of” (for example, £ x =
values).

n

the sum of the x

2 x; The sum of all the x values when / takes integral

=, values from 1 to n.

Two further AQLs, 0,065 % and 15 %, are given to complete

the range of plans needed for the operation

of the switching

rules. (See clauses 19 and 21.) Plans and curves designated by
an AQL of 0,065 % or 15 % will only be used when the AQL
under normal inspection is 0,10 % or 10 % respectively and the

switching rules are invoked.

4.5 Caution

From the above definition of the AQL, it follows that desired
protection can only be obtained when a continuous series of

lots is provided for inspection.
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4.6 Limitation

The designation of an AQL shall not imply that the supplier has
the right to supply knowingly any nonconforming unit of
product.

5 Switching rules for normal, tightened and
reduced inspection

5.1 In order to discourage the producer from operating at a
process average i the-AQL,

rr_rr

to the method chosen ("’s”’, "¢’’ or, contingently, "R").
Separate tables are given for normal, tightened and reduced
inspection.

d) The switching rules are essentially the same.

e) The classification of nonconformities by degree of
seriousness into class A, class B, etc. remains unchanged.

6.2 Differences

a) Determination of acceptability. The acceptability of
an attributes sampling plan, taken from ISO 2859, is deter-
i i i und in the

this International|Standard prescribes a switch to tightened in-
spection when ihspection results indicate that the process
average does excped the AQL, and discontinuation of sampling
inspection altoggther when tightened inspection does not in
time stimulate th¢ producer to improve his production process.

5.2 Hence, tightened inspection and the discontinuation rule
are integral, and ftherefore obligatory, procedures of this Inter-
national Standard if the protection implied by the AQL is to be
maintained.

5.3 This Interngtional Standard also provides the possibility of
switching to redufed inspection when inspection results indicate
that the process [average percent nonconforming is stable and
reliable at a level pelow the AQL. This practice is, however, op-
tional (at the disqretion of the responsible authority).

5.4 When ther¢ is sufficient evidence from the control charts
(see 18.1) that the variability is in statistical control, considera-
tion should be diven to switching to the ¢’ method. If this
appears advantageous, the consistent value of s shall be taken
as g.

5.5 When it hgs been necessary to discontinuesampling in-
spection, inspection may not be resumed until action is taken by
the producer to improve the quality of the submitted product.

5.6 Details of the operation of the switching rules are given in
clauses 19 and 2.

6 Relation to ISO 2859

6.1 Similarities

sample; the acceptability criterion in inspection,by variables
is based on estimates of the location and-variability of the
distributed measurements of the lot, hin-relation to the
specification limits, that is in terms of the meah and stan-
dard deviation. In this International’'Standard two methods
are considered: the "'s” method-for use when the process
standard deviation ¢ is unkmown and the "¢’ method for
use when o is considered.to’be known. A thifd method,
called the ""R"” method; is\given in annex C. In the case of a
single specification limit or of two separate linits, the ac-
ceptability may bé calculated from a formula (s¢e 14.2 and
15.2), but is more)easily established by a graphical method
(see 14.3). In the case of a combined double limit, this Inter-
national Standard provides for a graphical meth¢d (see 14.6
and 15.3\

b) MNormality. In ISO 2859 there is no rfequirement
relating to the distribution of the characteristics|l but in this
International Standard it is necessary to the effigient opera-
tion of a plan that the measurements should bq distributed
according to a normal distribution or a close approximation
to the normal distribution.

an individual variables plan may be devised the PC curve of
which corresponds closely to that of a given attrjbutes plan,
it would not be possible to make all the OC curvgs in this In-
ternational Standard identical with the corresponding OC
curves in ISO 2859 (which are indexed with the same code
letter and AQL), without the sample size increasjng with the
AQL for a given sample size code letter. For the [‘s” method
the sample size has been kept fixed for a giyen lot size
across the full range of AQLs; for the “‘”’ methpd this con-
straint has been removed in order to match the 1s” and ‘"’
method OC curves as closely as possible, both|at the AQL
and at the limiting quality.

c) Operating characteristic curves (OC cu:Fes). While

d) Probability of acceptance at the AQL{ The prob-

ability that a lot, whose quality is precisely at t:[e AQL, will
be—accepted-incr i i d follows a

a) This International Standard is a complement to
ISO 2859; the two documents share a common philosophy
and, as far as possible, their procedures and vocabulary are
the same.

b) Both use the AQL to index the sampling plans and the
preferred values used in this document are identical with
those given in ISO 2859 for the same range of values (i.e.
from 0,1 % to 10 %).

c) In the two International Standards, lot size and inspec-
tion level (inspection level Il being preferred in default of
other instructions) determine a code letter. Then general
tables give the sample size to be taken and the acceptability
criterion in terms of the code letter and the AQL according

similar, but not identical, scale to that used in ISO 2859.

e) Sample sizes. The variables sample sizes corre-
sponding to given code letters are usually smaller than the
attributes sample sizes for the same letters.

f) Double sampling plans. No double sampling plans are
given in this International Standard.

g) Average Outgoing Quality Limit (AOQL). Under
destructive or expensive testing, where 100 % inspection
and rectification of non-accepted lots is not feasible, the
AOQL concept cannot be applied. As variables plans will
generally be used under these circumstances, no AOQL
tables have been included in this International Standard.
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Non-continuous production and operating
characteristic curves

7.1 Non-continuous production

el

a) The Samipiing schem in na

eimes contained in this International
Standard were not designed to be applied under cir-
cumstances different from those specified in 1.2, for

varmaela +a an o lanladad las oo 1 _te 1 RN T

examplte to an isolated lot or limited number of iots, where
tightened inspection and the discontinuation rules cannot
be applied.

- n

7.2 Operating cha

ISO 3951 : 1989 (E)

acteristic curves

a) The degree of protection of the consumer provided by the

individuai Sampung plans of this internationai Standard can,
however, be judged from their operating characteristic (OC)
curves as given in charts V-B to V-P and tables V-B-1 to V-P-1,

and these shouid be consuited when cnoosmg a sampllng plan.

b) These curves are for normal inspection using the “s”’
method with a single specification limit, but they nrovnde a

P TP ST T

guuu approximation to the case of a combined doubie
specification limit.

k) HlmAar aiinlh aceAdldda s alen e L . A M1
b} Under such condi uons, l.llr: \.-Ullbb'pl O1r dit AUL

becomes irrelevant, as the consumer’s concern narrows to
the quality of the limited number of submitted lots, and he is

[Pty ™ PRI JER PR DY R

N0 1IONGer involved with exer ung conurois on wmne qudlIIY of
the production process. The AQL will still indicate a submit-
ted quallty which has a high probability of acceptance, and

can therefore still be used as an index to a sampling plan.
(See clause 12.)

u; Firese—ctrv t o pproximation to
the OC curves for the “g" method (and 1he “R" method)
sampling plans indexed by the same code [letters and AQL,
uniess the sample size is smalil.

d) Separate OC curves areat given folf tightened or re-
duced inspection, but the curves may be fqund from among

those given for normal- inspection (dee tabies VIi-A
and VI-B).
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8 Planning

The choice of the most suitabie variabies pian, if one exists, re-
quires experience, judgement and some knowledge of both
statistics and the product to be inspected. This section of this
international Standard is intended to suggest to those
responsible for specifying sampling plans the considerations
that should be borne in mind when deciding whether a

ice of sampling plan
NOTES
1 Tests for departure from normality are dealt with in section two of
ISO 2854, which provides examples of graphical methods which can

be used to verify that the distribution of the data is sufficiently normal

to justify the use of sampling by variables.
2 cNn I:A'IO ivnae
9

2 10U o4/0 gives a mo

tests.

variables plan mfmn-nrmrm to-be-matde
when selecting gn appropriate standard plan.

9 Choice between variables and attributes

s whather it is desirable to
wnetnher it I1s gesirabie 10

inspect by variaples rathe than by attributes. Th
points should bg taken into account :

o
-
=2
)
2
=

@

a) In terms|of economics, it is necessary to compare the
total cost of the relatively simple inspection of a larger
number of itgms by an attributes scheme with the generally
more elaborjte procedure required by a variables scheme,
which is usyally more expensive in time and money per
item.

with inspectipn by variables as the more precise information
obtained indicates how good the product is; earlier warning
will be given|if the quality is slipping.

b) In termskof the knowledge gained, the advantage lies

c) An attrijutes scheme can be more readily understood
and accepts\tf; for example, it may at first be difficult-to.ac-
cept that, when inspecting by variables, a lot can\bé re-
jected on measurements taken of a sample that does not
contain any] nonconforming items. (See-~the example
in 14.6.)

d) A comparison of the size of the samples required for the
same AQL from standard plans for inspection by attributes
(i.e. from 190 2859) and the standard plans in this Inter-
national Standard is given in‘table I-B. It will be seen that
the smallest samples are required by the "¢’ method, used
when the standard deviation of the process is known.

e) Inspectipn by_variables is appropriate particularly in
conjunction with{thé use of control charts for variables.

f) Variableg_sampling has a substantial advantage when
the inspection process is expensive, for example in the case
of destructive testing.

g) A variables scheme becomes less suitable as the
number of measurements to be taken on one item in-
creases, as each characteristic has to be considered
separately. It may be advantageous to apply “attributes’” to
the majority of the characteristics and "'variables’ to one or
two of the more important requirements, for example proof
load tests, safety and reliability requirements.

h) The use of this International Standard is only applicable
when there is reason to believe that the distribution of
measurements is normal. In case of any doubt, the respon-
sible authority should be consulted.

10 Choice of method

If it is desired to apply inspection by variables, the next ques-

tion is which method should be used, ‘the "’s’’ m¢thod or the
"g" method (or the "R’ method).

The "'’ method is the most(economical in sample size, but
before this method may be employed, the value of| o has to be
established

n "

In terms of sample size, the method has a slight advantage
over the "R"” method, but the calculation of s inpolves more
computation; the-extent and difficulty of this is m¢re apparent
than real, cespecially if an electronic calculator fs available.
Methods-of ‘calculating s are given in annex A.

The”R"” method (given in annex C) is simple to calculate, but
requires a somewhat larger sample size for the same AQL. Also
it-has the undesirable property that for samples ¢f size 10 or
more the acceptability of a lot can depend uppn how the
sample is divided into sub-groups.

Initially, it will be necessary to begin with the |’s’’ (or the
"R'" method), but if the quality is satisfactory, %he standard

switching rules will permit the responsible authofity to com-
mence reduced inspection and use a smaller sample size.

The question then is, if the variability is under corftrol and lots
continue to be accepted, will it be economical to change to the
""" method?

The size of the sample will generally be smaller ang the accept-
ability criteria become simpler. (See clauses 15.2 and|15.3.) On the
other hand, it will still be necessary to calculate s fgr record pur-
poses and to keep the control charts up to date. (Sge clause 18.)

QL

In standard sampling plans, the inspection level in conjunction
with the size of the lots and the AQL determines the size of the
sample to be taken, and governs the severity of the inspection.
The appropriate OC curve given in one of the tables V-B to V-P
shows the extent of the risk that is invoived in such a plan.

The choice of the inspection level and AQL is governed by a
number of factors, but is mainly a balance between the total
cost of inspection and the consequences of nonconforming
items passing into service.

The normal practice is to use inspection level |, unless special
circumstances indicate that another level is more appropriate.
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Section three: Operation of a variables sampling plan

13 Preliminary operations
Before starting inspection by variables, check

a) that the distribution can be considered to be normal and
that production is considered to be continuous;

b) whether the ”’s” (or ’R"') method is to be used initially
or whether the standard deviation is stable and known, in
which case the~o“—method-shottd-betsed:

Thus, if only the upper specification limit U is given, the lot is
acceptable if Q; > k
not acceptable if Qy < k

Or, if only the lower specification limit L is given, the lot is

c) that the| inspection level to be used has been
designated. I none has been given, inspection level Il shall
be used;

d) that the AQL has been designated and that it is one of

14 Standarq

The procedure f

the preferred
If it is not, th

e) ifadoubl

IAQLs for use with this International Standard.
e tables are not applicable;

e specification limit has to be met, whether the

limits are separate or combined and, if the limits are

separate, wh

bther AQLs are determined for each limit.

i procedure for s’ method

14.1 Obtaining a plan

r obtaining a plan is as follows :

gcceptabte -G >k
not acceptable if Q; < k

When both U and L are given (k values-are.different|if the AQLs
are different for the upper limit and(the’lower limit), the lot is

acceptable if both Q, > k,(and Q, > ky
not acceptable if eitherQ; < k; or Q; < ky

Example

The maximum temperature of operation for a certgin device is
specified as.60-°C. Production is inspected in lots of 100 items.
Inspectior level I, normal inspection with AQL =[2,5 % is to
be used.‘From table I-A, the sample size code lettgr is F; from
table, lI-A it is seen that a sample size of 10 is requifed and that
the “acceptability constant k is 1,41. Suppose the measure-

a) With thelinspection level given (normally this will be 1) ments are as follows: 53 °C; 57 °C; 49 °C; 58 °C; 59 °C; 54 °C;
and with the] lot size, obtain the sample size code letter B8 °C; 56 °C; 55 °C; 50 °C. Compliance with the gcceptability
using table I-A. criterion is to be determined.
b) With thig code letter and the AQL, enter table Il-Asand
obtain the sample size n and acceptability constant k. Information needed Valuds obtained
c) Taking 4 random sample of this size, measure the )
characteristic| x in each item and then cdlculate X, the Sample size : n 10
sample mean} and s, the estimated standard) deviation (see _
annex A). If x'is outside the specification limit, the lot can Sample mean x: ¥ x/n 54,9
be judged unacceptable without, Calculating s. It may, L _
however, be hecessary to calculate,s for record purposes. Standard deviation s : 1/ Z (x; — X)2/(n — 1) 3,414
(See A.1.2, annex A.) '/
14.2 Accep.t b|||_ty cr_lte.rla for single or separate Specification limit (upper) : U 60
double specification limits
If single or separfate spegification limits are given, calculate the Qu = U - Xx)/s 1,494
quality statistic .
Acceptability constant : k (see table II-A) 1,41
U-X
Q= s Acceptability criterion : compare Q, with k 1,494 > 1,41
and/or The lot meets the acceptability criterion, and is therefore accep-
_ table.
x—-L
Q, =
s

as appropriate,

then compare the quality statistic (Q;, and/or Q;) with the
acceptability constant k obtained from table II-A for normal
inspection. If the appropriate quality statistic is greater than or
equal to the acceptability constant, the lot is acceptable; if less,
it is not acceptable.

14.3 Graphical method for a single specification
limit

When a graphical criterion is desired, draw the line

x = U — ks (for an upper limit) or

X = L + ks (for a lower limit),
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as appropriate, on graph paper with x as the vertical axis and s
as the horizontal axis. When the inspection concerns an upper
specification limit the accept zone is the zone below the line.
When a lower specification limit is considered, the accept zone
is the zone above the line. Using the values of s and x
calculated from the measurements obtained from a sample (see
annex A for the calculation of s), plot the point (s, X) on the
graph. If this point lies in the accept zone, the lot is acceptable;
if outside, it is not acceptable.

Example

Using the 2;
U = 60 on|the X (vertical) axis and draw a line through this
point with g slope — k [as kK = 1,41, this means the line passes
through pojnts (s = 1, x = 58,59), (s = 2, x = 57,18), (s = 3,
x = 55,77} etc.]. Select a suitable point and draw a straight
line through it and (s = 0, X = 60), i.e. U. The accept zone is
then the arga under this line. The calculated values of s and X
are 3,414 anpd 54,9. Plotting the point (s, x), it will be seen from
figure 1 that it lies just inside the accept zone; the lot is accep-
table.

The graph dan be prepared before beginning the inspection of a
series of lots. Then, for each lot plot the point (s, X) and decide
whether or|not the lot is acceptable.

x|

60 4Y
59 -
58
57 4
56 A
55_4
54

549

3414

Figure 1 - Example of the use of an“acceptance chart

1

for [a single specification-limit: “’s” method

14.4 Numerical method for single or separate
double specification fimits

Example

A certain pyrotéchnic delay has a specified minimum delay time
of40s andl a’maximum time of 9,0 s. Production is inspected

ISO 3951 : 1989 (E)

stants are k; = 1,57 and k; = 2,54 respectively. Suppose the
sample delay times are as follows:

6,95 6,04 6,68 6,63 6,65
6,40 6,44 6,34 6,04 6,156
6,44 7,15 6,70 6,59 6,51
6,35 7,17 6,83 6,25 6,96
6,80 5,84 6,15 6,25 6,57
6,62 6,59 6,86 6,57 6,91
6,29 6,63 6,70 6,67 6,67

Compliance with the acceptability criteria is to be determined.

Information needed Value obtained
Sample size: n 35
Sample mean x: X x/n 6,65 s

Sample standard deviation $:
VI (X — X)2/(n =) 0,31s

1
(See A.1.2, annex A.)

Upper specification limit: U 90s
Qy = - x)/s 7,90
Acceptability constant: k, (see table 1I-A) 1,57
Lower specification limit: L 40 s
Q =x-L)s 8,23
Acceptability constant: k; (see table II-A) 2,54

Acceptability criterion: is Qy > k
and OL > kL?

7,90>1,57
and 8,23>2,54

The lot meets the acceptability criteria, and is acceptable.

14.5 Graphical method for separate| double
specification limits '

When a graphical criterion is desired for|separate double
specification limits, draw the lines

X = U - ky s (for the upper limit) and

X = L + k; s (for the lower limit)

in lots of 1 000 items and inspection Tevel I, normal inspection,
is to be used with an AQL of 0,1 % applied to the lower limit
and an AQL of 2,5 % applied to the upper limit. From table I-A
it is seen that the sample size code letter is J; from table I-B it is
seen that the sample size is 35 for the s’ method and from
table lI-A it is found that the upper and lower acceptability con-

on graph paper with x as the vertical axis and s as the horizontal
axis. Using the values of s and x calculated from the
measurements obtained from a sample, plot the point (s, X) on
the graph. If this point lies in the accept zone, the lot is accep-
table; if outside, it is not acceptable.
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Example

Using the data given in the example in 14.4 mark the point
U = 9,0 on the x (vertical) axis and draw a line through this
point with a slope — k, [as k;; = 1,57, this means that the line
will pass through the point (s = 1, X = 7,43)]. Also mark the
point L = 4,0 on the x axis and draw a line through this point
with slope + &, [as k; = 2,54, this means that the line will pass
through the point (s = 1, x = 6,54)]. The accept zone is then
the area bounded by these lines and the X axis. The calculated
values of s and x are 0,31 and 6,55. Plotting the point
(s = 0,31, x = 6,55) as shown in figure 2 it will be seen that it

and tightened inspection be copied (or traced) onto graph
paper. (A sheet of the special graph paper needed for this is
given in annex D.) The scales should be adjusted so that s and
X can be plotted directly (e.g. the upper limit is given
instead of 1,0 and the lower limit instead of 0 on the X scale).

Then plot on the chart the values of s and X found from the
sample and, if the point lies inside the accept zone, the lot is ac-
ceptable; if outside, it is not acceptable.

NOTE — For sample size code letters B and C (i.e. sample sizes 3 and
4), the accept zone is bounded by four straight lines: the x axis, the line
x = U — k s, a line parallel to the x axis through the MSSD (see

. cls N L. L
lies well within the dacceptzone ard-tiat-thetotts abbcplau:c.

U=9 —\ U=9 L=4
ky=157 ki =25k

Accept

s=0, zone
655 —=  L.¢
6 -
5 4
L= 4 T T T T T T T
0 o ¥ ox o6 08 7 12 1k s

031

Figure 2 — ExXample of the use of an acceptance chart
for separate|double specification limits? !“s” method

14.6 Acceptpbility criterion for-ajcombined
double specification limit

If a combined ppper and lowef~specification limit has been
given, it will be pecessary to-use a graphical method, unless s is
greater than thq value of the' MSSD obtained from table IV-s,
in which case thg lot shall'be immediately judged unacceptable.

Consult the chaft in.the ’s’’ series which is labelled with the ap-

table IV-s) and the line x = L + ks. The value of k jis dbtained from
the table II-A, 1I-B or II-C.

Example

The minimum temperature of operation for a certgin device is
specified as 60,0 °C and the maximum temperaturg as 70,0 °C.
Production is in inspection lots“of 96 items. Inspegtion level II,
normal inspection, with AQL-="1,5 %, is to be |used. From
table I-A, the sample size code letter is F; from table I-B it is
seen that a sample size(of 10 is required and fron table IV-s
that the value of f{/for the MSSD is 0,276. Suppose the
measurements obtained are as follows : 63,5 °C; 62,0 °C;
65,2 °C; 61,7 °2C469,0 °C; 67,1 °C; 60,0 °C; 66,4 ?C; 62,8 °C;
68,0 °C. Compliance with the acceptability criterjon is to be
determined:

Information needed Valye obtained
Sample size : n 10
Sample mean : x: X x/n 64,57

Sample standard deviation s :

V E ;= Xx)2/(n - 1) 3,01
(See élause A.1.2, annex A.)
Value of £, for MSSD (table IV-s) 0,276
MSSD = £, (U - L) 2,76

The appropriate acceptance curve is taken from djagram s-F.

If, as on figure 3, the scales have been adjusted to the real
measurements, plot the point (s = 3,01, X = 64,%57). This lies
outside the acceptance curve and the lot is not agceptable. It
could have been judged not acceptable as soon ag it was seen
that s was greater than the MSSD.

propriate code letter and select the acceptance curve with the
AQL specified for the two limits.

Then calculate the values of

s x - L
and
U-1L U-1L

and plot a point representing these values on the graph (or a
copy of it). If the point lies inside the accept zone, the lot is ac-
ceptable; if outside, it is not acceptable.

For greater convenience it is recommended that, before the
inspection operations begin, the acceptance curves for normal

10

If the scale of the chart has not been adjusted to the values of s
and X, the following additional calculations are required :

Standardized mean :
(x — L)/(U - L) = (64,57 — 60)/(70 — 60) = 0,457

Standardized s : s/(U — L) = 3,01/(70 — 60) = 0,301
The point (0,301, 0,457) is plotted on figure 3.

As it lies outside the acceptance curve for AQL = 1,5 %, the
lot is not acceptable.

NOTE — This lot is not acceptable even though all tested items in the
sample are within specification limits.


https://standardsiso.com/api/?name=86175a59969df5e794c259f946a58dae

O ~d
(] n

<= >
o

r 6N T
(=)

M "

<O

N L

N

O

N

L ] > ON
. @ ] , O

3

o

++1+ b
-4 ++ + -
g ~ <«
L o
L | 4 "
+1 SUE 8 L4414 +
-+ 4+ 4+ -+ v& b+ 4+ 444+ + r oy
P Ar;« + 4+ + <+ 4
4 44 4 4 44 [ 4 -
{44 b + + 1 44 44+ 4 4+ + 4
L4444 4+ + - . + P! 44 <+ 1 4 Mw (V]
4+ -4+ 444+ 4414+ L+ { L1444+ 44 + I ~ O
1 1137117 ) LT TITITTH I AR T T T 1 (<)
44 4+ 4 441 y 4+ 4+ 4 4144 [ -4 4 + 4 ¢ 4444+ + 4+ + N
b - 4 444 - b+ 4 ¢ . v 4 +4 +4++4+4- 444 H
44 H +
r T T T 17 i INSese
b +4 4 4 +1t+1 11 4 H H + 4o+ + 4 44 ¢ 4+ 4 } Y - RIS 44 4+ +
L +4 4 4 .II.MA + b4 + ] w* bat 4 I+ 1 s 4 } v} N gV SO N N _
111l 00 SENENSE0ES SSRE0 S SEE0 88008 480818 ] H s SU S0 8! 111N -
o o) c~ o) N 3 m o <« )
-~ - -~ -~ - - -

o (=) o o o o) o o =)
W w (W) (W) J (W) (W] wJ ) W)
o o (<] o (] (<) o o (-] o

, c©~ e} LN & n) N P («>]
MNDI mw O D D [Va) —(..U (Vo) \D O

metnoa


https://standardsiso.com/api/?name=86175a59969df5e794c259f946a58dae

1ISO 3951 : 1989 (E)

15 Standard procedure for ¢’ method

15.1 Obtaining a plan

This method is only to be used when there is valid evidence that
the standard deviation of the process can be considered con-
stant and taken to be “g"’.

From table I-A obtain the code letter; then, for normal inspec-
tion, from table IlI-A with the sample size code letter and the
specified AQL, obtain the sample size n and acceptability con-
stant k.

Information needed Value obtained

Take a random spmple of this size, measure the characteristic
under inspection|x for all items of the sample and calculate the
mean X.

15.2 Acceptgbility criteria for single or separate
specification |imits

It is possible to obtain an acceptability criterion by following the
procedure given|for the ’s” method, by substituting g, the
given value of the standard deviation of the process, for the s
derived for the inflividual samples and comparing the calculated
value of Q withl the value of the acceptability constant &
obtained from taple IlI-A.

However, if Qy [ (U — X)/al> ky, the acceptability criterion
for an upper spegification is written as x < U — k; g.

Since U, ky and| o are all known in advance, the acceptance
value X, [= U + kg ol should be determined before inspec-
tion begins. Thel acceptability criterion then becomes, for an
upper specificatipn limit,

acceptable if ¥ < Xy, [= U — ky 0ol
not acceptable if x > X, [= U — ko]
similarly, for a lower specification limit,
acceptable if K > x; [= L + k0]
not acceptable if X < x; [= L + (ko]
When both separate limits are given,

acceptable if poth X <«Xyand X > X;

not acceptable if gither X > x, or X < X

Example

Acceptability constant : k 1,70
Known o 21
Product : ko 35,70
Specification limit : L 400
Acceptance value : L + ko = Xx; 435,70
Sum of measurements : X x 4 345
Sample size : n 10
Sample mean : x 434,5
Acceptability criterion : Is X > \x;? No

The sample mean of the-lot does not meet the acceptability
criterion so the lot isshot accepted.

15.3 Acceptability criterion for a combined
double specification limit

If a combined upper and lower specification limjt has been
given, it will be necessary to use a graphical method|(unless g is
greater than the value of the MPSD obtained from| table 1V-g,
in which case the lot has to be immediately judged not accep-
table without a sample being drawn). The following procedure
is recommended:

a) Using the lot size and given inspection level, find the
code letter from table 1-A and the sample size frgm table I-B
using the sample size code letter and AQL.

b) From the chart in the sigma (g) series ind¢xed by the
sample size code letter, select the acceptance curve for the
AQL given for this plan.

c) Calculate the value a/(U — L) and draw a|vertical line
through this point.

d) If this line intercepts the acceptance curve (kee note 1),
measure the values of (x — L)/(U — L) at the ntersection

points. These give the upper and lower ""standardized’’ ac-
remabmmmhe_maan_l&eaﬁgmu_ilhjacceptance

The specified minimum yield point for certain steel castings is
400 N/mm?2. A lot of 500 items is submitted for inspection. In-
spection level I, normal inspection, with AQL = 1,5 %, is to
be used. g is known to be 21 N/mm2. From table I-A it is seen
that the sample size code letter is | and then, from table llI-A,
that for AQL of 1,5 % the sample size n is 10 and the accep-
tability constant k is 1,70. Suppose the yield points of the
sample specimens are

431; 417; 469; 407; 452; 427; 421; 476; 400; 445:

and compliance with the acceptability criterion is to be deter-
mined.

12

values of the mean, X, and x;, are then deduced as shown
in the example.

NOTES

1 If the line does not intercept the acceptance curve, the process
is not acceptable and sampling inspection is pointless.

2 If the line intercepts the straight line portions of the acceptance
curve, this is equivalent to two separate specification limits and the
acceptance criteria are those given in 15.2.

e) In accordance with 15.3 a), take a sample of the ap-
propriate size and obtain the mean of the characteristic
under inspection.
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1e acceptability criterion is: if the mean lies between
the u pper and lower acceptance values for x (i.e. if
< Xy the lot is acceptable, otherwise it is not ac-
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spection, with a singie AGL of 4 %, is to be used for the two
specification limits (470 and 570). ¢ is known to be 21,0. From
table I-A the sample size code letter is K; from table I-B it is

[, P I Y

seen that a sampie size of 25 is required. Suppose the vaiues of
the sample resistance are as follows :

B16; 491; 479; 507; B43; 521; 536; 483; 509; 514; 507; 484;
526; 552; 499; 530; 512; 492; 521; 467; 489; 513; 535; 501;

=no
LY.

13
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Figure 4 — Example of the use of an acceptance chart for a combined double specification limit: “¢" method
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Information needed Value obtained

Sample size : n 25

Upper specification limit : U 570

Lower specification limit : L 470

Known ¢ : 21,0
g 21,0

"Standardized” ¢ : —— =
U-1L 100

0,21

’Standardized” limiting values from acceptance curve (see

1ISO 3951 : 1989 (E)

b) records are kept,

c) the switching rules are obeyed,

it is necessary to ensure that these requirements are being met.

17 Normality and outliers

17.1 Normality

Normality should have been checked by the responsible author-
ity—before—s bt, a statistician

figure 4)

Maximym Minimum

’;‘/’_— :— = 0,700 % = 0,300

xy=LHK 0,700 (U - L) X, =L +0,300(U - L)

= 470 + 70,0 = 470 + 30,0

Acceptance values for x’

Xy = 5]0,0 x; = 500,0
Sum of mgasurements : 12 755
Mean of measurements : 510,2

Since x at|510,2 lies between the acceptance limits for x of
540,0 and %00,0 the lot is acceptable.

NOTES

1 All the cplculations other than the last two lines should be com=
pleted beforg sampling begins.

2 In this example, since the intercepts lie for all practical purposes on
the straight |line portions of the acceptance curve, the.‘at¢eptance
values for x ¢ould alternatively have been obtained without difficulty by
direct calculgtion.

From table|IV-a
fy = 0,244
MPSD [ 0,244 (570 — 470) £-24,4
As g < MRSD, the next stepis‘to calculate X, and X; .

From tablellll-A

k=1,
ko = 29,8
U —_Kko = 540,2

x|
I

should advise whether the distribution. appears suitable for
sampling by variables or whether use-shoulgl be made of the
graphical tests for normality given inNSO 28%4, section two.

17.2 Outliers

An outlier (or an outlying_observation) is ong that appears to
deviate markedly from_other observations |n the sample in
which it occurs. Alsingle outlier, even when it lies within
specification limits,” may produce an incregse in variability,
change the mean and consequently lead to rdjection of the lot.
When an qdutlying observation is suspected, ja test for outliers
should precede, and be made independently|of, a decision on
the ac¢eptability of a lot. (See, for example, ]SO 5725.) When
outliers are detected, the disposition of thg lot should be a
matter for negotiation between the vendor anhd vendee.

18 Records

18.1 Control charts

One of the advantages of inspection by varialples is that trends
in the quality level of the product can be detefted and warning
given before an unacceptable standard is redched, but this is
only possible if adequate records are kept.

Whatever the method used, s, g, (or R), recorfls should be kept
of the values of x'and s (or R), preferably in tHe form of control
charts.

This procedure should be applied espgcially with the

¢’ method in order to verify that the values df s obtained from
the samples fall within the limits of the prescfibed value of a.

When a combined double specnflcatlon limit has been laid
dn\/un the le IV-s (or MAR

x; =L + ko = 499,8
and again the lot, whose mean is 510,2, would be acceptable.

NOTE — If ¢ had been known to be 25, then ¢ > MPSD and therefore
sampling inspection should not have taken place.

16 Procedure during continuing inspection

As a variables sampling inspectioh plan can only operate effic-
iently if

a) the characteristic being inspected is normally
distributed,

given in table RIV), should be plotted on the s (or R) control
chart, as an indication of an unacceptable value.

NOTE — Control charts are used to detect trends. The ultimate de-
cision as to the acceptability of an individual lot is governed by the
procedure given in clauses 14 and 15.

18.2 Lots which are not accepted

Particular care shall be taken to record all lots which are not ac-
cepted and see that switching rules are implemented. Any lot
not accepted by the sampling plan shall not be resubmitted
either in whole or in part without the permission of the respon-
sible authority.

15
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19 Operation of switching rules

The standard switching rules are as follows.

19.1 Normal inspection is used at the start of inspection
(unless otherwise designated) and shall continue to be
used during the course of inspection until tightened inspection
becomes necessary or reduced inspection is allowed.

19.2 Tightened inspection shall be instituted when two lots
on original normal inspection are not accepted within any five

20 Discontinuation and resumption of
inspection

If the cumulative number of lots not accepted in a sequence of
consecutive lots on original tightened inspection reaches 5, the
acceptance procedures of this International Standard shall be
discontinued.

Inspection under the provisions of this International Standard
shall not be resumed until action has been taken by the supplier
to improve the quality of the submitted product or service.
Tightened inspection shall then be used as if 19.2 had been in-

or fewer successiyetots:

Tightened inspection is achieved by increasing the values of the
acceptability congtant. The values are tabulated in table 1I-B
for the s’ method (table RII-B for the "R’ method) and
table 11I-B for the ['¢’”" method. In the s’ method (and also in
the "R’ method),|there is no change in the size of the sample,
unless the sample kize is so small that the tables indicate, with a
downward arrow, |that an increase in sample size is necessary.

19.3 Tightened inspection shall be relaxed when five suc-
cessive lots on griginal inspection have been accepted on
tightened inspectipn; then reinstate normal inspection.

19.4 Reduced jnspection may be instituted after ten suc-
cessive lots have been accepted under normal inspection, pro-
vided that

a) these lots|would have been acceptable if the AQL had
been one step|tighter;

NOTE — If a vallie of & for this tighter AQL is not given in table 1I-A
(s method), 3 sufficiently accurate acceptance curve may\be
extrapolated by|eye in comparison with the other curves ‘of/the

appropriate diagram in the "’s"’ series. The same procedure applies
to the “¢’" method (and the 'R’ method).

b) productiof is in statistical control;

c) reduced [nspection is considered desirable by the
responsible adthority.

Reduced inspectipn is conducted on a much smaller sample
than normal inspgction and¢thelvalue of the acceptability con-
stant is also decrpased. The.values of n and k for reduced in-
spection are giveh in table'll-C for the "'s” method, table ilI-C
for the o'’ methpd-(table RII-C for the "R" method).

Leadl
VORTUT

21 Acceptance curves for tightened gnd
reduced inspection

a) Separate acceptance curveS-have not been|produced
for tightened or reduced inspection, so when [combined
double specification limits(have to be met under| tightened
or reduced inspection,¢it\is necessary to find [the curve
among those given fof use in normal inspection which has
the required sample’size and acceptability constant.

b) When switéhing to tightened inspection, the required
acceptance ¢urve can be found using table VI-A| Usually it
will turn ‘out to be the curve just inside that beipg used in
normalCinspection (i.e. corresponding to the same sample
size; but the next lower AQL) but in some cases|there is an
actompanying increase in sample size.

If the “o”’ method is being used and "'’ exceeds|the MPSD
corresponding to the next lower AQL, reversion [to tighten-
ed inspection under the “’s” method is required,

¢) When switching to reduced inspection, the required ac-
ceptance curve is found from table VI-B. This curve will cor-
respond to an AQL under normal inspection that[is one step
larger and to a sample size that is up to three steps smaller.

Example

Suppose that the s’ method is being used with sample size
code letter | and AQL 0,25. Table VI-A shows that|the accep-
tance curve for tightened inspection is the one for dode letter |
and AQL 0,15 under normal inspection. Table VI-B shows that
the acceptance curve for reduced inspection is the ope for code
letter F and AQL 0,40 under normal inspection.

22 Switching to “¢’" method

19.5 Reduced inspection shall cease and normal inspection
be reinstated if any of the following occur on original inspec-
tion :

a) alotis not accepted;

b) production becomes irregular or delayed;

c) other conditions warrant that normal inspection shall be
instituted.

16

If it appears that the value of s (or R) is in control, the
(weighted) root mean square value of s (or R/c) may be pre-
sumed to be g, the “’known’’ standard deviation of the process,
and the "’’’ method may be adopted. In order to verify that the
variability remains under control, the value of s should still be
calculated and plotted on a control chart. (See clause A.2 in
annex A.)

NOTE — This switch should not be undertaken without the permission
of the responsible authority.
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Table I-A — Sample size code letters and inspection levels

Special inspection levels General inspection levels
Lot or batch size
S-3 S-4 | 1 1]
2to 8 Cc
9 to 15 l B D
16 to 25 B (o} E
P6 to 50 C D
b1 to 90 B D E G
D1 to 150 C E F
1p1 to 280 B D F G |
2B1 to 500 C E G H/1* J
5p1to 1200 D F H J K
12p1to 3200 E G | K L
32p1to 10000 F H J L M
10 001 to 35000 G | K M N
35 (001 to 150 000 H J L N P
150 01 to 500 000 | K M P
500 01 and over J L N ‘

* Use H for lo{size 281 to 400 and | for ot size 401 to 500:

NOTES

1 The sample sije code letters and inspection,levels in this International Standard correspond to those given in ISO 2859; they are nofidentical with
those given in MIL STD 41418,

2 Symbol

There s no suitable Sampling plan in this area; use the first sampling plan below or above the arrow. This refers to both the sample size and
acceptability constant k.
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"s" method

Table 1I-A — Single sampling plans for normal inspection (master table) : "’s” method

Acceptable quality level (normal inspection)
s;'::'.::::f Samplesize | 0,10 | 0,15 | 0,25 | 0,40 | 065 | 1,00 | 1,50 2,50 4,00 6,50 10,00
k k k k k k k k k k k
B 3 l l 1,12 0,958 0,765 0,566
C 4 1,45 1,34 1,17 1,01 0,814 0,617
D 5 T i 1,65 1,53 1,40 1,24 1,07 0,874 0,675
E 7 2,00 1,88 1,75 1,62 1,50 1,33 1,15 0,955 0,755
F 10 2,24 2,11 1,98 1,84 1,72 1,58 1,41 1,23 1,03 0,828
G 15 2,42 2,32 2,20 2,06 1,91 1,79 1,65 147 1,30 1,09 0,886
H 20 2,47 2,36 2,24 2,11 1,96 1,82 1,69 1,61 1.33 1,12 0,917
| 25 2,50 2,40 2,26 2,14 1,98 1,85 172 1,63 1,35 1,14 0,936
J 35 2,54 2,45 2,31 2,18 2,03 1,89 1,76 1,57 1,39 1,18 0,969
K 50 2,60 2,50 2,35 2,22 2,08 1,93 1,80 1,61 1,42 1,21 1,00
L 75 2,66 2,55 241 2,27 2,12 1,98 1,84 1,65 1,46 1,24 = 7,03\
M 100 2,69 2,58 243 2,29 2,14 2,00 1,86 1,67 1,48 1,26 1,05
N 150 2,73 2,61 2,47 2,33 2,18 2,03 1,89 1,70 1,51 1,29 1,07
P 200 2,73 2762 247 2,33 2,18 2,04 1,89 1,70 1,51 1,29 1,07
NOTES
1 All AQL values gre-in‘percent nonconforming.
2 The sample sizé bse given in

MIL STD 414.
3 Symbols

There is no suitable sampling plan in this area; use the first sampling plan below the arrow. This refers to both the sample
size and acceptability constant k.

The plan given in this area gives a high degree of security but at the expense of a large sample. At the discretion of the

responsible authority the next plan above the arrow may be used.

The heavy lines indicate the boundary of the equivalent attribute sampling plans in ISO 2859.
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1

s” method

Table 1I-B — Single sampling plans for tightened inspection (master table) : ’s”” method

Acceptable quality levels (tightened inspection)
le si
 Samplesize | o @ plesize] 0,10 | 0,15 | 025 | 040 | 065 | 1.00 | 1,50 2,50 4,00 6,50 10,00
code letter
k k k k k k k k k k k
B 3 ‘ ‘ 1,12 0,958 0,765
Cc 4 1,45 1,34 1,17 1,01 0,814
D 5 1,65 1,63 1,40 1,24 1,07 0,874
E 7 2,00 1,88 1,75 1,62 1,50 1,33 1,15 0,955
F 10 é,24 2,11 1,98 1,84 1,72 1,58 1,41 1,23 1,03
G 15 253 | 242 | 232 | 2,20 | 2,06 1,91 1,79 1,65 1,47 1,30 1,09
H 20 258 | 247 | 236 | 2,24 | 2,11 1,96 1,82 1,69 1,51 1,33 1,12
| 25 2,61 250 | 240 ]} 2,26 | 2,14 1,98 1,85 1,72 1,63 1,35 1,14
J 35 265 | 2541 245 | 2,31 2,48 2,03 1,89 1,76 1,67 1,39 1,18
K 50 2,71 2,60 | 250 | 2,354 2,22 2,08 1,93 1,80 1,61 1,42 1,21
P i~
L 75 2,77 | 2,66 | 2,55, |~2,41 2,27 | 212 1,98 1,84 1,65 1,46 1,24
M 100 280 | 269 (| 258 | 243 | 2,29 2,14 2,00 1,86 1,67 1,48 - 1,26
N 150 2,84 2,73 | 2,61 247 | 2,33 | 2,18 2,03 1,89 1,70 1,51 1,29
P 200 2,85/ 2,73 | 2,62 | 247 | 233 | 2,18 | 2,04 1,89 1,70 1,51 1,29
NOTES
1 Al AQL yaldes are in percent nonconforming.
2 The sample size code letters in this International Standard correspond to those given m 1SU 2859, they are not identical with those given in
MIL STD 414.
3 Symbols

There is no suitable sampling plan in this area; use the first sampling plan below the arrow. This refers to both the sample
size and acceptability constant k.

The plan given in this area gives a high degree of security but at the expense of a large sample. At the discretion of the
responsible authority the next plan above the arrow may be used.

The heavy lines indicate the boundary of the equivalent attribute sampling plans in 1ISO 2859.
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“s” method

Table 1I-C — Single sampling plans for reduced inspection (master tabie) : “s” method

Annantahla aunalitv lavale (radiicad inenactinn)
Acceptable quality levels (reduced inspection)
Samplesize | o @ ptesize | 0,10 | 015 | 025 | 0,40 | 065 | 1,00 | 1,50 2,50 4,00 6,50 10,00
codo letter p , , . s ! ) , , , , ,
k k k k k Kk k k k k k
== e ———)

B 3 l l . I l l 142 0,958 0,765 |, 0,566 0,341
- ., | BN | BN | B | Bm | BE | .. P e ~NG oan
\¥3 9 L, U,J00 U,700 U, 000 U041
n 2 I I I I l I 119 N aco n 766 nLee nNn"211
D 3 "B BE BE BEE BE BEAEE 0,958 0,765 0,566 0,341
. R BTE | oo | om0 | oses || oso

—BE BE Bl - >
F 4 ‘ 145 | 1,34 | 1,17 1,01 0,814 0,617 0,393
G 5 165 | 1,53 | 1,40 | 1,24 1,07 0,874 0,675 0,455
H 7 200 | 1,88 | 1,75 | 162 | 150 | 1,33 1,15 0,955 0,756 0,536

4
I 10 224 | 211 | 1,98 | 1,84 | 1,72 | 1,58 | 141 1,23 1,03 0,828 0,611
J 15 232 | 220 | 206 | 1,91 | 1,79 | 165 | 1,47 1,30 1,09 0,886 0,664
K 20 236 | 224 | 211 | 196 | 182 | 1,69 | 1,51 1,33 1,12 0,917 0,695
L 25 240 | 226 | 214 | 108 185 | 172 | 163 | 1,35 1,14 0936 | [o12r
M 35 245 | 231 | 218 | 203 | 1,80 | 1,76 | 1,57 1,39 1,18 0,969 0,745
N 50 2,50 | 2,35.(] 222 | 2,08 | 1,93 | 1,80 | 1,61 142 1,21 1,00 0,774
P 75 2,55 A4~241 | 227 | 212 | 198 | 1,84 | 1,65 1,46 1,24 1,03 0,804

NOTES

1 All AQL value$ are.in percent nonconforming.

2 The sample size code letiers in this International Standard correspond to those given In 15U 2859; they are not identical with those given in
MIL STD 414.

3 Symbols
There is no suitable sampling plan in this area; use the first sampling plan below the arrow. This refers to both the sample
size and acceptability constant k.
The plan given in this area gives a high degree of security but at the expense of a large sample. At the discretion of the
responsible authority the next plan above the arrow may be used.

PR N
The heavy lines indicate the boundary of the equivalent attribute sampling plans in ISO 2859.
N
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150U 39901 : 1 (E)
“0” method
Tabie iii-C — Singie sampiing pians for reduced inspection (master table) : """ method
Acceptable quality levels (reduced inspection)
amnle
ample
size
code 0,10 0,15 0.25 0.40 0.65 1,00 1,60 2,50 4,00 8,50 10,00
etter
n k |n k |n k| n k |n k |n k |n k n k n k n k n k
n [ | — — — — — m— — — — [
b [ | [ | | [ | [ | [ | | ] [ ] [ | [ |
[ ] [ | [ | [ | [ ] [ | [ ] | [ ] | | |
[ | [ | | [ | [ | [ | m | — [ | [ | ||
c [ | [ | | [ | [ | [ | [ | [ | [ ] ] ||
[ | [ | [ ] [ | [ | [ | I [ | [ ] | ] [ |
[ | [ | Il | [ | I [ | [ ] [ | [ |
[ | [ | | [ | [ | [ ] | [ | [ ] [ | [ | §
D [ | [ | [ ] ] [ ] [ | [ | [ ] | [ | [ ]
[ | [ | ] [ | [ | [ | [ | | [ ] [ | |
[ | [ | ] | Il e~ | = [ | ]
[ | [ | [ ] [ | [ | [ | [ | [ | [ | [ | -
E [ | [ | ] [ | J J | | E B | [ | [ |
| | || || hdl I R 4 4 - - -
[ | [ | [ ] [ | el
_ || [ ] [ ] [ ]
F | [ | | || 2 1,36] 2 1,25] 2 1,09] 2 0,936 |-/ 3 0755 | 3 0573 | 4 0,344
| [ | [ | 4
|| N —+—
P | | | | ] PR IV I e \/ - o
G . . b4 i,58| 2 1,42 2 1,33 3 1,i7| 3 1,01 3 0825 | 4 0641 | 4 0.429
[ | - . h
[ | 4
o - 2 1 Q4 b 1 01 2 4 nn a a -~ A a4 ana ” a4 Ao Y 4 aa - Anan - ~ =~ ~ P
inl . < 1,943 < 1,01} O 1,095 1,90 35 1,44 4 1,28 4 1,11 e UY1Y o U,743 b U,o1%
-
4
! P 2191 3 207323 1911 4 18014 169] 4 153] 5. M3 5 1,20 (5] 0,991 7 0,797 8 0,584
J 23014 214! 5 2051 5 18| 6 1,78/ 6 1,621 7 145! 8 1,28 Q 1,07 |11 0,877 {12 0,642
K b 234| 6 2,23| 6 2,08 7 1.95|7 18018 168| 9 149[10 131 |12 111 |14 o904 |16 o085
O R : PN
L b 2,3/ /7 2,25| 8 2,13| 8 19| 9 83|10 1,70{11 1,561 ]13 1,34 15 1.13 17 0.924 120 0,706
" R P D PN ORI FRR B B I £ N
M b £,40| 9 Z,29|10 Z,i6|11 Z,0iiz 11,8814 1,75|15 1,66 |18 1,38 20 1,17 24| 10,964 |27 0,737
1 1
~ 1 1
Nt b 220 lan aAanclaasa Aanalans annrlas aanlan a4 =alaa 4 Aa ~ 2 A~ ,\.4 E... ,.,.\| I-_A_ —_— PR,
N g 49110 Z2,00114 2,2V)16 2,67 )17 1,93119 1,79122 1,61 1]25 1,42 29| 121 33| 0,999 |38 0,770
__ 1 1 1 1
AN [ 1 1
P 17 284116 241 21227123 212125 197128 184132 1865 61:4 hnt} nnl |4n4 ;ml l-r\’\ —n ~ ona
. &0T HiT &, . e 14 40 1,97 [20 1,092 1,00 fO0| |40 as| |1 44 49| [ o0 U, 805
| L Ll -
NOTES
Al AN Jobana men i maeanid oo ;e £t
MU AUL aiutd aic I pervernic IUIIbUlIlUI”IIIly.
The sample size code e andard correspond to those given in 150 2859; they are not identical with those given in
IL STD 414
Symbois
[ |
= There is no suitable sampling plan in this area; use the first sampling plan below the arrow. This refers to both the sample
— size and acceptability constant .
~
A\
qr
I I The plan given in this area gives a high degree of security but at the expense of a large sample. At the discretion of the res-
I ponsibie authority the next pian above the arrow may be used
L
The heavy lines indicate the boundary of the equivalent attribute sampling plans in 1SO 2859.

Ly | =4
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Table IV-s — Values of , for maximum sample standard deviation (MSSD): “’s” method

Sample Acceptable quality levels (normal inspection)

size 0,10 0,15 0,25 0,40 0,65 1,00 1,50 2,50 4,00 6,50 | 10,00
3 0,436 | 0,453 0,475 0,502 | 0,538
4 0,339 | 0,353 | 0,374 | 0,399 0,432 | 0,472 0,528
5 0,294 | 0,308 | 0,323 | 0,346 | 0,372 0,408 | 0,452 | 0,511
7 0,242 | 0,253 | 0,266 | 0,280 | 0,295 | 0,318 | 0,345 0,381 | 0,425 | 0,485
10 0,214 | 0,224 | 0,235 | 0,248 | 0,261 | 0,276 | 0,298 | 0,324 0,359 { 0,403 | 0,460
15 0,188 | 0,195 | 0,202 | 0,211 | 0,222 | 0,235 | 0,248 | 0,262 | 0,284 | 0,309 0,344 | 0,386 | 0,442
20 0,183 | 0,190 | 0,197 | 0,206 | 0,216 | 0,229 | 0,242 | 0,256 | 0,277 | 0,302 0,336 | 0,377 | 0,432
25 0,180 | 0,187 | 0,193 | 0,203 | 0,212 | 0,225 | 0,238 | 0,251 | 0,273 | 0,297 0,331 | 0,372 | 0,426
35 0,176 | 0,183 | 0,189 | 0,198 | 0,208 | 0,220 | 0,232 | 0,245 | 0,266 | 0,291 0,323 | 0,3 0,416
50 0,172 | 0,178 | 0,184 | 0,194 | 0,203 | 0,214 | 0,227 | 0,241 | 0,261 | 0,284 0,317 |(O0;396 | 0,408
75 0,168 | 0,174 | 0,181 | 0,189 | 0,199 | 0,211 | 0,223 | 0,235 | 0,255 | 0,279 0,310L{\0,3: 0,399
100 0,166 | 0,172 | 0,179 | 0,187 | 0,197 | 0,208 | 0,220 | 0,233 | 0,253 | 0,276 0,307°| 0,345| 0,395
150 0,163 | 0,170 | 0,175 { 0,185 | 0,193 | 0,206 | 0,216 | 0,230 | 0,249 | 0,271 Q,302 | 0,341 0,388
200 0,163 | 0,168 | 0,175 | 0,183 | 0,193 | 0,203 | 0,215 | 0,228 | 0,248 | 0,269 0,302 | 0,338 | 0,386

0,10 0,15 0,25 0,40 0,65 1,00 1,50 2,50 4,00 6,50 10,00
Acceptable quality levels (tightened inspection)
[010 Jo15 [025 [040 | 065 [ 100 [ 150, [ 250 | 400 | 65 | 10,00
Acceptable quality levels (reduced inspection)
NOTE — The MS$D is obtained by multiplying the standardized MSSD f; by the difference between the upper specification limit {/ and lower
specification limit , i.e. MSSD = £, (U — L).

The MSSD indicatds the greatest allowable magnitude of the sample standard deviation when using plans for the double specification lifpit case with
unknown variability. If the sample standard deviation is less than the MSSD there ig'a possibility but not a certainty that the lot will Be accepted.
Table IV-¢ — Values of f, for maximum ptocess standard deviation (MPSD): “g"" method
Acceptable quality levels (normal inspection)

0,10 0,15 0,25 0,40 0,65 1,00 1,50 2,50 4,00 6,50 10,00
0,147 0,153 0,157 0,165 0,174 0,184 0,194 0,206 0,223 0,243 0,271 0,304 0,347

0,10 0,15 0,25 0,40 0,65 1,00 1,50 2,50 4,00 6,50 10,00
Acceptable quality levels (reduced inspection)
010 [ 0157025 | 040 0,65 1,00 150 | 250 4,00 6,50 10,00
Acceptable quality levels (reduced inspection)

NOTE — THE MP
specification limit /

The MPSD indicatd
known variability.

,i.e. MPSD\Z £, (U — L).

f the process standard deviation is less than the MPSD there is a possibility but not a certainty that the lot will be|

The responsible au

5D is obtained'\by multiplying the standardized MPSD £, by the difference between the upper specification limit |U and lower

s the’ gréatest allowable magnitude of the process standard deviation when using plans for the double specification limit case with

accepted.

a v a

tion between ‘“g’’ and ‘s’ method is kept independent of the switching rules.

26
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C

Chart V-C — Operating characteristic curves for single sampling plans

Table V-C — Sample size code letter C

Quality of submitted lots (in percent nonconforming)

100
€ 90 P
2 N
8 2o \\\\ \\\
2 ¢ NN N
2 NN N N
50 NN S
NN
40 N\
30 \\ - W ING N
20 2 \‘\,5\
10 ~
S0
L 8 1216 20 24 28 32 36 40 4L 48 52 56 60 .64 68 72 76 80

Table V-C-1 — Tabulated values for operating characteristic curves for single sampling plans

Acceptable quality level (tightened inspection)

P Acceptable quality level’ (normal inspection) p
2 0,10 0,15 0,25 0,40 0,65 1,0 15 25 4,0 6,5 10,0 2

99,0 0,07 0,13 0,32 0,69 1,55 305 || 99,0
95,0 0,44 0,69 1,32 2,29 4,13 685 || 950
90,0 1,02 1,48 2,53 3,98 6,51 | 10,00 || 90,0
75,0 3,36 4,37 6,37 881 | 1261 | 1735 || 75,0
50,0 952 | 11,28 | 1444 | 1793 | 22,80 | 2861 || 500
25,0 20,81 | 23,11 | 27,00 | 31,02 | 3643 | 4237 || 25,0
10,0 34,88 | 37,26 | 41,95 | 4505 | 50,13 | 55,55 || 10,0

5,0 4429 | 4653 | 50,14 | 53,72 | 58,33 | 68,20 5,0

1,0 61,76 | 6348 | 66,23 | 6895 | 72,37 | 7598 1,0

0,10 0,15 0,25 0,40 0,65 1,0 15 2,5 40 6,5 10,0
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Table V-D — Sample size code letter D

ISO 3951 : 1989 (E)

Chart V-D — Operating characteristic curves for single sampling plans

L 8

12 16 20 24 28 32 36 40 44 LB 52 56)H60 64 68 72 76 80

100

S \\ n

& 80 \\\\\

g 70 1NN \\

SHPNANVRRNAN

hat A Y\ AN AN

£ 50 A\ AN N

g L0 AN NN

@ AN N

5 30 — D

5 90 NN SN TS IND N

g 20 AN

o 10 N

a \‘l\
0

Quality of submitted lots (in percent nonconforming)

Table V-D-1 — Tabulated values for operating-characteristic curves for single sampling plgns

D

Acceptable quality level (normal inspection)

P, Pa
0,10 0,15 0,25 0,40 0,65 1,0 15 25 4,0 65 10,0
99,0 0,04 0,09 0,18 0,40 0,84 1,79 344 | 99,0
95,0 0,28 0,46 0,77 1,38 243 4,30 7,11 | 95,0
90,0 0,64 0,98 1,51 2,48 3,99 6,49 0,00 [ 90,0
75,0 2,15 2,93 4,02 5,78 8,23 | 11,89 6,55 | 75,0
50,0 6,34 7,82 9,71 | 1247 | 1597 | 20,75 | 640 | 50,0
25,0 1464 | 16,79 | 19,36 | 22,88 | 27,06 | 3243 | B846 | 25,0
10,0 2594 | 2840 | 31,24 | 3498 | 3925 | 4456 | 50,32 | 10,0
5,0 34,06 | 3652 | 3933 | 4297 | 47,06 | 52,06 | 57,42 5,0
1,0 5047 | 52,63 | 55,04 | 58,11 | 6151 | 6557 | 69,89 1,0
0,10 0;15 0,25 0,40 0,65 1,0 15 25 4,0 6,5 10,0

Acceptable quality level (tightened inspection)

29
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1ISO 3951 : 1989 (E)

E

100
I NS
ke
2 80 \ NN \
g \YSVRAVAVER:N
S 70 MW\ AN
2 60 \
2 \RA'EA N
ST\ LU VA W A B N \.\
I AR LR YAN N\ N N\
AN NN N N T Y\
30 1025 % NG NI
20 8,’t. NAY SN W
EERZ AN NN NIRRT N
S 10 B h e ] h
o S
N

L 8 1216 20 24 28 32 36 40 44 LB 52 56 6Q~64 68 72 76 80

Quality of submitted lots (in percent nonconforrhing)

Tdble V-E-1 — Tabulated values for operating characteristic curves for single sampling plans

p Acceptable quality level (normal inspection)

2 0,10 0,15 0,25 0,40 |..0,65 1,0 1,5 2,5 4,0 6,5 10,0 Pa
99,0 0,02 0,03 0,07 0,14 0,25 0,53 1,09 2,19 4,04 99,0
95,0 0,11 0,18 0,32 0,53 0,83 1,50 2,65 4,57 7,46 95,0
90,0 0,25 0,40 0,64 1,01 1,48 2,47 4,04 6,50 9,99 90,0
75,0 0,90 1,27 1,83 2,58 3,47 5,15 7,56 11,00 15,49 75,0
50,0 2,89 3,72 4,383 6,18 7,69 10,28 13,66 18,11 23,53 50,0
25,0 7,38 8,80 10,57 12,60 14,71 18,11 22,27 2741 33,35 25,0
10,0 14,42 16,33 18,60 21,09 23,58 27,43 31,93 37,28 43,25 10,0

5,0 20,09 22,20 24,65 27,29 29,88 33,82 38,33 | 43,60 | 49,38 5,0
1,0 33,10 35,32 37,83 | 4045 42,95 46,72 50,89 55,64 60,73 1,0
0,10 0,15 0,25 0,40 0,65 1,0 15 2,5 4,0 6,5 10,0
Acceptable quality level (tightened inspection)
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Table V-F — Sample size code letter F

ISO 3951 : 1989 (E)

Chart V-F — Operating characteristic curves for single sampling plans

F

100
n:ﬂ
= 90
g \\
a 80
AN
s 70
_0.05
e 60 AN\ N
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3 \\
5 40 A\
o \
s 30 05,0 ﬂ> 4‘-—'0
- 85 425 04 953
g 20 ~
8 s Sy o gy,
s 10 v
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0
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Quality of submitted lots (in percent nonconforming)
< 122 NN T
= ~g
2 \\ N N \\ N \‘\
g 80 \\ N N N
§ 12 AN
Q
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) ANAY
o \ \ \ N
g2 3 e D N
S 20 /\’,\9 %) $ 6,\5 \ \ 75
< TN N —~—d
2 S S S e S i N R i
0 - —
206 6 8 10 12 1416 18 20 22 24 26 28 30 32 34 36 38 U4
Quality of submitted lots (in percent nonconforming)
Table V-F-1 — Tabulated values for operating characteristic curves for single sampling plans
N Acceptable quality level (normal inspection) p
a 0,10 0,15 0,25 0,40 0,65 1,0 1,5 25 4,0 6,5 10,0 a
99,0 0,01 0,03 0,05 0,11 0,19 0,35 0,69 1,35 2,62 4,69 99,0
95,0 0,07 0,12 0,21 0,36 0,57 0,94 1,65 2,83 4,84 7,81 95,0
90,0 0,15 0,25 0,40 0,66 0,98 1,62 2,50 4,04 6,52 10,01 90,0
75,0 0,49 0,74 1,08 1,61 2,21 3,15 4,70 6,93 10,25 14,60 75,0
50,0 1,63 2,08 2,79 3,77 4,82 6,33 8,62 11,69 15,91 21,09 50,0
25,0 3,93 4,95 6,16 7,72 9,29 11,41 14,45 18,25 23,20 28,96 25,0
10,0 7,95 9,44 11,15 13,23 15,23 17,84 21,40 25,66 30,99 36,98 10,0
5,0 11,40 13,17 15,13 17,47 19,68 22,49 26,27 30,68 36,09 42,06 5,0
1,0 20,10 22,24 24,53 27,19 29,58 32,59 36,50 40,92 46,18 51,82 1,0
0,10 0,15 0,25 0,40 0,65 1,0 15 2,5 4,0 6,5 10,0

Acceptable quality level (tightened inspection)
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Table V-G — Operating characteristic curves for single samping plans

Table V-G — Sample size code letter G

Quality of submitted lots (in percent nonconforming)

100 p—
°:~“ 90 N \\
E 5o |\ ANIA NI
§ 70 \\ \\ \\ \\
2 60 N N . AN
A EINWAA N
& 40 \ N
% 30 \» \\ \]5
5 20 N NENS N | Y& ] |
§ 10 \\\ ) \\ ™ ‘7\

100 ¢
Q® qn _
~ IV
®
2 80 BN\
S an ALY
o /U
3
2] 60 X1 —nnee
iy \ all
50 01
Lo AN
P X5 N
30 AN I
50 AN N
o v \‘\ \
4 ~
0
1 2 3 4L 5 6 7 8 9 10 1 1213 %1506 17 18 19 20

2 46 8 10 12 1416 18 20 22 24 26 28 30 32 34 36 38 40

Quality of submitted lots (in percent nonconforming)

ble’\-G-1 — Tabulated values for operating characteristic curves for single sampling plans

Acceptable quality level (tightened inspection)

p Acceptable quality level (normal inspection) p
@ 0,10 0,15 | 025 040 | 065 1,0 15 25 4,0 6,5 10,0 2

99,0 0,01 0,01 0,02 0,04 0,08 0,17 0,28 0,49 0,96 1,71 3,23 5,568 99,0
95,0 0,03 0,06 0,09 0,15 0,25 0,45 0,68 1,09 1,91 3,09 5,30 8,41 95,0
90,0 0,07 0,11 0,17 0,26 0,43 0,72 1,06 1,61 2,67 4,14 6,76 10,30 90,0
75,0 0,22 0,32 0,45 0,65 0,98 1,50 2,07 2,94 4,49 6,50 9,83 14,09 75,0
50,0 0,67 0,90 1,17 1,57 2,20 3,09 3,99 5,32 7,51 10,15 14,27 19,25 50,0
25,0 1,73 2,18 2,67 3,38 4,41 5,77 7,09 8,92 11,77 15,02 19,84 25,38 25,0
10,0 3,58 4,31 5,07 6,13 7,58 9,41 11,12 13,38 16,77 20,48 25,76 31,63 10,0

5,0 5,27 6,19 7.13 8,40 10,11 12,22 14,13 16,63 20,28 24,20 29,67 35,63 5,0

1,0 9,91 11,18 12,45 14,11 16,24 18,76 21,00 23,83 27,82 31,97 37,57 43,50 1,0

0,10 0,15 0,25 0,40 0,65 1,0 1,5 25 4,0 6,5 10,0 :
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Table V-H — Sample size code letter H

ISO 3951 : 1989 (E)

Chart V-H — Operating characteristic curves for single sampling plans

Quality of submitted lots (in percent nonconforming)

100
$ 90
B
g 80
s 70
2 60
:; - 0,065
5 40 A
2 O
5 30 G
5 0 A\
5 ANNN
s 10
a \
0
1 23 4 5 6 7 8 9 10 1 12 13 14515 16 17 18 19 20
Quality of submitted lots (in percent noncoriforming)
100
gw 90 \ \\\ \\
?’i 80 \\ N \\
% 70 \\ \\ N, \&\
% 60 \ \ N N\
3 50 \ A
S 0 L\ NEN N \\
2 30 AN 5 e\\ N A N
5 20 0{’}/"‘9 \S\{\ A \(0\ X
2 o NN ™
& Ny — -
0
Z~M6 68 10 12 1416 18 20 22 24 26 28 30 32 34 36 38 40

Table V-H-1 — Tabulated values for operating characteristic curves for single sampling plans

H

p Acceptable quality level (normal inspection) p
a 0,10 0,15 0,25 0,40 0.65 1,0 15 2,5 4,0 6,5 10,0 a

99,0 0,02 0,04 0,06 0,11 0,21 0,37 0,61 1,15 2,04 3,73 6,25 99,0
95,0 0,04 0,07 0,11 0,17 0,29 0,49 0,79 1,21 2,07 3,39 5,69 8,88 95,0
90,0 0,08 0,12 0,19 0,29 0,45 0,75 1,15 1,69 2,77 4,35 7,01 10,58 90,0
75,0 0,21 0,31 0,44 0,63 0,93 1,42 2,06 2,85 4,35 6,43 9,71 13,89 75,0
50,0 0,56 0,76 1,01 1,38 1,90 2,69 3,66 4,81 6,85 9,51 13,49 18,31 50,0
25,0 1,31 1,68 2,13 2,74' 3,56 4,75 6,12 7,67 10,29 13,62 18,13 23,47 25,0
10,0 2,58 3,16 3,85 4,73 5,88 7,46 9,23 11,14 14,25 17,94 23,01 28,70 10,0

5,0 3,71 4,44 5,29 6,36 7,71 9,54 11,53 13,65 17,03 20,95 26,24 32,05 5,0

1,0 6,81 7,85 9,22 10,44 17,17 14,42 16,79 19,24 23,02 27,26 32,79 38,70 1,0

0,10 0,15 0,25 0,40 0,65 1,0 1,5 2,5 4,0 6,5 10,0
Acceptable quality level (tightened inspection)
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Table V-1 — Sample size code letter |

Chart V-1 — Operating characteristic curves for single sampling plans
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Quality of submitted lots (in percent nonconforming)

Tlablé V-1-1 — Tabulated values for operating characteristic curves for single sampling plans

Acceptable quality level (tightened inspection)

p Acceptable quality level (normal inspection) p
a 0,10 0,15 0,25 0,40 0,65 10 | 15 2,5 4,0 6,5 10,0 @

99,0 0,02 0,03 0,04 0,08 0,14 0,26 0,44 0,70 1,33 2,31 4,12 6,79 99,0
95,0 0,05 0,08 0,12 0,20 0,32 0,56 0,85 1,28 2,23 3,61 5,98 9,27 95,0
90,0 0,09 0,13 0,19 0,32 0,48 0,80 1,19 1,73 2,89 4,51 7,21 10,83 90,0
75,0 0,21 0,30 0,41 0,64 0,91 1,42 2,00 2,78 4,34 6,39 9,65 13,82 75,0
50,0 0,50 0,68 0,89 1,28 1,73 2,53 3,39 4,47 6,54 9,12 13,00 17,74 50,0
25,0 1,09 1,42 1,77 2,41 3,09 4,25 5,43 6,87 9,47 12,57 17,03 22,27 25,0
10,0 2,05 2,55 3,08 3,99 4,93 6,46 7,97 9,73 12,81 16,34 21,24 26,82 10,0

5,0 2,89 3,52 4,17 5,26 6,37 8,14 9,83 11,78 15,14 18,89 24,01 29,75 5,0

1,0 517 6,06 6,97 8,43 9,85 12,04 14,08 16,36 20,14 24,24 29,66 35,56 1,0

0,10 0,15 0,25 0,40 0,65 1,0 15 25 4,0 6,5 10,0
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Table V-J — Sample size code letter J

ISO 3951 : 1989 (E)

Chart V-J — Operating characteristic curves for single sampling plans
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Table V-J-1 — Tabulated values for operating characteristic curves for single sampling pIaTs

J

p Acceptable quality level (normal inspection) N
a 0,10 0,15 0,25 0,40 0,65 1,0 1,5 2,5 4,0 6,5 10,0 a

99,0 0,02 0,04 0,06 0,11 0,18 0,32 0,54 0,84 1,54 2,61 4,54 744 | 99,0
95,0 0,06 0,09 0,13 0,23 0,36 0,60 0,94 1,40 2,38 3,80 6,21 965 | 950
90,0 0,10 0,15 0,20 0,33 0,51 0,82 1,25 1,80 2,97 4,59 7,28 | 11,01 90,0
75,0 0,20 0,29 0,39 0,60 0,88 1,34 1,94 2,69 4,19 6,18 934 | 1356 | 75,0
50,0 0,43 0,59 0,76 1,10 1,54 2,21 3,05 4,05 5,98 841 | 12,10 | 16,82 50,0
25,0 0,86 1,12 1,39 1,92 2,55 3,50 4,62 5,91 829 | 11,16 | 1535 | 20553 | 25,0
10,0 1,50 1,90 2,29 3,02 3,87 5,10 6,50 8,07 | 1085 | 14,11 | 18,71 | 24,23 10,0

5,0 2,05 2,54 3,01 3,89 4,89 6,29 7,87 960 | 1262 | 16,00 | 20,90 | 26,60 5,0

1,0 3,50 4,12 4,84 6,02 7,30 9,04 10,95 | 12,98 | 16,42 | 20,24 | 2539 | 31,32 1,0

0,10 0,15 0,25 0,40 0,65 1,0 1,5 2,5 4,0 6,5 10,0

Acceptable quality level (tightened inspection)
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Chart V-L — Operating characteristic curves for single sampling plans

Table V-L — Sample size code letter L

ISO 3951 : 1989 (E)
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Table V-L-1 — Tabulated values for operating characteristic curves for single sampling plans

L

p Acceptable quality level (normal inspection) p
@ 0,10 0,15 0,25 0,40 0,65 1,0 15 2,5 4,0 6,5 10,0 i

99,0 0,04 0,06 0,09 0,16 0,27 0,46 0,73 1,12 1,95 3,24 5,62 8,67 99,0
95,0 0,07 0,11 0,17 0,27 0,43 0,70 1,06 1,68 2,62 4,18 6,81 10,34 95,0
90,0 0,10 0,15 0,22 0,35 0,55 0,86 1,29 1,88 3,05 4,76 7,59 11,31 90,0
75,0 0,17 0,24 0,35 0,53 0,80 1,21 1,76 2,49 3,89 5,86 9,02 13,08 75,0
50,0 0,29 0,40 0,56 0,82 1,19 1,74 243 3,34 5,02 7,29 10,84 15,24 50,0
25,0 0,48 0,65 0,87 1,23 1,73 2,44 3,30 4,41 6,38 8,97 12,89 17,62 25,0
10,0 0,74 0,97 1,27 1,74 2,37 3,24 4,28 5,58 7,82 10,70 14,94 19,95 10,0

5,0 0,95 1,23 1,57 2,12 2,84 3,82 4,97 6,38 8,79 11,84 16,26 21,42 5,0

1,0 1,47 1,84 2,30 3,01 3,91 5,10 6,47 8,11 10,84 14,19 18,93 24,34 1,0

0,10 0,15 0,25 0,40 0,65 1,0 15 25 4,0 6,5 10,0
w « i - 'Acceptable quality level (tightened inspection)



https://standardsiso.com/api/?name=86175a59969df5e794c259f946a58dae

1ISO 3951 : 1989 (E)

Tabie V-Mi — Sampie size code ietter i

EWE Chart V-Mi — Operating characteristic curves for singie sampiing pians
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T1ble V-M-1 — Tabulated values for operating characteristic curves for single sampling plans
P Acceptable quality level (normal inspection) p
a 0,10 0,15 0,25 0,40 0,65 1,0 1,5 25 4,0 6,5 10,0 a
99,0 0,05 0,07 0,11 0,19 0,31 0,52 0,81 1,24 2,12 3,46 5,81 9,03 99,0
95,0 0,08 0,12 0,18 0,29 047 0,74 1,12 1,66 2,73 4,31 6,97 10,561 95,0
90,0 0,10 0,15 0,22 0,37 0,57 0,89 1,33 1,93 3,11 4,82 7,65 11,36 90,0
75,0 0,16 0,23 0,33 0,53 0,79 1,20 1,74 2,46 3,84 5,78 8,90 12,90 75,0
50,0 0,26 0,37 0,51 0,77 1,12 1,64 2,31 3,18 4,80 7,00 10,45 14,75 50,0
25,0 0,41 0,56 0,75 1,11 1,56 2,22 3,02 4,07 5,93 8,41 12,18 16,78 25,0
10,0 0,61 0,80 1,05 1,50 2,06 2,86 3,81 5,01 711 9,84 13,89 18,73 10,0
5,0 0,75 0,99 1,28 1,79 2,43 3,31 4,35 5,65 7,89 10,77 14,99 19,97 5,0
1,0 1,12 1,43 1,81 2,46 3,24 4,30 5,52 7,02 9,63 12,68 17,19 22,41 1,0
0,10 0,15 0,25 0,40 0,65 1,0 1,5 25 4,0 6,5 10,0

Acceptable quality level (tightened inspection)
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Table V-N — Sample size code letter N

ISO 3951 : 1989 (E)

Chart V-N — Operating characteristic curves for single sampling plans

Table-V-N-1 — Tabulated values for operating characteristic curves for single sampling plans
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Acceptable quality level (normal inspection)

P, Pa
0,10 | 015 | 0,25 | 040 | 065 | 1,0 15 25 4,0 65 | 100

990 | 005 [ 008 [ 013 [ 022 | 035 | 057 | 091 | 136 | 229 | 369 | 610 | 955 | 99,0
950 | 008 | 013 | 019 | 031 | o048 | 077 | 118 | 1,23 | 282 | aa1 | 707 | 1080 | 950
900 | 011 [ o016 | 024 | 037 [ 057 | 089 | 135 | 196 | 313 | 488 | 76a | 1161 | 900
750 | 015 | 022 | 033 | 050 | 075 | 1,14 | 169 | 239 | 373 | 562 | 866 | 1277 | 750
500 | 023 | 032 | 046 | 069 | 1,00 | 148 | 214 | 296 | 449 | 659 | 990 | 1428 | 500
250 | 034 | o046 | 064 | 093 | 132 | 190 | 268 | 364 | 536 | 769 | 11,26 | 1589 | 250
100 | 046 | o062 | 085 | 121 | 168 | 236 | 326 | 434 | 626 | 878 | 1258 | 1744 | 100

50 | 056 | 074 | 1,00 | 140 | 193 | 268 | 366 | 481 | 684 | 948 | 1343 | 1840 | 50

1,0 | 079 | 1,03 | 135 | 184 | 248 | 336 | 448 | 579 | 804 | 1091 | 1511 | 2031 1,0

0,10 | 0,15 | 025 | 040 | 065 | 1,0 15 25 4,0 65 | 10,0

Acceptable quality level (tightened inspection)

39
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P

100

Table V-P — Sample size code letter P

Chart V-P — Operating characteristic values for single sampling plans
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Percent of lots expected to be accepted (P,)

Thble/V-P-1 — Tabulated values for operating characteristic curves for single sampling plans
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p Acceptable quality level (normal inspection) p
a 0,10 0,15 0,25 0,40 0,65 1,0 1,5 25 4,0 6,5 10,0 a

99,0 0,064 0,101 0,150 0,254 0,405 0,65 0,99 1,52 2,52 4,00 6,52 10,10 99,0
95,0 0,094 0,143 0,210 0,344 0,534 0,84 1,25 1,86 3,00 4,66 7,40 11,22 95,0
90,0 0,114 0,173 0,249 0,402 0,617 0,95 1,40 2,07 3,29 5,04 7,91 11,85 90,0
75,0 0,157 0,233 0,330 0,519 0,779 1,18 1,70 2,46 3,82 5,73 8,80 12,96 75,0
50,0 0,222 0,321 0,445 0,683 1,000 1,48 2,08 2,96 4,48 6,58 9,88 14,27 50,0
25,0 0,309 0,437 0,594 0,889 1,272 1,83 2,54 3,53 5,23 7,52 11,05 15,66 25,0
10,0 0,411 0,571 0,763 1,116 1,567 2,22 3,02 4,12 5,98 8,45 12,19 16,98 10,0

5,0 0,485 0,666 0,882 1,275 1,770 247 3,33 4,51 547 9,04 12,90 17,80 5,0

1,0 0,657 0,884 1,150 1,621 2,206 3,02 4,00 5,32 7,46 10,23 14,31 19,41 1,0

0,10 0,15 0,25 0,40 0,65 1,0 15 25 4,0 6,5 10,0
Acceptable quality level (tightened inspection)
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Table Vi-A — Correspondence between tightened and normal inspection plans
Sample™~ AQL
size ~— 0,10 0,15 0,25 0,40 0,65 1,0 1,56 25 4.0 6,5 10,0
code letter T
B C-156 R-2,56 BR-4,0 B-6,5
o D-0,65 C-1,0 C-1,5 C-2,5 C-4,0 C-6,5
D E-0,40 D-0,65 D-1,0 D-1,5 D-2,5 D-4,0 D-6,5
£ F-0,15 E-0,25 E-0,40 E-0,65 E-1,0 E-1,5 £2,5 £-4,0 E-6,5
F G-0,10 F-0,15 F-0,25 F-0,40 F-0,65 F-1,0 F-1,5 F-25 F-4,0 F-6,5
G G-0,065 | G-0,10 | G-0,15 | G-0,25 | G-0,40 G-0,65 G-1,0 G-1,6 G-2,5 G-4,0 G-6,5
H H-0,065 | H-0,10 | H-0,15 H-0,25 | H-0,40 H-0,65 H-1, H-1,5 H-2,5 H-4,0 H-6,5
1 1 I\,Iﬁ 1 I\"lr\ [} AIAII- 1 I\’f\r' [} f\’ AN 1 I\’% : :’A : -.': : :': i-4’0 i-6,5
U J-0,065 | J-0,10 J-0,15 J-0,25 J-0,40 J-0,65 J-1,0 J-1,5 J-2,5 J-4,0 J-6,5
K K-0,065 | K-0,10 K-0,15 K-0,25 K-0,40 K-0,65 K-1,0 K-1,5 K-2,5 K-4,0 K-6,5
L L-0,085 | L-0,10 L-0,15 L-0,25 L-0,40 L-0,656 L-1,0 L-15 1:2:5 L-4,0 L-6,5
Vi M-0,066 | M-0,10 | M-0,i15 | M-0,25 | M-0,40 | M-0,65 M-1,0 M-1,5 M-2,5 M-4,0 M-6,5
N N-0,065 | N-0,10 | N-0,15 | N-0,25 | N-0,40 N-0,65 N-1,0 N-1,5 N-2,5 N-4,0 N-6,5
P P-0,065 | P-0,10 P-0,15 P-0,25 P-0,40 P-0,65 P-1,0 P-1.5 P-2,5 P-4,0 P-6,5
1) *s” method only.
NOTE — The table is entered with the sample size code letter (at the left) and the AQL (at the top) for-the plan under normal ifspection. The table
gives the sanpie size code ietter and the AQL of the normai inspection pian to use for tightened inspection.
Table VI-B — Correspondence between reduced and normal inspection plans
Sample AQLl 010 | o155 | 02 | o4 | oes |0 | 15 | 25 | 40 | |65 | 100
code letteyr ™~
B 1 B-4,0 B-6,5 B-10,0 B-15,0
C C-1,5 B-2,5 B-4,0 B-6,5 B-10,0 B-15,0
D C-1,0 C-1,5 B-2,5 B-4,0 B-6,5 B-10,0 B-15,0
E E-0,40 D-0,65 C-1,0 C-1,5 B-2,5 B-4,0 B-6,5 B-10,0 B-15,0
F E-0,25 E-0,40 D-0,65 C-1,0 C-1,5 C-25 C-4,0 C-6,5 C-10,0 C-15,0
G F-0,15 E-0,25 E-0,40 D-0,65 D-1,0 D-1,5 D-2,5 D-4,0 D-6,5 D-10,0 | D-15,0
H F-0,15 E-0,25 E-0,40 E-0,65 E-1,0 E-1,56 E-2,5 E-4,0 E-6,5 E-10,0 E-15,0
[ F-0,15 F-0,25 F-0,40 F-0,65 F-1,0 F-1,5 F-2,5 F-4,0 F-6,5 F-10,0 F-15,0
v G-0,15 | G-0,25 | G-0,40 | G-0,65 G-1,0 G-1,6 G-2,5 G-4,0 G-6,5 G-10,0 G-15,0
K H-0,15 | H-0,25 | 'H-0,40 H-0,65 H-1,0 H-1,5 H-2,5 H-4,0 H-6,5 H-10,0 H-15,0
L 1-0,15 1-0,25 1-0,40 1-0,65 1-1,0 1-1,6 1-2,5 1-4,0 1-6,5 1-10,0 1-15,0
M J-0,15 J-0,25 J-0,40 J-0,65 J-1,0 J-1,6 J-2,5 J-4,0 J-6,5 1J-10,0 J-15,0
N K-0,15 K-0,25 K-0,40 K-0,65 K-1,0 K-1,5 K-2,5 K-4,0 K-6,5 K-10,0 K-15,0
P L-0,15 ;0,25 L-0,40 L-0,65 L-1,0 L-1,5 L-2,5 L-4,0 L-6,5 L-10,0 L-15,0
1) "s” method only.
NOTE — THe table is entered with the sample size code letter (at the left) and the AQL (at the top) for the plan under normal inspection. The table
gives the sample size codé letter and the AQL of the normal inspection plan to use for reduced inspection.
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Diagram s-D — Acceptance curves for combined double specification limits:
s” method — Sample size code letter D (sample size 5)
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Diagram s-E — Acceptance curves for combined double specification |
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imits :

Diagram s-F — Acceptance curves for combined double specification |

“s" method — Sample size code letter F (sample size 10)
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Diagram s-H — Acceptance curves for combined double specification |

’”

s’ method — Sample size code letter H (sample size 20)
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Diagram s- — Acceptance curves for combined double specification limits :
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Diagram s-J — Acceptance curves for combined double specification limits :
"s"” method — Sample size code letter J (sample size 35)
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Diagram s-K — Acceptance curves for combined double specification I

"s" method — Sample size code letter K (sample size 50)

ISEEARENES REEGE RS RERSSEpRES REE O H H
i) . i o s ERSEEEEN R NN ER - 111
-4
3 un [ . I 'T S
< O un = 4 - - Pty 1 n
° o — I*. ..3: ..3: w ELL 1ttt HE jJERER D 13- + aual § IEERERERERD Aﬂnu o rD. o, 2. —
O/ O O O +"N) )V — T 1] 1 - 1 1 0/ S ¢+~ 0o 0 o
| EIERHES L )]

A — e 1 1 LT 4 | ;| A L :
TENANTYENS NE T . - AHHH A T HATTA L 9 487 48 11
L4 4 4+ N4 41 B E 4 ARB40 \ ‘“‘ B
PRI I T L1 1 I T TA11L11]

HEEEENCHINT T , H- HbHp a8
- 11 444 111
L A T
" THF 1T T ]
11 - 4 JEBEE 4 JEEEN L
o -1 - 4+
, Nt | H
a 71 41—t ¥} A 41
L] L A i
] 111 am
T 1 = A .
.,rl.lv —+ 4+ —+3 ;4 - 44 i
H +HHHHH - y N HHH
_ L L ) L1 ] L
SEn H ERES 1] 1] 1- -k JTHEV-LHL -
1 ot o +—r+4-+-+4+-t 4 -
g } 4 AH- ] SREREEEEE RN 1 ]
I ] 3137 - 1
= — 3 N -+ 4-¢- -
-
L 1 - an T i 11 I RE
1 1 “ 1 [ . TR - A0
1F ) ! n
- > 4
[ . + 1 = » 3 LN Bk BA [ L
4 1 N - B
FHH ¥ 43 f L
agw 1+ N . JA ¥ B IN-IN- - )
aue .
HH1F . . ‘ y 111
[ 1] e €y B 0L YRA @
I [
dglas - 1T T P N YU
] I T EEY B AR -
geav s (T 1 1] 13- T \
11 - H¥F FHHFEH pEE an T4 - |
[1] [ map (1] i REENAN T -
. 4 41 4-++ ¢+ 1 -4-1 4 tEd 144 04 4 ]
THT T FHA EERREREE 1] SEANREBER RAERD B 1T T
1 s

09

08

0.7

0.6

0.2

0.1

0,15 0.2 0.25 0,3 0,35 0.4 0,45

0.1

0,05



https://standardsiso.com/api/?name=86175a59969df5e794c259f946a58dae

1989 (E)

1SO 3951

|

s” method — Sample size code letter L (sample size 75)
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"s" method — Sample size code letter M (sample size 100)
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"s" method — Sample size code letter N (sample size 150)
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"s'"" method — Sample size code letter P (sample size 200)

Diagram s-P- — Acceptance curves for combined double specification |
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"¢’ method — Sample size code letter C

Diagram g-C — Acceptance curves for combined double specification |
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Diagram g-K — Acceptance curves for combined double specification limits :
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Diagram g-L — Acceptance curves for combined double specification |

"¢’ method — Sample size code letter L

~

|>

~

>

% AQL

CLLLETE | T ]
] 414 s i 1 s L L j
Lij 434 L 444 L 4§ - L

111 158 - §-+ . L1} +

“ . F - . 13 T 1 T & M -

= - S: N - 1 BREES r o "N O N —

o o - o @2 CTTT - aul + 16 4+~ oo o
14 ¢ | BEENE SEaEE. N
- \ > g 13 ™| 4 . [
,A {4 TN
] HH A rdaraanss

I 1+ L1 ] \ yrijlH

L -4 L L - 4434 \\ v\ JED SN uh ‘ 4

L 1] . [ 111 L Fds L1 4H]

L L L JERRES L B\ Iw\f ul J 1144

. : LiM L 1 'ARNNEEEEE

11T b4 x 1 T

4 44 L - 11 -
s T Y] AL T AT I L

-4 111 -+ 11 = -4 4 B 4444444

- 4+ 111 - 4 - . - 4

L1 s 4 =5 L 4. 4
8 aguy [ T a1 NESNRNE

- 1 - - +H44 1 -4 - 44 4 44

L3N NS REERYE L
[ 4 L R al JERROeNS
K H | 1 l\p JHHITTH

. 444 4 - b -44

. SRS 4 - SNEYNEYSESE SRy

L 1 4 jER NSNS

s H 1LY

| 4 s= p - + +4
sais FINAT A 7 T
ghass 1 4 ; - N NI INH BB
- - 3 AR =\ 4 T 4444+ 4++ +4 —+44
. L L 14 N -I N s S - , + 144414
L - . 44 UI IJI l I .,ﬁ -4
4] | L LN+ t N4 444 H
N y N NI T
4444 J
[ HITH 11 N HTH
44 44 41+ 444 ]

88 5 - I 444
dgds :
- 41
T as
- -
9

11
Ht 1111
o @ o~ O, un 8 m o~ —
— o o o o o o o o o

0.15 0,2 0,25 0,3 0,35 0.4 U

01

0,05


https://standardsiso.com/api/?name=86175a59969df5e794c259f946a58dae

1989 (E)

1SO 3951

imits :

Diagram -M — Acceptance curves for combined double specification |
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Diagram o-N — Acceptance curves for combined double specification |
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Diagram o-P — Acceptance curves for combined double specification limits :
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Annex A

Procedures for obtaining s and ¢

(This annex forms an integral part of the Standard.)

A.1 Procedure for obtaining s For example, consider the measurements given in the example

A.1.1 The estimate from a sample of the standard deviation

to 14.6. Take a = 65 and set out the calculations in tabular
forms as follows:

of a population i given the symbol s and its value may be ob-

tained from the

where x; is the 1

n

Y x

i=1
n

X =

A.1.2 The abo
purpose of con
simplified by sub

i=1

heasured characteristic of the /th item in a
sample of n itemg and x is the mean value of the x;, i.e.:

nputation, since the calculations can be
racting an arbitrary whole number a from the
x; and using the glternative equivalent formula for s:

(@ - x)
—a)2 - nla — 7)2}/(n -1) (@ — x)2

athematical formula X; a (x; — a) (x; —a)2
63,56 65 - 15 2,25
62 65 - 30 9,00
65,2 65 0;2 0,04
61,7 65 - 3,3 10,89
69 65 4,0 16,00
67,1 65 2,1 4,41
60 65 - 50 25,00
66,4 65 1,4 1,96
62,8 65 - 22 4,84
68 65 3,0 9,00
Tx; = 645,7 X(x; — a)2 = 83,39
ve formula for s is not recommended for the n= 10 nla - x)2 = 1,85
X = 64,57
Difference = 81,54 (n — 1)s2
a= 65 (n-1 =9
= 043 s2 = 9,06
= 0,185 s = 3,01

nla-x)2= 185
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A.1.3 When a desk calculator is available, the value of a in
clause A.1.2 may be taken as zero and the formula becomes

n
s2 ={2 x)2 — n()?)z}/n -1
i=1

Cumulative

ISO 3951 : 1989 (E)

With a modern machine, it is possible to obtain the cumulative
sum of both x; and (x)2 simultaneously and it is unnecessary to
write down the individual values of x;and (x,)2. But to illustrate
the process, these values are given in the following example.
Note how large the figures in the fourth column can become
and when using an electronic calculator ensure that they are
not truncated. The figures are taken from the second example
given in C.9.2.5 in annex C, but in this case s will be calculated.

Cumulative

2
X; sum of x; X sum of x?
515 515 265 225 265 225
491 1006 241 081 506 306
479 1485 229 441 735 747
507 1992 257 049 992 796
543 2535 294 849 1 287 645
521 3 056 271 441 1 559 086
536 3592 287 296 1 846/382
483 4 075 233 289 2 079,671
509 4584 259 081 2 338 752
514 5098 264 196 2602 948
507 5 605 257 049 2 859 997
484 6 089 234 256 3 094 253
526 6 615 276 676 3370 929
552 7 167 304 704 3 675 633
499 7 666 249 001 3924 634
530 8 196 280-900 4 205 534
512 8 708 262 144 4 467 678
492 9 200 242 064 4709 742
521 9721 271 441 4981 183
467 10 188 218 089 5199 272
489 10 677 239 121 5 438 393
513 11190 263 169 5 701 562
535 11725 286 225 5987 787
501 12 226 251 001 6 238 788
529 12 755 279 841 6 518 629
n n
SOZX/= 12-755 2x,2=6518629
i=1 i=1
N 25 n(x)2 = 6 507 601
n n
X = E % n = 510,2 Z X2 —n®2= 11028 = (n — 1)s2
= i=1
()2 = 260 304,04 n—-1= 24
n(x) = 6 507 601 g2 — 459.5
s = 21,43

Thus the mean X = 510,2 and the estimate of the lot standard deviation s = 21,4.

69
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A.1.4 [f the variation between readings is small, it is recom-
mended that only that portion of the measurement which

changes from item to item be considered; e.g. if the values of x;

had been 27,515; 27,491; 27,479; etc., they should be con-
sidered as if the values had been 515; 491; 479; etc.

These are then the figures in the previous example; thus
x = 27,510 and s = 0,021.

The above method not only reduces the arithmetic labour but
also reduces or helps to prevent the accumulation of rounding
errors.

A.2 Procedure for obtaining ¢

A.2.1 If it appears that the value of s (or R) is in control, &
may be presumed to be the weighted root mean square value of
s (or R/c) and the weighted root mean square value may be ob-
tained from the following formula:

ZI (n; = 1s?

i=1

It should be not

g = -
1 /
that a computer with single precision can \/ z (nj = 1)
give less accuracy| than a pocket calculator unless it uses a pro- i=1
gram which mininfizes rounding errors. A possible way of doing
this is to substra¢t a constant from every value as described where

above. It is conve¢nient to choose the first observation as this
constant — in th¢ example above 27,515 would be subtracted
from each obsenvation.

A.1.5 Other fgrms of the equation for s can be derived.
Depending on the mechanism of the calculator, either of the
following may be] useful:

or

[ is the number of lots;
n; is the sample size from.the'jth lot;

s; is the sample size standard deviation of the fth lot.

A.2.2 If the sample‘sizes from each of the lots|are equal,
then the above formula reduces to:

A.2.3 In the case of the “R" method, then s?in the above
equations should be replaced by (R;/c)2, wher¢ R, is the
average range and c; the scale factor for the sample from the /th

lot.

70
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Annex B

Statistical theory

(This annex forms an integral part of the Standard.)

B.0 Symbols

Further symbols used in this annex are as follows:

p The

z; Value of z at the upper specification |

U-wu

Zy =

imit.

total process percent or fraction nonconforming.

p=Huthp

p; The process percent or fraction nonconforming

below L

py Thg process percent or fraction nonconforming

above U4
P The [cumulative probability function (distribution func-
tion).
q The fuality parameter: equal to z; or —z;
z Valug¢ of the standardized variate.
K — M
zZ = A
g
z, ValJe of z at the lower specification limit.
L—pu
zZ, =
g

f(x)A

U

B.1 The normal distribution

B.1.1 The theory governing-the calculation

bf risks in inspec-

tion by variables depends-on the properties of the normal

distribution and, therefore, this International

Standard is only

accurately applicable ' when there is reason tq believe that the

frequency distribution of the measured chara
or nearly normal. :

B.1.2<:\A normal distribution can be defin
terms, of the mean u and standard deviation
tion; when these two parameters are known
calculate the probability with which any mea
fall between two given values and, in particul

teristic is normal

ed completely in
o of the popula-

it is possible to
ured value x will
r, the probability

of any measured value occurring outside given upper or lower

limits. (See figure 5.)

A '

0 L-30 ,U-IZO' L-a

7] /.L-;-U /1;20/_“30 X

Figure 5 — Normal distribution

7
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B.1.3 In order to facilitate the tabulation of these pro-
babilities, the measured value x is transformed into a normal
standardized variate z such that

This device scales all normal distribution curves to a common
shape (see figure 6), simplifies the equation of the curve and,
as the total area under the curve is equal to 1, permits the

B.2 The fraction nonconforming

B.2.1 The fraction nonconforming is represented by the area
(or areas) under the distribution curve beyond the specification
limit line (or lines if both upper and lower limits have been given).

NOTE — The fraction nonconforming is, in practice, often expressed
as a percentage nonconforming; accordingly, in sections one to four it
is given in this form.

B.2.2 When the measurements x are normally distributed
and their mean u and standard deviation o are known, the frac-

the value of P, the cumulative probability function (the

calculation of aEingle table which, for a given value of z, gives
unshaded area {inder the curve).

A f(z)

tion nonconforming p relative to given specificjtion limits L
and/or U can be obtained from tables of thé:nermal distribu-
tion,aspy = 1 — Pyand p, = P,. (See figure 7.)

Py

Figure 6 — Standardized normal distribution

‘
N
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f(X)‘
0’:1
P

0 —

f(X)‘ L M4 b 4
o=1
P2

0 L M2 7

Flx)d
o=1
N
Pi3
—
0 L K3 X

Figure 7 — Fraction nonconforming for constant ¢ =1 and different values of the mean (u,, Uy, U3) in relation to a fixed
lower specification limit
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B.3 The quality parameter

an

naa
D.J.1

[ T, e L 2 i bhan lhase
vvhen tne norimai Qistrioution Cuive rias vccoii

’

Matoe

a0ain s

S S iy

ot

dardized”” by measuring the deviation from the mean in units of
the standard deviation (i.e. to a scale ¢ = 1), the fraction non-

~aalio

) a Al

conforming will be uniquely related to the standardized deviate

u-L
4

B.3.2 Accordi

ngly, a quality parameter has been devised in

or
M =L + Ko

For all points above this line, the process average percent non-
conforming would be less than or equal to the AQL and hence
be acceptable. For points below the line, it would not be ac-
ceptable. (See figure 8.)

H /

Process
acceptable

terms of this dif‘[;arence and the standard deviation which, In

relation to one s

ecification limit, may be used in acceptance

inspection insteafd of the fraction nonconforming. When U, the

upper specificati

bn limit, is given, this is defined as

U-4
qu = - = Zu
g
and when L, thd lower specification limit, is given, as
M- L
qL = = - ZL
g
B.4 Acceptable parameter region for single

or separate

double specification limits

The AQL is defilted as the quality level which for the purposes

of sampling ins
average percent

When consideri
separately, the
parameter q. Si
tween the fracti
quality paramete
as the smallest \
a process chara
i.e. for acceptal]

This would ther]

ection is the limit of a satisfactory process
nonconforming for a continuous series of lots,

hg a single specification limit or both~limits
AQL can be related readily to the ‘guality
hce there is one-to-one correspofdence be-
bn beyond the given specificatiomlimit and the
r, we can define a K which would’be described
alue of g that would be deemed acceptable as
Cteristic for purposes of aeeeptance sampling,
ility g > K.

give

— in attribyites : thesAQL

— in varial

les”NK'

Rrocess
unacceptable

0 o

Figuré8 — Acceptance chart for lower spegification
limit only, o and u known

For'a single upper specification limit, a similar [relationship
would be

U-u
ag

or
u=U- Ko

For points below this line, the process average pergent noncon-
forming would be less than the AQL and hence|acceptable;
above, they would not. (See figure 9.)

7]
U

Process
unacceptable

Since for a given set of specification limits, p; or p,, depend

on U and g,

there will be a region in the u, a plane where

p, (or py) will be less than or equal to the AQL and will thus
mark off processes that will be acceptable. There will con-

versely be an

other region in which p, (or p) will be greater

than the AQL and will thus mark off processes that are con-
sidered unacceptable. Fortunately, these regions can be

separated by

For a single |
M, o plane is

a single straight line.

ower specification limit, the line of AQL in the
given by the relationship

u-L
ag

q =

74

=K

Process
acceptable

0 g
Figure 9 — Acceptance chart for upper specification
limit only, ¢ and u known
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With two separate specification limits, the situation would be
as depicted in figure 10.

B.5 Acceptable parameter region for a
combined double specification limit

B.5.1 Combined double specification limit

When upper and lower limits are specified and a single, overall
AQL has to be met, this is known as a combined double
specification limit.

ISO 3951 : 1989 (E)

conforming beyond the upper and lower limits but specifies the
value that their sum p should not exceed, There is then no
longer a way of obtaining a single variables figure such as K
corresponding to the AQL. Instead, the mathematical relation-
ship between the process mean U, the process standard devia-
tion o and the total process fraction nonconforming must be
used to find pairs of values (o, u) for which this fraction non-
conforming is equal to the AQL.

For a given value of g, not only do the relative values of p, and
p depend on the value of u but their total p;, + p; = pis also
dependent on the value of u in relation to U and L. (See

Specificatigiof an AQL Tor a combined double specification
limit does rjot separately specify the fractions p;, and p; non-

Cx

Process
acceptable

figure TT.] The value of p is a minimum when u is midway be-
tween U and L and increases as 4 moves-away from this value.

Process
unacceptable

Figure, 10 — Acceptance chart for separate double specification limits, ¢ and u known

g
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fix))
ag
Pt Py

0 L 7 U X

Fix)}
g
PL . pU
0 L 7 U X

Figure 11 — The effect on process fraction nonconforming of a change in u, with ¢ held constant
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The extent to which the distribution curve overlaps the two limits, for a given value of u, is governed by the value of o. (See

figure 12.)

f(x)‘

/T

B.5.2 Mpaximum process standard deviation
(MPSD)

04
flx) | L H v X
)
L 7 U 7

Figure 12 —The effect on process fraction nonconforming of a change in g, with u held constant

Under this alternative procedure, the choice petween the ‘¢
and “‘s”" methods is unrelated to the switchifg rules.

The largest value of ¢ that will just give the AQL when u is mid-
way between U and L may be viewed as a maximum process
standard deviation (MPSD) under normal inspection. If a pro-
cess has a o greater than this, its fraction nonconforming ex-
ceeds the AQL. The converse, that if the standard deviation is
less than this maximum a process fraction nonconforming is
less than the AQL, is not necessarily true.

Under tightened or reduced inspection, the MPSD is the largest
process standard deviation for which the next lower or higher
preferred AQL may be achieved, respectively.

At the discretion of the responsible authority, the value of £, for
tightened inspection may be invoked for normal and reduced
inspection.

B.5.3 Acceptance curve

When a combined double specification has been given, a series
of values of u and g can be calculated that give values of p;
and p, that in total equal the AQL. These values can be plotted
in the (U, o) plane and a curve drawn through them (see
figure 13). This curve lies within the triangle that would be ap-
propriate for separate upper and lower specification limits each
with the given AQL (see figure 10). In the vicinity of U and L,
the curve is indistinguishable from a straight line with
slope —K and K respectively and then becomes a smooth
curve passing through the point ¢ = maximum standard
deviation and u =(U + L)/2. (See figure 13.)
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B.6 Sampling inspection

In practice, u is not known and has to be estimated from a
sample; usually, o has to be estimated also.

The best estimate of u is given by X, the mean of the sample.
Depending on the circumstances, o is either assumed to be
known or estimated from the sample by one of two methods.
These three treatments of ¢ lead to what are called in this Inter-
national Standard the "¢’ method, the "’s” method (and the
"R" method given in annex C), for sentencing a lot.

"g" method

B.7.1 Ddrivation of the acceptability constant
Under certdin circumstances, e.g. when the process has been
running for[some time and is under statistical quality control,
o is assumgd to be known and constant.

The value of the means for successive lots is not assumed to be
constant orlknown, so each has to be estimated from the mean
of a random) sample of items taken from the population.

The mean df the sample X is not necessarily equal to"the mean
of the popylation u, but (x — u)\/n/a is normally distributed
with a zero mean and a standard deviation 6f\} so it is possible
to show that, for a given probability, the difference between
the mean of the sample and the mearyof the lot will be not more
than a defirfite figure. For examplefor‘a 95 % probability, this
figure is + (1,96 o/</n.

1ISO 3951

U-Xx

ag

acceptable if Q;, = >k

and, for a single lower specification limit,

x-1L

acceptable if Q; = >k

otherwise, not acceptable.

: 1989 (E)

Where separate double specification limits are given, the ac-

ceptability criterion is

not acceptablie if either Q;; < ky or-QH<

Since o is a known constant, it will, in practicd,

nient to re-arrange the aceeptability
formXx < U — ka for an-upper specific

ki

be more conve-
criteria in the
ation limit and

X > L + ko for a lower limit;/as the right-hand side of these

criteria can be determined.before inspection

B.7.3 Acceptability criterion for a ¢
double specification limit

When a combined double specification limit is
establish.whether the lot is acceptable, the p|
(] xX—-L

u-L' " U-1L

may be plotted on the appropriate diagram ta
four, diagrams o-C to o-P (compare with
since g is a known constant the point will lie
corresponding to this value of g. It is there]
practice to obtain X, and X;, the upper and |
values of x. (See figure 14.)

U

begins.

bmbined

given, in order to
bint

ken from section
B8.5.3); however,
on a vertical line
fore sufficient in
bwer acceptance

Xy+H——————————-
The equatign for the uppér’quality statistic Q, = (U — X)/o
may be rewritten
Qu+/n £ (U =@R/n/e — (X — ul/n/c
The first tgrm-on the rlght hand 3|de is a constant and the
second is the-stan paloiae e-of-the-v diseussed p—
above. So OU\/_ (and snmllarly QL\/_) is also normally XNt ————""———==———-

distributed with a standard deviation of 1. Hence, it is possible
to compute a value k such that, for a given sample size and
AQL, the sample’s quality statistic is, with a stated probability,
greater than or equal to kK when the lot is acceptable.

B.7.2 Acceptability criteria for single or separate
double specification limits

For a value of the acceptability constant & computed as in-
dicated in B.7.1 and which, for normal, tightened and reduced
inspection is given in tables Ili-A, lI-B and IlI-C respectively,
the acceptability criterion becomes, for a single upper specifica-
tion limit,

L

e — e ———

g

Figure 14 — Acceptance chart for a combined double

a u

specification limit:
The acceptability criteria then becomes: the |

acceptable if X < xyand X > X,

not acceptable if either X > X, or X < X;.

method

ot is

79
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B.8 The “s” method

DO n
2.0 [ 4

When neither the mean nor the standard deviation of a popula-

tion can hea nrecum
tion can be presumed to be known,

thayv hnath hauva to he
nNey OO0t nave 1 OF

estimated from a sample taken from that population. In the

"s" method, the

tha mann Af tha
wic ificarn Ut uic

[

mean of the sample, X, is taken instead of u,

population, and

The acceptability constant k has been calculated, using the
non-central t tables, for a standard range of sample size and
AQLs, and is given in tables II-A, 1I-B and II-C for normal,
tightened and reduced inspection respectively.

PP,

double specification limits

The acceptability criteria are, as stated in ciause B.6, simiiar to
those given in clause B.5, but substituting the estimated values
of the mean, standard deviation and quality statistic obtained
from a sample and comparing the latter with the acceptability

from the sample

is taken instead of g, so

Y 2

17 _
v A

Q=
s

Compared with
of error, for w

N |
A =

and OL =

S

he "¢’ method, this increases the possibility
n s is substituted for ¢ in the expression

(X — uI\/n/a (sge B.7.1), itis found that (X — u)/n/s, which

may be written

S ag

g (x - IJ)\/Z

is no longer nornfally distributed, but has a "’t"’ distribution with

(n — 1) degrees
now a 95 % pro
of the sample ar
+ 2,26 s/+/10,

of freedom. For instance, if n = 10, there is
bability that the difference between the mean
d the mean of the lot will be not more than
compared with + 1,96 6/4/10 obtained by

constant k calculated for this method.

The acceptability criterion for a single specifieation [limit is: the
lot is

acceptable if Qi > kor Q; > k

not acceptable if Q,, < korQ; < k

When separate doubie spécification limits are given| the accep-
tability criterion is: the lopis

acceptable if both' @, > kyand Q; > &,

not acceptable if either Q;; < kyor Q; < k;

The graphical method illustrated in figures 8, 9 and 10 is also
applicable to both the above criteria. An exampleg is given in
14.3-and illustrated in figure 2.

The upper boundary for the accept zone of an upper limit is
given by the straight line x = U — ks and the lowgr boundary
for the accept zone of a lower limit is given by the straight
line X = L + ks. When separate upper and lower gpecification
limits are given, the accept zone is the area betweeh these two
lines and the X axis, as in figure 2.

B.8.3 Acceptability criteria for a combined
double specification limit

When a combined double specification limit is given, it was
shown in B.5.3 that the acceptability of a process depended on
whether the point (g,u) lies within the appropriate|acceptance
curve on the acceptance diagram.(See figure 13.)

The acceptability of a lot may be found when the values of s
and x, obtained from a sample, are plotted on a similar accep-
tance diagram, indexed in terms of the sample siz¢ and AQL.

putting n = 10.
Further,
Ud-x
Q7 = Y X/n
s
which may be written as
(U — u/n x - n
oy = % [ N u)f]
s a a
and
x (L
Q,\/n = W pdwn
s

which may be written as

ag
Q/n=—
S

(X — u/n

ag

(U — LI\/n +
ag

are also not normally distributed, but they do follow a ““non-

central t"’ distrib

ution and this distribution has been tabulated.

The Resnikoff and Lieberman tables[10] were produced for
sampling inspection by variables in particular. The detailed
theory of this application of the non-central t distribution is
covered in the introduction to the tables and the arguments
used fit our standard sample sizes and preferred AQLs.

80

Acceptances curves have been calculated for the standard
plans given in this International Standard, making allowance
for the uncertainty introduced by the need to use X as an
estimate for u and s as an estimate for ¢ in the "’s”” method.

These curves are shown in diagrams s-D to s-P in section four.
They are to a common scale, i.e. instead of plotting X
against s,

x-1L

is plotted against

when using the ‘s’ method.
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For sample size code letters B and C (i.e. sample sizes 3 and 4),
the accept zone is bounded by four straight lines, the X axis, the
line X = U — ks, a line parallel to the x axis through the
MSSD, (see table IV-s) and the line x = L + ks, the value
of k being obtained from table II-A, iI-B or II-C.

The acceptability criterion is that the lot is acceptable if the
point [s/(U — L), (x — L)/(U — L)1 lies inside the accept zone
and that the lot is not acceptable otherwise.

In practice
Inspector’s|task is made easier if special acceptance curves in

ISO 3951 : 1989 (E)

terms of coordinates s and x (see figure 3) are produced for
both the normal and the tightened inspection plan.

If s is larger than the MSSD (which may be found in table 1V-s),
the lot has to be immediately judged unacceptable. (Compare
with B.5.2.)

B.8.4 Complex specification limits

When combinations of the above specifications are given, e.g.
a separate AQL (corresponding to an acceptability constant k1)
for the upper limit, combined with an overall AQL, the cor-
ing limit li the accept zone
is the area common to both requirements{See figure 15.)

Figure 15 — Acceptance chart for complex specification limits: ’s” method
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Annex C

Sampling plans for “R" method

(This annex forms an integral part of the standard.)

C.1 Object

rraore

This method provides an alternative to the ’s’’ method given in
clause 14.

used as an estimator instead of s. This relationship is used
when dealing with samples of less than ten items. However, as
the sample size increases, R becomes a less precise estimator

and

C.2 Definitjons

The additional térms for use with this method are as follows :

C.2.1 “R” method : A method of assessing the accept-
ability of a lot bly using an estimate of the standard deviation
based on the avgrage range of the measurements of the items
in sub-groups ot the sample.

C.2.2 sub-group : Five units taken in the order in which
they were meas{ired.

C.2.3 range |(R): Restricted sense, when using the
"R" method : the range of a sub-group.

NOTE — The range, in its ordinary meaning, is the difference between
the greatest and the smallest observed values.

C.2.4 average range (R) : The mean of the ranges of the
sub-groups. Forl samples of less than ten items, the range of
the whole sample is taken as A .

C.2.5 maximum average range (MAR)(: Under given
conditions, the |argest acceptable average rangde.

C.3 Symbqls

Additional symiols for use with{this method are as follows :

¢ Scale factor given in\table Rl for assessing o from R.

F A factor,|given in table RIV, which relates the maximum
average rande(fo, the difference between U and L.

ranges R may be used to estimate the standard deyiation.

In the standard plans for the ““R"" method'the sample sizes are,
with the exception of three plans _having samplé sizes 3, 4,
and 7, all multiples of 5. A sampje‘is) split into sup-groups of
five items and the range R of gach-sub-group is optained and
hence the average range R. MWhen the sample corfsists of less
than 10 items, it is not split,.into sub-groups and the range is
treated as though it were\R.

A scale factor c has been calculated in terms of the sub-group
sizes and the ndmbeér of sub-groups, such that s| may be re-
placed by R/¢. This scale factor ¢ is given for [the various
sample sizés, on the basis of the sub-group sizes used in this In-
ternational, Standard, in table Rl. This table is based on table 30
of the ' Biometrika Tables, Volume 10111,

However, the use of the scale factor ¢ given in taple Rl is not
usually required as, in order to reduce the numericgl work to be
carried out, a special set of tables has been provided for the
“R" method. Then the upper and lower quality §tatistics are
directly defined as

Q= v-x
R
and
Q = X!
R

Table Rl provides also a comparison by a code |etter of the
sample sizes for the ““R” method, the "’s” method and the at-
tributes method given in 1SO 2859. The sample sizes are
somewhat larger in the A"’ method than in the {s” method,
but they are both smaller than for the attributes method.

k The acceptability constant.

R Range of a sub-group.
R Average range, based on several sub-groups.
C.4 Theory

The "’R” method provides an alternative way of estimating the
standard deviation.

The theoretical basis of this method is that for small samples

the range R and s, where both are calculated from the same
normal sample, are highly correlated, which enables R to be
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C5 The acceptability criteria

For each plan an acceptability constant k is calculated such
that the acceptability criteria are, for a single upper specifica-
tion limit,

. U-x
accept if Q) = 7 > k

and, for a single lower specification limit,

acceptif Q; = 7 >k

otherwise, do not accept.
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When separate upper and lower specification limits are given,
the acceptability criterion is that the lot is

acceptable if both Q;, > kyand Q; > k;
not acceptable if either Q;, < kj,0r Q; < k;

The graphical method described in 14.3 is applicable to this
method putting R in the place of s.

When a combined double specification limit is given, the point
R X - L
u-L' ' U-1L
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The standard procedure for an “/R’" method plan is as follows :

a) With the inspection level given (normally this will be 1)
and the lot size, obtain the sample size code letter from
table I-A.

b) Using the sample size code letter and the AQL
specified, enter table RII-A and obtain the sample size n
and acceptability constant k.

C.9.2 Operating a plan

is plotted op the appropriate diagram R-D to R-P in order to
establish ether the lot is acceptable. Note that in the
"R’ method the equivalent of the maximum sample standard
deviation (MISSD) is the maximum average range (MAR). Its
value can be obtained by entering table RIV with the sample
size and AQL. The point [R = MAR, X = 1/2 (U + L)] gives
the apex of|the acceptance curve. If the value of R is greater
than the MAR, the lot is not to be accepted.

C.6 The operating characteristic curve

The operating characteristic (OC) curves calculated for the
s’ method|are applicable to this method with little loss of ac-
curacy. They are identified by code letters and AQL values.

C.7 Control charts

The technique of maintaining records in the form of contrel
charts recommended in 18.1 applies equally to K6 ‘the
“R" method.

The MAR should be plotted on the R chart when a_combined
double spedification limit has been specified.

If it appearq that R is generally in control{ the weighted root
mean squarg values of R/c may be presiméd to be g, the fac-
tor ¢ being |given in table Rl. The ‘") method may be then
adopted when permission to switch’to this method has been
received fropn the responsible authority concerned. (See clause
A.2 in annek A.)

C.8 Chgice of method

If a modern [calculator is available, the use of the ‘s’ method is
normally re¢ommended, but, if the calculation of s poses an

C.9.2.1 Take the individual items of the sample in the random
order in which they were selected and meas(ire them for the
characteristic being inspected. Record-the reasurements in
this order.

C.9.2.2 Find the sum X x ‘ofyall these merIsurements and,
dividing by n, the numbef of items in the sample, obtain the
sample mean

C.9.2.3.“DObtain the value of R.

a)” Where there are ten or more items, split the record of
the measurements, as they were taken, info sub-groups of
five. (Since the larger sample sizes for standard plans are in
multiples of five, this will always be poss|ble.) Obtain the
range for each sub-group by subtracting the smallest from
the largest measurement and then calculate the average
range R.

b) Samples of less than ten items are no{ subdivided, the
difference between the largest and smallgst measurement
gives the range and this is then treated as though it were the
average range R.

C.9.2.4 Apply the acceptability criterion.

If a single specification limit or separate double specification
limits are given, calculate the quality statistic

QU= (U - _)/ﬁ

and/or

impediment To this method, the "R~ method may be used as an
alternative to the ‘s”’ method.

The “R" method is simple to calculate, but requires a
somewhat larger sample size.

C.9 Operation of an “R” method sampling
plan
C.9.1 Obtaining a plan

Check at first that the instructions given in clause 13 have been
applied.

Q, = (x - L)/R
as appropriate;

then compare the quality statistic (Q,, and/or Q;) with the ac-
ceptability constant (k;, and/or k;) obtained from table RIl-A
(for normal inspection). If the quality statistic is greater than or
equal to this acceptability constant, the lot is acceptable; if
less, it is not acceptable. Thus, if an upper specification limit U
is given, the lot is

acceptable if Q;; > k

not acceptable if Q;; < k
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Or, if a lower specification limit L only is given, the lot is

acceptable if

Q >k

not acceptable if Q; < k

When both U and L are given : (k values are different when
AQLs are different for the upper and the lower limits), the lot is

acceptable if

not acceptab

both QL > kL and OU > kU

le if either Q; < k; or Qy < ky

Specification limit (lower) : L 580
Q, =(x-L)/R 0,817
Acceptability constant : k (see table RII-A) 0,703

Acceptability criterion : compare Q; with k 0,817 > 0,703

The lot meets the acceptability criterion, so the lot is accep-
table.

C.9.2.5 When a graphical criterion is desired for a single or

Example

The lower specifi
electrical compo
for inspection.
AQL = 1% is

required and th

cation limit for electrical resistance of a certain
hent is 580 Q. A lot of 100 items is submitted
Inspection level Il, normal inspection, with
o be used. From table I-A the sample size

t the acceptability constant k is 0,703. Sup-

code letter is F; {rom RII-A it is seen that a sample of size 10 is

pose that values|
following order

of the sample resistances are obtained in the

First sub-groyip 610; 615; 629; 593; 617

(R =629 —

593 = 36).

Second sub-group 623; 589; 608; 591; 611

(R =623 —

Compliance with

Infermation ne

589 = 34).

the acceptability criterion is to be determined.

pded Value obtained
Sample size : n 10
Sample mean x| £ x/n 608,6
Average range A : £ R/No. of sub-
36 - 34
groups = ——5—— 35

separatedoubte-specificatiormtimit,draw-thetime—

x=U-k R (for an upper limit), straight.line through the
point (R = 0, x = U) with a slope -k,

and/or

X = L + k R (for a lower (limit), straight line

E hrough the
point (R = 0, x = L) with-a slope k,

as appropriate, on grapH.paper with X as the verticgl axis and R
as the horizontal axis. So the graph can be prepared before
beginning the inspegtion of a series of lots (followjng the pro-
cedure given in 14.3 for the s method). Then usg the values
of R and xfrom the measurements obtained from g¢ach sample
and plot the'point (R, x) on the graph. If this point lies in the ac-
cept zane€; the lot is acceptable; if outside, it is notlacceptable.

Example

Using the figures given in the example above, mark the point
L = 580 on the X (vertical) axis, draw a line throui‘h this point
with a slope k [as k = 0,703, this means the lipe will pass
through points (R = 10, x = 587), (R = 20, x = 594,1),
(R = 40, x = 608,1), etc.]. Select a suitable pointand draw a
straight line through it and (R = 0, x = 580), i.e| L. The ac-
cept zone is then the area above this line. The calcylated values
of R and x are 35 and 608,6. Plotting the point (R, |x), it will be
seen from figure 16 that it lies inside the accept zone; the lot is
accepted.
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L =580

620 1 k=0,703

610 1
608,6

\ 4
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(R=35%=608,6)+ /

600 -

590 -

580

575 +

If a combinjed upper and lower specification limit has been
given, it wil] be necessary tosise-a graphical method, unless R
is greater than the MAR obtainéd from table RIV, in which case
the lot has fo be immediately judged not acceptable.

Using the spmple sizeé code letter, select the appropriate chart
in the R seflies.<From this chart, choose the acceptance curve
marked with the selected AQL.

0 10 20

Figure 16 — Graphical method for single or separate specification limits

e 4 A
v >

30 35 40 R

NOTE — It may be more convenient to adjust the sfale of the working
version of this curve so that R and x can be pldtted directly. (See
figure 17.)

Example

The specification for electrical resistance of a|certain electrical
component is 520 + 50 Q. A lot of 350 itemq is submitted for

Take a tracing of this acceptance curve and the one immedi-
ately inside it. (The inner curve will be required if it is necessary
to switch to tightened inspection and the area between the two
provides a warning zone.)

Calculate the values of

R X - L
—— and —
Uu-1L U-1L

and plot them on the tracing just produced.

If the point lies inside the accept zone, the lot is acceptable; if
outside, it is not acceptable.

inspection.  Inspection level I, normal Inspection, with
AQL = 4 % is to be used. From table I-A, the sample size
code letter is H; from table RII-A it is seen that a sample size
of 25 is required and from table RIV that the F value of MAR
is 0,707. Suppose the values of the sample resistance are ob-
tained in the following order.

First sub-group 515; 491; 479; 507; 543
(R = 543 — 479 = 64).

Second sub-group 521; 536; 483; 509; 514
(R = 536 — 483 = 53).

Third sub-group 507; 484; 526; 552; 499
(R =552 — 484 = 68).
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Fourth sub-group 530; 512; 492; 521; 467

(R = 530 — 467 = 63).

Fifth sub-group 489; 513; 535; 501; 529

(R = 535 — 489 = 46).

Information needed

Sample size : n
Sample mean x:

Average range R
groups = 294

Upper specificati
Lower specificati

“’Standardized’’ 1

Value obtained

““Standardized’ average range : R/(U — L) 0,588
F value (see table RIV) 0,707
MAR = F(U - L) 70,7

The ‘‘standardized”” mean and average range are then plotted
on the graph (R-H, AQL 4 %). (See figure 17.) If this plotted
point lies outside the acceptance curve, the lot is not to be
accepted.

The point (0,588, 0,402) lies inside the acceptance curve and
H d

25
X x/n 510,2
: X R/No. of sub-
5 58,8
bn limit : U 570
bn limit : L 470
hean : (x — L)/(U - L) 0,402

the-lot-is-aceepted-

C.10 Procedure during continuing ingpection

The procedures given in clauses 16,10°22 for the ‘[s’’ method
are to be applied when using the "R“'method.
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- x-1
XUt
570 1
560 09
T
550 08
5,0 07
N 1
530 0.6
520 .5
(0,588, 0,402) ?
510 A
500 (3
490 42 i
480 0.1
470 0 ¥
0,1 0,2 0.3 0.4 05 0.6 07 o
0 10 20 30 L0 50 60 70 R

Figure 177 — Acceptance curve for code letter H, n = 25, AQL = 4 %, MAR = 70,7 : ’R” method


https://standardsiso.com/api/?name=86175a59969df5e794c259f946a58dae

