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ards institutes (ISO member bodies). The work of developing

International Stapdards is carried out through ISO technical committees. Every
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bl Standards adopted by the technical committees are circulated
bodies for approval before their acceptance as International
SO Council.

hndard  1SO 390 was developed by Technical Committee
cts in fibre reinforced cement, and results from the merging of
tions R 390-1964 and R 1260-1970, which are cancelled and
esent document.

directly to the ISO Council, in accordance with clause 6.12.1 of
the technical work of ISO, and with the agyeement of the experts
mittee 1SO/TC 69, Applications of statistical methods.

htions R 390-1964 and R 1260-1970. (which now constitutes the
ernational Standard) had been_approved by the member bodies of
htries :
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Brazil ltaly Spain
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INTERNA

TIONAL STANDARD

ISO

390-1977 (E)

Asbestos-cement products — Sampling and inspection

1 SCOPE

This iIntern

htional Standard establishes certain rules for

batching, sampling, inspection and acceptance/rejection of
asbestos-cenment products.

2 FIELD QF APPLICATION

The purpos
uniform me
of asbestos-

b of this International Standard is to provide a
hod to be used in determining whether supplies
ement goods should be accepted as conforming

to the relejant International Standard requirements for
such produdts.

It provides

for a double sampling plan for the method of

inspection Iby attributes as well as for an alternative single

sampling pl

an for the method of inspection by variables.

3 DEFINITIONS

For the pur

bose of this International Standard,,the’follow-

ing definitions apply.

3.1

inspectjon :

The process of measuring, examining,

testing, gauging or otherwise comparing the unit of product
with the applicable requirements.

3.2
whereby th
is based on
as conformi

3.3 inspec
whereby th
is based on

inspectjon by attributes/:

A system of inspection
decision toratcept or reject an inspection lot
the numbeér of tested units of product classified
hg or ngtconforming to certain requirements.

on- by variables : A system of inspection

the average and variability of the measurements

of a quality characteristic of the tested units of product.

3.4 sample
inspection |

: One or more units of product drawn from an
ot, the units of the sample being selected at

random without regard to their quality.

1} Examples

3.5
readings within a sample or group of sample

range : The difference between the larggst and smallest

S.

3.6 consignment : That part of.a delivery which comprises

units of the same category.’

3.7 homogeneous consignment : A consignment compris-

ing units of product<made of the same
under essentially the'same conditions (see 4

ingredients and
D).

3.8 sample ize’: The number of units of product in a

sample.

3.9 ~unit of product : The entity of product|inspected.

310

inspection lot: A fraction of a cdnsignment/sub-

consignment accepted or rejected as a wholg depending on

the quality found by inspection of a sample
lot.

Hrawn from the

3.11 maximum inspection lot : The largest inspection lot
which could, a priori, be expected to be homogeneous.

3.12 minimum inspection lot : The smalleqt inspection ot

from which samples should be drawn.

3.13 double sampling plan : A sampling

blan containing

at most two samples, the initial {first) gnd the second
samples. The final decision to accept or reject the inspection

lot may be reached after inspecting the

initial or both

samples according to the provisions of clausg 7.

lot may be reached after inspecting the sam
the provisions of clause 7.

3.14 single sampling plan : A sampling plar| containing one

t the inspection
ple according to

3.15 relevant International Standard : The international
Standard prepared by [SO/TC 77 for the particular type of

asbestos-cement products.

Pipes of different diameters are regarded as belonging to different categories.

Sheets of different profiles are regarded as belonging to different categories.

Sheets of the same profile but of different lengths may be regarded as belonging to the same category.
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3.16 sub-consignment: A homogeneous fraction of a
consignment known or supposed to be non-homogeneous.

3.17 conforming unit : A unit of product which conforms
to one of the applied tests of the relevant International
Standard ({in statistical text books, also termed ‘‘non-
defective'’).

3.18 non-conforming unit : A unit of product which does
not conform to one of the applied tests of the relevant

International Sta

termed “‘defectivef

4 DIVISION OF
LOTS

ndard (in statistical text books, also

5.3 For products where all units undergo a compulsory
non-destructive test during manufacture!’, the reduced
sample size obtained by entering table 1 at column 7 may
be applied.

5.4 The possibility mentioned in 5.3 is also available when
the manufacturer guarantees his production or has it
guaranteed by an independent control organization.?!

5.5 When test pieces are cut from the units of the sample,

~F

A CONSIGNMENT INTO INSPECTION

4.1 Homogeneous consignments

4.1.1 Any homodeneous consignment (or sub-consignment,

see 4.2) shall be
tion lots, the ma

Hivided by the manufacturer into inspec-
imum size of which shall be as given in

the relevant Interrjational Standard.

4.1.2 Any fractijon of a consignment remaining after
removal of the highest possible number of maximum inspec-

tion
consignment) sm

lots and af)y homogeneous consignment (or sub-

Her than the maximum lot size, shall

form an inspectiop lot if larger than the minimum lot size

given in the releva

4.1.3 Consignme
than the minimu
tional Standard s
testing.

ht International Standard.

nts or fractions of consignments smaller
M lot size given in the relevant Intefna*
hall not be submitted to sampling and

4.2 Non-homogefeous consignments

Any consignment
non-homogeneous

which is known to be 6riSexpected to be
as regards any of’the properties to be

tested by samplirlg shall be divided)by the manufacturer
into assumed honjogeneous sub‘consignments prior to the

division into inspe

5 SAMPLING

Ction lots im~accordance with 4.1,

thecutting shatt-becarred-out by the manufactuter in the
presence of the purchaser.

5.6 When the relevant International (Standard |calls for
more than one property to be tested;.the sample size shall
be appropriately multiplied so as~to Secure for each test a
number of test pieces equal tothe’sample size {se¢ 5.2 and
5.3). From one unit of a sample, one test piece gnly shall
be cut for a particular, test,” but for different tpsts, the
necessary test pieces may be cut from the same upit of the
sample.

6 INSPECTION

6.1 (Each unit of the sample shall be tested as spgcified in
the\relevant International Standard.

6.2 The test results shall be evaluated either by thp method
of inspection by attributes (see 6.4 and 7.1) or by the
method of inspection by variables (see 6.5 and 7.2).

6.3 The method of inspection by attributes should
normally be employed. However, by agreement|between
the interested parties prior to the drawing of th¢ samples
(see 5.1), the method of inspection by variables| if appli-
cable, may be employed.

6.4 When the method of inspection by atirfjbutes is
employed, the number of non-conforming unifs in the
sample shall be deduced from the test results| and the
acceptability of the inspection lot determined as pre-

5.1 From each inspection lot (4.1.1 and 4.1.2), the pur-
chaser may draw a sample, the size of which is indicated in
table 1 {(see 5.2 and 5.3).

5.2 The entry to table 1 is the number of units of product
in the inspection lot (column 1), the sample size being
indicated in column 2.

1) Such as the watertightness test for pipes.

2) For example, use of statistical quality control methods in the works.

scribed in 7.1.

6.5 When the method of inspection by variables is
employed, the test results shall be recorded so as to retain
the order in which they are made and the acceptability of
the inspection lot determined as prescribed in 7.2.
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TABLE 1
1 2 3 4 5 6 7 8
L. Initial + second Inspection
tnitial sample .
samples A . . by variables
: Size of inspection lot
Size of Sample
. . . L. L for products tested .
inspection lot size Acceptance | Rejection | Acceptance| Rejection R Acceptability
during manufacture 1)
number number number number criterion
Ac, Re, Ac, Re, k
up to 100 3 0 2 1 2 up to 200 0,29
101 to 206 4 © 2 4 2 284to 406 0,34
201 to 400 5 0 2 1 2 401 to 800 0,37
401 to 800 7 0 2 1 2 801to 1500 0,40
801 to 500 10 0 2 2 3 1501 to 3000 0,50
1501 to B 000 15 0 3 3 4 3001 to 8000 0,51
3001to § 000 25 1 4 5 6 8 001 10,20 000 0,52
8 001 to 2p 000 35 2 5 7 8 = 0,63
1) In applyinp this International Standard to the simultaneous inspection of the two limits of & diven property, see the annex

7 DETERMINATION OF ACCEPTABILITY OF
SPECTION LOTS

IN-

7.1 Inspection by attributes

7.1.1 When the number of non-conforming units found in
the sample |is equal to or less than the acceptance numbet
Ac, indicated in column 3 of table 1, the inspectionlliot
from whichl the sample was drawn shall be considered
acceptable.

7.1.2 When the number of non-conforming-tnits found in
the sample |s equal to or greater than the rejection number
Re, indicafed in column 4 of table, 17 this may justify
rejection of|the inspection lot.

7.1.3 Whenp the number ofénon-conforming units found in
the sample|lies between ‘the acceptance number and the
rejection nymber (columns 3 and 4 of table 1), a second
sample of the same_size as the initial sample (5.2, 5.3 and
5.4) shall bd drawfizand examined.

7.1.4 The lsecand sample shall he inspected as indicated

7.1.8 When the relevant International Stapdard calls for
more (than one property to be tested, the[second sample
taken" (see 7.1.3) shall only be inspected|in accordance
with those tests which at the inspection| of the initial
sample gave numbers of non-conforming unfits between the
acceptance number Ac; and the rejectionl number Re,.

7.2 Inspection by variables

The inspection shall be carried out on one
of which is given in column 2 of table 1, as f

ample, the size
bllows :

a)
of 5, except when the sample size is 3
which cases the group size is the same as

b)

divide the readings in the order magde into groups

4, 50r 7, in
he sample size;
for each group, compute the range R;
¢} of the group ranges R compute the average range R;

d) compute the sample mean X by divi
the measurements by the sample size;

ling the sum of

e} derive from table 1 (column 8) the acceptability

in5.5, 5.6 and 6.4.

7.1.5 The number of non-conforming units found in the
initial and in the second samples shall be totalled.

7.1.6 If the total number of non-conforming units is equal
to or less than the acceptance number Ac, indicated in
column 5 of table 1, the inspection lot shall be considered
acceptable.

7.1.7 I|f the total number of non-conforming units is equal
to or greater than the second rejection number Re, indi-
cated in column 6 of table 1, this may justify rejection of
the inspection lot.

criterion k;

f) compute the acceptability limit AL and determine
the acceptability by means of table 2.

TABLE 2
. ibed i
Limit prescribe l_n the Acceptable | Rejection
relevant International AL = if sustified if
Standard ! Justitred 1
Lower specified limit, L L + kR Xz AL X <AL
Upper specified limit, U U-kR X < AL X > AL



https://standardsiso.com/api/?name=b678677e98058b500c2162f3fa53d275



https://standardsiso.com/api/?name=b678677e98058b500c2162f3fa53d275

1ISO 3

ANNEX

GUIDE TO THE USE OF THIS INTERNATIONAL STANDARD

FOREWORD TO THE ANNEX

90-1977 (E)

In drawing up this International Standard, ISO/TC 77 studied the American Military Standards 105 B and 414 and adopted

many of th
and purchas
For this and
together wit

With respect

Admil
Washingt

Defen|

Mathe
1958.

Those intere

The present
sampling pl4
of view and
in practice,
and method

The samplin
level (AQL)

A.1 SCOPE

This annex

batching, s

consequences of using the fethods of sampling inspection

recommende
addition, thd
lots may be

pistration of sampling procedures for acceptance inspection, Handbook H 105, Departmer

e guide to sampling inspection, Ministry of Defence, London, 1962;

sted in systems of sampling inspection will profit from readingtbe latest editions of these handbod

r of asbestos-cement products is very often quite different from the typical relationship in militaky
various other reasons, the committee decided to prepare its own standard concerning asbestes-ce
an associated guide (the present annex).

[

to this guide, it is also appropriate to refer to additional works of a more extensive character

n D.C,, 1954;

imatical and statistical principles underlying Military Standard 414, Department of Defense, W3

guide, however, has the much more limited purpose.8f explaining the use of the very simpl
ns in this International Standard, which represents a balanced compromise between theoretical s
practical economical considerations. It is the hope afthe committee that the sampling plans will p
hind they will certainly give a safer basis for the distinction between good and inferior material tH
hitherto used, thus providing greater protection)to the user.

s equal to 4 % in the military Standards studied.

AND FIELD OF APPLICATION characteristics in conformity with the spe

L \ ) ments in the relevant International Standard.
explains in more detdil the rules laid down for

himpling and inspection, and clarifies the Examples :

ISO/R 391, Building and sanitary pipé
cement (sub-clause 2.4.3.1) specifies : THh
stress R, of pipes of type A should be
100 kgf/cm?2 (10 MN/m?2).

d. Also, 4@ number of examples are given. In
conditions” are described under which rejected
esupmitted for inspection.

A.2 UNIT OF PRODUCT

The term "“u

ted in order to determine its quality characteristics. The

FHisTmeans that 7 buitdingand sanitary

than 100 kgf/cm2 (10 MN/m2) is a co
whereas a pipe having R, less than
(10 MN/m2) is a non-conforming unit.

nit of product’”’ means the entity to be inspec-

unit of product is specified in the relevant International

Standard.

The unit of
mining lot s
etc.

A.3 CONFORMING AND NON-CONFORMING UNITS

A conformi

manufacturer
procurements.

mMent products,

for example :

t of Defense,

shington D.C.,

ks.

b collection of
atistical points
rove applicable
an do the rules

y plans recommended have approximately the same properties as certain plans for which the acceptable quality

cified require-

s in asbestos-
e unit bursting
not less than

pipe of type A

{i.e. one unit of product} having R, equal to or larger

nforming unit,
100 kgf/cm?2

ISO/R 393, Asbestos-cement corrugated sheets for

roofing and cladding (sub-clause 2.5.3)

product is used as a counting unit in deter-

. - . . During the 24 h of the impermeability
ize, sample size, number of conforming units,

moisture may appear on the lower surf
instance should there be any formatio
water.

test piece is cut and which shows format
ng unit is a unit of product having quality

specifies

test, traces of
ace, but in no
n of drops of

This means that the corrugated sheet from which the

ion of drops of

water during testing is a non-conforming unit.
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A.4 INSPECTION LOT

An inspection lot is a collection of units of product which
is accepted or rejected as a whole, depending on the quality
characteristics established by inspection of the units of
product drawn from the lot.

The manufacturer shall arrange for the dividing of the
consignment into inspection lots and provide for identi-
fication and segregation of each lot. It is important to
maintain a separate identity until a decision regarding
acceptance or rejection of the lot has been taken on the

A5 DIVISION OF A CONSIGNMENT INTO INSPEC-
TION LOTS

By a consignment is meant a delivery or part of a delivery
which comprises units of the same category.

Examples :

Sheets of the same profile but of different lengths may
be regarded as being of the same category.

Sheets of different profiles are regarded as being of
different categories.

basis of the results|of the sampling and testing.

The inspection lof shall be presented in such a form that
every unit of profluct is accessible as far as is practically
possible.

Inspection lots shgll be homogeneous, i.e. shall consist of
units of product| made under essentially the same con-
ditions. This may| be attained by forming the lots from
units that are produced

— within a relgtively short period;
— from similag raw materials;
— by means of similar moulds {or patterns);

— under similar conditions of manufacture, hardening
and maturing, dtc.

It should be empljasized that by selection of homogeneous
lots, the system of sampling inspection employed will lead
to a better discrimpination between lots of good quality and
lots of bad quality|

The relative sample size (the sample size as a fraction of the
lotsize) is decreased considerably as the lotsize-is increased.
Therefore, taking ipto account the costs of sampling, inspec-
tion and testing, |it will be advantageous to use as large
inspection lots ag possible, subjeet\te’ the limitation dis-
cussed above with respect to{the” homogeneity of the
inspection lot. TJve discriminating power of the sampling
system will likewide increase with increasing sample size.

It is therefore rgcommended that the interested parties
agree upon a maxjmum lot size as large as possible without

Pipes of the same diameter, class, type, or serig¢s, but of
different lengths, may be regarded as being\of [the same
category.

Pipes of different diameters are_ tegarded as |being of
different categories.

Pipes of the same diamete¥but of different glasses or
types are regarded as being of different categorigs.

Any consignment which/is known to be, or is expected to
be, non-homogeneous, as regards any of the progerties to
be tested by sampling shall be divided by the manlfacturer
into assumed chomogeneous sub-consignments pripr to the
division into-inspection lots.

Any homogeneous consignment or sub-consignmient shall
be divided by the manufacturer into inspection lots.

If*targer than the minimum inspection lot size, any fraction
of a consignment remaining after the highest| possible
number of maximum inspection iots has been tpken out
forms an inspection lot. Similarly, if larger than the mini-
mum inspection lot size, any homogeneous consignment
or sub-consignment smaller than the maximum ipspection
lot size forms an inspection lot.

Consignments or fractions of consignments smjlr:er than
the minimum inspection lot size shall not be submitted to
sampling and testing.

However, should the testing of one or more of the inspec-
tion lots justify rejection of any of these lots, the ihterested
parties may agree to disregard this provision and {o submit
the remaining fraction to sampling and inspection.

Example to show the importance of having the largest
possible inspection lot :

coming into conflict with the homogeneity requirements
and other obviously practical considerations. To avoid
unreasonable inspection and testing costs for small lots, a
minimum inspection lot size shall also be agreed upon. In
the event of agreement not being reached, the figures for
maximum and minimum inspection lot sizes given in the
relevant International Standard shall be used.

Example :
iﬁ::«:::ftion lot Sample size Relative sample size, %
200 4 2
2 000 15 0,75
20 000 35 0,175

Suppose that a consignment consists of 1 400 building
and sanitary pipes of diameter 250 mm and that the
maximum and the minimum inspection lot sizes agreed
upon are 400 and 100 pipes respectively {see ISO/R 391,
sub-clause 4.2.2) the consignment shall be divided
into 3 inspection lots of size 400 and 1 inspection lot of
size 200. According to table 1 {see page 3), the sample
size for lots of size 400 is 5 pipes and for lots of size 200
is 4 pipes, making a total of 19 pipes.

If the consignment consists of 1 250 pipes, it shall be
divided into 3 inspection lots of 400 pipes — from each
lot 5 pipes, totalling 15, are drawn — and a remainder
of b0 pipes which is not normally submitted to sampling
and testing.


https://standardsiso.com/api/?name=b678677e98058b500c2162f3fa53d275

If the interested parties had instead agreed upon a maxi-
mum inspection lot size of 1500 pipes and the same
minimum lot size, then the sample size would in both
cases have been 10 pipes, which represents a saving of 9
and 5 pipes respectively.

A.6 SAMPLING

I1SO 390-1977 (E)

A unit of product which has been marked during the
sampling may later appear to be unsuitable for testing.

It may occur, for instance, that one of th
the purchaser has marked in a stack is

e sheets which
found to be

completely broken and unsuitable as a sample. Common
sense should then be applied and a neighbouring sheet

substituted for the failing sample, or the

sample should

be regarded as a non-conforming unit of product. In
the case illustrated, the purchaser and the manufacturer
may alternatively agree to take out the whole stack of

the consignment and insert another.

A sample cgmprises one or more units of product drawn
from an inspection lot. Since the decision to accept or
reject the lof depends on the quality of the units of product
in the samgle, it is of the utmost importance that the
sample is regresentative of the lot. This may be achieved by
drawing the| units at random from the lot, which means
that each unit of the lot should have an equal chance of
being included in the sample. Ideally, the units of product
should be numbered and the units of the sample deter-
mined by drawing numbers at random as in a lottery.
Instead of {ctually drawing numbers at random, a table
of random nfimbers may be used.

In practice, fruly random sampling from large lots may be
difficult. 1t ghould, however, always be ensured that sample
units of profluct are drawn from all parts of the lot and
that units afe selected without regard to their expected
quality.

The drawin
purchaser, in
facturer, wh
correct way
mistakes iliu

Examples|:

From.a §
sample off
be taken.
the centr
taken.

Moreover
of 100 sH

through

; T:e stack as the leaves are turned in a book in pendent of the actual outcome of the inspect
order to k = - -

mark on
while the

When a consignment of sheets or slates is placed, for
instance, on several pallets or in several piles, the units

of samples is normally carried out by the
the presence of a representative of the:manu-

b has the right to advise the purchaser(asjto the

of drawing samples, so as to avoid common
trated by the following examples.

tack of 100 corrugatedisheets from which a
3 should be drawn; the’ 3 top sheets shall not
Further, the 3 bettom sheets, or the top sheet,

e sheet, and dhevbottom sheet shall not be

if a sample of 3 should be taken from a pile
eets; the purchaser shall not be allowed to go

the edges the 3 sheets he desires to be tested
pile is still intact.

of product of the sample shall not be drawn only from

the piles that are easiest of access. |f it appears, for

instance,

the part of the stock shed where the consignment is
stored {but not so much as to make the consignment
non-homogeneous), the different climatic conditions

that there are different climatic conditions in

shail be represented in the sample, and the sampling shall

be carried out as far as possible without regard to the
"expected properties’”’ of the units of product of the

sample.

Both interested parties should keep in min
random sampling is the ideal and that{ they
common sense to approach the ideal as closel

A.7 DEFINITIONS OF(INSPECTION BY
AND INSPECTION BY VARIABLES

In inspection by attributes, the unit of prod
as conforming ©r)non-conforming with resp
the quality, requirements specified in the
national Standard.

In inspection by variables, the quality charg
fied<in"the relevant International Standard is

i the fact that
should apply
y as possible.

ATTRIBUTES

ict is classified
ect to each of
relevant Inter-

cteristic speci-
measured on a

numerical scale and the values found by measuring the units

of product sampled are taken into account.

The results of inspection by variables may th
be converted to attributes. For instance, a
teristic of the pipes of type A is the unit
and 1SO/R 391 specifies that this should b
100 kgf/em2 (10 MN/m2). An inspection by
sample of 5 pipes will take into account the
unit bursting stress, for example :

110-107-98-103—-105

In inspection by attributes, it will only be
out of b pipes submitted to the tests, 4 H
forming and 1 non-conforming. When
variables is possible, it is therefore necess
whether to treat the observation as a variabl
it into an attribute. Such a decision must b
sampling and inspection, since the decision

erefore always
huality charac-
bursting stress,
t not less than
variables on a
b values of the

registered that
ave been con-
nspection by
ary to decide
E or to convert
e taken before
must be inde-
on.

Inspection by attributes is simpler to understand, requires
less detailed records, and the testing is often cheaper than
the corresponding measurement. In inspection by variables,
more information is obtained per unit of product, with the
consequence that inspection by variables on the average
requires a smaller sample than inspection by attributes to
obtain the same power of discrimination between lots of
good quality and lots of bad quality. To be carried out
correctly, inspection by variables requires some skill in
arithmetic.

Further, the sampling plans for inspection by variables are
based on the assumption that the measurements are nor-
mally distributed (the distribution of Laplace-Gauss). This
will generally be the case of the product in question.
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It is stated in 6.3 that inspection by attributes shall
normally be employed, but the manufacturer may, prior to
the drawing of the sample, opt to employ inspection by
variables if applicable.

As far as inspection by variables is concerned, the sampling
plans given in this document are limited to cases where the
relevant International Standard specifies either a lower or
an upper limit for the quality characteristic in question.

Therefore, when double limits are specified {for example,
for certain geometric characteristics), inspection by attri-

Probability of acceptance, %
100
97

butes shall be enployed, and it should be kept in mind
that all measurements outside the two specified limits
must be counted as non-conforming (see footnote to
table 1, column 8)

Quality characterigtics which are measurable on a numerical
scale and which, |consequently, make inspection both by
attributes and by Mariables applicable are, for instance

— unit bursting, crushing and bending stresses of pipes;

— unit bending stresses of slates and flat and corrugated
sheets;

— density of flat sheets and slates.

Quality character|stics which are not measurable on a
numerical scale andl which, consequently, make only inspec-
tion by attributes applicable are, for instance

— impermeabil|ity;
— frost cracking;

— visual aspects.

A.8 OPERATING CHARACTERISTIC(OF A SAMPLING
PLAN

The operating ch

hracteristic (o’ OC) curve of a sampling

plan indicates the Everage percentage of the submitted lots

which are accepte
ance} in relation t
as the percentage g

(the percentage probability of accept-
b the quality of submitted lots, expressed
f non-conforming units in the lot.

Any sampling pla

b Has—ite—own—OC-curve—which—makes—it
7 FRakes—H

N - - - -

%]

1Y) 74 100

Non-conforming units, %
FIGURE 1 — Operating characteristic_ (OC) curve

The OC-curves for the sampling plans)in this Intefnational
Standard are shown in figures. 2 and 3. They hpve been
derived by means of the thedry of probability|and are
almost independent of thelot size N when the sample
size n is less than, say, A0 % of the lot size, which |is always
the case for the sampling plans provided in this dpcument.

From the diagrams, it will be seen that the probability of
acceptance is mearly 100 %, if submitted lots comtain less
than 2 % naon-conforming units. For plans with p sample
size of 7.0r'more, the curves intersect approximately at the
point corresponding to a lot quality of about 9 % [non-con-
forming units and a probability of acceptance for[such lots
of-about 70 %. For a lot quality of 20 % non-copforming
units, the probability of acceptance is rather low for all
these plans.

Comparing the two diagrams, it will be seen [that the
corresponding curves are almost identical, which mpans that
the sample sizes and the acceptability criteria hpve been
chosen in such a manner that the sampling inspectjon pians
by attributes and by variables have almost the Jame dis-
criminating power.

To demonstrate what can be read from the diagrams,
consider for example double sampling inspection|by attri-
butes with an initial sample of 25 units and & second
sample (if necessary) of another 25 units. If sibmitted
inspection lots contain 3 % non-conforming units,|then, on
the average, 99 of such lots out of 100 will be [accepted
and 1 lot will be rejected (the probability of acceptance is
about 99 %). If, on the other hand, submitted lotk contain

possible to predict what will happen in the long run by
using the sampling plan under alternative assumptions
regarding the quality of submitted inspection lots. In the
example in figure 1, the OC-curve shows that the prob-
ability of acceptance equals 97 % for lots containing 4 %
non-conforming units. This means that by using the sam-
pling plan for a long series of lots, all of quality 4 %, 97 lots
out of 100 will be accepted, while the remaining 3 lots out
of 100 will be rejected.

The OC-curves are computed on the assumption that the
sample units of product are selected from the inspection
lot by a truly random procedure, and that no errors are
committed in the classification or evaluation of the sample
units.

20 % non-conforming units, then, on average, 6 of such lots
out of 100 will be accepted, whereas 94 will be rejected
(the probability of acceptance is about 6 %).

Using single sampling inspection by variables with a sample
size of 25 units, the corresponding probabilities of accept-
ance are 99 and 10 %, respectively.

A.9 USE OF SAMPLING INSPECTION BY ATTRIBUTES

The system of sampling inspection by attributes given in
this International Standard is a system of double sampling
with the first and second sample of the same size. The
foliowing diagram shows the steps to be followed when
using a double sampling inspection procedure.
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Inspect the initial sample

If the number of n!)n-conforming units
found in the initial sample

i

does not
exceed Ac,

exceeds Ac, but
is less than Re,

|

equals or
exceeds Re,

inspect a second sample of the
same size as the initial sample

If the number of non-conforming units
found in the combined samples

!

does not
exceed Ac,

fhe lot should
be accepted

The sample $ize depends on the size of the inspection lot
and is given ip table 1.

Example
Consider an inspection lot of 7 000 slates.

Table 1 ghows that the initial sampte’ will contain
25 slates| and that the correspopding acceptance and
rejection |[numbers are 1 and(4,-respectively. |If the
sample cgntains 0 or 1 nop=cenforming unit, the lot
should be|considered acceptabte. If, however, the sample
contains 4 or more non-¢onforming units, the lot may be
rejected. In intermediate cases, i.e. if the sample contains
2 or 3 npn-conforming units, a second sample of 25
slates shall be inspected. From the table it will be seen
that the 3cceptance number for the combined samples
is 5 and thefejection number is 6. If the number of non-

1

equals or
exceeds Re,

the lot may
be rejected

sample contains 1 non-conforming unit, ajsecond sample
of b pipes shall be inspected. From the table it will be
seen that the acceptance number for fthe combined
samples is 1 and the rejection number 2. |If the number
of non-conforming units in the two samples together
does not exceed 1 (i.e. if the second saTr‘\ple does not
contain any non-conforming units), thg lot shall be
considered acceptable; otherwise the lot may be rejected.

It will be noted that the average sample size in a double
sampling system depends on the quality of [the inspection
lot. For inspection lots of very high or very lgw quality, the
decision to accept or reject the lot will aljvays be made
from the results of the initial sample. In intefmediate cases,
however, there is a certain probability, depending on the
quality of the lot, that a second sample wiil have to be
drawn to reach a final decision. The averagie sample size

conforming units in the two samples together does not
exceed 5, the lot should, therefore, be accepted; other-
wise (i.e. if the number of non-conforming units
exceeds 5) the lot may be rejected.

Example 2 :
Consider an inspection lot of 300 pipes.

Table 1 shows that the initial sample will contain
5 pipes and that the corresponding acceptance and
rejection numbers are 0 and 2, respectively. If the
sample does not contain any non-conforming units,
the lot should be considered acceptable. If, however, the
sample contains 2 or more non-conforming units, the lot
may be rejected. In the intermediate case, i.e. if the

with—therefore,—be—=—Tumber—tyimg—between the initial
sample size and the combined sample size.

The advantage of using a double sampling system as
compared with a single sampling system by attributes with
the same OC-curve lies in the fact that double sampling has
the same discriminating power as single sampling, with an
average sample size which is normally smaller than the
corresponding single sample size.

The use of a double sampling plan will also tend, on average,
to reduce the amount of testing work since the second
sample will only be tested for those properties which, at
the initial test, gave numbers of non-conforming units
between the acceptance number Ac; and the rejection
number Re;.
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When the relevant International Standard calls for more The acceptability of the lot is determined by comparing the
than one property to be tested, the decision as to accept- average of the measurements with the acceptability limit.
ance or rejection shall be taken on the basis of the results

for each property, independently of the results for other If the relevant International Standard prescribes a lower
properties from the same sample. limit, then the lot shall be considered acceptable if X= AlL;

otherwise the lot may be rejected.
A.10 USE OF SAMPLING INSPECTION BY VARIABLES . .

It the relevant International Standard prescribes an upper
The system of sampling inspection by variables given in limit, then the lot shall be considered acceptable if X < AL;
this International Standard is a system of single sampling otherwise the lot may be rejected.
with a sample size equal to the initial sample of the double

sampling systemﬁmﬂms.—av—um—mmrcn—bv—symnp/e 1=
variables, the sample size will always be less than the

average sample $ize by using inspection by attributes. The sample size is 3,4, 5 or 7.

From an inspection lot of 500 gerrugated [sheets, a
sample of 7 was drawn and tested” for unit bending
stress R; (see ISO/R 393, sub:tlause 2.5.2.1). The
following measurements were'recorded :

The sample size Js specified in table 1 and depends on the
inspection lot sige in the same way as for inspection by
attributes.

The system is bgsed on the assumption that the sample
units of product gre drawn at random from the lot and that
the test results {the measurements) are recorded in the

180-177-167%182—-188-172—-158

The range R is edual to the difference betyveen the

order made. largest and the sprallést measurement :

First, a measure of the variability of the results is computed R =188 — 158 = 30

by means of thg range R. By the range of a group of _

numbers is underftood the difference between the largest The sample mean X is equal to the sum of the|measure-
and the smallest phumber in the group. If the sample size mentsddivided by the sample size :

is 7 or less, the|range of measurements is used directly,

whereas for sample sizes of 10 or more, the measurements X = 180+ 177+ 167+ 182+ 188 + 172 4] 158

are divided into groups of 5, the range is found for each 7

group and the avdrage range R is computed by dividing the 1224

sum of the group fanges by the number of groups. == 175

Next, the average] X of all the measurements (the sample , N
mean) is computpd by dividing the sum of the measure- T‘_’ the sample size 7 corresponds the accgptability
ments by the sample size. criterion k = 0,40.

Each sample sizd in table 1 is given a nudmber k (the Lower specified limit L = 160

acceptability cgteno_n), which shall_ be_multlphed by the Acceptability limit AL = L + kR = 160 + (0,40 x 30)
average range ‘R ¢r, if the sample size (is57 or less, by the =172

range R.

<) . . As X = 175> AL = 172, the lot is acceptable.
For each type of product for whichvinspection by variables

is appropriate, the relevant International Standard will

. & . ) . Example 2 :
contain one specified limit.for the quality characteristic in P
question. This limit may ‘be a lower limit L or an upper The sample size is 10, 15, 25 or 35.
limit U1).
From an inspection lot of 2 000 corrugated [sheets, a
The acceptabilityHit—AL—is du;vcd_fuunu the apcu;f;?_d sampte—of—+5—was—chawnm—armd—tested—for—umit bending
limit and the number kR as AL = L + kR, or AL = U — kR. stress R; (see ISO/R 393, sub-clause 2.5.2.1). The

1) 1SO 160, 881, 4486 and 4488, and ISO/R 391, 392, 393, 394, 395, 396 and 880 do not apply upper limits for quality characteristics
that may be verified by sampling. Some of these documents apply double limits for some of the geometrical characteristics that might be tested
by sampling. For these characteristics the inspection by variables is not applicable since the sampling plans in table 1 (see footnote to column 8)
have been worked out on the assumption that one limit only has been specified. The method prescribed in the present clause shall, therefore,
not be applied simultaneocusly to the two limits. Inspection by attributes should be used instead, counting all measurements outside the two
specified limits as non-conforming (see A.7).
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