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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies (ISO

member bodies). The work of preparing International Standards is normally carried out through ISO technical

committees.
therightto b
liaison with
Commission

International

Draft Interna
Publication 4

Attention is @
patent rights

International
methods, Su

Annexes A 4

Each member body interested in a subject for which a technical committee has been established has
e represented on that committee. International organizations, governmental and non-governmental, in
ISO, alsa take part in the wark 1SQ collabarates closely with the International Flectrotechnical
(IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'3.

ional Standards adopted by the technical committees are circulated to the membeér bodies|for voting.
S an International Standard requires approval by at least 75 % of the member‘bodies casting a vote.

rawn to the possibility that some of the elements of this International Standard may be the|subject of
ISO shall not be held responsible for identifying any or all such patent rights.

Standard ISO 10725 was prepared by Technical Committee~ISO/TC 69, Applications of| statistical
bcommittee SC 3, Application of statistical methods in standardization.

hd B form a normative part of this International Standard.*Annexes C and D are for informatipn only.

Vi
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The application of statistical methods in the field of sampling of bulk materials has been developed since the late
1940s, principally for large quantities of raw materials, such as coals or iron ores, where major interest was to
obtain an accurate estimate of the lot mean with reasonable cost, so as to adjust the price and process duly when
necessary.

Recently,
as powde

acquire am accurate estimate of the lot mean. This International Standard has been developed fg

purpose.

The subje
sampling
drafting.

he need for acceptance sampling of bulk materials has increased especially for industrial p
chemicals or plastic beads, where the determination of acceptability of a lot is more~impdg

Ct of this International Standard is situated on the border line between ISO/TE€69/SC 3 dea
hnd ISO/TC 69/SC 5 dealing with acceptance sampling, and some SC/5, experts have ag

oducts, such
rtant than to
r the former

ing with bulk
sisted in the
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Acceptance sampling plans and procedures for the inspection of
bulk materials

1 Scoj

This Inter
acceptanc
characteri

This Interr]
principal f
characteri
individual

This Intern
such as ir
the determ

For specig
dominant,

D E

hational Standard specifies acceptance sampling plans by the determination of variables
e inspection procedures for bulk materials. These sampling plans comply Awith' speci
Etic curves at reasonable cost.

ational Standard is applicable to the inspection where the lot mean of a single quality charac
hctor in the determination of lot acceptability, but it also gives specialsprocedures for m
5tics. This International Standard is applicable to the cases where the values of standard
tages of sampling are known or are imprecise.

ational Standard is applicable to various kinds of bulk materials; but is not always applicabl
bn ores, coals, crude petroleum, etc., where accurate estimation of the lot mean is more in
ination of lot acceptability.

| cases when standard procedures are not always ‘adequate and the measurement standar
this International Standard specifies special acegptance sampling plans and procedures, s

case for liguids.

2 Norn

The follow
this Intern

native references

ng normative documents contain provisions which, through reference in this text, constitute

and use of
fic operating

teristic is the
Iltiple quality
deviations at

e to minerals
portant than

l deviation is
Lich as in the

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

publications do not apply. However{ parties to agreements based on this International Standard are epcouraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest-edition of the normative document referred to applies. Members of |SO and IEC
maintain registers of currently,valid International Standards.

ISO 2859-1:1999, Samgpling procedures for inspection by attributes — Part 1. Sampling schemeg indexed by
acceptance quality limit (AQL) for lot-by-lot inspection.

ISO 3534-1:1998;"Statistics — Vocabulary and symbols — Part 1: Probability and general statistical tefms.

ISO 3534-2:1993Statistics—Vocabutary-and-symbots——Part-2:-Statistical-gtatity-controt:

ISO 5725-1:1994, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions.

ISO 11648-1:—1), Statistical aspects of sampling from bulk materials — Part 1: General principles.

1) To be published.
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3 Terms

and definitions

For the purposes of this International Standard, the terms and definitions given in 1SO 2859-1, 1SO 3534-1,

ISO 3534-2,

3.1
acceptance

ISO 5725-1 and the following apply.

sampling

sampling inspection in which decisions are made to accept or not to accept a lot based on the results of a sample
or samples selected from that lot

3.2

acceptance
inspection to

3.3
sampling sy
collection of

3.4
sampling pl
combination

3.5
sample size
total number

NOTE 1 In

[ITSpecton
determine whether an item or lot delivered or offered for delivery is acceptable

stem
sampling plans, together with criteria by which appropriate sampling plans may-be chosen

AN
pf sample size and associated acceptability criteria

of tests or measurements and elements thereof

this International Standard, the sample size is, for exampl€; the number of sampling increments in g

sample, the nimber of composite samples per lot, the number of test samples prepared from a composite sample,

of measuremg

NOTE 2 In
sampling incrg

3.6

acceptabilit
criteria or elg
accept or nof

3.7

acceptance
when a conti
is the limit of

3.8
non-accepts
when a conti

nts per test sample. The number of measurements is;the same as the number of test portions.

this International Standard, this term should, not be used for sample amount such as the volume o
ment.

criteria
ment of the criteria (for instanee an acceptance value) for the determination of lot acceptab
to accept a lot

quality limit
huing series of Jots-is considered, a level of the lot mean which for the purposes of sampling
the satisfactapy-process average

nce quality limit
huing. series of lots is considered, a level of the lot mean which for the purposes of sampling

composite
the number

mass of a

ility, i.e. to

inspection

inspection

is the limit of

the‘unsatisfactory process average

3.9

one-sided specification limit

specification

3.10

limit of either a lower or an upper limit for the lot mean

two-sided specification limits

specification

3.11

limits of both lower and upper limits for the lot mean

bulk material
amount of material within which component parts are not initially readily distinguishable on the macroscopic level

© 1SO 2000 — All rights reserved
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NOTE This International Standard excludes paper rolls, wire coils, iron scrap or similar materials, because it is difficult to
apply the specified sampling procedures.

3.12
sampling increment
amount of bulk material taken in one action by a sampling device

3.13
composite sample
aggregation of two or more sampling increments taken from a lot for inspection of the lot

3.14
test sample
sample, a$ prepared for testing or analysis, the whole amount or a part of it being used for testing ¢r analysis at
one time

3.15
test portign
part of a tgst sample which is used for testing or for analysis at one time

3.16
acceptange value
limiting value of sample average that permits lot acceptance

3.17
discrimingtion interval
interval between the acceptance quality limit and the non-acceptance quality limit

3.18
limiting interval
minimum jinterval between upper and lower acceptance quality limits, when two-sided specificatipn limits are
specified

3.19
relative sfandard deviation
ratio of a dtandard deviation relative to.the discrimination interval

3.20
repeatability
precision Winder repeatability-conditions, i.e. where independent test results are obtained with the same method on
identical tgst items in the same laboratory, by the same operator using the same equipment within short intervals of
time

3.21
intermedipte pfecision measurement
precision yinder intermediate precision conditions, i.e. where test results are obtained with the samp method on

identical test-items in the same lahoratory, under some different operating conditions (time, calibration, operator

and equipment)

4 Symbols and abbreviated terms

The symbol and the abbreviated terms used in this International Standard are as follows:

C varying cost per lot
C sum of costs proportional to total number of sampling increments
Cwm sum of costs proportional to total number of measurements

© I1SO 2000 — All rights reserved 3
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Cr sum of costs proportional to the total number of test samples
C cost of drawing a sampling increment

M cost of a measurement

crT cost of preparing a test sample

CT™ cost of treating a test sample (= ct + npcy)

D discrimination interval

Dn narrow discrimination interval for multiple characteristics

d relgtive standard deviation between sampling increments ( = o1/D)
dr relgtive test sample standard deviation ( = o/D)

do relgtive overall standard deviation ( = o/D)

o corfection factor for multiple characteristics

fu factor for obtaining upper control limit

G number of lots used for re-estimation of standard deviations
J number of quality characteristics

Kp thelupper p-fractile of the standardized normal distribution

(Examples of pare o, fand P,. For a = 0,05, K, = 1,644 85. For = 0,10, K;,=1,281 55, etc.)

LcL lowjer control limit

Ls. lower specification limit for the lot mean

m lot mean

ma acdeptance quality limit for the lot mean

mg non-acceptance quality limit for the lot mean
n number of sampling increments per composite sample
Nv number of measurements per test sample

nr numbger of test samples per composite sample
Pa probability of acceptance

Qcr consumer’s risk quality

Qprr producer’s risk quality

Rc cost ratio ( = crm/c)

S composite sample standard deviation

ST combined sample standard deviation

4 © 1SO 2000 — All rights reserved
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SM measurement standard deviation

ST test sample standard deviation

to(v) the lower p-fractile of the t-distribution with v degrees of freedom
Ugp upper specification limit for the lot mean

UcL upper control limit

Xijk measured value for the k-th test portion from j-th test sample from the i-th composite sample
X gample grand average

XL Ipbwer acceptance value

Xu dipper acceptance value

a producer’s risk

a* individual producer’s risk

p g¢onsumer’s risk

Jig individual consumer’s risk

¥ g¢onstant for obtaining the acceptance value

A interval between the upper and lower acceptance quality limits

0 ¢onstant for obtaining the limiting interval

v degrees of freedom of a standard deviation

VE degrees of freedom of an estimate standard deviation

Oc g¢omposite sample standard deviation

OE g¢stimate standardcdeviation for a lot mean

oM measurementistandard deviation

oo overall standard deviation

oT tht sample standard deviation (0'-2|- = cr% + afﬂ 1 ny)

0'|2 variance component between sampling increments

o variance component between measurements

o—g variance component between test samples (variance for test sample preparation).

NOTE 1  The symbols accompanied by a subscript, "L" or "U", denote that they are for the lower or upper specification limit,
respectively.

NOTE 2  The symbol o is used for a population standard deviation, while the symbol sis used for a sample value.

© I1SO 2000 — All rights reserved 5
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5 Sampling plans

5.1 General

At the beginning of the acceptance sampling, the following items should be established for satisfactory inspection

of a lot of bul

k material.

5.2 Applicability

5.2.1 Lot mean

This Internat
the determin

When the m

principally inferested in the lot mean.

If two or mo
applied. Ann
producer’s ri

This Internatjonal Standard is based on the assumption that the lot meaf_is" kept unchanged during &

sampling for
care is nece
exceptional ¢

EXAMPLE
important cha
viscosity and

mean of the ofiginal two sample values. This International Standard is not applicable to such cases.

5.2.2 Standlard deviations

This Internat
specified qu
deviation are

in the st
gives dq
unstablg
can be 1

a)

b) inthe sp

onal Standard is applicable when the lot mean of a single quality characteristic is the princip
htion of lot acceptability.

aterial is homogenized through further processing in the consumer’s plant, the consum

e quality characteristics are specified for a material, then the procedures) given in annex
bx A also provides optional procedures for multiple characteristics to\prevent an increase
bk and the consumer’s risk.

the lot, or that the expected values of the physical average and the arithmetic mean are equ
bsary for some unstable characteristics, such as moisture\ef particulate material. There ma;
ases where this assumption is not true, such as shown in the following example.

CMC (carboxymethyl cellulose) powder is used as an additive to cement, and in this application ong
acteristics is the viscosity of the aqueous solutionHf*two samples, of equal mass, one having a hi
he other a low value, are blended, the viscosity.of\the blended sample will always be lower than th

onal Standard is based on the.assumption that the values of the individual standard devig
hlity characteristic is knowp~and stable. Guidelines to judge the stability of the individua
as follows:

hndard procedure, ifbeth s; and st control charts have no out-of-control point, and if no othe
ubt about the stahility, one can deem that all standard deviations are stable. If oy is
, then this factwill probably be detected by the st control chart. If o is sufficiently small, its
eglected, because its precise estimate is unnecessary;,

ecial procédure in annex B, if the st control chart has no out-of-control point, and if no othe

gives do

of o an1i o7 Can be neglected, because their precise estimates are unnecessary.

ubtahout the stability, all standard deviations can be deemed to be stable. In this case, thg

Al factor in

br may be

A shall be
n both the

cceptance
al. Special
y be some

of its most
ph value of
P arithmetic

tion of the
| standard

I evidence
large and
instability

I evidence
instability

However, at the start of acceptance sampling, the precise value and/or the stability of the individual standard
deviation may not be sufficiently known. Furthermore, minor and temporary deviation from the stability guidelines
given above may occur during application of this acceptance sampling system. In such cases, the procedures for
imprecise standard deviations are applicable, where assumed values of standard deviations of the specified quality
characteristic are used.

If relevant values of standard deviations are not available at all, this International Standard is not applicable.

5.2.3 Inspection lots

These sampling plans are intended to be used primarily for a continuing series of lots. However, if the requirements
for standard deviations are satisfied, these plans may also be used for isolated lots.

© 1SO 2000 — All rights reserved
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5.3 Standardized sampling procedures

5.3.1 General

This International Standard contains the following procedures for inspection of an individual lot:

a)
b) consti

C) prepa

increment sampling;

tution of composite samples;

ration of test samples; and

d) meas
Figure 1 i
numbers ¢
C.2.7).

Represen
that indivi
specify in
beforehan

5.3.2 Ind

Take sam
increment

It is also

the volum
obtained.

5.3.3 Co
Pool sam
composite
requireme

Among 2
composite

534 Pr

Prepare n
preparatio

iIrements.
lustrates the schematic flow of the above procedures. In order to avoid overcrowding

f unused test samples and test portions drawn are far smaller than the usualvalues, resp

tive sampling shall be used throughout the above-mentioned procedures. For example,
ual composite sample can represent the whole lot. In order to obtain reliable results, it ig
Structions or standardized procedures. It is recommended that reference be made to
[, so that reasonable sampling procedures may be specified.

rement sampling (see Figure 1)

pling increments of 2n; from a lot. It is recommended’that dynamic sampling be used, wh
5 are taken from a moving lot. However, the use of Static sampling is allowed, where the lot S

ecommended that an appropriate sampling device be used. When the material contains ¢
e of individual sampling increments should be sufficiently large that representative sam

nstitution of composite samples.(see Figure 1)
bling increments of n; together and form two composite samples. In this International S
samples have been adopted. Each composite sample shall be representive of the wh
ht may be attained by earrying out systematic duplicate sampling, described as follows:

| sampling increments numbered in order, pool those with odd numbers (1, 3, ..., 2n,
sample No. 1,@and those with even numbers (2, 4, ...., 2n;) to form composite sample No. 2

pparation of test samples (see Figure 1)

T test{ samples from each of the two composite samples. Establish the procedure for
h‘beforehand, taking into account the nature of the material to be inspected.

Figure 1, the
ectively (see

it is required
important to
1ISO 11648-1

bre sampling
tands still.

barse lumps,
ples may be

tandard, two
ole lot. This

- 1) to form

test sample

When the material contains coarse lumps, make sure the procedure of the test sample preparation includes one or
more stages of particle size reduction (such as crushing and grinding), homogenization (such as mixing) and
sample division. The procedure should specify the mass of the test sample and, if necessary, the particle size of
the test sample. When the material is liquid, test samples may be taken directly from the composite sample, after
sufficient stirring.

NOTE

If an adequate procedure for test sample preparation is chosen, then a variance component between test samples,
o—%, can be far smaller than the variance component between sampling increments, a|2. On the other hand, economical

considerations are also important. For example, grinding of lumps is effective in reducing o—%, but fine grinding of the total
amount of composite sample is frequently too expensive.
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Sampling increments © © © © © ) (n, =6
T | T | T | T | | T |
| | | | | |
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- e T
Composite samples No. 1 No. 2 $
Test samples >|< >|< >|< >|< >|< (¥ >|< >|< | $ (e = 2)
Test portions [ T T1 [ ] | |
(Measur¢gments) O x O x x 00 x O x xO O O x X ~(Ay = 2)
Key
A odd numbered sampling increments
© even nunlbered sampling increments
O used
x hot used

Figure 1 — Schematic model of bulk acceptance sampling'procedures

5.3.5 Meaqurements (see Figure 1)

Draw test pgrtions of ny from 2nt test samples respectively, andxcarry out 2ntny measurements pér lot. It is
necessary to|specify the measurement conditions in detail.

5.4 Standard deviations

5.4.1 Gendgral

In the case
accordance

of imprecise standard deviations;~determine the sample standard deviations at various| stages in
vith 6.2.9. In the case of known standard deviations, determine the sample standard deyiations at

various staggq

If the results
knowledge ¢

relevant vallies. It is recommerided to use one of experimental techniques described in 1SO 11¢

ISO 11648-2

s in accordance with 6.2.3. Necessary information common to both cases is given in 5.4.2 t¢ 5.4.4.

m them. If
to obtain
b48-1 and

of past inspection are available, the estimates of standard deviations can be obtained fro|
f the standard deviations at their respective stages is insufficient, then it is necessary

1. In many cases @ nested experiment is the most suitable.

5.4.2 Stan

ard deviation between sampling increments

The values df the gquality characteristics of sampling increments taken from a lot may vary due to differin
of variation. [The ‘standard deviation between sampling increments, o, is the positive square root of th
component hetween the sampling increments, o}

g sources
b variance

NOTE If the material is a gas or a low viscosity liquid in one container, the sampling increment standard deviation, o}, can
be assumed to be zero. However, if the material is a viscous liquid or solid, and if it is in two or more containers, the sampling
increment variance, 0,2, is usually composed of two components, i.e. the sampling increment variances within the container and
between containers.

5.4.3 Standard deviation between test samples
Test samples prepared from a composite sample, in accordance with the specified test sample preparation

procedure, may contain variation due to division of the composite sample. The standard deviation between test

samples, o, is the positive square root of the variance component between test samples, 0'-2|-.
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The standard deviation between test samples, o1, composed of solids is not always negligible except when the
particle size is sufficiently small. In contrast, in the case of a low viscosity liquid or a gas, o is frequently negligible.

5.4.4 Measurement standard deviation

The results of measurements may vary due to differing sources of variation, including the measurement procedure
and the test portion variation within a test sample.

When the total number of measurements is small, the measurement standard deviation usually corresponds to the
repeatability. When the total number of measurements is large, it is rather difficult to maintain repeatability
conditions, then the appropriate intermediate precision measures shall be used. For more information, see

ISO 5725 1SO5725- 2B anu1SO5725-3t3t
NOTE In this International Standard, the approximate ratio of oy/ot is more important than oy \tSelf. If oy/or is
sufficiently small (for example, less than 0,2), it is not necessary to know the exact value of o).
5.5 Cogts
5.5.1 Gegneral
This Interpational Standard uses the following cost values for obtaining the 'economical sampling plgn. When the
knowledge of these cost values is insufficient, it is also possible to obtain-an.applicable sampling plan (see 5.5.6).
5.5.2 Cdmponents of costs
The total jarying cost per lot, C, consists of the sum of theccosts proportional to the total numbern of sampling
increments, to the total number of test samples and to the total-number of measurements, as follows:
C=Cl+Cr+Cpm
=2n,q + 2ntCr + 2nTNyCpm
The unit cpst values, ¢, ct and ¢y, are used toJobtain economical sampling plans.
5.5.3 Cost of taking a sampling inCrement
The sum qgf costs proportional to(the total number of sampling increments, C;, contains the following el¢ments:
a) the cqst of taking the sampling increments;
b) the cqst of pooling;te form a composite sample.
The cost df taking-one sampling increment, ¢, is given by the following equation:
o
5.5.4 Cost of preparing a test sample

The sum of the cost proportional to the total number of test samples, Cy, contains the following elements:

a) the cost of size reduction and sample division;

b) the cost of preparing test samples.

The cost of preparing a test sample, cr, is given by the following equation:
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C
cr e
2ny
5.5.5 Cost of ameasurement

The cost of a measurement, ¢y, is given by the following equation:

__Su

B ZnTnM

where the sum-of the costs, Cictr is prnlnnrfinnal to the total number of measurements

5.5.6 Procgdures for cases when cost values are insufficiently known

At the start of the contract, the knowledge of the above cost values may be insufficient. In such eases, thg following
procedures ghould be used in order to obtain an applicable sampling plan.

a) When [knowledge of the above cost values is insufficient, assume) the approximpte ratio,
ci:Cr.cpm,]and use each term of the ratio in place of the respective cost value.

EXAMPLE At the start of the contract, the approximate cost ratio was assumegd as follows:

¢i:cricy 943:1:0,5

Putting ¢= 3, ¢r =1 and ¢y = 0,5, the sampling plan was obtained in aceordance with the standard procedures
After runming five lots, the cost ratio was revised as follows:

¢:cricy 943,5:1:0,4

Using thg new cost values (¢, = 3,5, ¢t = 1 and ¢, <.0,4), the applicable sampling plan was obtained again, but both the
cost ratio|level and the sampling plan remained uinchanged.

b) If it is difficult to assume the approximate cost ratio, then use the following ratio:
c:ctiem FL1:1:1

5.6 Acceptance quality limithiand non-acceptance quality limit

5.6.1 Gengdral

The quality measures, the acceptance quality limit, ma, and the non-acceptance quality limit, mg, |should be
specified in gdccordance with the following procedures.

5.6.2 Intervalbetween Ms and cpnmfmnhnn limit

It is recommended that the interval between the non-acceptance quality limit and the specification limit (mg,_ — Lg
or Ug — mR,y) be specified taking account of the actual use of an accepted lot. For example, if an accepted lot is

divided into sub-lots in actual use, then variation between sub-lots should be considered when determining the
interval.

When two-sided specification limits are specified, the two intervals (mg, — Lg or Ug, — mg,y) may be different.
This interval can be adjusted to the quality limit of the supplied material. If the quality limit is far from satisfactory,

this interval can be increased so that the consumer’s risk at the specification limit can be reduced. For this purpose

annex D gives useful information. On the contrary, if the quality limit is satisfactory, this interval can be reduced to
Zero or even can be a negative value.
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5.6.3 Discrimination interval

The discrimination interval, D, is the interval between the acceptance quality limit and the non-acceptance quality
limit. It is recommended that the value of D be specified, taking account of the values of the standard deviations,
o], ot and op. If the value of discrimination interval is too small, then this International Standard may not give any
applicable sampling plan, and the choice of the acceptance quality limit and/or the non-acceptance quality limit will
need to be reconsidered.

When two-sided specification limits, Lg. and Ug, are specified, the two discrimination intervals (ma,. — mg,_ and

MR,u — Ma,y) shall be equal.
The discrimirattor—interval—can—be—aditstet—to—the—taatity timit-ofthe—stuppled—material——the—ayality limit is
satisfactorly, the discrimination interval can be increased to achieve a reduction in costs.
NOTE This interval should be determined mainly from the technical aspects. I1SO 10576[4 may give useful information
when determining this interval.
5.6.4 Interval between acceptance quality limits
When twa-sided specification limits are specified, the interval between the upper and lower acceptance quality
limits, A, should be equal to or greater than the limiting interval, 6 x D. That is:

AZmA’U —mA’L >5XD
For the standard procedures of known standard deviations, 6= 0,636 and for the optional procedures,|o = 0,566.

For the pr
by VE. Th
assume th

ve=8 and &5=0,566

pcedures of imprecise standard deviations, the valug’ef' 6 can be obtained from Table 1, whi
b value of vg will be given together with the sample sizes. At the preliminary stage, it is (
e following interim values:

Table 1 — Valuésof § for two-sided specification limits
(imprecise standard deviations)

Ch is indexed
onvenient to

VE )
3,0t0 3,9 0,929
4,0 t6-4,9 0,758
5)0t0 5,9 0,670
6,0t06,9 0,617
70t0 7,9 0,582

> 8,0 0,566

NOTE

The value of §is used for determining the applicability of the two-sided specification limits.

5.7 Responsible authority

57.1 Fu

nctions

The responsible authority has various functions such as:

a) to approve the values of standard deviations;

© 1SO 2000 — All rights reserved
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b) to judge stability of standard deviations;

c) to select between imprecise and known standard deviations;
d) to approve the values of my and mg;

e) to decide whether or not to use optional procedures;

f)  other specified or implied functions.

It is desirable that the responsible authority have sufficient knowledge and ability so as to maintain the neutrality of
this acceptarncesampting-systenrand-tosmoothly performtheacceptancesamptingprocedures:

5.7.2 Contfactual relationship

The responsible authority may be either of the following:

a) the first party;

b) the secgnd party;

c) the third|party; or

d) any of the first, the second or the third party, differing according to.funetion.

The respons|ble authority should be specified in advance of the ageeptance sampling, in the contract o any other
relevant docyiment. See also 3.1.12 of ISO 2859-1:1999.

6 Inspedtion procedures

6.1 Genejal

This clause gives the following procedures:
a) assessnjent of the standard deviations;
b) determination of sample sizes;

c) selection and preparation/of samples;
d) determination of the acceptance value;

e) determination of lot acceptability.

6.2 Assessment of the standard deviations

6.2.1 General
If the results of past inspection are available, the necessary values of standard deviation, o, o1 and oy, can be

obtained through the procedures for confirmation and re-estimation given below. If not, see 6.2.9. It is permitted to
use the values of standard deviations specified by an agreement between the supplier and the purchaser.
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It is especially advantageous to use the values of standard deviations specified by an agreement in
cases:

a) atthe start of the contract, when knowledge of o values is not always sufficient; or

b) the producer has far more knowledge about the standard deviations than the consumer; or

the following

c) during inspection, when either the s or the st control chart has given an out-of-control point, but the process
has been improved thereafter, and it is believed that the standard deviations have been decreased.

6.2.2 Confirmation procedures

When the|procedures are applied to a continuing series of lots, the stability of the standard deviatio
checked Ipt by lot. For this purpose, it is convenient to use control charts as shown in 6.2.4 Alf.the
indicate a Jack of stability of the standard deviations, then appropriate action should be taken;

On the other hand, values of the population standard deviation should be re-estimated periodi

hs should be
Check results

Cally. Unless

otherwise [specified, the standard deviations should be re-estimated from the results of the immediat¢ly preceding

10 lots, and after each five subsequent lots, regardless of lot acceptability. If the standard deviation is
then samgle sizes, ny, n; and nt, should be re-evaluated. If the re-estimation |eads to sample sizes 0
preset ongs, then the new sampling plan should be used for the next lot, because the appropriate

have changed. For additional information, see C.2.3.

6.2.3 Standard deviations

The composite sample standard deviation (sample value, s.) (& obtained from the composite sam
using the following simpler equation

5 = (R — %)

V 2
The test $ample standard deviation (sample-value, sy) is obtained from the test sample averag
following gquation:

i=1j=1

1 2 nt B o
ST Z\ZZZ(XU.—XL.)

where v E2(nt - 1).

If ny = 2, then the following simpler equation is applicable.

re-estimated,
ther than the
sample sizes

hle averages

PS using the

ST=

1& (% — %i2)?
22

If np > 1, then the measurement standard deviation (sample value, sy;) can be obtained similarly.

1 & 0Ty
Sv = WZZZ(Xijk_iij.)z

i=1j=1 k=1

where vy =2nt(hy —1).
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If ny = 2, then the following simpler equation is applicable.

1
Sv=.—
v

& (i~ %ij2)°
D

Mi=1j=1

where vy = 2ny.

If the total number of measurements is sufficiently small, then a pocket calculator can be used for the calculation of
the above values, otherwise the use of appropriate software is recommended.

6.2.4 Cont

6.24.1 G¢

Control chart
they do not h

6242

The upper control limit Uc| ¢ of an s control chart should be obtained, for gach of the 10 lots (or other

lots used for

UcLc =
where
fy isa
is a

Oc

If none of th
may be cons
NOTE 1 B4

NOTE 2

ol charts

eneral

s used in this International Standard are a of specific type. They have an upper control lim
ave a lower control limit, L, (for more information see C.2.3).

control chart

the check), regardless of lot acceptability, using the following-eguation:

U X O¢

factor given in Table 2, as a function of degrees’of freedom (v = 1);

population standard deviation between composite samples.

e standard deviations (sample valug, s;) exceeds the corresponding Ucy ¢, then the s; co

cause the number of compgsite’samples is kept to two, the Uc|_ ¢ is common to all the lots.

h sufficient number of preceding inspection results are not available, then o is given by the following &

g
Oc =.1-

6.24.3 st

2
|

2
O
LT

1 Nr

control chart

t, UcL, but

number of

ntrol chart

dered to show a state of contrel, otherwise it should be considered as showing an out-of-comtrol state.

quation:

The upper control imit, Ucp_T, Of an st control chart should be obtained, Tor each of the 10 lots (orf the other number
of lots used for the check), regardless of lot acceptability, using the following equation:

UcLt=fuxor

where
fu isa
or isa
14

factor given in Table 2, as a function of degrees of freedom for the test sample, vt;

population standard deviation between test samples.
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If none of the standard deviations (sample value, st) exceeds the corresponding Uc| T, then the st control chart
may be considered to show a state of control, otherwise it should be considered as showing an out-of-control state.

NOTE 1

NOTE 2

If ny is kept constant, then the Ug|_ 1 is common to all the lots.

If a sufficient number of preceding inspection results are not available, then o is given by the following equation:

, 2
O

o1 =.|op+-M
Ly

Tabfe 2— Vafues of f{g for ucr

v fu v fu v fu v fu

1 2,800 31 1,331 61 1,235 104 1,180
2 2,297 32 1,326 62 1,233 108 1,176
3 2,065 33 1,321 63 1,231 112 1,173
4 1,924 34 1,316 64 1,230 116 1,170
5 1,827 35 1,311 65 1,228 120 1,167
6 1,755 36 1,307 66 1,226 124 1,165
7 1,700 37 1,303 67 1,224 128 1,162
8 1,654 38 1,299 68 1,223 132 1,159
9 1,617 39 1,295 69 1,221 136 1,157
10 1,585 40 1,291 70 1,219 140 1,155
11 1,558 41 1,287 71 1,218 144 1,153
12 1,534 42 1,284 72 1,216 148 1,150
13 1,513 43 1,281 73 1,215 152 1,148
14 1,494 44 15277 74 1,213 156 1,147
15 1,477 45 1,274 75 1,212 160 1,145
16 1,462 46 1,271 76 1,211 164 1,143
17 1,448 47 1,268 7 1,209 168 1,141
18 1,435 48 1,265 78 1,208 172 1,140
19 1,424 49 1,263 79 1,206 176 1,138
20 1,413 50 1,260 80 1,205 180 1,136
21 1,403 51 1,257 82 1,203 184 1,135
22 1,893 52 1,255 84 1,200 188 1,133
23 1,385 53 1,252 86 1,198 192 1,132
24 1377 54 1,250 88 1,196 196 1,131
25 1,369 55 1,248 90 1,193 200 1,129
26 1,362 56 1,246 92 1,191 220 1,123
27 1,355 57 1,243 94 1,189 240 1,118
28 1,348 58 1,241 96 1,187 260 1,113
29 1,342 59 1,239 98 1,185 280 1,109
30 1,336 60 1,237 100 1,183 300 1,105

NOTE Where v is not given, linear interpolation may be used.
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6.2.4.4 sy control chart

If np > 1, then the upper control limit, Uc m, for an sy control chart can be calculated similarly.

Ucm=fux om
where

fu is afactor given in Table 2, as a function of degrees of freedom for the measurement, vy;

om IS a population standard deviation of measurement.

If none of the standard deviations (sample values, sy) exceeds the corresponding Uc_ v, then the sy edntrol chart
may be consjdered to show a state of control, otherwise it should be considered as showing an out-ef-coftrol state.

NOTE If both of the sample sizes, nr and ny, are kept constant, then the Ug_ is common to all the [lots.

6.2.5 Re-egtimation of population standard deviations

6.2.5.1  General
Re-estimation of population standard deviations shall be made for the{immediately preceding G lofs. Unless

otherwise spgcified by the responsible authority, G shall be 10. It is recommended that re-estimation be garried out
after every fiye subsequent lots.

6.2.5.2 Constant sample sizes

When sample sizes are constant for i lots, the population- standard deviations, o and oT, are estimated from the
standard deVfiations (sample values, s and st) using the following formulae:

and

S,

‘3
5
D
M
if

O'TZ

where G is tHe number of lots used for the re-estimation.

If ny > 1, thebthe measurement standard deviation ay,.can he estimated similarly:

6.2.5.3 Varying sample sizes

When sample sizes are not constant for G lots, population standard deviations, o and o, are estimated from the
standard deviations (sample values, s; and st) using the following equations:
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and

=
2 VTii
i=1

where G ig the number of lots used for the re-estimation;

If np > 1, then the measurement standard deviation, o), can be estimated similarly:

6.2.6 Rerestimation of variance components

6.2.6.1 |General
Populatior) standard deviations, o and o, vary if the sample sizes, ny, nt or n;, change, whereas ¢, and op are
not affect¢d by the sample size. The variance component between sampling increments, o,°, and [the variance

componerit between test samples, op®, are somewhat different from ordinary variances. It is impossibje to obtain a
variance component directly, but it can be obtained as differences of other variances.

6.2.6.2 [Variance component-hetween sampling increments

The variarjce component between sampling increments, a.z, is given by the following equation:

2

o
G|2 =N Gg i
%,

If 5% <0, ]hen assume that o;°= 0.

6.2.6.3  Variance component between test samples

If n\y > 1, then the variance component between test samples, O'pz, is given by the following equation:

2
O
0B =0 -

gy
If op° < 0, then assume that op’ = 0;

If n\ = 1, then it is not necessary to separate op” and oy°.
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6.2.7 Estimate standard deviation

The estimate standard deviation, o, is the standard deviation of the estimate of the lot mean. It is used for

obtaining the OC curve. og is given by the following equation:
2 2 2 2 2
op= Ol 0B _om _ |of  of
2n| 2nT

2n| 2nT 2nTnM
6.2.8 Action for out-of-control

During inspe|
control point
been found &
supplier and
authority:

a) to specif
b) to move

If the respo
procedures f

6.2.9 Impré

The value o
available reld

NOTE If
the recently a

6.3 Deter

6.3.1 Proc

As it is difficU

tioTT of & COMNUINg Seres of 10tS, i either the ;. or the S Controt chart Tomtains one or m
5 (even after re-estimation of o and Ug|), then some action is necessary. If specific reas
nd appropriate corrective action is possible, then the corrective action shall be made,(Othe
the purchaser agree, then the following action is applicable, subject to the approval-of‘the r
y adequate value(s) of standard deviation; or

to optional increased inspection.

hsible authority judges that the population standard deviation ‘has become unstable,
br known standard deviations are no longer applicable.

pcise standard deviations

the standard deviations, oy, op and oy, should<be assumed with reference to the mo
vant data and the values to be used should be agreed between the supplier and the purcha

ailable data.
mination of sample sizes

bdures to obtain sample sizes

It to obtain all sample sizes at the same time, the following procedures shall be followed:

a) the detefmination of the economical value of the number of measurements, ny;
b) the detefmination of th€test sample standard deviation, or;

c) the detefminatien:of the relative standard deviations, d, and dr;

d) the detefmination of the cost of treating a test sample, cr;

pre out-of-
bn(s) have
wise if the
psponsible

then the

5t recently
ber.

hny of the standard deviations appears to be unstable, then a large value should be assumed with feference to

e) the determination of the cost ratio, R, and the cost ratio level; and

f)  the selection of a suitable table and the determination of economical values of n; and nr.

6.3.2 Calculation of ny

6.3.2.1

Use of known standard deviations

For known standard deviations, the first step in determining the economical value for the number of measurements
per test sample, ny, is to calculate an interim value, b, using the following equation:

18
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op \ Cv

Then b should be rounded to an integer, ny, as follows:

a) Ifb<1,5,thenny=1;

b) If1,5

c) Ifb>

<b<25,thenny=2;

2,5, then nyy = 3.

NOTE 1

NOTE 2
generally d
Therefore,
is tolerable

6.3.2.2

For impre
the followi

a) If onm
b) If om
NOTE

6.3.3 Te

The test s

O'TZ

6.3.4 Re

Standard

the discrinpination interval;-D, so that subsequent procedures may be simplified. Thus,

d|=—c

The above equation gives the most economical value of ny; before rounding, which would minimizecey

The above equation may give a remarkably large value of b. In practice, a large value of ny is/hot'des
perators dislike making many measurements on the same test sample, and test results, may be
he maximum value of ny, is assumed to be three. If such human factors can be disregarded and a la
then the value of b calculated using the above equation can be rounded to the nearestinteger.

Use of imprecise standard deviations

ise standard deviations, the number of measurements per test sample, ny;, should be dete|
ng rule:

o1 < 0,5, thenny =1;

o1 = 0,5, then nyy = 2.

In the above rule the effect of cost is negligible.
5t sample standard deviation

hmple standard deviation, oT, should.be obtained using the following equation:

2

(o2
b +-M
v

ative standard deviations

Jeviations, o) and o, should be converted to the relative standard deviations, d; and d, b

| oT
— and dt = —
D D

rable because
less reliable.
pe value of ny

Fmined using

y dividing by

6.3.5 Co

St of treatling a test sample

The cost of treating a test sample, crv, is given by the following equation:

Crm =

6.3.6 Co

Ct + NMCwm

st ratio and cost ratio level

The cost ratio, Rc, is given by the following equation:

Crm

%:_

.
G
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The cost ratio level should be selected in accordance with the following guideline:

a) level 1: if Rg < 1 then set Rz = 0,1;
b) level 2: if Rc <1 then set Rz = 0,3;
c) level 3:if R~ 1thensetRc =1;

d) level4:ifRc>1thensetRc =3;

e) level 5:if Rc > 1 then set R¢ = 10.

6.3.7 Detefmination of nj and ny

6.3.7.1  Stfucture of tables

Tables 3 to 1 give values for known standard deviations and are provided for determining-the"’number of sampling

increments per composite sample, n;, and the number of test samples per composite sample, ny. They afe indexed

by cost ratioflevel. Each table has two entries, the preferred d, (relative test sample standard deviatiop) and the

preferred dt [relative standard deviation between sampling increments). The zone, 6f the actual d; is shgwn beside

the preferred d;. The zone of actual dy is the same as that for the corresponding dj.

Tables 8 to 12 give values for optional procedures at a risk level of 5 % and“have the same structure gs those in

Tables 3 to 7.

Tables 13 tq 22 give values for imprecise standard deviations at a'risk level of 5% separately for =1 and

ny = 2. Thesp tables essentially have the same structure as Tables’3 to 7 except that values for vg have|also been

included.

6.3.7.2  Sglection of tables

An approprigte table should be selected in accordan¢e with the applicable cost ratio level or combination of ny and

the cost ratio| level.

6.3.7.3 Reading tabulated values of n, and nt

In the selectgd table, the values of nj and nt should be read as follows:

a) find a ling of preferred d, whase zone (shown in the adjacent column) contains the actual d;

b) find a column of preferred’dr whose zone contains the actual dr. Each zone for the preferred dr is the same as
the prefg¢rred d,, respectively;

c) read nahd nr'frem a cell where the line of preferred d; crosses the column of preferred dy.

If any of the felfewing-eceursthermovete-6-3-F+4because-eithervrernistoolargeto-berecemmended:

No line of preferred d, exists.
No column of preferred dy exists.
If “*” is shown in the cell in place of n; and ny, then either directly move to 6.3.7.4 or search other sample size

tables. If either a subsequent or preceding sample size table for the different cost ratio level gives n; and nt for
the corresponding cell, these sample sizes are applicable, otherwise move to 6.3.7.4.

20 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

6.3.7.4

ISO 10725:2000(E)

Reconsideration of the discrimination interval

If it is impossible to obtain n; and nt, or if the values obtained for n; and nt seem too large, then return to 5.6.3, for
reconsideration of the discrimination interval.

6.4 Selection and preparation of samples

6.4.1 General

For inspection of an individual lot, the following procedures should be followed (see Figure 1).

6.4.2 Su

miccion of 9 lot
HHSSHOR-6+a16+

As arule,
inspection

6.4.3 Ta

In accord3
from a lot.

6.44 Co

In accordg

shall be pgoled together to form a composite sample, and two composite samples shall be formed.

6.45 Pr

In accordq
each of tw

6.4.6 Me

In accordd

6.4.7 De

The samp

6.4.8 Dis

A non-acg
inspection

a production batch of bulk material delivered at one time or offered for delivery shall be Sut
lot.

kKing of sampling increments

nce with the procedure specified in 5.3.2 for taking sampling increments;2n; increments s

nstitution of composite samples

nce with the procedure specified in 5.3.3 for constitution of.composite sample, n; samplin

bparation of test samples

nce with the test sample preparation procedure’specified in 5.3.4, ny test samples shall be p
D composite samples, respectively.

asurements

termination of the lot-acceptability

position of anon-acceptable lot

eptable_lot’shall be disposed of in accordance with an agreement made in advance of the
of anjindividual lot.

mitted as an

hall be taken

j increments

repared from

nce with the measurement procedure specified in 5.3.5, ny test portions shall be drawn from 2ny test
samples, fespectively, and 2ntny measurements per lot shall be made.

e average shall be‘ealculated and the lot acceptability shall be determined in accordance with 6.6.

P acceptance
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Table 3 — Sample sizes (e~ 5 %, S~ 10 %), cost ratio level 1 for Rc = 0,10 (0 to 0,17)

d dy (preferred value)

Preferred Jome 0,160 0,200 0,250 0,315 0,400 0,500 0,630 0,800 1,00 1,25 1,60 2,00 2,50 3,15
value R L T R T o L T o L O o L T o B O o L O o B T o L L o B T o L L L L o IR B
0,160 0,000t0 0,180 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 2 3| 2 41 2 6| 2 9|12 142 202 32| 2 48
0,200 0,181t0 0,224 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 2 3| 2 41 2 6|2 102 152 22|12 32|2 50
0,250 0,225t0 0,280 | 2 2|2 2|2 2|2 2|2 2|2 2|2 3|2 5|2 712 1012 16| 2 222 34|2 50
0,315 0,281t00,355 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 3| 2 41 2 6| 2 8|2 122 172 24| 2 36| *
0,400 0,356 t0 0,450 | 2 2|2 2|2 2|2 2|2 2|2 3|2 5|2 712 9|12 13| 2 19| 2 26~2| 40 *
0,500 0,491 t0 0,560 | 2 2| 2 2| 2 2| 2 2| 2 3| 2 41 2 5|2 82 11| 2 15| 2 22| 2 (32 3| 42 *
0,630 0,561 t0 0,710 | 2 2|2 2|2 2|2 3|2 5|2 6| 2 8|2 10|3 12| 3 17| 3 2603V 36| 4| 48 *
0,800 0,711 t0 0,900 | 3 2|3 2|3 33 41 3 6| 3 7|3 94 114 15|14 224,301 5 38 * *

1,00 0,901 to0 1,12 5 2|5 3|5 415 5|5 6|5 715 11| 5 14| 6 17| 6 24N\6- 34| 7 44 * *
1,25 1,18 to 1,40 7 3|7 417 417 6|7 8| 8 9/8 12|18 178 22| 9.\26(9 40| 10 50 * *
1,60 1,41 to 1,80 11 411 5| 11 12 7|12 9|12 12| 12 16| 13 20| 13 26| 14 32| 14 46 * * *
2,00 1,81 to 2,24 18 4(18 6|18 7|18 9|18 12| 18 15|19 19| 19 26| 20 30| 20 42| 22 50 * * *
2,50 2,26 t0 2,80 28 6|28 7|28 9|28 11|28 14| 28 18| 28 24| 30 28y 30 40| 30 50 * * * *
3,15 2,91 to 3,55 44 7|44 9| 44 11| 44 14| 44 18| 44 22| 46 28| 46\ 36| 46 48 * * * * *

NOTE 1 Each zone for the preferred dy is equal to that of the same preferred d,, respectively.

NOTE 2 If any of the following occurs, then reconsider the discrimination interval.

a) No line of th¢ preferred d; exists.

b)  No column of the preferred dr exists.

NOTE 3 If “*I is shown in the cell, then reconsider the discrimination intefval, or search other tables, which may give applicable sample sizes.

Thble 4 — Sample sizes (a= 5 %, (f # 10 %), cost ratio level 2 for Rc ~ 0,32 (0,18 to 0,56)
d dy (preferred value)

Preferred oo 0,160 | 0,200 | 0,250 ,[~0,315 | 0,400 | 0,500 | 0,630 | 0,800 1,00 1,25 1,60 2,00 2|50 3,15
value L L A L o B L o L T o L L o L T o L L o L T o L L o L L o L L L DL L L S
0,160 0,00Qto0 0,180 | 2 2|2 272 2|2 2|2 2|2 2|2 2|2 3| 2 5| 2 8|2 12(2 19| 2| 282 46
0,200 0,184t0 0,224 | 2 242 2] 2 2] 2 2] 2 2] 2 2] 2 2] 2 3 2 5] 2 812 13| 2 20| 2| 30(2 46
0,250 0,229t0 0,280 | 2 24 2 2|2 2|2 2|2 2|2 2|2 2|2 4| 2 6| 2 9|2 14(2 20|2]| 302 50
0,315 0,281 to 0,355 .J.2 2|2 2|2 2|2 2|2 2|2 2|2 3|2 4| 2 6| 2 912 14(2 22| 2| 343 50
0,400 0,35€ to 0450( | 2 2|2 2|2 2|2 2|2 2|2 2|2 3| 2 5| 2 712 10{2 16| 3 22| 3| 34| 4 50
0,500 0,451t0 0560 | 2 2] 2 2] 2 2] 2 2] 2 2] 2 2] 2 4| 2 6| 2 913 11| 3 173 26| 4| 36 *
0,630 0,561t00,710 | 2 2] 2 2] 2 2] 2 2] 2 3| 2 4( 3 4( 3 6|3 10|14 124 19(5 26(5 40 *
0,800 0,711t0 0,900 | 3 2|3 2|3 2| 4 2| 4 3| 4 4| 4 5| 4 8/ 5 10(5 15|/6 20(7 28|8 40 *

1,00 0,901 to 1,12 5 2|5 2|15 2|15 35 4( 5 5| 6 6| 6 917 11| 7 178 249 32|10 46 *
1,25 1,13 to 1,40 7 2|7 2|7 3| 8 3|8 4|8 6|9 8/ 9 11| 10 13| 10 19| 12 26| 13 36| 14 50 *
1,60 1,41to0 1,80 12 212 3|12 3|12 4|12 6|13 7|14 9|14 12|15 16| 16 22| 17 30| 19 40 * *
2,00 1,81t0 2,24 18 3(18 3|18 4|19 5|19 7|19 9|20 11| 20 15| 22 20| 24 24| 24 36| 26 48 * *
2,50 2,250 2,80 28 3|28 4(28 5|28 630 8|30 11|30 14| 32 18| 32 24| 34 30| 36 42 * * *
3,15 2,81to 3,55 44 4| 44 5| 44 6| 44 8| 46 10| 46 13| 48 17| 48 22| 50 28| 50 36 * * * *
NOTE See notes of Table 3.
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Table 5 — Sample sizes (e~ 5 %, f~ 10 %), cost ratio level 3 for Rc ~ 1,0 (0,57 to 1,7)

ISO 10725:2000(E)

d dy (preferred value)

preferred Jone 0,160 | 0,200 | 0,250 | 0,315 | 0,400 | 0,500 | 0,630 | 0,800 1,00 1,25 1,60 2,00 2,50 3,15
value LU o LU o L T LU o AL L L L L o R R o LU L o (L A o IOLL L o L AL o BRI ol B L
0,160 | 0,000t00,180 | 2 2|2 2|2 2|2 2|2 2|2 2|2 2|2 3|2 5| 2 712 1212 18| 2 282 44
0,200 | 0,181t00,224 | 2 2|2 2|2 2|2 2|2 2|2 2|2 2|2 3|2 5|2 712 1212 19| 2 303 46
0,250 0,225t0 0,280 | 2 2|2 2|2 2|2 2|2 2|2 2|2 2|2 3| 2 5| 2 8|2 13| 2 20|3 30|4 46
0,315 | 0,281t00,355 | 2 2|2 2|2 2|2 2|2 2|2 2|2 2|2 4|2 5|2 9|3 13| 3 20| 4 305 46
0,400 0§356to 0,450 | 2 2|2 2|2 2|2 2|2 2|2 2|2 3| 2 4| 2 6| 3 913 14| 4 20/]|5 32|6 48
0,500 | 0§451t00,560 | 2 2|2 2|2 2|2 2|2 2|2 2|2 4|3 4|3 7| 4 9| 4 15| BN\~22||6 32| 8 50
0,630 0§5611t0 0,710 | 2 2|2 2|2 2|2 2|3 2| 4 2| 4 4| 4 5| 4 715 10| 6 A5 7 22(|8 34| 10 50
0,800 | 0f711t0 0,900 | 3 2|3 2| 3 2| 4 2| 4 2| 4 3|5 4| 6 5| 6 8|7 11|48 |A7| 10 24(|11 36 *

1,00 g901to1,12 | 5 2|5 2|5 2|5 2| 6 2|7 3|7 4| 8 6| 8 9] 10 1}2[+11 18| 13 26|15 38 *
1,25 |,13to 1,40 7 2|7 2| 8 2|9 2|9 3|9 410 5|11 7|12 10).14 J13| 15 20| 17 28|20 40 *
1,60 | 41t01,80 |12 2|12 2|13 2|13 3|14 3|15 4|15 6|17 8| 18 ¢1I\20 15|22 22| 24 32||28 44 *
2,00 |,81t0 2,24 18 219 2|20 2|20 3|20 4|22 5|22 7|24 10j/y26~13| 28 17| 32 24| 34 34||38 48 *
2,50 P25t02,80 |28 2|30 2(30 3|30 4(32 5|32 6|34 8|36.11)38 15|40 20| 44 28| 48 38 * *
3,15 P81t03,55 |44 2|46 3|46 4|46 5(48 6|50 8|50 10 * * * * *
NOTE See notes of Table 3.
Table 6 — Sample sizes (a= 5 %, S~ 10:%), cost ratio level 4 for Rc ~ 3,2 (1,8 to 5,6)
d dy (preferred value)

Preferred 0,160 0,200 0,250 0,315 0400 0,500 0,630 0,800 1,00 1,25 1,60 2,00 2,50 3,15
value “one LU o LU o L L LU £ ol AL L L L L R R o LU L o O A o B o LA o | LR ol B L
0,160 0J000t0 0,180 | 2 2|2 2|2 2432 2|2 2|2 2|2 2|2 3| 2 5| 2 712 12|13 18||3 28| 4 44
0,200 | 0f181t00,224 | 2 2|2 2| 2 2| 2 2|2 2|2 2|2 2|2 3|2 5|2 713 1213 18||4 285 44
0,250 0{2251t0 0,280 | 2 2|2 212 2|2 2|2 2|2 2|2 2|2 3| 2 5|3 713 12| 4 18||5 28| 6 44
0,315 | 0281t00,355 | 2 2|2 2|2 2|2 2|2 2|2 2|2 2|2 4|3 5| 3 8|4 1215 19||6 288 44
0,400 0§356to 0,450 | 2 21)2 2 2|2 2|2 2|2 2|3 2|3 4| 4 5| 4 816 12| 7 19||8 30| 10 46
0,500 | 0§451t00,560 | 2 2|2 2 2|2 2|2 2|2 2| 4 2|4 4|5 5| 6 8|7 13| 9 19||11 30| 13 46
0,630 0561 to 0,710, |2 2|2 2|2 2|3 2|3 2| 4 2| 4 3|5 4| 6 6| 8 919 14| 11 20||14 30| 17 48
0,800 | 0f711te 0,900 | 3 2| 3 2| 4 2| 4 2|5 2| 6 2| 6 3| 8 4|9 6|11 9| 12 14| 15 20(|18 32| 22 48

1,00 g90tio 1,12 | 5 2|5 2| 6 2| 6 2|7 2|9 2110 3|10 5|11 7|13 10| 16 15|20 22||24 32| 28 50
1,25 1,130 1,40 8 2| 8 2|9 2|9 2110 2|11 3|12 4|15 5|17 7|19 10|22 16| 24 24| 30 34| 36 50
1,60 141t01,80 |12 2|13 2|14 2|14 2|16 2|17 3|19 4|20 6|24 8|26 12|30 17|36 24| 42 36| *
2,00 1,81t0 2,24 19 2|20 2|20 2|22 2|22 3|26 3|26 5(28 732 9|36 13|40 19| 48 26 * *
2,50 2,251t0 2,80 28 2|30 2(30 2(34 234 3|36 4|40 5|40 8|46 10|50 14 * *
3,15 2,8 to0 3,55 46 2|46 2|50 250 3|50 4 * * * * * *
NOTE See notes of Table 3.
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Table 7 — Sample sizes (e~ 5 %, f~ 10 %), cost ratio level 5 for Rc = 10 (5,7 or over)

d dy (preferred value)

Preferred 0,160 | 0,200 | 0,250 | 0,315 | 0,400 | 0,500 | 0,630 | 0,800 1,00 1,25 1,60 2,00 2,50 3,15

value

Zone
ey Np e ey Npp e e N el Npp g Nl fpp o Npp N nppnp e Ny

0,160 0,000t0 0,180 | 2 2| 2 2|2 2| 2 2|2 2|2 2|2 2| 2 3| 2 5|3 714 11| 4 18| 6 287 44

0,200 0,181t0 0,224 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2( 2 22 33 5| 4 7(5 11| 6 18| 7 28| 9 44
0,250 0,225t0 0,280 | 2 2| 2 2|2 2|2 2|2 2| 2 2|2 2|3 3| 4 5| 4 76 11| 7 18[9 28| 11 44

0,315 0,281t00,355 | 2 2|2 2|2 2|2 2| 2 2|2 2|3 2| 4 3|5 5| 6 7|7 1219 18| 11 28| 14 44

0,400 0,359 t0 0,450 | 2 2|2 2| 2 2|2 2|2 2|3 2|5 2| 6 3| 6 5/ 8 719 12| 12 18|-14| 28| 18 44
0,500 0,451t0 0,560 | 2 2| 2 2| 2 2|3 2|3 2| 4 2| 6 217 3|7 5(9 8| 12 12| 15 (18yJ18| 28| 22 44
0,630 0,56]t0 0,710 | 3 213 213 2 4 215 215 218 219 311 5|12 8| 16 12[19 V19| 24| 28| 28 46

0,800 0,713 t0 0,900 | 4 2| 4 2|5 2| 6 2|7 2| 8 2110 2|11 4|14 5|17 8| 20A13||,26 19| 28| 30| 36 46

1,00 0,90)to1,12 | 6 2| 6 217 2| 8 2|19 211 2|12 3|15 4|17 6|22 8|M6-13| 30 20| 40| 30| 48 46

1,25 1,13to 1,40 9 2110 2|10 2|12 2|13 215 2|17 3|22 4|24 6|26 19|32 14| 42 20| 50| 30 *

1,60 1,41to0 1,80 14 2(15 2|16 2|17 2|19 2|22 2|26 3|30 4|34 6440~ 9|46 14|50 22 i *

2,00 1,81to 2,24 20 2|22 2(22 2|24 2{26 2|32 2[36 5|3 5|44 7450 10 * * i *

2,50 2,24t0 2,80 32 2|32 2(34 2|36 2{40 2|42 3|48 4 * * * * * i *

3,15 2,81 to 3,55 48 2150 2|50 2 * * * * * * * * * i *
NOTE Sedq notes of Table 3.

Table 8 — Sample sizes (a=5 %, =5 %), cost ratio level 1 for Rc = 0,10 (0 to 0,17)

d, dy (preferred value)

Preferred Jone 0,160 | 0,200 | 0,250 | 0,315_\-6,400 | 0,500 | 0,630 | 0,800 1,00 1,25 1,60 2,00 2,50
value R R o L T o B O L I L L L o L L L B o IR L s L L o IR IR o LI (A LS
0,160 ,000 to 0,180 2 2] 2 2] 2 2| 2 2] 2 2] 2 2] 2 3| 2 5] 2 812 11|12 18| 2 26| 2 40
0,200 ,181 to 0,224 2 2] 2 2|1 2 2] 2 2] 2 2] 2 3| 2 4 2 6| 2 812 1212 19|2 28|2 42
0,250 ,225 t0 0,280 2 2| 2 22 2|2 2| 2 2| 2 3|2 41 2 6|2 912 13| 2 202 3|2 44
0,315 ,281 to 0,355 2 2|2 2] 2 2] 2 2] 2 3| 2 4 2 5] 2 712 10|12 15(2 22(2 3|2 46
0,400 ,356 to 0,450 2 2|2 2|2 2| 2 2| 2 3|2 41 2 6| 2 8|2 122 172 24| 2 36|(3 50
0,500 ,451 to 0,560 2 2] 2 2] 2 2] 2 3| 2 4 2 5] 2 712 11| 2 142 203 26(3 40 *
0,630 ,561t0 0,710 2 2| 2 3|2 41 2 413 5|3 6|3 83 12|3 17(3 22| 4 30(4 4 *
0,800 ,711 t0.0,900 4 2] 4 3| 4 4| 4 4| 4 6| 4 914 11|5 14| 5 19(5 26(6 34(6 9 *

1,00 0,901 to 1,12 6 3| 6 416 5|6 6| 6 8/ 6 106 137 17|7 24(8 28|8 42 * *
1,25 T,I310 1,40 9 779 779 B 9 719 10[ 10 IZ[ 10 15| 10 2Z| IT 26| IT 30| 1Z 48 *
1,60 1,41t0 1,80 14 5(14 6|15 7|15 9|15 12| 15 15| 16 19| 16 26| 17 32| 17 44 * * *
2,00 1,81t02,24 22 6|22 7|22 9|22 11|24 15|24 18| 24 24| 24 32| 26 38| 26 50 * * *
2,50 2,2510 2,80 3 7134 9|34 11| 34 14| 36 18| 36 22| 36 30| 38 36| 38 50 * * * *

NOTE 1 Each zone for the preferred dy is equal to that of the same preferred d,, respectively.

NOTE 2 If any of the following occurs, then reconsider the discrimination interval.

a) No line of the preferred d, exists.

b)  No column of the preferred dy exists.

NOTE 3 If “*" is shown in the cell, then reconsider the discrimination interval, or search other tables, which may give applicable sample sizes.

24 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

ISO 10725:2000(E)

Table 9 — Sample sizes (e~ 5 %, f~5 %), cost ratio level 2 for Rc = 0,32 (0,18 to 0,56)

d dy (preferred value)

preferred Jone 0,160 | 0,200 | 0,250 | 0,315 | 0,400 | 0,500 | 0,630 | 0,800 | 1,00 1,25 1,60 2,00 2,50
value L L I o L T o L B o L T o L L o L T o L T o I L S L L S L L S U L S L L s
0,160 0,000t00,180 |2 2|2 2|2 2{2 2|2 2|2 2|2 32 4|2 6|2 10[2 16|2 24|2 36
0,200 0,181 to 0,224 2 2] 2 2] 2 2] 2 2] 2 2] 2 2] 2 3| 2 5| 2 712 1012 16| 2 24|2 38
0,250 0,225t00,280 |2 2|2 2|2 2{2 2|2 2|2 2|2 32 5/2 7|2 112 17|2 26|2 40
0,315 028110035 |2 2|2 2|2 2{2 22 2|2 2|2 42 5/2 8|2 12(2 19|2 28|3 42
0,400 0356100450 |2 2|2 2|2 2{2 22 2|2 32 42 6|2 10|2 143 20/-3| 30|4 44
0,500 0,451 to 0,560 2 2] 2 2] 2 2] 2 2] 2 3| 2 4] 2 6| 3 713 103 15| 4 (20)4)| 324 36
0,630 0,561 to 0,710 2 2] 2 2|3 2|3 2|3 3|3 5|3 6| 4 8|4 12|5 1645 V24| 6| 345 40
0,800 0,711t00900 |4 2|4 2|4 2|4 3|4 4|5 55 75 1006 13|7 187 28|8| 38/8 40

1,00 0,901 to 1,12 6 2| 6 2| 6 3| 6 417 5|7 6|7 98 118 16|nN9~ 22| 10 30| 1Y 42 *
1,25 1,13t0 1,40 9 2/9 3/10 3|10 4|10 6|10 7|11 10| 11 14| 12(18)| 13 24| 15 32| 14 46 *
1,60 1,41t0 1,80 15 3|15 3|15 4|16 5|16 7|16 9| 17 12|18 16| 19 20| 20 28| 22 38| 24 50 *
2,00 1,81t0 2,24 22 3|22 4|24 5|24 7|24 9|24 11|26 14| 260 194 28 24| 30 32| 32 44 * *
2,50 2,25 t0 2,80 36 4|36 5(36 6|36 8|38 10|38 13|38 17440 22| 42 30| 44 38| 46 50 * *
NOTE See notes of Table 8.

Table 10 — Sample sizes (e~ 5 %, =5 %)/ cost ratio level 3 for Rc = 1,0 (0,57 to 1,7

d dr (preferred value)

Preferred one 0,160 | 0,200 | 0,250 |0,315 | 0,400 | 0,500 | 0,630 | 0,800 | 1,00 | 1,25 | 1,60 | 2,p0 | 2,50
value nm Np Ny Nepy Def Ny Nef 0y Nep 0y N 0y Ny Ny Ny Ny Npp | Ny Ny
0,160 | 0,000t00,180 |2 2|2 2|2%"2|2 2|2 2|2 2(2 2|2 4|2 6{2 9|2 15|2|24|2 36
0,200 0,181t00,224 | 2 2012 2172 2|2 2|2 2|2 2|2 2|2 41 2 6|2 102 16| 2| 24| 3 36
0,250 0,2251t0 0,280 | 2 212 202 202 202 202 202 3|2 412 712 10|13 16| 3| 24| 4 36
0,315 | 0,281t00,355 | 2,~212 2({2 2|2 2|2 2|2 2(2 3|2 52 7{3 103 17|4| 26|5 38
0,400 | 0,356t00,450 {2) 2|2 2{2 2|2 2|2 2|2 22 4|3 53 8{4 11|4 18|5| 26|6 40
0,500 | 0,451t00560~12 2|2 2({2 2|2 2|2 2|3 3|3 4|4 54 8|5 12|6 18|7| 26|8 40
0,630 | 0,561t00,710 |2 2|2 2{3 2|3 2|4 2|4 3|5 4|5 6|6 86 13|8 19|9| 28|11 42
0,800 | 0,740 0,900 |4 2|4 2{4 2|5 2|5 3|5 4(6 5|7 7|8 10{9 14|10 22|13 30| 14 44

1,00 0,901 to 1,12 6 2|6 207 207 2| 8 3|8 4|8 6|10 8| 11 11| 12 15| 14 22| 14 32| 19 48

1,25 1,13t0 1,40 9 2110 2|10 2{10 3|11 4|12 5|13 6|14 9|15 12|17 17|19 24| 22 36| 26 50

1,60 1,410 1,80 15 2|16 2|16 3|17 3|18 4|18 6|19 8|22 10|22 14|24 19| 28 28| 32 38| *

2,00 1,811t0 2,24 24 2|24 2|24 3|26 426 5|26 7|28 9|30 12| 32 16| 36 22| 38 32| 42 44 *

2,50 2,25 t0 2,80 36 2[36 336 4|38 5[40 6|40 8|42 11| 44 14| 48 19| 50 26 * * *
NOTE See notes of Table 8.
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Table 11 — Sample sizes (=5 %, f~5 %), cost ratio level 4 for Rc =~ 3,2 (1,8 to 5,6)

d dr (preferred value)

breferred Jone 0,160 | 0,200 | 0,250 | 0,315 | 0,400 | 0,500 | 0,630 | 0,800 | 1,00 | 1,25 | 1,60 | 2,00 | 2,50
value N M My ey Nef iy Nef 0y Nef 0y Ny Ny M|y Ny ey ey Ny
0,160 0,000 t0 0,180 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 2 4| 2 6| 2 9|13 15(3 22|4 36
0,200 0,181t00,224 |2 2|2 2(2 2|2 2(2 2|2 22 2|2 42 6|3 9|3 154 22|5 36
0,250 0,22510 0,280 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 2 3| 2 4| 3 6|3 10(4 15|5 24| 6 36
0,315 0,281t00,355 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 2 3|3 4| 4 6|4 10(5 16|7 24,8 36
0,400 0}356 t0 0,450 | 2 2| 2 2| 2 2| 2 2| 2 2|3 2|3 3| 4 4| 5 716 10| 7 16| 9~24| 10 38
0,500 0j451t00,560 |2 2|2 2(2 2|2 2(3 24 2|5 3|5 5|6 717 10| 9 1641224 | 13 38
0,630 0}561t00,710 |3 2|3 2(3 2|4 24 2|6 26 3|7 59 7110 11| 12 174 14 2p| 17 38
0,800 0}711t0 0,900 |4 2|5 2(5 2|5 2(6 2|7 3|8 4|10 511 8|14 111 16 18| 19 2p| 22 40
1,00 ,901 to 1,12 6 2|7 2|7 2|8 210 2|10 3|12 4|13 6|16 8| 18.12| 20 19| 24 2B| 30 42
1,25 1,13 to 1,40 10 2{10 2|11 2|12 2|14 2{15 3|16 5(18 7|22 9|24 13|28 20| 32 3p| 38 44
1,60 1,41 to 1,80 16 2|16 2|17 2|19 2|20 3|20 4|24 5|28 7|30%01 32 15| 38 22| 44 3P| 50 46
2,00 1,81 to 2,24 24 2|24 2|26 2|28 2{30 3|32 4(34 6|38 8|42 11| 46 16| 50 24 * *
2,50 P,25 to 2,80 36 2|38 2(40 2|42 3|44 4|46 5|48 7|50 120 * * * * *
NOTE Bee notes of Table 8.

fable 12 — Sample sizes (a= 5 %, f~5 %), \¢ost ratio level 5 for Rz ~ 10 (5,7 or over)

o dr (preferred value)

breferred Jone 0,160 | 0,200 | 0,250 | 0,315.) 0,400 | 0,500 | 0,630 | 0,800 | 1,00 | 1,25 | 1,60 | 2,00 | 2,50
value N My Myl Oy Ny = Ny ey My 0y Ny 0y Ny N 0y Ny 0y N 0y M o My
0,160 0j000t0 0,180 |2 2|2 2{2. 8212 2(2 2|2 2|2 2|2 43 6|4 9|5 14,6 2p|7 34
0,200 0j181t0 0,224 | 2 2| 2 2 2 2| 2 2| 2 2| 2 2|3 2|3 4| 4 6| 4 916 14(7 2p|9 34
0,250 0}2251t0 0,280 | 2 2| 2 2| 2 2| 2 2| 2 2| 2 2| 4 2| 4 4| 5 6| 6 9|7 15(9 2p| 11 34
0,315 0}281t00,355 | 2 22~ 2(2 2|2 2(2 2|3 2|4 2|4 4,6 6|7 99 15|11 2p| 14 36
0,400 0}356t00,450 | 2.\ 2|2 2(2 2|3 2(3 2|4 2|5 3|6 48 6|10 9|12 15|15 24| 18 36
0,500 0}451t0 0,560 §»2* 2|3 2({3 2|4 2(4 2|5 2(6 3|9 410 6|12 10| 15 15| 18 24| 22 36
0,630 0}561 to 0,710/ 3 2| 4 2| 4 2|5 2| 6 2|7 2|8 3|11 4|13 6| 15 10| 19 16| 24 24| 30 36
0,800 0}711400,900 |5 2|6 2({6 2|7 2(8 2|11 2(12 3|14 5|17 7|22 10| 26 16| 32 24| 36 38
1,00 ,902t0 1,12 8 2| 8 2|9 2110 212 2|14 2|17 3|19 5|24 7|26 11|32 17| 38 2p| 50 38
1,25 1,13t0 1,40 11 2|12 213 2|15 2|17 2|20 2|22 3|26 5|28 8|36 11| 44 17| 50 26 *
1,60 1,41t0 1,80 18 2|19 2|20 2|22 2|24 2|26 3|30 4|34 6|42 8|48 12 * * *
2,00 1,81t0 2,24 26 2|28 2{30 2|32 2{36 2|40 3(44 4|50 6 * * * * *
2,50 2,250 2,80 40 2|42 2|44 2|46 2{50 3 * * * * * * * *
NOTE See notes of Table 8.
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Table 13 — Sample sizes (e~ 5 %, S~ 5 %) and degrees of freedom for ny; = 1,
cost ratio level 1 for Rg = 0,10 (0 to 0,17)

d dy (preferred value)

Preferred 0,160 0,250 0,400 0,630 1,00 1,60 2,50

value

Zone
N N VeI N YEIN N ve | N N ve| N np ve | NN vg| M onpowg

0,160 | 0,000t00,180 |2 2 402 2 34|2 3 55|2 4 73|2 7 13 2 18 35 (2 40 72
0,250 | 0,181t00,280 |2 2 34|2 2 402 3 60|2 4 80|2 8 15 2 20 27|12 44 41
0,400 | 0,281t00,450 |3 2 55(3 2 603 3 80|3 4 993 10 18 3 24 26 (3 55 33

0,630 OASTO O 724273 T4 247,874 o6 931249t —1r—1# 5—32—28 65 35
1,00 0,711t0 1,12 |7 3 13 |7 5 14 |7 8 158 13 20 |8 22 24 9 42 36 *
1,60 1,13 t0 1,80 15 6 29|16 8 32|16 12 34 |17 20 40 |18 32 49 19 60 |60 *
2,50 1,81 to0 2,80 36 7 72|36 12 74|36 19 76 |38 30 85 |40 48 98 * *

NOTE 1| Each zone for the preferred dy is equal to that of the same preferred d;, respectively.
NOTE 2| If any of the following occurs, then reconsider the discrimination interval.

a) No |ine of the preferred d; exists.

b) No golumn of the preferred dr exists.

NOTE 3| If “* is shown in the cell, then reconsider the discrimination interval, ,ornsearch other tables, which may give applicable
sample sizes.

NOTE 4| The value of vg is used for two-sided specification limits, multiple quality characteristics or an OC curve.

Table 14 — Sample sizes (a~ 5%, f~5 %) and degrees of freedom for ny = 1,
cost ratio level 2 for Rc ~ 0,32 (0,18 to 0,56)

d dy (preferred value)

Preferred Jone 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value R N L - R T o L L - L L - L L R - I (L =
0,160 | 0,000t0 0,180 | 2 27)40 | 2 2 342 3 55(2 4 73|2 7 13 2 17 33 (2 40 72
0,250 0,1811t0 0,280 |2 2 342 2 402 3 6012 4 802 8 15 2 18 27 | % 44 41
0,400 | 0,281t00,450838 2 55(3 2 6013 3 80|3 4 993 10 18 3 22 27 55 33
0,630 0,45110,0,710 | 4 2 73|4 2 804 4 10 | 4 7 12 |5 12 23 6 24 43 |1 65 35

1,00 0,71¢0.1,12 7 2 13 |7 4 14 |8 5 19 |8 9 23 |9 16 33 11 30 57 5 55 116

1,60 1,13 t0 1,80 16 3 32|16 5 34|17 8 39 |18 12 47 |20 20 63 22 40 86 | 26 75 137

2,50 1,81 t0 2,80 36 4 74136 8 7538 11 85|40 18 97 [42 30 114 |46 55 147 *
NOTE See notes of Table 13.
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Table 15 — Sample sizes (e~ 5 %, S~ 5 %) and degrees of freedom for ny = 1,
cost ratio level 3 for Rc~ 1,0 (0,57 to 1,7)

d dr (preferred value)
preferred| L 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value T o o LN o I T o S o R o M I T (T

0,160 | 0,000t00,180 |2 2 402 2 34|2 3 552 4 73|2 7 13 2 16 31 |4 36 74
0,250 | 0,181t00,280 |2 2 34|2 2 40|2 3 60|12 4 80|13 7 14 3 17 3|4 38 79

0,400 | 0,281t00,450 |3 2 553 2 6,03 3 803 4 994 8 19 5 18 41 |7 40 89
0,630 ASTto 0702427314 2 80 74— 3 9975 5 1677 27 8—20—>5tT12742 103
1,00 ,/11t01,12 |7 2 13 |7 3 14 (8 4 19 |9 7 27 |12 11 41 16 22 70 (20748 131
1,60 |13 to 1,80 16 2 31|17 3 35|18 5 41|20 8 51|22 16 70 28 28 10871 38 |55 181
2,50 |,81 to 2,80 36 4 7438 4 79|40 7 89|42 12 103|48 20 131 |55 _,838+181| 70 |70 276

NOTE Bee notes of Table 13.

Table 16 — Sample sizes (e~ 5 %, f~5 %) and degrees of freedom for ny = 1,
cost ratio level 4 for Rc ~ 3,2 (1,8 to 5,6)

o dr (preferred value)

Preferred Zone 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value NN ve |n N o vel|m o ove | n @ velm oneove |nonp ove | n|np v
0,160 | 0j000t0 0,180 |2 2 402 2 34|2 3 55[\2¥ 4 73|2 7 13 3 16 32 |4 |36 74
0,250 | 0]181t00,280 |2 2 34|2 2 40|2 3 ®0O|2 4 80|4 7 14 |5 16 34 |4 |36 75
0,400 | 0]281t00,450 |3 2 553 2 60|3 38, 80|4 4 10|5 8 19 8 17 39 | 11|38 85
0,630 | 0]451t00,710 |4 2 73|4 2 80 |4l.3 99|7 4 12|9 8 23 12 18 47 |18 |40 97

1,00 ,711t0 1,12 7 2 13 |8 2 1¥»WpN1I0 3 18 (12 5 23|16 9 33 20 20 63 | 30 |42 114

1,60 |,L13 101,80 |17 2 33 (18 2 27|22 3 27|24 6 43|30 11 57 |40 22 86 | 55|46 147

2,50 |81 t02,80 |38 2 70 (403 74 |46 4 65|48 8 90 |55 15 116 |75 26 137 *
NOTE Bee notes of Table 13.

Table 17 —<Sample sizes (e~ 5 %, f~5 %) and degrees of freedom for nyy = 1,
cost ratio level 5 for Rc = 10 (5,7 or over)

o dr (preferred value)
preferred| | 5. ¢ 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value n_ nr veln ne oveln ne weln np veln ne o we |In ne owveln Ing v
0,160 0,000t0 0,180 | 2 2 4012 2 342 3 552 4 7313 7 13 6 15 29 |7 36 72
0,250 0,1811t0 0,280 | 2 2 342 2 4012 3 604 4 781|5 7 14 8 16 32 |12 36 74
0,400 0,281t00,450 | 3 2 5513 2 6,013 3 806 4 931|8 7 15 12 16 34 |19 36 76
0,630 0,451t00,710 | 4 2 73|4 2 805 3 119 4 11 |13 8 20 20 17 40 |30 38 85
1,00 0,711t0 1,12 7 2 13 |8 2 15|10 3 18 |17 4 14 |22 8 24 32 18 49 | 48 40 98
1,60 1,13 t0 1,80 18 2 35|20 2 27 |24 3 26|32 5 28|42 9 36 60 19 60 *
2,50 1,81 to 2,80 40 2 72 |44 2 41|55 3 33|65 5 35 * * *

NOTE See notes of Table 13.
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Table 18 — Sample sizes (=5 %, S~ 5 %) and degrees of freedom for ny = 2,
cost ratio level 1 for Rc~ 0,10 (0 to 0,17)

d dy (preferred value)

Preferred Zone 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value o Nrove (M Nrove | Ny | NV |y N Vg ooy | e Vg
0,160 0,000 to 0,180 2 2 532 2 6,012 2 5112 3 9012 7 24 2 17 56 |2 40 112
0,250 0,181t0 0,280 | 2 2 372 2 532 2 5912 4 12 |2 8 22 2 20 34 |2 44 48
0,400 0,281t00,450 | 3 2 583 2 753 3 10 |3 5 15 |3 10 23 3 24 30|3 50 39
0,630 045110 0,710 1% 2—T75T% 7.9 T4 6—94 T4 STt 1# 5—32—30 65 37
1,00 0,711to 1,12 7 3 13 |7 5 14 |7 8 15|8 13 21 |8 22 25 9 42 37 *
1,60 1,13 t0 1,80 15 6 29 |16 8 32|16 12 35|17 20 40 |18 32 49 19 60 |,61 *
2,50 1,81 to 2,80 36 7 72|36 12 74 |36 19 76 |38 30 85 |40 48 99 * *

NOTE See notes of Table 13.
Table 19 — Sample sizes (e~ 5 %, f~5 %) and degrees of'freedom for ny = 2,
cost ratio level 2 for Rg ~ 0,32 (0,18 t0.0,56)
d dy (preferredvalue)

Preferred Zone 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value o Mpove | My ve |y M ve |y e ve | N Vg n Ve L
0,160 0,000t0 0,180 | 2 2 532 2 6,012 2 5412 3 9012 7 24 2 17 56 | 3 38 110
0,250 0,181t0 0,280 | 2 2 372 2 532 2/59 |2 4 12 | 2 8 22 2 18 36 40 111
0,400 0,281t00,450 | 3 2 583 2 753 3 10 |3 4 14 |3 10 23 3 22 32 |4 46 81
0,630 0,451t00,710 | 4 2 754 2 9,084 4 10 | 4 7 13 |5 12 27 6 24 52 48 117
1,00 0,711to0 1,12 7 2 13 |7 3,158 5 20 |8 9 24|19 16 35 11 30 64 5 55 144
1,60 1,13 t0 1,80 16 3 32|16, 5, 34 |17 8 40|18 12 49 |20 20 67 22 40 92 | 26 75 150
2,50 1,81 to 2,80 36 4 74 [#/36.°8 76 |38 11 86 |40 18 99 |42 30 118 | 46 55 153 *

NOTE See notes of Table 13.
Table 20<5Sample sizes (¢~ 5 %, S~ 5 %) and degrees of freedom for ny = 2,
cost ratio level 3 for Rc =~ 1,0 (0,57 to 1,7)
d dy (preferred value)

Preferred X 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value R ng veln nt ovelnm ng veln nt oveln np v n_n. ve |lh nroove
0,160 0,000t0 0,180 | 2 2 532 2 6,012 2 5112 3 9012 7 24 2 16 54 |3 36 129
0,250 0,181t0 0,280 | 2 2 372 2 532 2 5913 3 9913 7 26 3 17 59 |4 38 133
0,400 0,2811t00,450 | 3 2 58]|3 2 7513 2 7,73 4 14 | 4 8 31 5 18 66 |7 40 148
0,630 0,451t00,710 | 4 2 754 2 904 3 11 |5 5 20 |6 9 36 8 20 76 |12 42 166
1,00 0,711to0 1,12 7 2 13 |7 3 15 |8 4 2119 7 30 (11 12 51 16 22 103 | 19 48 189
1,60 1,13 to 1,80 16 2 33|17 3 38|18 5 45|20 8 59|22 16 81 28 28 139| 38 55 256

2,50 1,81 to 2,80 36 4 74|38 4 83|40 7 95|42 12 111(48 19 150 |55 38 213| 70 70 355
NOTE See notes of Table 13.
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Table 21 — Sample sizes (e~ 5 %, f~5 %) and degrees of freedom for ny = 2,
cost ratio level 4 for Rc~ 3,2 (1,8 to 5,6)

d dr (preferred value)
preferred| L 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value T o o LN o I T o S o R o M I T (T

0,160 | 0,000t00,180 |2 2 532 2 602 2 512 3 90|2 7 24 4 15 54 |4 36 132
0,250 | 0,181to0,280 |2 2 37|2 2 53|2 2 59|3 3 99|3 7 26 5 16 61 |8 36 135
0,400 | 0,281t00450 |3 2 58 (3 2 75(3 2 774 4 17|16 7 29 8 16 65 |11 38 150

0,630 A5Tto 07T — 2757429076210 76— 2075839 18— 776718740 169
1,00 ,/11t01,12 |7 2 13 |8 2 17 (10 3 25|12 5 35|16 9 54 22 19 99 (307142 196
1,60 |,13 to0 1,80 17 2 35|18 2 35|22 3 41|24 6 61|30 11 88 40 22 1417 55 |46 249
2,50 |,81 to 2,80 38 2 77 (40 3 84|44 4 88 |50 7 108|55 15 157 | 75 26 ~214 *

NOTE Bee notes of Table 13.

Table 22 — Sample sizes (e~ 5 %, f~5 %) and degrees of freedom for ny = 2,
cost ratio level 5 for Rc ~ 10 (5,7 or over)

o dr (preferred valbe)

Preferred Zone 0,160 0,250 0,400 0,630 1,00 1,60 2,50
value NN ove | N o ve M N v | ogNVE | DD Np v nonpove | nfng v
0,160 | 0j000t0 0,180 |2 2 53|2 2 60|2 2 51|2N'3 904 6 19 5 15 53 |7 |36 131
0,250 | 0]181t00,280 |2 2 372 2 53|2 2 59%4 3 95|5 7 25 8 15 55 |12 |36 133
0,400 | 0]281t00,450 |3 2 583 2 754 2~y7|7 3 108 7 28 12 16 63 | 19 (36 138
0,630 | 0]451t00,710 |4 2 75|4 2 90|7,2 10|9 4 20|13 7 31 20 16 67 | 30|38 154

1,00 ,711t0 1,12 7 2 13 |8 2 1723 2 13 (17 4 25|22 8 44 34 17 80 | 48 |40 176

1,60 1,13 to 1,80 17 2 35|20 2 37|24 3 41 |34 4 31|42 9 63 55 19 110 *

2,50 1,81 t02,80 |40 2 80 |44 «2\~62 |50 3 60 |65 5 62 * * *
NOTE Bee notes of Table 13.

6.5 Deterpnination of theyacceptance value
6.5.1 Standard procedures

6.5.1.1 One-sidéed specification limit

When a lowe¥-specificationdimits—is-speciiedthe-loweracceptance-value-is-givenusing-thefollowing' equation:
XL =ma—yxD=my—-0,562xD

When an upper specification limit, Ug, is specified, the upper acceptance value is given using the following
equation:

Xy =Ma+7x D =my+0,562 x D
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6.5.1.2 Two-sided specification limits

When two-sided specification limits, Lg, and Ug, are specified, the lower and the upper acceptance values are
given using the following equations:

iL :mA’L—ny:mA,L—O,562xD

Xy =Mpy +yx D:mA,U + 0,562 x D

6.5.2 Optional procedures for 5 % risks and procedures for imprecise standard deviations

a) Set the-valtesof rand-sasfolows:
7 = 0,600
0 =0,566
b) Set the values of lower and/or upper acceptance values as follows:
XL =0,5(my L + Mg )
Xy =0.5(Mmay +Mgy)
6.6 Detprmination of lot acceptability

6.6.1 OHtaining sample averages

6.6.1.1 [Test sample averages

Averages [of 2nt test samples, X, shall be obtained-from the ny measurement results, respectivgly, using the
following gquation:

1 W
X =F— > Xik
A=
where

Xij is{the result of k-th measurement of j-th test sample of i-th composite sample.

6.6.1.2 [Composite sample averages

Two composite sample averages, ¥;_, shall be calculated from the nt test sample averages, respectively, using the
following gquation:

1
i = 2. %ij.
Nt -1

6.6.1.3 Sample grand average

The sample grand average, X _, shall be calculated from two composite sample averages, using the following
equation:
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6.6.2 Lota

Lot acceptab
a) Whena

if X

2000(E)

cceptability
ility shall be determined in accordance with the following acceptability criteria.

one-sided lower specification limit, Lg , is specified;

=X, the lot is acceptable, and

if X _ <X, the lotis not acceptable.

b) Whena

one-sided upper specification limit, Ug , is specified;

if X <

X , the lot is acceptable, and

if X_>|Xy,the lotis not acceptable.
¢) When two-sided specification limits, Lg; and Ug, are specified,;
if X_ gX_ <Xy, the lotis acceptable, and
if eithgr X <X_ or X > Xy, the lotis not acceptable.
7 Examples
7.1 Impregise standard deviation with one-sided specification limit
An industrial[chemical consisting of fine granules will be periodically delivered as either a bulk material gr, for each
delivery, in & large container. This material will be proecessed further including homogenization. Thergfore, it is
desirable to ¢btain an economical sampling plan, having sufficient assurance for the lot mean.
The charactgristic chosen for testing lot acceptability is a physical property, and a lower specification limit,
Ls. = 90,0 99 is specified for the lot mean. Based on the preliminary experiment, standard deviatiops at their
respective sthges are assumed as follows:
c,=44; op=10 and oy £30
The cost components are as follows: ¢, = 25, ¢t = 20 and ¢y = 60. The quality limits, my = 96,0 and mg ¥ 92,0, are
specified. In[accordance withCthe procedures for imprecise standard deviations, the following sampling plan is
obtained:
a) lower specification limit, Lg: 90,0
b) acceptancequality limit, ma: 96,0
C) non-acceptance quality fimit, Mg 92,0
d) discrimination interval, D: 4,0
e) lower acceptance value, X : X, =0,5(ma + mg) = 0,5(96,0 + 92,0) = 94,0
f)  standard deviation between sampling increments, oy: 4.4
g) standard deviation between test samples, op. 1,0
h) measurement standard deviation, oy: 3,0
i)  number of composite samples: 2
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j)  cost of taking an increment, ¢;: 25
k) cost of preparing a test sample, cr: 20
[) cost of a measurement, cy: 60
m) number of measurements per test sample, ny: op/op = 3,0/1,0=3 - ny = 2

2 2
n) test sample standard deviation, o1: o1 = \/0',;2, +(:1_|’\\/|A = \/102 +% = \/ﬁ = 2,35
0) cost df treating a test sample, crm: Ctm=C1 + ey = 20 +2 x 60 = 140
p) costrptio, R.: R; =cru/c = 140/25 = 5/60
q) relatiye standard deviation between sampling increments, d;: d; = ¢/D = 4,40/4,0 £ 1,10
r) relatie test sample standard deviation, dt: dt = o1/D = 2,35/4,0 = 0,588
s) table gelection: Table 21 (nyy = 2, cost ratio level 4)
t) sample sizes, nyand ny: d; = 1,10 — 1,00; dr = 0,588 — 0,630: n, =12, nt = 5
NOTE 1 |The varying cost per lot, C, can be calculated as follows:

nc, +n-|-C-|-M) =2(12x25+5x%x140) =2 000

The approximate value of the estimate standard deviation, og, can be calculated as follows:

2 2 2 2
oy | of 4,40° 2,35
—t—= + =4/1359 = 147
2n  2ng \/2><12 2x5 ! \

7.2 Imprecise standard deviation.Wwith two-sided specification limits

The condi
USL =110
importanc

tions are almost the same’ as those given for 7.1, except that the additional upper spec
0, is also specifiedfor)the lot mean. In this case, the upper specification limit is techn

fication limit,
cally of less

ined.

In accordgnce with the proeedures for imprecise standard deviation, the following sampling plan is obtg
a) lower|specificatiorphimit, Lg: 90,0
b) upper specification limit, Ug : 110,0
c) lowerlacceptance quality limit, ma ; : 96,0
d) lower non-acceptance quality limit, mg 92,0
e) upper acceptance quality limit, ma : 106,0
f)  upper non-acceptance quality limit, mg : 110,0
g) discrimination interval, D: 4,0
h) lower acceptance value, X, : X =0,5(ma | +mg ) =0,5(96,0 +92,0) = 94,0
i) upper acceptance value, X,: Xy =0,5(ma y + Mg y) = 0,5(106,0 + 110,0) = 108,0

© 1SO 2000 — All rights reserved

b than the lower specification limit, and hence the quality limits my = 106,0 and mg = 110,0 are specified.

33


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

ISO 10725:2000(E)

j) interval between the upper and lower acceptance quality limits, A:

A=mpay—-ma =106,0-96,0 = 10,0
k) limiting interval, 6 x D (the interim value): §x D = 0,566 x 4,0 = 2,26 <10,0
I) standard deviation between sampling increments, oy: 4.4
m) standard deviation between test samples, op: 1,0
n) measurement standard deviation, o: 3,0
0) number pf composite samples: 2
p) cost of taking a sampling increment, ¢;: 25
g) cost of greparing a test sample, cr: 20
r) cost of § measurement, cy: 60
s) number pf measurements per test sample, ny: opm/op =3,0/1,0=3 > ny = 2

2 2

t) test sample standard deviation, o1: o1 = \/a% +(;—:A" = \/102 +% = \/ﬁ = 2,35
u) cost of tfeating a test sample, ¢ty Crm = C1 + e = 20 +2x 60 = 140
v) costratip, Rc: Rc =crwl/c = 140/25 = 5,60
w) relative standard deviation between sampling in¢rements, d;: d, = oy/D = 4,4/4,0 = 1,10
X) relative {est sample standard deviation, dr:*~dr = o7/D = 2,35/4,0 = 0,588
y) table selection: Table 21 (ny = 2, c@stratio level 4)
z) confirmdtion of sampling plan:

— sample sizes, nj andy;, dy=1,10 — 1,00; dr = 0,588 — 0,630; nj =12, nt=5

— vgand § (Tablexl); ve =35 — & = 0,566

— reconfirmation of the limiting interval, 6x D: &6x D = 0,566 x 4,0 = 2,26 <10,0
NOTE The varying cost and the estimate standard deviation are the same as in 7.1, namely;

the varying cost, C = 2 000;

the approximate value of the estimate standard deviation, og = 1,17.

7.3 Optional procedure for known standard deviation with one-sided specification limit

The conditions are almost the same as those given for 7.1, except that standard deviations at their respective
stages are known and stable, namely, o, = 4,4; op = 1,0 and oy = 3,0.
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a) lower specification limit, Lg :

b) acceptance quality limit, ma:

Cc) non-acceptance quality limit, mg:

d) discrimination interval, D:

e) lower acceptance value, X, : X =0,5(ma  +mg ) =0,5(96,0 +92,0) =

f)  standard deviation between sampling increments, oy:

ISO 10725:2000(E)

90,0
96,0
92,0

4,0
94,0

4,4

g) standprd deviation between test samples, op:
h) measprement standard deviation, oy

i)  numbgr of composite samples:

j)  cost df taking a sampling increment, ¢;:

k) cost df preparing a test sample, ct:

[) cost df a measurement, cy:

m) number of measurements per test sample, ny: b=SM o =£‘/§ =173->ny =2
op \\ep@ 1,0 V60

n) test sample standard deviation, o7:

0) cost df treating a test sample, cty:

p) costratio, Re:

q) relatiye standard deviation between sampling increments, d;:

r relatie test sample standard dévjation, dy:

s) table felection: Table 11.(eost ratio level 4)

t) sample sizes, njandyny! dy=1,10 —» 1,00, dr =0,588 — 0,630; n =12, nr=4
NOTE 1 [The varyifig)cost, C, can be calculated as follows:

c=2( NCy +n-|-C-|-M) =2(12x25+4x%x140)=1720

1,0

30

25
20

60

2,35
140

5,60

1,10

0,588

NOTE 2  The estimate standard deviation, og, can be calculated using the following equation:

2n,  2ny V2x12  2x4

2 2 2 2
oe :\/0_|+0_T :\/ﬂ+& = /1,497 =122

7.4 Known standard deviation with one-sided specification limit

The conditions are almost the same as those given in 7.3, except that the consumer’s risk for mg is about 10 %.

Standard deviations at their respective stages are known and stable, namely, o) = 4,4; op = 1,0 and oy, = 3,0. The
cost components are as follows: ¢, = 25, ¢t = 20 and ¢y = 60. The quality limits, my = 96,0 and mg = 92,0, are
specified. In accordance with the procedures for known standard deviation, the following sampling plan is obtained.

© 1SO 2000 — All rights reserved
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a) lower specification limit, Lg : 90,0
b) acceptance quality limit, ma: 96,0
c) non-acceptance quality limit, mg: 92,0
d) discrimination interval, D: 4,0
e) lower acceptance value, X;: X_ =my —y-D=96,0-0,562x4,0= 93,75
f) standard deviation between sampling increments, oy: 4.4
g) standard deviation between test samples, op: 1,0
h) measurgment standard deviation, op: 3,0
i) number pf composite samples: 2
j)  cost of taking a sampling increment, ¢, 25
k) cost of greparing a test sample, cr: 20
I) cost of § measurement, cy: 60
m) number pf measurements per test sample b= Z—'\:\/% = %\/% =173 > ny= 2

2 2
n) test sample standard deviation, o1: ot = \/a% +(')’_'_:AA ¥ \/1,02 +% = \/ﬁ = 2,35
0) cost of tfeating a test sample, cry: Crm = Sy = 20 + 2 x 60 = 140
p) costratip, Rc: Rc =crm/c = 140/25 = 5,60
q) relative $tandard deviation betweén,sampling increments, d;: d; = /D = 4,40/4,0 = 1,10
r) relative fest sample standard-deviation, dt: dy = o7/D =2,35/4,0 = 0,588
s) table selection: Table 6%(cost ratio level 4)
t) sample g$izes, nj and'ny: d;=1,10 — 1,00; dr=0,588 — 0,630; n=10,nt=3
NOTE 1 THe varying cost, C, can be calculated as follows:

Cc= 2(n|C| +n-|-C-|-M) =2(10x25+3x140)=1 340

NOTE 2  The estimate standard deviation, og, can be calculated using the following equation:

2 2 2 2
tof oT 4,40 2,35
op = |2 0T _ 280 290 7888 —1,37
E \/2n| 2ny \/2><10 2x3

7.5 Known standard deviations with two-sided specification limits

The conditions are almost the same as those given for 7.4, except that the additional upper specification limit,
Ug. =110,0, is also specified for the lot mean. In this case, the upper specification limit is technically of less
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importance than the lower specification limit. Hence the quality limits mp y = 106,0 and mg y = 110,0 are specified.
In accordance with the procedures for known standard deviations, the following sampling plan is obtained:

a)
b)
c)
d)
e)
f)
9)
h)
i)
)
k)
1)

m)

r
s)
1}

lower specification limit, Lg; 90,0
upper specification limit, Ug : 110,0
lower acceptance quality limit, mp | : 96,0
lower non-acceptance quality limit, mg | : 92,0
upperacceptance gratity timit, ma - 16650
uppel non-acceptance quality limit, mg y: 11060
discrimination interval, D: 4,0
lower|acceptance value, X, : X =mp | —7-D=96,0-0,562 x4,0 = 93,75
uppel acceptance value, Xy: Xy =mpy+y-D=106,0+0,562 x 4,0 = 108,25
intervial between the upper and lower acceptance quality limits,

A: AFMpAy—My L = 10,0
limitirjg interval, x D: 6x D =0,636 x 4,0 = 2,54 <10,0
standard deviation between sampling increments, oy: 4.4
standard deviation between test samples, op: 1,0
measurement standard deviation, oyp: 3,0
number of composite samples: 2
cost ¢f taking a sampling increment;-c;: 25
cost ¢f preparing a test sample;-cr: 20
cost ¢f a measurement-Cy: 60
number of measurements per test sample (see 7.4), ny: 2
test sample standard deviation (see 7.2), oT: 2,35
cost ¢f treating a test sample, cty: crm=Ct+ ey =20+ 2 x 60 = 140
costratio, Rc:  Re = crwf/c = 140/25 = 5,60
relative standard deviation between sampling increments, d;: d, = ¢,/D = 4,40/4,0 = 1,10
relative test sample standard deviation, dt: dr = o1/D = 2,35/4,0 = 0,588

table selection: Table 6 (cost ratio level 4)

sample sizes, njand ny: d; =1,10 — 1,00, dr = 0,588 — 0,630; n; =10, ny =3

© 1SO 2000 — All rights reserved
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NOTE

The varying cost and the estimate standard deviation are the same as in 7.4, namely;

a) varying cost, C =1 340;

b) estimate standard deviation, og = 1,37.

7.6 Revision of discrimination interval

The following application shows how to adjust the discrimination interval for a more economical plan.

In 7.5, five consecutive lots have been acceptable with satisfactory results, and revision of the discrimination

interval is inVestigated so that a more economical sampling plan may be obtained. The procedure is as-fdllows:
a) lower specification limit, Lg : 90,0
b) upper specification limit, Ug, : 110,0
c) lower agceptance quality limit, mp | : 97,0
d) lower ngn-acceptance quality limit, mg | : 91,0
e) upper a¢ceptance quality limit, mp : 104,0
f)  upper ndn-acceptance quality limit, mg y: 110,0
g) discrimimation interval, D: 6,0
h) lower agceptance value, X, : X, =mp | —y-D=97,0-0,562% 6,0 = 93,63
i) upper agceptance value, Xy: Xy =may+y-D=104,040,562 x 6,0 = 107,37
j)  interval between the upper and lower acceptance guality limits, A: A=mp y—ma | = 7,0
k) limiting interval, 6x D: §x D =0,636 x 6,0= 3,82<7,0
I) standard deviation between sampling.ineréement, oy: 4,4
m) standard deviation between test samples, op: 1,0
n) measurgment standard deviation, op: 3,0
0) number pf composite samples, 2
p) cost of taking a sampling increment, ¢;: 25
q) costof greparing a test sample, cr: 20
r)  cost of § méasurement,cy: 60
s) number of measurements per test sample (see 7.4), ny: 2
t) test sample standard deviation (see 7.2), ot: 2,35
u) cost of treating a test sample, ctp: Sty =C1+ ey =20 + 2 x 60 = 140
v) cost ratio, Rc: Rc =cqp/c = 140/25 = 5,60
w) relative standard deviations between sampling increments, d:
d = o/D = 4,40/6,0 = 0,733
X) relative test sample standard deviation, dr: dt = o7/D = 2,35/6,0 = 0,392
38 © 1SO 2000 — All rights reserved
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y) table selection: Table 6 (cost ratio level 4)
z) sample sizes, nj and nt: d; = 0,733 — 0,800, dt = 0,392 — 0,400; =5, nt =2
NOTE 1 The varying cost, C, can be calculated as follows:

C=2(nic, +nrcry) = 2(5%25+2x140) = 810

NOTE 2 It is anticipated that the change of discrimination interval from 4,0 to 6,0 (a 1,5 times increase) leads to a cost
reduction of 1/1,52 (=0, 444) times. In this case, the actual cost reduction is from 1 340 to 810, or 0,604 times.

NOTE 3  The estimate standard deviation, og, can be calculated using the following equation:

=4/3,317 =1,82

o2 o2 J4,402 2,352
O'E: —_—F = —t—

| 2x5  2x2

NOTE 4 It is anticipated that a 1,5 times increase in the discrimination interval leads to a 1,5 tifnes increase [in og, also. In
this case, tiie actual change of the estimate standard deviation is from 1,39 to 1,82, or 1,31 times.

7.7 Redults from one lot

7.7.1 Determination of acceptability

In accordance with the procedures given in 7.4, the first lot was submitted to acceptance sampling. Results of
measuremnlents and sample averages are given in Table 23, n; = 10;xnt = 3 and ny = 2. The lot acceptability was
determinefl, and sample standard deviations calculated from_‘the results and compared with the Ug (see
Table 23).

Table 23 — Data gbtained from one lot

i=1 i=2
k=1 k=2 X1j. k=1 k=2 X2j.
j=1 103,7 106,1 104,90 102,5 99,0 100,74
j=2 101,9 99,3 100,60 97,3 102,9 100,19
j=3 97,9 108,7 103,30 101,5 101,5 101,50
<. < — 102,93 — — 100,78
X > — — — — 101,8

7.7.2 Lot acceptability

X =10186 > X =93,75

The lot is acceptable.

7.7.3 Calculation of standard deviations (sample values)

Standard deviations (sample values) were calculated from results of the measurements and sample averages.
Degrees of freedom and standard deviations (sample values) were determined as follows:

© 1SO 2000 - All rights reserved 39


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

ISO 10725:2000(E)

ve=2-1=1
vr=2nr —D=2x2=4
M =2n-|-(nM—1)=2><3><1=6

. - \/()‘(1_ ~% ) _ \/(102,93—100,78)2

=1,52
2 2
1 a& . 10,43
sp= -2, (Xij.‘Xi..)zﬂ/T:l,Gl
YTiaj=1
where

2 3
Y ) (%], - %.)* =(104,90-102,93)* + (100,60 — 102,93)*+...= 10,43

i=1j=1 6x2

- \/_L_ ii(zjl—;ijz)z _ J(—2,4)2+(2,6)2+...+(—5,6)2+(0)2 379
M

7.7.4 Comparison with Ug

The following standard deviations were used to obtain Ug:
om = 3,90
o1 =2,35 [see 7.4 n)]

and

2 2 2 2
| NT 10 3

=19

Values of thq U and comparisoriresults are as follows:
UcLc =1{u x oc =2,800:%1,94 = 5,432 > 1,52
UcLT=[u x o131)924 x 2,35 =4,521 > 1,61

and

Ucim=Tu x om = 1,755 x 3,00 = 5,265 > 3,79
7.8 Results from consecutive lots

7.8.1 Determination of acceptability

After the lot examined in 7.7, nine additional lots were submitted for acceptance sampling. Sample standard
deviations for the consecutive 10 lots are given in Table 24.

7.8.2 Comparison with Ug

UcL,c = 5432 and Uc| 1 = 4,521 (see 7.7.4). None of the s; exceeds Uc c and none of the sy exceeds Ucy T,
therefore the number of composite samples, two, will be kept unchanged.

40 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

7.8.3 Re-estimation of population standard deviations

e = 1,825, o7 = 2,229 and oy = 2,940.

2 2
o) = \/m [ag —ﬁ] :\/10[1,8252 —ﬂ] = 4,09
nr 3

2 2
op =\/a% oM \/2,2292 —@ = 0,804

'y

ISO 10725:2000(E)

Table 24 — Data of consecutive lots

Lot No. Sc St Sm

1 1,52 1,61 370

2 2,94 2,36 3,38

3 2,16 3,22 3,02

4 0,521 1,12 1,86

5 1,01 1,52 3,44

6 2,69 2,35 2,45

7 0,843 361 2,53

8 1,80 2,16 3,32

9 1,75 1,02 2,85

10 1,46 1,83 2,17
> 33,29 49,70 86,46
Average of 2 3,329 4,970 8,646
- 1,825 2,229 2,940

7.8.5 d| and dT

d|:C

1/D,='4,09/4,0 = 1,02

o Cr 2940 12005 11 ny =2
L Vo 0804160

dT:

7.8.6 nandnrt

From Table 6 (cost ratio level 4), d; = 1,02 — 1,00, dr = 0,558 — 0,500; nj=9, ny =2

7.8.7 New sampling plan

For the next lot, the new sampling plan (n, =9, ny = 2 and ny = 2) should be used.

© 1SO 2000 — All rights reserved
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Annex A
(normative)

Special procedures for inspecting multiple characteristics of a material

A.1 General introduction

A material usually has two or more characteristics to be inspected. This annex provides the following ‘grocedures
for such multiple characteristics:

a) the gengral procedures; and

b) the optignal special procedures to prevent the overall risks.

A.2 Genefal procedures for inspecting multiple characteristics

A.2.1 Composite samples

Unless othenwise specified, use the same composite samples for allhthe characteristics. If the procedyres in this
International|Standard lead to different numbers of sampling incééments per composite sample [n;, f@r different
characteristigs, then the largest one (N max)] shall be used for the:xcommon n;

A.2.2 Test|samples

In many casgs, the same test samples may be usedffor all the characteristics. If the procedures in this Infernational
Standard ledd to different numbers of test samples per composite sample, ny, for different charactefistics, the
largest numier, nt nay, Of test samples shall be used for test sample preparation. Then ny test samplgs for each
characteristi¢ should be selected from nt 4% test samples at random.

Sometimes, [different test samples may-be required for different characteristics, for example, test samples for
particle size|are different from those for chemical analysis. In such cases, test samples should bg prepared
separately. If the test sample préparation procedures are sufficiently simple, test samples may also bg prepared
separately.

A.2.3 Sepdgrate sample'preparation

For all samgles other than composite samples and test samples, follow the sample preparation procedures for
inspecting a pingle ‘characteristic separately, except when the following optional special procedures apply

A.3 Overall risks and special procedures

The sampling plans of this International Standard are based on the assumption that a single quality characteristic is
to be inspected. If the material has two or more characteristics to be inspected, both the producer’s risk and
consumer’s risk are increased. For two characteristics, both of the overall risks may be doubled. For five
characteristics, the overall risks may be about five times higher, and would result in the increased risks not being
tolerable.

Special procedures for known standard deviations are given in A.4 and those for imprecise standard deviations are
given in A.5. These special procedures provide a handy way to reduce the overall risks to the same levels as for a
single characteristic, by means of using a narrow discrimination interval.
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It should be noted that sometimes the increased risks may be tolerated, because the same composite samples are
used for different characteristics. If different n; are necessary for inspecting two characteristics, then the larger of
the two n; shall be used for both characteristics, resulting in lower risks for the other characteristic.

A.4 Spe

A4l Ge

cial procedures for known standard deviations

neral procedure for each characteristic

The optional special procedures for each of the characteristics are almost the same as those used when only a

single characteristic is inspected. The essential differences are as follows:

a) befor¢ determining the sample sizes, find the correction factor, fp in Table A.1 using.ihg number of
charafteristics, J. The first row of values in Table A.1 are used for standard procedures (&= 5 %6, 5 ~ 10 %)
whergas the second row of values are used for optional procedures (e~ f~ 5 %).

Table A.1 — Correction factor, fp, for J characteristics for known standard deviation$
J 2 3 4 5 6 8 10 15 20
p~109 0,816 0,743 0,701 0,672 0,651 0,621 0,600 0,567 0,546
B ~5% 0,842 0,775 0,736 0,709 0,689 0,661 0,641 0,608 0,588
NOTE 1 Hirst row values are used for standard procedures (¢~ 5 %, S~ 10:%).
NOTE 2 $econd row values are used for optional procedures (a~ 5 %; '~ 5 %).
b) convdrt each discrimination interval, D, to the narrower.value, Dy, by multiplying by the correction factor, fp:
D N T fD x D

c) obtair the relative standard deviations, d; and'dy, using Dy, for each characteristic;

d) find sample sizes, n; and nt, for each characteristic.

Other valdes, ny, oT, CT, Rc, acceptance values and the cost ratio level should be kept unchanged| The limiting

interval, 5 D, should also be kept unchanged for simplicity.

The narroyver discrimination_ interval, Dy, leads to the larger sample sizes, ny and nr.

The methpd of converting” each discrimination interval to the narrow value is also applicable td the special

proceduref given in ainex B .

A.4.2 Overallladjustment

After obtairirg-the-samplingplan—everalladiustmentforeach-characteristicisnrecessary-

For composite samples, reconfirm n; for each characteristic, and use the largest one, nj nax, as the common n.

As for test samples, if n; for some characteristic is markedly high when following the procedures described above,

then there
a) move
b)

c) ifn>

© 1SO 2000 -

may be a chance of reducing nt. The procedure is as follows:

to the next table for the higher cost ratio level;

find sample sizes, n; and nt, corresponding to d; and d;

N max then this value of nt cannot be used;
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d) if nj = n may then this value of nt should be used,

e) if nj <n may then this value of nt can be used, but it may be possible to use a smaller value of ny. Return to a).

A.4.3 Individual risks and OC curves

The values of the producer’s risk and the consumer’s risk for each characteristic are given in Table A.2. Information
on OC curves for the corrected sampling plans is given in C.7.2.

Table A.2 — Risks at mp (a*) and at mg (5*) (for each of J characteristics, in %)

J 2 3 4 5 6 8 10 15 20
B~10% 5,13 3,45 2,60 2,09 1,74 1,31 1,05 0,70 0,53
Lf~5% 2,53 1,70 1,27 1,02 0,85 0,64 0,51 0,34 0,26
o isthe inIividuaI producer’s risk (see C.7)
F*  is the indlividual consumer’s risk (see C.7)
NOTE 1 Upper row values are for S~ 10 %.
NOTE 2 Lower row values are for o~ 5 %, and are also applicable for S~ 5 %.
A.4.4 Example
A.4.4.1 Ingpection of three characteristics
The conditiops are almost the same as those described-in 7.4, except that the material has three charagteristics to

be inspected

a) correctid

b) narrow g
c) relative
d) sample
NOTE 1 TH

TH
NOTE 2 TH

iscrimination interval, Dy:

Di-=fp x D = 0,743 x 4,0 = 2,97;

The essential differences are as follows:

e common cost2nc; = 2x 20x 25 =1 000
e proper €ost! 2nrcry =2x6x140=1 680

n factor, fp = 0,743 (in Table A.1, § ='3, upper row value);

e estimate standard deviation, og, is calculated using the following equation:

standard deviations: d,,= o1/Dy = 4,40/2,97 = 1,48; dt = o1/DN = 2,35/2,97 = 0,791;

bizes, n and nt (in-Table 6): d, =1,48 — 1,60, dr = 0,791 — 0,800; n; = 20, ny = 6.

\/02 2
O =, —+t—=
2n  2ng

A.4.42 Required Ny a4

[

4,402 s 2,352
2x 20

=,/0,944 =0,972

Conditions are almost the same as in A.4.4.1, except that another characteristic requires n max = 32. The essential

differences are as follows:

a) the next table: Table 7;

b) sample sizes (for d; = 1,60 and dt = 0,800): n; = 30, ny = 4;

44
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C) asn <N max, M =32 and nt = 4 should be used.
NOTE1  The common cost: 2n¢ =2x32x25 =1 600
The proper cost: 2nycry =2x4%x140=1120

NOTE 2 The estimate standard deviation, og, is given by the following equation:

2 2 2 2
S :\/ﬂJ,& - /0,993 = 0,996
2n  2ny \2x32 2x4

A.5 Speqcial procedures for imprecise standard deviations

A.5.1 Fof each characteristic

The speclal procedures for imprecise standard deviations are similar to those given in A.4. The essential
differences from A.4 are as follows:

a) obtain vg for each characteristic;

b) in Table A.3, find the correction factor, fp, for each charaetéristic, using vg and the| number of
charafteristics, J;

c) convdrt each discrimination interval, D, to the narrower value, Dy, by multiplying D by the correctign factor, fp;
d) obtair} the relative standard deviations, d; and dy, using Dyfor each quality characteristic;
e) obtairj sample sizes, n; and nt, and vg for each charageteristic;

f) if vg |s too small, return to a), because any change in vg is not negligible.

A.5.2 Overall adjustment
For overall adjustment, see A.4.2.

A.5.3 Exmple

The condifions are almost thexsame as those given in 7.1, except that the material has three characteristics to be
inspected.| The essential diffefences are as follows:

a) the inftial valueof\wg: 35;

b) the cqrrectionfactor, fp: 0,764 (in Table A.3, J= 3, vg = 30);

c) the narrower discrimination interval, Dy: Dy =fp x D = 0,764 x 4,0 = 3,06;

d) relative standard deviations: d; = ¢\/Dy = 4,40/3,06 = 1,44; dt = o7/Dy = 2,35/3,06 = 0,768;
e) sample sizes, n, and ny (in Table 21): d,=1,44 — 1,60, dy = 0,768 — 1,00; n; = 30, n = 11.
NOTE1l  The common cost: 2n,¢; = 2x30x25 =1 500

The proper cost: 2nycpy = 2x11x140 =3 080

NOTE 2  The estimate standard deviation, o, is given by the following equation:

2 2 2 2
op = [Tl T \/4’40 +235 _ 0574 =0,757
on 2 \2x30 " 2x11

© I1SO 2000 — All rights reserved 45


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

ISO 10725:2000(E)

Table A.3 — Correction factor, fp, for J characteristics for imprecise standard deviations

VE J
2 3 4 5 6 8 10 15 20
2 0,683 0,552 0,475 0,424 0,386 0,333 0,298 0,243 0,210
3 0,743 0,633 0,568 0,522 0,488 0,440 0,406 0,352 0,318
4 0,771 0,673 0,614 0,573 0,542 0,497 0,466 0,415 0,383
5 0,787 0,696 0,640 0,602 0,573 0,532 0,503 0,455 0,425
6 0,797 0.710 0,658 0,621 0,594 0,555 0,527 0.481 0,452
7 D,804 0,720 0,670 0,635 0,609 0,571 0,544 0,500 0,472
8 D,809 0,728 0,679 0,645 0,619 0,583 0,557 0,514 0,487
9 D,813 0,733 0,686 0,653 0,628 0,592 0,567 0,525 0,499
10 D,816 0,738 0,691 0,659 0,634 0,599 0,574 0,534 0,508
12 D,821 0,745 0,699 0,668 0,644 0,610 0,586 0,547 0,522
14 D,824 0,749 0,705 0,674 0,651 0,617 0,594 0,556 0,532
16 D,826 0,753 0,709 0,678 0,656 0,623 0,600 0,563 0,539
20 D,829 0,757 0,714 0,685 0,663 0,631 0,608 0,572 0,549
24 D,831 0,760 0,718 0,689 0,667 0,686 0,614 0,578 0,555
30 D,834 0,764 0,722 0,693 0,672 0,641 0,619 0,584 0,562
40 D,836 0,767 0,726 0,697 0,676 0,646 0,625 0,590 0,568
60 D,838 0,770 0,729 0,701 0;681 0,651 0,630 0,596 0,575
120 D,840 0,773 0,733 0,705 0,685 0,656 0,635 0,602 0,581
300 D,841 0,774 0,735 0,708 0,688 0,659 0,638 0,606 0,585
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Annex B
(normative)

Acceptance sampling plans and procedures for use where the measurement

standard deviation is dominant

B.1 Ger

In some 4
always ad

This anne]

EXAMPLESY

— alow

— aphy.

B.2 Sta

B.2.1 Re

This anne
characteri

It is not al
om- The g

a) o<
b) op<

If either o
should be

bguate. This annex provides acceptance sampling plans and procedures for such special ca

X is applicable when both the sampling increment standard deviation, o, and the stand
between t¢st samples, op, are far less than the measurement standard deviation, o)y, Which is known

D

viscosity liquid in a single container or without a container;

Sical or biological test for which the oy, is extremely large.

ndard deviations

spective standard deviations

5tic, o, Is dominant.

vays necessary to know the precise values of o) and op, but it is sufficient that both be far
Lidelines are as follows:

),10'M and d| <0,1;

),10'M_

eratmtroduoction

pecial cases, where the measurement standard deviation is dominant, standard ~proced

X is applicable when the value . of ,the measurement standard deviation of a spe

ures are not
FES.

ard deviation
and stable.

cified quality

smaller than

the above\guidelines is not satisfied, then this annex is not applicable and the standargl procedures

used.

B.2.2 Overall standard deviation

After obtaining sample sizes, the overall standard deviation, o, is given by the following equations:

a) when

Op =

nt>1,

nn
\/ TM &2 4o +0d
n
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b) whennt=1(and n =1),

(o)fe) =ﬂnMO'|g+U|%|

At a preliminary investigation, oo can be assumed to be 1,20yy.

B.2.3 Relative overall standard deviation

The overall standard deviation should be converted to a relative one, by dividing by D.

D

do = 00

B.3 Costs

No knowledd

e of costs shall be necessary.

B.4 Sample sizes

B.4.1 Num

ber of composite samples

The number pf composite samples shall be two.
B.4.2 Detefmination of ny and ny,
From Table B.1, the number of test samples per composite sample, nt, and the number of measuremerjts per test
sample, ny, are obtained from the row corresponding to the calculated value of dg.
Table B.1 — Sample sizes for special procedures (known standard deviations; a~5 %, S~ 1D %)
do Ny Ny My
0,683 0,000 to 9,760 1 2 2
0,837 0,761t0 0,901 1 3 3
0,967 0;902 to 1,075 2 2 4
1,184 1,076 to 1,316 2 3 6
1,450 1,317 to 1,561 3 3 9
1,674 1,562 to 1,772 4 3 12
1,872 1,773 to 1,960 5 3 15
2,050 1,961 to 2,132 6 3 18
2,715 213310 2,291 7 3 21
2,367 2,292 10 2,439 8 3 24
2,511 2,440 10 2,579 9 3 27
2,647 2,5801t0 2,711 10 3 30

If no line of preferred dg exists, then return to 5.6.3, because the total number of measurements, 2ntny, is too large
to be practical and reconsideration of the discrimination interval is necessary.

NOTE Table B.1 gives an economical solution to the value of nyny. A large value of ny is not desirable for practical
reasons. This annex assumes that the maximum value of ny is three. However, for a special case where a larger value of ny is

tolerable, another sampling plan having the same value of nyhy, can be used.
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For optional procedures for o~ f~5 %, use Table B.2 in place of Table B.1.
In this case, set the values of y and ¢ as follows:

7 =0,500
5=0,566

In this case, change the values of the lower and/or upper acceptance values as follows:

XL =0,5(my +MmR 1)
XU =O,5(mA’|| + m:,u)

Taljle B.2 — Sample sizes for special procedures (known standard deviations; a~5%; 8k 5 %)

do nr Ny NNy

0,608 0,000 to 0,676 1 2 2
0,745 0,677 to 0,802 1 3 3
0,860 0,803 to 0,956 2 2 4
1,053 0,957 t0 1,171 2 3 6
1,290 1,172 to 1,389 3 3 9
1,489 1,390 to 1,577 4 3 12
1,665 1,5781t0 1,744 5 3 15
1,824 1,745 to 1,896 6 3 18
1,970 1,897 to 2,038 7 3 21
2,106 2,039 to 2,169 8 3 24
2,234 2,170 to 2,294 9 3 27
2,355 2,295 10 2,412 10 3 30

For specigl procedures for imprecise standard deviations when a~ S~ 5 %, use Table B.3.

NOTE Table B.3 also gives the value of g, which is used when two-sided specification limits are specified.

Tabl¢ B.3 — Sample sizes for special procedures (imprecise standard deviations; a~5 %, f~ 5 %)

do Nt Ny NNy VE
0,425 0,000-to 0,470 1 2 2 3
0,608 07471 to 0,642 1 3 3
0,746 0,643 to 0,800 2 2 4 7
0,964 0,801 to 1,028 2 3 6 11
14219 1,0291t0 1,271 3 3 9 17
11429 11’)7’) g 11/17/1 Vi| 3 12 23
1,612 1,4751t0 1,652 5 3 15 29
1,776 1,6531t0 1,813 6 3 18 35
1,925 1,814 to 1,960 7 3 21 41
2,065 1,961 to 2,097 8 3 24 47
2,195 2,098 to 2,225 9 3 27 53
2,318 2,226 to 2,346 10 3 30 59
2,434 2,347 to 2,462 11 3 33 65
2,546 2,463 10 2,572 12 3 36 71
NOTE  The value of vg is used for two-sided specification limits, multiple quality characteristics or an OC
curve.
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B.4.3 n

The number of sampling increments per composite sample, ny, is usually two. If nt =1, then n; = 1, also.

B.5 Confirmation of standard deviations

B.5.1 General

If nt =1 (and n = 1), then the following special provisions should be applied.

B.5.2 Compined sample standard deviation

If nT = 1, thgn the sample standard deviations, s. and sy, cannot be separated, and a combineéd sampl¢ standard
deviation (sgmple value, s.1) should be obtained from the test sample average given,inJ6.2.3, by thé¢ following
simpler equation (for ny =1, nj=1 and vet = 1):

_ _ 2
_ X11.—X21.)
SeT =([——————

2

B.5.3 Contfrol charts

If ny = 1, thei the s.1 control chart should be used instead of the's; and sy control charts.

B.5.4 Compined variance between test samples

If ny = 1, the the combined variance between test samples, ¢ % is given by the following equation:

B.6 Estimlate standard deviation

The estimatqg standard deviation, og, is given by the following equation:

__1%0
e \/:ZnTnM
B.7 Examples

B.7.1 Known standard deviation

An industrial chemical is produced by a batch process and delivered periodically. It is known that the within-batch
variation is negligible, and that the measurement standard deviation, oy, is relatively large. Each delivery
corresponds to a production batch. The upper specification limit (Ug. = 90,0) is specified for the lot mean. The
overall standard deviation, oo, is known and stable, and og = 3,50. The quality measures mp = 86,0 and mg = 90,0
are specified. In accordance with the procedures of this annex, a sampling plan is obtained:

a) upper specification limit, Ug : 90,0
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b) acceptance quality limit, ma: 86,0
C) non-acceptance quality limit, mg: 90,0
d) discrimination interval, D: 4,0
e) upper acceptance value, X,: Xy =mp +y-D =86,0+ 0,562 x4,0 = 88,25
f)  overall standard deviation, og: 3,50
g) relative overall standard deviation, dg: dg = 0o/D = 3,50/4,0 = 0,875
h) numbgr of composite samples: 2
i) table selection: Table B.1
j) sample sizes, nt and ny: dg = 0,875 — 0,837; nt=1,ny=3
K) numbgr of sampling increments, n;: 1
NOTE The estimate standard deviation, o, is given by the following equation:
o )

7€~ \/2nTOnM B \/23><E;(2< 3 143
B.7.2 Imprecise standard deviation
Conditiong are the same as B.7.1 except the measurement standard deviation is imprecise:
a) upper|specification limit, Ugy : 90,0
b) acceptance quality limit, ma: 86,0
c) non-acceptance quality limit, mg: 90,0
d) discrimination interval, D: 4,0
e) upperfacceptance value; Xg: Xy =0,5(mp +mg)=0,5(86,0 + 90) = 88,0
f)  overall standard deviation, oq: 3,50
g) relatiye overallstandard deviation, do: do = opg/D = 3,50/4,0 = 0,875
h) numbertef composite samples: 2
i) table selection: Table B.3
j) sample sizes, nt and ny: dg = 0,875 — 0,964; nt =2, ny =3
k) number of sampling increments, n;: 2
NOTE The approximate value of the estimate standard deviation is calculated by the following equation:

O =

ISO 10725:2000(E)

oo 3,50

= =1,01
J2nny  V2x2x3
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Annex C
(informative)

Theoretical background

C.1 General introduction

This annex pescribes the threoretical background of the procedures for lot inspection using knowy standard
deviations. Tlhe procedures are the basis of this International Standard. In C.8, supplementary information of the
procedures fpr inspection for imprecise standard deviations is also given.

C.2 Basiclassumptions

C.2.1 Gengral

The procedufes for known standard deviations are based on the following assumsptions:
a) the spedified quality characteristic x is a variable and is measurable én & continuous scale;
b) each stgndard deviation of x is known and stable;

c) the expqgcted value of the physical average and the arithmetie mean are equal,

d) the averpges of x are normally distributed;

e) each composite sample represents the lot;

f)  the meapurements are carried out in a single’laboratory;

g) the popdlation is infinite;

h) the popylation is simple;

i) asingle [quality characteristic'is considered at one time.

The following clauses give<additional information on these assumptions.

C.2.2 “Kngwn” standard deviations

The samplln plans of the standard procedures are based on the assumptlon of ! known standard dewatlons This

[ f ' may be one
from a continuous series of production batches of the suppller In such a case, |f the supplier prowdes sufficient
information including control charts to the purchaser, it may be possible to assume “known and stable” standard
deviations.

C.2.3 Control charts

Applicability of the procedures for known standard deviations is judged by means of control charts of a specific
type. They have an upper control limit, Uc, but they lack a lower control limit, Lc . The reason is as follows.

It is desirable to make efforts to reduce standard deviations, especially when two-sided specification limits are

specified. In order to assist these efforts, a version of the one-sided test is applied in this International Standard.
The test is an F-test for the following hypotheses:
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is stable;

is not stable (the maximum value of the variances is out of the random variation).

Because many users are not familiar with the F-test for variances, it is converted to an equivalent test of control
chart type so that standard deviations may be used. The level of risk of 5% is assumed for each control chart,
where the risk is the probability of finding one or more out-of-control points in a series of 10 lots. The factor fy is
given by the following equations:

fu = /Fp(v,oo) (C.1
p=1J0,95 = 0,994 88 (C.2)
where Fp (v1, v7) is the lower p-fractile of the F-distribution with v, and v, degrees of freedom.
C.2.4 Ngrmality
The sampling plans are based on the assumption of normality. However, users uslally need not be tgo concerned
about dev|ation from the normal distribution, because the distribution of the samiple grand average i usually very
close to alnormal distribution, unless sample sizes are very small. This is one\of the major differences from other
popular sampling plans by variables for percent nonconforming such as’ ISO 3951[5], where deviation from the
normal digtribution may bring about an increase or decrease of the producer’s risk and/or the consumier’s risk, and
so the assumption of normality is important in practice.
C.2.5 Representative sampling
The sampling plans are based on the assumption of representative sampling. Though the simplest way of
representative sampling is random sampling, systematic.duplicate sampling is used in this International Standard.
The systgmatic sampling shown in the upper haltof Figure 1 may give a smaller variance betyveen pooled
compositel samples than would random sampling. However, if an unbiased estimate of 0,2 is préferred to an
economical sampling plan, random sampling.may be used.
Where th¢ number of composite samples is more than three, replicate sampling may be used. However, this
Internationjal Standard provides sample size tables only for duplicate sampling (two composite gamples), for
simplicity and economy.
C.2.6 Laporatory
It is assumhed that measurements are carried out in a single laboratory, and hence the measurement standard
deviation is smallerthan the reproducibility. If the results of the purchaser’s laboratory and the supplief’s laboratory
are significantly “different, then the difference should be dealt with as a bias in place of a vpriance (see
ISO 11648-1):
C.2.7 Infinite population

The sampling plans are based on the assumption of an infinite population. This assumption is usually satisfied,

because;

a) asampling increment is a very small part of a lot;

b) atest
c) atest
© 1S0 2000 -

sample is a very small part of a composite sample; and

portion is a very small part of a test sample.
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Even if the assumption of an infinite population were not satisfied, users can generally disregard this because the
values of the estimate standard deviation, og, and both risks, « and g, for the finite population would be somewhat
smaller than for the infinite population, respectively.

C.2.8 Simple population

The sampling plans are based on the assumption of a simple population. In other words, sampling increments can
be directly taken from a lot. This assumption is usually satisfied. However, there may be other cases, for example,
the material is in two or more containers. If the variance component between sampling increments, 0,2, consists of

the variance component between containers, aé, and the variance component within containers, 06\,’ and if both

are not negligibtethistntermationat-Standardtsmotappticabte:

C.2.9 Sing|e quality characteristic

Both the prdducer’s risk and the consumer’s risk are calculated for a single quality characteristic. Fpr multiple
quality charalcteristics both of the overall risks are increased.

C.3 The sjmplest model

C.3.1 Gengral
In the standard procedures of this International Standard, economical sampling plans are the objectiye, but the
assumed maqdel is rather complicated. For ease of understanding, the simplest model is based on th¢ following
assumptions
a) nsampling increments are taken from the lot;

b) no composite sample is constituted,;

c) one test|sample is prepared per sampling increment;

d) one megsurement is made per sampling increment;

e) op and g\ are negligible.

C.3.2 Estimate standarddeviation

The estimatq standard-deviation, og, is the positive square root of the expected variance of the estimat¢ of the lot
mean. Undel this simplest model, the estimate standard deviation is given by the following equation:

2.
o =\ﬁn'— (C.3)

where nis both the number of sampling increments and the number of measurements.

C.3.3 Sample sizes

Under this simplest model, the sample size, n, is given by the following equation:

e [M)z (C.4)
)

The calculated value of n should be rounded to the nearest integer.

54 © 1SO 2000 — All rights reserved


https://standardsiso.com/api/?name=bf12f4d447da4a98ecd8f1384c075162

ISO 10725:2000(E)

C.4 Relationship between my, mg and acceptance value

C.4.1 General

Under the above simplest model, the following relationship between ma, mg and acceptance value is given. This
relationship also applies to the more complicated models given in C.5 and C.6.

C.4.2 One-sided lower specification limit

When a one-sided lower specification limit is specified, the following equation is obtained:

XL:mA—KaO'E:n‘h'FKﬁO'E (CS)
(see Figure C.1). Furthermore, the following equations are obtained
D:”A—rrh:(Ka'f'Kﬁ)O'E (C6)
K
X, =my ———%— C.7
L= <, (C.7)
and becayse « = 0,05 and g = 0,10 are assumed in the standard procédures, the constant y is [given by the
following gquation:
y= e 10448 ;56 07,0562 (C8)
Kl, +Kz 1,644 85+1,28155

For optionpl procedures where « = g is assumed, the constant y is given by the following equation:

= Ke _1 (C.9)

Kl, +Kz 2

C.4.3 Orle-sided upper specification limit
When a one-sided upper specificationlimit’is specified, the following equation is assumed:

XUZ T]A+KaO'E=rT'R—KﬁO'E (ClO)
Furthermare, the following eguations are obtained.

/\ /)E
mg X ma

Figure C.1 — Relationship between my, mg and acceptance value
(Distribution of X _; lower specification limit)
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D=mg -

and

Xy =My

ma Z(Ka + Kﬂ)O-E

KZZ

+—
Ke +Kp

(see Figure C.2). The same constant yis given by equation (C.8).

C.4.4 Two-

sided specification limits

(C.11)

(C.12)

When two-si
provided the

A= mA’L

Both Figures
maximum pr

o xD=

The constant

Hed specification limits are specified, the above equations are applicable to both limits(re|
following constraint is satisfied:

—mA’L>5XD

C.3 and C.4 show an extreme case of 4 = §x D (see also Figures C.1 and\C:2). In such &
bbability of acceptance is 0,99 at m= 0,5 (mp y + Ma ), and the following €quations are obtai

Mau —Ma L =2(Ko,005 — Ky)oE

dis given by the following equation:

2(K -K _
S (Kg,005 = Kg) _ 2(2,575 83-1,644 85) 0,636
Ko +Kpg 1,644 85+1,28155
For optional procedures where « = = 0,05 is assumed, the.canstant §is given by the following equation
2(K -K -
S (Kg,005 = Ky) _ 2(2,575 83-1,644 85) _ 0,566
Ko +Kgp 2x1,644 85
C.5 Two-¢gomponent model
C.5.1 Gengral
In practice, |t frequently occurs)that oy is not negligible. In such cases, the estimate standard dev

consists of ty

ing increments are taken from the lot;

ositeé sample is constituted;

o componentsiTherefore, the following assumptions are to be made for this practical model:

Spectively,

(C.13)

case, the
hed.

(C.14)

(C.15)

(C.16)

ation, o,

a) hpsamp
b) no comg
C) one test
d) nymeas
e)

sample is prepared per sampling increment,

urements are made per sampling increment;

op is negligible.

C.5.2 Estimate standard deviation

Under this m

E o omnp K, +Kg

56

odel, by rewriting equation (C.6), the estimate standard deviation, o, is given as follows,

D

(C.17)
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ma Xy Mg

Figure C.2 — Relationship between mp, mg and acceptance value
(Distribution of X ; upper specification limit)

D A D

mg, | SXL ma, 1 ma, v Xy mg oy

Figure C.3 — Relationship between mps, mgs and acceptance values
(Distribution of X ; two-sided specification limits)

Ko.005 0
Kp O Ko 0% 6072 0
43
/ \ ——
mg, 1 X, My | ma, y Xy mg y

Figure C.4 — Relationship between 4 and D (when 4= §x D)
(Distribution of X ; two-sided specification limits)
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