1SO 5022-1979 (E)

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION®MEXAYHAPOAHAR OPITAHU3AUNA NO CTAHAAPTUSALMNSORGANISATION INTERNATIONALE DE NORMALISATION

Shaped refractory products — Sampling and acceptance
testin

Produits réfractaires faconnés — Echantillonnage et contréle de réception

First edition — 1979-12-01

- UDC 666.76-43 : 620.113 Ref. No. 1SO 5022-1979 (E)

Descriptors : refractory materials, sampling, shaped refractories, acceptance inspection, tests.

Price based on 26 pages


https://standardsiso.com/api/?name=2c21b178303f03137dde1180a3d6890d

Foreword

I1SO (the Interna]iional Organization for Standardization) is a worldwide federation of

national standar

s institutes (ISO member bodies). The work of developing Inter-

national Standarfls is carried out through ISO technical committees. Every member
body interested ip a subject for which a technical committee has been set up has the
right to be repregented on that committee. International organizations, governmental
and non-governrhental, in liaison with ISO, also take part in the work.

Draft Internationpl Standards adopted by the technical committees are circulated to
the member bodies for approval before their acceptance as International Standards by,

the ISO Council.

International Sta

hdard ISO 5022 was developed by Technical Committee ISO(T,C 33,

Refractories, and was circulated to the member bodies in August 1977.

It has been appr

ved by the member bodies of the following countries”:

Austria India Spain

Brazil Iran Sweden
Czechosloyakia Italy United Kingdom
Egypt, Argb Rep. of Mexico USA

France Portugal USSR
Germany, |F.R. Romania Yugoslavia
Hungary South Afri¢a,, Rep. of

The member bodjes of the following cauntries expressed disapproval of the document
on technical grognds :

© International

Canada
Netherlands

Organization for Standardization, 1979 e

Printed in Switzerland



https://standardsiso.com/api/?name=2c21b178303f03137dde1180a3d6890d

Contents

1 Scope and field of application......................3 . . ...

Sampling for

Sampling for

a1 A W N

Annexes

Statistical terminology and symbols........... 500 . ... ...

General considerations and preliminary conditions for sampling. . .

non-destructive tests. . ... %. . ... ... ... .....

destructive tests. .. .o

Reportonsampling. .......... . ... i

A Determination of the arithmetic mean and standard deviation of a

B Comparison of'the means of twosamples.....................

C Equations.used for calculating the values given in the tables. . ...

D Bibliegraphy



https://standardsiso.com/api/?name=2c21b178303f03137dde1180a3d6890d

This page intentionally left blank



https://standardsiso.com/api/?name=2c21b178303f03137dde1180a3d6890d

INTERNATIONAL STANDARD

1SO 5022-1979 (E)

Shaped refractory products — Sampling and acceptance

testing

1 Scopq and field of application

" This International Standard gives directives for sampling
shaped refractory products and for obtaining, from a sample of
the smallesy possible size, the most precise assessment possi-
ble, of the Iuality of a consignment.

The metho
acceptance[test based on an assessment of the extent to which
the specifidations have been observed, but do not make it
possible to|determine whether the accepted consignment is
suitable for p given application or to compare different qualities
of parts for|this same purpose.

This Interngtional Standard applies to products manufactured
from refracfory materials.

It may be gpplied when the parties concerned have agreed(to
do so and Have therefore, by common consent, made a choice
between the various possibilities put forward in this;inter-
national Standard, and have specified the various parameters
(see 3.2) which must be defined in order to permit the applica-
tion of the methods described.

It is also pogsible to apply the directives'forming the subject of
this International Standard while modifying, by prior agreement
between the parties concerned, those values which, particular-
ly in the tables, do not follow from statistical laws (see 3.3).

2 Statidtical \terminology and symbols

s described below make it possible to carry out an-

2.5 observed value : The value of a characleristic determin-
ed as a result of an observation or test {symbol for the observed
value having the number i : x;).

2.6 extreme values |

Xinax - largest observed value in a sample;

X, © smallest observed value in a sample

2.7 (arithmetic) mean : The arithmetic mean of the observ-
ed valles in a sample is their sum divided by the size of the
sample.

-~

n
1
+Xn) =;Z i

i=1

1
X o=—(x; + N+ ..
n ot 2

The mean value of the population is designgted by the sym-
bol u.

2.8 standard deviation : The standard [deviation is the
quantity most commonly used in statistic§y to characterize
dispersion. It is the square root of the variange.

The standard deviation of the sample is given| by the formula :

1 n
— V]
s pa— Z (x; — x)

i=1

The standard deviation of the population is designated by the

2.1 population : The totality of items under consideration.
Each of the batches formed in accordance with 3.1 represents a
population.

2.2 size of the population : Number of items in the popula-
tion (symbol : N).

2.3 sample : One or more items taken from a population and
intended to provide information on the population and possibly
to serve as a basis for a decision on the population or the pro-
cess which had produced it.

2.4 size of the sample : Number of items in the sample
(symbol : n).

symboto-

In practice it is generally not convenient to compute X and s
using the above formulae. Computations are made easier and
their results improved using equivalent but different formulae
(see [2]).

2.9 confidence interval : When it is possible to define two
functions T, and T, of the values observed such that, when @ is
a population patameter to be estimated, the probability

PIT, <0< T =1-a

where 1 — « is a fixed number which is positive and less than
1, the interval between T, and T, is a confidence inverval for 6.
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The limits T, and T, of the confidence interval are random
variables which, as such, may have different values for each
sample.

In a large series of samples, the frequency of the cases in which
the interval will include 6 will be approximately equalto 1 — a.

2.10 confidence level : The value 1 — « of the probability

associated with a

2.11 statistical

confidence interval.

tolerance interval : An interval for which it

2.18 producer’s risk : For a given sampling plan, the pro-
bability of rejecting a batch in which the proportion of defective
items has a value fixed by the plan.

It is the probability ¢ of rejecting a batch when the proportion
of defective units in this batch equals the acceptable quality
level AQL (or when its mean value is equal to the guaranteed
value u for the mean).

2.19 consumer’s risk : For a given sampling plan, the pro-
bability of accepting a batch in which the proportion of defec-
tive items has a value fixed by the plan.

can be stated witt
least a specified g

When both limits
sided. When one
absolute boundan

2.12
taking note, for e
from this populat|
qualitative charac
items have or do

The characteristi
cracks or other de
defects which- are

2.13 inspectior]
measuring a qud
population or of 2

The measurable ¢

g giverrievetof confidence thatitcomtainsat
roportion of the population.

are defined by statistics, the interval is two-
bf the two limits is not finite or consists of the
y of the variable, the interval is one-sided.

inspection by attributes : A method which consists in

ery item of a population or of a sample taken
on, of the presence or absence of a certain
eristic (attribute) and in counting how many
hot have this characteristic.

s inspected by attribute are, for example,
fects which are visible on the outside, or else
revealed on sawing or by a sonic test.

by variables : A method which consists in
ntitative characteristic for each item of a
sample taken from this population.

haracteristics are, for example, the results of

dimensional measurements, of chemical analysis or of physical

tests.

2.14 single sarlpling : A type of sampling which)consists of
s

taking only one

2.15 sequentia

mple per batch.

sampling : A type-of.sampling which con-

sists in taking sliccessive items, or-sometimes successive

groups of items,
the decision to ac
as the results pern

but without fixing their number in advance,
Cept or rejectithe batch being taken, as soon
hit it according to rules laid down in advance.

2.16 acceptable .quality level (AQL): A quality level
which, in a sampling’ plan, corresponds to a specified, but

It is the probability 8 of accepting a batch wheh\the[proportion
of defective units is equal to the limiting quality)LQ (pr when its
mean value equals u; + Auorus — Agj.

2.20 operating characteristic cunve (OC) : A clirve show-
ing, for a given sampling plan, the)probability of acdeptance of
a batch as a function of its a@etual quality.

3 General considerations and preliminary
conditions for sampling

3.1 Suhdijvision of consignments into batches

subdivided into batches of 100 to 500 t made up in gccordance
with the objectives which are being aimed at. Thege batches
shall be sampled and subjected to tests separately and they
may be accepted separately.

Consignments which correspond to a large tonna{e shall be

It will also be necessary to subdivide into batches [a consign-
ment which comprises products belonging to differgnt classes
or in which the items have been obtained by differeft methods
of manufacture.

Moreover, a consignment shall also be subdivided irfto batches
according to sizes, masses and, if necessary, the shapes of the
items, if the producer and consumer are agreed in thinking that
these factors influence the characteristics investigafed.

For the purpose of making up batches in terms of thg masses of
the items, it is often desirable to divide the itenfs into the
following three categories :

= categorvy 1 items up to 15 kg
Saae/ L 7

relatively high, probability of acceptance.

It is the maximum proportion of defective units in the batch,
such that batches in which the percent defective does not ex-
ceed this values, are regarded as ‘“good’’ and will very probably
be accepted if a sampling plan is applied.

2.17 limiting quality (LQ): A quality level which, in a
sampling plan, corresponds to a specified and relatively low
probability of acceptance (usually 10 %).

It is the proportion of defective units in the batch, such that
batches in which the percent defective exceeds this value are
regarded as “bad’’ and will very probably be rejected if a sampl-
ing plan is applied.

— category 2 : items ranging from 15 to 35 kg;
- category 3 : items in excess of 35 kg.

The making-up of batches from a consignment may be
facilitated if the items are marked in such a way as to indicate
the period during which they have been manufactured.

If a batch is declared to be non-complying it is possible to sub-
divide it into smaller batches by applying the criteria indicated
above which might not have been taken into account when
making it up, in order to ensure greater uniformity of each of
the new batches made up, and these may be subjected to ac-
ceptance separately. This procedure may only be applied after a
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new agreement has come into operation between the producer
and the consumer, and it is expedient to make sure that the
new sampling plans which will be operated provide, for both
parties, similar guarantees to those which would result from the

Lloot cnlam

Tirst piaini 'UDOU

3.2 Properties inspected

3.2.1 Specifications relating to the properties inspected

ISO 5022-1979 (E)

A batch will comply with requirements if it really belongs to the
class laid down in the order or specifications and if the values
found for each of the properties investigated, following applica-
tion of the sampling plans described below, result in a confor-

nnnnn
m lllY uGblOlul i,

A batch will not comply with requirements if it does not belong
to the class laid down or if the values found for one or more
than one of the properties investigated, following application of
the sampling plans described below, result in a non-conformity
decision.

For each ojt_hLDMﬂde up as indicated above, each of
the propertjes inspected by attributes is characterised by a pro-
portion of| defective units in the batch, and each of the

measurablg properties is characterised by a mean value and by
a standard |deviation.

Statistical gontrol of a production in respect of its quality shows

that, cver 3 pericd of time, the mean value () of a property

undergoes ffluctuations which are due to mev:table variations in
the raw materials, their preparation and the methods of casting
and firing.| The standard deviation (g), on the other hand,
generally vfries less.

When the [specifications are drawn up, a mean value ug is
guaranteed by the producer : the producer guarantees, depen-
ding upon [the nature of the property, that the mean value of
each batch|is either less than or equal to 4, or else greater than
or equal to|u.

The deliverly contract must therefore specify, for each class of
product :

— the|properties on the basis of which acceptangeor re-
jection pf batches will be decided;

— forach of these properties, the specification which will
be empjoyed.

This specifjcation may assume various,forms. It may consist of
fixing downp :

— in the case of sampling by attributes, a maximum
percentage of defective)parts (which takes the form of the
fixing of an acceptable-quality level : AQL). The correspon-
ding sanpling plans,are dealt with in clause 4.

— in the casé of sampling by variables :

c G
respondmg samplmg plans are dealt with in 5 3and 5.5,
or,

—- a limit value for the individual values (an upper limit
T, or a lower limit T;, according to the properties).

In this event, the delivery contract must also lay down an
acceptable quality level (AQL). The corresponding
sampling plans are dealt with in articles 5.4 and 5.6, or,

— a downwardly limited and an upwardly limited value
for the mean value or the individual values. The sampling
plans corresponding to bilateral protection of this kind
are not given in the present document.

3.2.2 Nature and number of the propertiLs subjected to
inspection — Efficiency of plans

The nature and number of the)characteristic properties in-
spected depend upon the nature”of the corfsignment, its in-
tended use, all the risks whieh the producgr and consumer

agree to incur, and the,expense which they apree to devote to
sampling and testing.

In fact, the application of any sampling plan|provides no cer-
tainty that the batch either is, or is not in copformity with the
requirements : the probability of acceptance ¢f a batch and its
quality level are related through a function which is defined by
the selected sampling plan.

This function is represented by the operating characteristic
curve of the plan which, for convenience of ufe, is characteris-
ed by two points : one corresponds to the profucer’s risk « and
the other to the consumer’s risk £.

If the inspection deals with a single propenty, the sampling
plans described below are such that :

- the producer’s risk (@), which is assocjated with the ac-
ceptable quality level (AQL) fixed by theg requirement (or
which is associated with the guaranteed|value ug for the
mean) is always fixed, in the case of inspegtion by variables,
at a value which is equal to or very close t3 5 %. In the case
of inspection by attributes, this risk is varigble (see table 3).

- the consumer's risk (f) is associated with a batch quali-
ty level which depends directly upon the sampling plan
selected for inspection. The values for [this quality level
(limiting quality) are given for a constant frisk # = 10 % in
tables 3, 9 and 10 and can be found, for different values of
[, from the graphs gwmg the operat g characteristic

- : rg-ptans (see figures 4,

5, 6and 7).

It may be noted that the percentages of defective units
associated with the consumer’s risk in the various sampling
plans are generally high as compared with the producer’s risk.
This is the result of economic considerations which induce both
parties to cut the size of the inspected samples.

However when inspection is carried out on a number of quality
characteristics the resulting risk increases for the producer and
decreases for the consumer if it is assumed that a product sub-
jected to inspection must meet all the requirements put on the
individual properties tested to receive final acceptance. In this
case, and assuming in addition that the quality characteristics
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involved in the various acceptance procedures are indepen-
dent, table 1 gives the resulting values of & and g as a function
of the number j of quality characteristics subjected to inspec-
tion.

In actual fact, the overall consumer’s risk indicated in this table
do not permit a full assessment of the severity of inspection.
This severity is much better represented by the quality level (or
percentage defective) LQ associated with a constant value

of B.

This is shown in the example given in figure 1! (the points By,

theoretical hypothesis that the property measured is distributed
in the batch in accordance with the normal law. In practice, the
properties investigated will very rarely be distributed precisely
in accordance with this law, but the efficiency of the methods
of investigation is changed very little in cases where the
distributions deviate only slightly from normal.

In cases of doubt, however, it is expedient to verify, with the
aid of a statistical test (for example [2]), that the distribution of
the property considered in the investigation may be regarded as
normal.

B,, B all correspgnd 10 5= 10 %1.

In each case, only a knowledge of the complete operating
characteristic curye of the plan makes it possible to know the
value of one quality level corresponding to a given risk and to
the number of prdperties inspected.

Furthermore, the properties of refractory products are not all
independent of one another, and the values indicated in table 1
are therefore max|mum values (for the producer) or minimum
values (for the copsumer).

They nevertheless|lead to limitation of the number of properties
inspected : the nymber of properties inspected by destructive
tests (excluding chemical analysis) should not be greater than
three.?

Furthermore, with| the exception of methods dealt with in 5.3,
the methods of |sampling by variable are based on the

Table 1 — Change in risks when the nunmber
of independant properties inspected-increlases

Total producer’s Total consumer’s
risk when the risk when the
Number of producer’s . consurL\er's
properties risk o rises'to risk S rises to
5 % for €ach 10 % fof each
property propgrty
J %
1 d1 = 5,00 L1 =10 %
2 ap = 9,75 fo=1%|=10" 2
3 a3 = 14,26 B3 =13
4 a4 = 18,55 Ba=1p 4
5 ag = 22,62 fs =15
6 ag = 26,49 Be =16
7 a7 = 30,17 B =17

1) The operating characteristic curveséhown in figure 1 apply in case where, for each property, the same sampling plan used, as defined by :

— a known standard deviation.(o);
— a one sided [tolerance limit/for individual values;
— an AQL of 4 %;

— a sample sizp 6§-10.

These curves are graphic representations of the following function :

P=o,[U;_, - K nl

where

P is the probability of accepting the batch on the basis of all quality characteristics inspected;

® is the distribution function of the standardized normal distribution;

U, is the standardized deviation corresponding to a probability p;

p is the proportion of defective items in the batch subjected to inspection;

K is the constant defined by the sampling plan used;

J is the number of properties subjected to inspection.

2) It will be possible to use the items which have supplied the highest or lowest values when subjected to these three investigations, for determining

certain other characteristics for information purposes.
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3.3 Sampling process and use of the sampling
plans described in clauses 4 and 5

Every sampling plan shall be prepared, and its execution super-
vised, by experts who are as well acquainted with the problems
of the production and use of the products as with the problems

of sampling.

The taking of samples shall be carried out in such a way that all
the items in the batch have the same probability of being
selected and tested.

The efficiency of a
of sampled units,

operating charactg
Standard) shall be
quired efficiency,

, whatever the size, N, of the batch, provid-
ed that n/N is lesq than 10 %. Tables 3, 4, 6, 9 and 10 (or the

ristic curves also given in this International
used to determine, on the basis of the re-
ivhat the sample size should be.

If experience sho
duction correspo

s that the quality of the manufacturer’s pro-
s to the agreements, it is possible, when

batches of the same quality are frequently subjected to accep-
tance procedures, ither to choose a plan with lower efficiency

which implies the
number of batcheg
same efficiency. T

se of a smaller sample size or to reduce the
inspected while retaining a plan having the
ne same applies when statistical quality con-

trol charts are ava[able (see 3.5).

Similarly, if it is d
units associated

necessary to chod
which implies the

The sample size, 7
number of results

sired to reduce the proportion of defective
vith a given consumer’s risk value, it is
se a sampling plan with higher efficiency
ise of a larger sample size.

indicated in the tables corresponds to that
relating to one of the properties inspected;

which must be avallable in order to decide whether the batch'is

in conformity as re

Each method of t
Thus according to

gards the said property.

st must define what constitutes*a result.
the nature of the test, a result)may be con-

stituted either by the value obtained by applying the method of

test on a single oc
the values obtaing
under the conditio
“results’”’ must be

tasion, or by a value which'is deduced from
d by repeating the (fest one or more times
hs prescribed by the method. Each of the n
pbtained from ‘a/different item.

It is therefore nec

sary to_calculate, from the sample size cor-

responding to each of the.properties which will be inspected,
the number of itens which will have to be selected while taking

into account :

selected should permit the making-up of a reserve sample
for use in the event of arbitration.

3.4 Treatment of the items selected

The distribution of the items selected, their possible apportion-
ment between the various parties concerned (producer, con-
sumer, arbitrator) and the constitution of a reserve sample shall
be indicated in the terms of the transaction as well as, if
necessary, the method of sub-dividing the test pieces.

The tests carried out by the consumer maybe, considerably
reduced if the manufacturer regularly plots'statistigal control
charts of the quality of his production, and places these charts
at the disposal of his customers.

It is therefore expedient that thé pattern of the comtrol chart
used should be selected in suc¢h-a'way that it can be|used with
equal success for production and for the inspection| of a con-
signment : a selection, of_works on this subject i§ given in
annex D.

Control charts can‘be used for controlling the mean jvalue, the
standard deviation, the tolerance or the percentage of defective
units.

A further advantage of regular use of control chartfis that, in
certain cases it supplies a good estimate of the standard devia-
tion of the quality characteristic.

4 Sampling for non-destructive tests

4.1 Inspection of the external appearanceq

The specification precisely defines what should be rggarded as
a defective item after examination of its external appearance.

It therefore specifically states the defects, such @s cracks,
blemishes, deformations, firing defects, etc., whi¢h will be
taken into consideration.

The acceptable proportion of defective items (AQL) i also fixed
by agreement between the two parties. This propdrtion may
often be fixed at 4 % in the case of ordinary bricks fnd mass-
produced items, and at 1,5 % for items having cdmplicated

— the number of properties which will be inspected;

— the specifications of each of the methods of test which

will be used;

— the fact that each of the items selected may, or may
not, be used for investigating a number of properties;

— the possibility of problems during the handling of the
items selected or during the tests;

— the way in

which it is intended to settle any disagree-

ment between the producer and the consumer : in this con-

nection, it is

recommended that the number of items

shapes.
The external appearance is inspected by attributes.

The sampling plans to be taken into consideration, which are
defined by the sample size, n, and the acceptance number, ¢,
may be taken from ISO 2859 [40]. Table 3 gives a selection of
sampling plans for AQL's of the order of 6,5, 4,0 or 1,5. This
table also gives, in column 4, the probability of acceptance P
for different proportions p of defective units in the batch.

The number v of defective pieces in the sample having a size n
is determined.

If v < ¢, the batch is in conformity;
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If v > ¢, the batch is not in conformity.
Example -

A consignment having a total mass of 200 t comprises 20 000
pressed items, having a unit mass of 10 kg, which are divided
into three formats :

format 1 : 12 000 items
- format 2 : 500 items
format 3 : 7 500 items

1SO 5022-1979 (E)

Table 2 — Inspection process

Batch 1 ‘2 "3
Batch size, N 12 000 500 7 500
Values drawn from table 3 for
AQL = 1,5 %
Sample size, n - 315 50 | . 200
Acceptance number, ¢ 10 2 7

Number y of defective
pieces found 8 2 8

Decision In _In Not in

As indicatpd in 3.1, the consignment is subdivided into three
batches cqrresponding to the three formats, for the purpose, in
this case, pf inspecting the external appearance (cracks).

The proceps is described in table 2.
In the casp of batch 2, for example, the sampling plan used
provides the following guarantees (see table 3 — AQL : 1,5 %

— line 3)

for|the producer, the risk of having a batch comprising

conformity jconformity jconformity

4.2 Inspection of dimensions

The dimensions may be inspected by attributes (i.e., in accor-
dance with 4.1) or by yariables (see [18]); the methods involv-
ing inspection by variables described in- clafise 5 may not be
used for inspection-of dimensions, because ip this case a lower
limit and an upper limit are generally prescrihed. The sampling

1,66 %| of defective pieces erroneously declared not to be in plans requiréd‘for inspection by variables arg not given in the
confornity, is equal to 5 %; present dogument but they may be publishedl later in a second
edition of\this International Standard.
forthe consumer, the risk of having a batch which con-
tains 10,3 % of defective pieces erroneously declared to be Thessingle sampling plans necessary for jnspection by at-
in confprmity, is equal to 10 %. tributes may be taken from ISO 2859 [40] or from table 3.
Table 3 — Single sampling plans for sampling by attributes in normal inspection
(1) (2 (3) (4) (5)
) Probability of acceptance, P
AQL N n c 0,99 0,95 ] 0,90 0,50 0,10 0,05 0,01
% . P % defective units in the lot
2 to 90 N or~8 0 0,13 0,64 1,3 8,30 25,0 1,2 43,8
91 to 280 32 1 0,48 1,13 1,67 5,19 11,6 4,0 19,0
281 to 500 50 2 0,89 1,66 2,23 5,31 10,3 21 15,9
501 to 1200 80 3 1,05 1,73 2,20 4,57 8,16 9,39 12,0
1,5 1201to 3200 125 5 1,43 2,09 2,52 4,54 7,42 8,41 10,5
3201 to 10000 200 7 1,45 1,99 2,33 3,84 5,89 6,57 8,60
10 001 to 35,000 315 10 1,51 1,96 2,23 3,39 4,89 5,38 6,40
35 001 to_150~000 500 14 1,50 1,85 2,06 2,93 4,03 4,38 5,09
Over 150 000 800 21 1,57 1,86 2,03 2,7 3,62 3,78 4,29
2\to 25 Nor 3 0 0,33 1,70 3,45 20,6 53,6 63,2 75,4
26 to 90 13 1 1,19 2,81 4,16 12,6 26,8 31,6 41,5
91 to 150 20 2 2,25 4,22 5,64 13,1 24,5 28,3 35,6
5110 280 32 3 2,63 4,39 5,56 T4 19,7 22,5 28,0
4,0 281 to 500 50 5 3,66 5,34 6,42 11,3 17,8 19,9 24,3
501 to 1200 80 7 3,72 5,06 5,91 9,55 14,2 15,8 18,9
1201to 3200 125 10 3,82 4,94 5,62 8,53 12,3 13,6 16,1
3201 to 10 000 200 14 3,74 4,62 5,15 7,33 10,1 1 10,9 12,7
Over 10 000 315 21 3,99 4,73 5,16 6,88 8,95 9,60 10,9
2to 15 2 0 0,50 2,53 5,13 29,3 68,4 77,6 90,0
16 to 50 8 1 2,00 2,64 6,88 20,1 40,6 47,1 58,9
51 to 90 13 2 3,63 6,63 8,80 20,0 36,0 41,0 50,6
91 to 150 20 3 4,31 7,13 9,03 18,1 30,4 34,4 42,0
6,5 151 to 280 32 5 5,94 8,50 10,20 17,5 271 30,1 35,9
281 to 500 50 7 6,06 8,20 9,53 15,2 22,4 24,7
501 to 1200 80 10 6,13 7,91 8,95 13,3 18,6 20,3 23,6
1201 to 3200 125 14 5,98 7.40 8,24 11,7 16,1 17,5 20,4
Over 3 200 200 21 6,29 7,45 8,12 10,8 141 15,1 17,2
Extracted from [40] for ““Inspection Level II”’; the sampling plans coincide with those in [17], 110} and [34].
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- The acceptable proportion of defective parts shall be fixed by
agreement between the interested parties. It may often be
. possible to fix the proportion at 6,5 %.

. 5 Sampling for destructive tests

5.1 Introduction

The properties which are revealed by destructive tests are in-

5.3 Sampling plans in the case of a guaranteed
value for the mean value and a known standard
deviation

5.3.1 Field of application

The sampling plans given in this sub-clause shall be used when
the producer and the consumer have reached an agreement on
a guaranteed value for the mean and when it may be accepted
that the standard deviation o of the property is known.

~ spected by variables.

The statistical methods of inspection by variables described in

5.4, 6,5 and 5.6
distributed in the
normal law (see 3

Sub-clauses 5.3 ar
contract has spec
value of the prope

Sub-clauses 5.4 ar]

resuppose that the property measured is
atch according to a law which is close to the
2.2, last paragraph).

d 5.5 apply to the case in which the delivery
fied a guaranteed value (ug) for the mean

rty measured.

d 5.6 apply to the case when one limit (T or

T;) has been set o individual values : an item is regarded as

satisfactory with
value for this item
regarded as defec

The methods desd
parties concerned
dard deviation g of

those envisaged in

teference to the inspected property if the
s less than T (or greater than T)); if not itis
ve with reference to the property measured.

ribed in 5.3 and 5.4 may be used when the
agreed upon the assumption that the stan-
the measured property is known. This stan-

this clause (see annex A). The constancy of

dard deviation mnlst be estimated from larger samples than

the standard devia
means of a statisti

ion shall be checked at regular intervals, \by
cal test (see, for example, [2]).

5.2 Test sharing

By agreement betiveen the interested parties the n units of the
sample may be shdred between the producer and the consumer
(or, if applicable, Ja neutral agericy)-provided that it has first
been verified that the laboratories 'do not show any significant
difference in their|test results.{see annex B). The results will
then be combined [for statistical treatment; if the two interested
parties so agree, then‘the producer may, in the case of the
results which he is|responsible for supplying, refer to the values

5.3.2 Single sampling plans

5.3.2.1 Characteristic parameters
A single sampling plan is characterised by’the sample|size n and

the acceptance factor Kpg.: these’.parameters will be taken
from table 4, columns 1 and 2.

5.3.2.2 Treatment of the(Sample and decision on the batch

The tests yield n individual values, of which the mean x is
calculated.

Rule governing decision, if the high values are unfajourable :
calculate 1, + Kpgg 0,

= ifxv < p; + Kpge o, the batch is in conformity;
if v > g, + Kpge 0, the batch is not in conformity.
Rule governing decision, if the low values are unfavgurable :
- calculate u; — Kpgg 07
- ifx > us — Kpge o, the batch is in conformity;

- ifv < u; - Kpge o, the batch is not in confformity.

5.3.2.3 Producer’s and consumer’s risks

The values for K given in table 4 are based on a producer’s
risk @ = 5 % that a batch with true population mean|u equal to
the guaranteed value ug will be rejected by chance.

in the control chart.

Agreement between the results obtained by the laboratories
shall be regularly verified with the aid of statistical tests such
as, for example, the t test for comparing mean values and the F
test for comparing standard deviations (see [2]). If this verifica-
tion reveals significant differences between the test results of
the laboratories, an attempt will be made to find the causes of
these differences. Until these differences have been eliminated,
the test results cannot be combined for the purpose of
statistical treatment.

If there are differences between the results obtained by the pro-
ducer and the consumer, the results obtained by an arbitrating
laboratory will decide.

Fhe-consumers—tisi—f-is-theprobability-that-a-bateh with true
population mean u differing by Au from the guaranteed value
Ug will be accepted. The value of Au which corresponds to a
risk 8 = 10 % is obtained by multiplying by ¢ the value of

A
(—ﬂ) taken from column 3 of table 4.
B=10%

ag
A
=uGi<—u> X o
9 /p=10%

'he + sign being used if high values of the measured
characteristic are undesirable.

Mg — 10 %

The operating curves of the sampling plans dealt with in table 4
are given in figure 2.
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5.3.2.4 Example

Suppose the consignment mentioned in example 4.1 is to be
inspected with respect to cold crushing strength. Let
Ug = 230 ng/cm2 be the guaranteed mean value; the stan-
dard deviation is known and is ¢ = 70 kgF/cm?,

All the items in the consignment belong to mass class 1, with
the result that the entire consignment constitutes one batch
from the point of view of destructive tests (see 3.1).

In view of the given data, the sampling plans in 5.3 must be

1ISO 5022-1979 (E)

5.3.3 Sequential sampling plans

5.3.3.1 General remarks

Where as the sample size # is fixed before the start of sampling,
in the case of single sampling plans, the number of items to be
taken and subjected to tests depends, in sequential sampling
plans, upon the results of the successive tests. After each test,

three decisions are possible :

declare conformity;

used. It i m(5:32f—The
sample sige n = 14 and acceptance factor Ky = 0,44 are
obtained ffom table 4.

The mean|of the results of the 14 tests is X = 190 kgF/cm?Z.

The following calculation is carried out: ug —
230 — 0,44 x 70 = 199.

Kppe 0 =

Since Xx
conformity

K Ug — Kppg 0 (190 < 199) a decision of non-
is arrived at.

The sampling plan used provides the following guarantees :

— the producer, the risk of having a batch, the true
f which would be 230 kgF/cm?, declared not to be in

mity, is equal to 5 %;

fo
mean ¢
confor
— th¢ consumer runs a risk f = 10 % of having a batch,
the trup mean of which would be

A
ug b <~Gﬁ> xa =230 — 0,78 x 70 = 175,4 kgF/cm?,
erronepusly declared to be in conformity:

Table 4 — Single sampling plans in the case
of a guaranteed value for the mean"

declare non-conformity;

— continue the tests.

The number of tests to be carriéd odt for dec
mity or non-conformity is therefore depende
already obtained but is in, _general lower th|
tests imposed by a single-sampling plan ha
ciency. Sequential sampling plans are therg
vantageous in theccase of costly tests, the reg
rapidly obtained.

Either the‘items will be taken from the batcH
until a deeision on the fate of the batch inte|
number of items corresponding to the value

ding upon confor-
ht upon the results
an the number of
ing the same effi-
fore generally ad-
sults of which are

one after another
rvenes, or else the

n. (table 6, col-

umm’ 8) will be taken in one operation from the batch and these

items will be successively subjected to the
which is random but is determined at the md
sample is taken.

5.3.3.2 Characteristic parameters

A sequential sampling plan is characterised
b, a and r which are taken from table 6, col

tests in an order
ment at which the

by the parameters
imns 1 to 3.

Standard Standard
deviation ¢ Kpre A deviation ¢| 10t
known for AH unknown | Mass
I o | of batch?
Sample | @ =5% B=10%| sample 1
size, n size, n
1 2 3 4 5
4 0,82 1,46 6 1
6 0,67 1,20 8 10
10 0,52 0,93 12 100
14 0,44 0,78 16 200
18 0,39 0,69 20 300
2 0,35 0,62 24 400
26 0,32 0,58 28 500

1) The table is suitable for unit masses limited to 35 kg. In the case of
unit masses greater than 35 kg, the sample size is to be agreed upon by

the contracting parties.

2) This column is given only as a guide.
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5.3.3.3 Execution of tests and decision on batch

Let n be the number of tests already carried out. After each ad-
ditional test, the following summation is calculated from the n

ISO 5022-1979 (E)

’ The consumer’s risk f corresponds to the probability of a

batch, the effective mean of which would differ by Au from the
guaranteed value ug, being accidentally declared to be in con-
formity : the value of Au which corresponds to a risk

B =10 % is obtained by multiplying by ¢ the value

results x; already obtained :
(éﬁ) , obtained from column 4 in table 6,
B=10%

S, =i (x, - b)

i=1

]
i.e.:

Au
ag

The rules governing the decision are summarized in the follow-
ing synop

X a
8 = 109
s

”ﬂ=10%=/‘ei(

W PN |
T aioTc—.

The sampling plan may be interrupted, for n = n__  (table 6, The efficiency curves of the sequential sam;JIing plans given in

column 8)| by applying the decisions indicated in the lower half this sub-clause are practically the same as |those of the cor-
of table 5. responding plans in 5.3.2 (see figure 2).
Table 5 — Conformity decisions 5.33.5 Mean sample size
High Low . .
values values The mean sample sizé_may be found in columns 5 to 7 of
unfavourable | unfavourable _ table 6; it is the number of items which must be tested before
- the batch is .declared to be in conformity or not in non-
Dedaref e.bamh to be in conformity;<this number depends upon the| true value of the
conformity if : S, <a S, >ua .
mean u :
Declare the batch to be not
in conforfnity if : Sp 27 Sp<r LN.¢olumn 5 relates to batches, the mpan u of which is
Continue|the tests if : a<S,<r |r<S§,<ua &qual to the guaranteed mean u;
Stop the [tests for
1 = Mo — column 6 relates to batches, the mean value u of which
and decldre the batch to be deviates by Au from the guaranteed m¢an ug (these bat-
in conformity if : Spmax <0 Sy max > 0 ches therefore have only a 10 % probability of being ac-
Stop the [tests for cepted);
= nmax
and .declz re thg ba_tc.h to be — column 7 relates to batches, the mdan value of which
not in copformity if : Sp max > 0 Symax < 0 deviates by Au/2 from the guaranteed mean 1 (the mean

sample size reached here has almost its naximum value).

5.3.3.4 Hroducer’s and consumer’s risks
5.3.3.6 Examples
The valugs given in table 6 are ‘based on a producer risk
a = 5 %]| the probability of a batéh, the mean u of which is
equal to the guaranteed value’zl;, being erroneously declared

5.3.3.6.1 Example of a test for refractoriness under load

not to belin conformity, js therefore 5 %. A batch of 200 t has to be inspected for adceptance from the
Table 6 — Sequential sampling plans in the case of a guaranteed value limit (1)
for the mean and a known standard deviation"
Mean sample size Total
b , Au e A " weight
a o - . U 2)
/)5 =10% n(ug) nilug £ A | n (”G + ?) max of battch
1 2 3 4 5 6 7 8 9
ug £ 0,730 0 F 1540 + 1,98 ¢ 1,46 1,9 2,2 3,1 6 1
ug £ 0,600 0 ¥ 1880 +2410 1,20 2,8 3.3 4,5 8 10
ug £ 0,4650 F2420 + 310 0,93 4,6 5,5 7,5 13 100
ug +0,3%0 F 280 + 3710 0,78 6,6 7.8 10,7 18 200
ug £ 03450 F 3260 + 4190 0,69 8,4 10,0 13,7 23 300
ug £0,3100 F 3630 + 4,66 ¢ 0,62 10,4 12,4 16,9 29 400
ug + 0,290 ¥ 3,880 + 498 ¢ 0,58 11,9 14,1 19,3 33 500

1) If the high values are unfavourable, the upper signs in columns 1 to 3 must be adopted. If the low values are unfavourable, the lower signs must be
adopted.
2) This column is only given as a guide.

1
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point of view of “refractoriness under load’’; a guaranteed
value for the mean ., = 1670 °C has been agreed upon; the

Table 7 — Development of sequential sampling plan

standard deviation is known and its value is ¢ = 15 °C. x. = b Decision
i X; " i oa) | Sn (a = 43,4;
From the given data the sampling plans in chapter 5.3 must be B r = - 55,6)
used. 1 1670 6 6
2 1680 16 22
It is desired to make use of a sequential sampling plan (see 3 1660 - 4 18
5.3.3) and the following values are therefore calculated, using 4 1670 6 24 || Continue since
table 6 : 5 1670 6 30 §s<S§,<ua
6 1660 - 4 26
b =g - 03900 = 1670 — (0,390 x 15) = 1664 7 o 16 42
9 1680 16 54 Decla|re to be in
u=280 =08 x15 =434 confofmity since
S, > a
r=-37c|= - 371 x 16 = — 55,6
Furthermore, it is found that, according to table 6, colulmn 8,
the sequential plgn may be interrupted after the testing of After testing n = 9 items, the deeision to declare thg batch to
Roax = 18 items. be in conformity is obtained.
The course of deveglopment of the sequential plan is indicated in The process which results in the decision may also be
table 7. illustrated by the diagram in figure 3.
SII
60 —
50 in conformity /
a
40 —
30 —
20 —]
10
0 1 T T T T T T T T 0
1 2 3 4 6 7 8 9 10
-l
- 20 —
— 30 —
— 40 —
- 50 —
r
- 60 — not in conformity

Figure 3 — Procedure for decision on conformity

12
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5.3.3.6.2 Example of a test for thermal expansion at
1400 °C

A 200 t batch is to be inspected for acceptance in respect of
“"thermal expansion at 1400 °C"; a guaranteed mean value
ug = 1,30 % has been agreed upon; the standard deviation is
known and has a value ¢ = 0,05 %.

From the given data it is necessary to use the sampling plans in
5.3.

It is desired to use a sequential sampling plan (see 5.3.3) and

1SO 5022-1979 (E)

5.4 Single sampling plans with a fixed unilateral
limit for individual values and a known standard
deviation

5.4.1 Field of application

The single sampling plans given in this sub-clause shall be used
when the producer and the consumer have agreed on a limit
(an upper limit T or lower limit T}), depending on the property
tested, on individual values and when it can be said that the
standard deviation ¢ is known.

the following values are therefore calculated, using table 6 :
b = u, - 03%0¢ =130 + (0,390 x 0,05) = 1,32
¢« = —-28a¢=-28 x005= -0,145
r =370 =371 x 0,05 = 0,186
Furthermord, it is found that, according to table 6, column 8,

the sequenfial plan may be interrupted after the testing of
N = 18 ifems.

ma

The course pf development of the sequential plan is illustrated
in table 8.

Table 8 + Development of sequential sampling plan

X — b Decision
I X; ! S (@ = — 0,145;
! (b =1,32) n r = 0,186)
1 ,29 - 0,03 - 0,03
2 ,30 - 0,02 - 0,05
3 ,34 + 0,02 - 0,03
4 ,28 - 0,04 — 0,07 |¢Continue since
5 ,29 - 0,03 - 0,10 a<$§, <r
6 ,32 0 - 0,10
7 31 - 0,01 - 011
8 ,28 - 0,04 —10,15 | Declare to be in
conformity since
S, <a

After testing n = 8 items the decision to declare the batch to
be in confofmity is obtaified:

Table 9 — Single sampling plans with a fixed unilateral limit
for the individual values and a known standard deviation

5.4.2 Characteristic parameters
A single sampling plan is characterised by the sample size n and

the acceptance factor K; these parameters shgll be taken from
table 9 according to the-AQL agreed upon. :

5.4.3 Treatment of the sample and decisign on the batch
The (tests yield n individual values. The arithietic mean x of

these values is calculated first, and then the quplity index of the
sample :

or

Rules governing the decision :
— If Q > K, the batch is declared to be(in conformity;

— If @ < K, the batch is declared to be npt in conformity.

1

Sample AQL = 15% | AQL =25% | AQL = 40% | AQL = 65% | 'otal mass
size 0 o T o of batch?)
n t
K | o | K | % | £ 1w | £ | %
1 2 3 4 5 6 7 8 9 10
4 135 | 239 | 1,14 | 309 | 093 | 386 | 069 | 480 1
6 150 | 16,4 | 1,29 | 222 | 1,08 | 289 | 084 | 376 10
10 165 | 107 | 1,44 | 150 | 1,23 | 205 | 099 | 27,9 100
14 173 | 82 | 152 | 119 | 1,31 | 166 | 1,07 | 234 200
18 1,78 | 69 | 1,57 | 102 | 1,36 | 145 | 1,13 | 204 300
2 182 | 61 | 161 | 90 | 1,40 | 129 | 1,16 | 187 400
26 185 | 55 | 164 | 82 | 1,43 | 11,9 | 119 | 174 500

1) This table is suitable for unit masses which are limited to 35 kg. In the case of unit masses in excess of 35 kg,
the sample size is to be agreed upon by the contracting parties.

2) This column is only given as a guide.

13
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5.4.4 Producer’s and consumer’s risks

The values for K given in table 9 are based on a producer’s risk
of @ = 5 %; the probability of a batch, in which the proportion
of defective items equals AQL, being accidentally declared not
to be in conformity, is therefore 5 %.

For each AQL, table 9 contains a column giving the values of
LQ for a producer’s risk 8 = 10 %; the probability of accep-
tance of a batch in which the proportion of defective items is
equal to the LQ value given in the table, is therefore 10 %.

— the consumer runs arisk 8 = 10 % of having a batch in
which 16,6 % of the items have an apparent density lower
than 2,98 g/cm3, erroneously declared to be in conformity.

5.5 Single sampling plans in the case of a
guaranteed value for the mean and an unknown
standard deviation'

5.5.1 Field of application

The operating cfiaracteristic curves of the single plans dealt

The single sampling plans given in this sub-clause shall be used

with in table 9 are given in figures 4 (AQL = 1,5 %),

5(AQL = 2,569

), 6 (AQL = 4 %) and 7 (AQL = 6,5 %).

when the producer and consumer have reached ag

reement on

a guaranteed value for the mean and whenit cahnot be ac-
cepted that the standard deviation of thé property is known,
but when it may be estimated by the standard devialtion s of the
sample.

5.45 Example

A 200 t batch is fo be inspected for acceptance with respect to
"‘apparent densify’’.

5.56.2 Characteristic parameters
It has been agrded to set a limit T, = 2,98 g/cm?3 on the in-
dividual values ahd to choose an AQL = 4 %. A single sampling plan{of this kind is characterised py the sam-
ple size 1 and the-acceptance factor K pres these parameters are
The standard deyiation is known and is equal to 0,04 g/cm3. given in table 4 imcolumns 4 and 2 respectively.
On the basis of these, it is necessary to use the sampling plans
of section 5.4. 5.5.3 «Treatment of the sample and decision on the batch
The sample size|n = 14 and the acceptance factor K = 1,31

The tests yield n individual values, of which the mean X and the
are taken from table 9.

standard deviation s are calculated.

A mean value x| = 3,04 g/cm3 results from the tests. Hence

e Rule governing decision if the high values are unfayourable :
the quality index|:

— calculate Ug + Kpge s

x - T 3,04 — 2,98
Q= g B 0,04 =15 — if X < ug + Kpge s, the batch is in conformity;
Since Q = 1,5 » K = 1,31, it is decided that_the batch is in — ifx > Ug + Kpge s, the batch is not in corjformity.
conformity.

Rule governing decision if the low values are unfavpurable :
The sampling plgn used gives the following guarantees :

— calculate ug — Kpge S:
— for the pfoducer, the risk of having a batch in which
4,0 % of the| items hayesan apparent density lower than
2,98 g/cm3, Heing erroheously declared not to be in confor-
mity, is equal|to 5, %>

— ifX > ug — Kpge s, the batch is in conforrity;

— ifX < ug — Kpgg s, the batch is not in corfformity.

1) Theoretically, the probability of acceptance depends solely on the ratio A 1/ in which A u is the difference between the true mean u of the batch
and the guaranteed mean ug and ¢ is the true standard deviation of the particular batch which is subjected to sampling. In other words, two batches 1
and 2 having different standard deviations g1 and g, and differing from UG by Auq and Auy respectively but such that :

Auy  Aupy

4] ]

will have exactly the same probability of being accepted. This is the reason why the operating characteristic curves show the probability of acceptance
as a function of (Au/a). Consequently the value of Au for which the probability of acceptance is £ can be calculated only if o is known.

The use of the sample standard deviation s in place of the true standard deviation o will yield approximate results which may be interpreted by
means of table 11 (column 2) showing the relationship of s to ¢ at the confidence level of 95 %.

The operating characteristic curves of figure 2 illustrated in section 5.3 are approximately valid for the corresponding sampling plans of this sub-clause
when n is replaced by n + 2.

It must be remembered, however, when using these curves that, in the ratio Au/a, g is the true standard deviation for the batch being inspected,
which, by definition, is unknown (and only estimated) in the present context.

14
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5.56.4 Producer’s and consumer’s risks

The values for K given in table 4 are based on a producer’s
risk @ = 5 % that a batch, with true mean value u equal to the
guaranteed mean ug, will be rejected by chance.

The consumer’s risk B corresponds to the probability of a
batch, whose true mean u differs by Au from the guaranteed
mean ug, will be declared to be in conformity. The value of Au
which corresponds to f# = 10 % is obtained by multiplying the
Au \ of column 3 in table 4 by the true value of
O /p— 100

factor

ISO 5022-1979 (E)

5.6.2 Characteristic parameters
A single sampling plan is characterised by the sample size n and

the acceptance factor K; these parameters shall be obtained
from table 10 according to the AQL agreed upon.

5.6.3 Treatment of the sample and decision on the batch

The tests yield n individual values, of which the arithmetic
mean x and the standard deviation s are first calculated. The

o for the b4 {ch (that is unknown).

5.5.56 Exafnple

A 200 t bat¢h is to be inspected for acceptance with respect to
"‘apparent density”’; a value ug = 3,03 g/cm3 has been agreed
upon.

The standald deviation ¢ being unknown, the sampling plans
of section 4.5 must be used.

Table 4 indicates a sample size n = 16 and an acceptance fac-
tor Kpge =|0.44.

The tests made on the sample give an arithmetic means
X = 3,02 gfcm3 and a standard deviation s = 0,035 g/cm®.

This gives #5 — Kpgg s = 3,03 — 0,44 x 0,035 = 3,015:

Since x = 8,02 (3,02 > ug — Kpge s) the batch is_ declared to
be in confofmity.

The sampli]vg plan used gives the following.values :

— for the producer, the risk of having/a batch in which the
true me@n would be 3,03, accidentally declared not to be in
conforniity, is equal to 5 %;

— theonsumer runsayisk 8 = 10 % of having a batch in
which |the true tmean would be approximately
3,03 — 0,78 x 0,035'= 3,00 g/cm3, accidentally declared
to be in[conformity.

guatity imdex of thesampte s therrcatcutated ]

T - ¥

=

or

Q= ——

Rule governing.the decision :
If QO = K; the batch is declared to be in cpnformity;

1f5Q"< K, the batch is declared to be notfin conformity.

5.6.4 Producer’s and consumer’s risks

The AQL and LQ values in table 10 are the §ame as those in
table 9.

The producer’s risk that corresponds to eac AQL is approx-
imately equal to 5 %. The consumer’s risk which corresponds
to each LQ is approximately equal to 10 %. This approximation
is sufficient for practical purposes but it becomes less satisfac-
tory when the sample size is less than 15. The gampling plans of
this sub-clause are therefore practically equivglent to those of
5.4 with respect to their operating characterigtic curves when
they have the same AQL and same LQ.

5.6.5 Example

At 200 t batch is to be inspected for acceptafce in respect of

5.6 Single sampling plans with fixed unilateral
limit for individual values and an unknown
standard deviation

5.6.1 Field of application

The single sampling plans given in this sub-clause shall be used
when the producer and consumer have agreed on a unilateral
limit value (an upper limit T, or a lower limit T, depending on
the property being tested) for individual values and the stan-
dard deviation cannot be regarded as being known but can be
estimated from the sample.

porosity . AR _upper timit _for the—irdividual values of
T, = 20,7 %, and an AQL = 4 % have been agreed upon.
Since the standard deviation ¢ is unknown, it is necessary to
use the sampling plans of 5.6. The sample size n = 26 and the
acceptance factor K = 1,31 are obtained from table 10.

The tests on the sample give an arithmetic mean x = 19,0 %
and a standard deviation s = 0,9 %. The quality index is ob-
tained from these values :

- _27-10
Q= s 0,9 o

Since Q = 1,89 > K = 1,31, the result is a decision to
declare the batch to be in conformity.
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The sampling plan used gives the following guarantees :

. — to the producer, that there exists a risk of 5 % that a
batch containing 4 % of units with porosity in excess of

20,7 % will be declared not to be in conformity;

— to the consumer, that there exists a risk § = 10 % that
a batch containing 16,6 % of units with porosity in excess

of 20,7 % will be declared to be in conformity.

6 Report on sampling

b) number and reference-marking of the batches; "
c) date and place of sampling;
d) name of sampler;

e) number and identification of the samples intended for
destructive tests, with: an indication of the formats;

f) -sampling plan;

The report on salnpling shall contain the following informa-

tion :

a) names of producer and consumer;

Table 10 - Singlel sampling plans with a unilateral limit fixed for the individual values and‘an‘'unknown standard deviation

g) values indicated by the supplier for the(stgtistical in-
spection (both for non-destructive and destructiye tests);

h) all the results obtained from the-non-destrudtive tests.

1

AQL = 16 % AQL = 25% AQL = 4,0% AQL = 6,5 %
i i . Total mass
Sar.nple | La Sar.nple Sar'nple , Sar.nple . b batch?)
size K size K LQ size A LQ size K LQ
en % t
n n n n
1 y 3 4 5 6 7 8 9 10 1 12 13
8 1,85 239 7 1,14 30,9 6 0,93 38,6 5 0,69 48,0 1
13 1, 16,4 " 1,29 22,2 9 1,08 28,9 8 0,84 37,6 10
24 1,65 10,7 20 1,44 15,0 18 1,23 20,5 14 0,99 279 100
35 1,73 8,2 30 1,62 11,9 26 1,31 16,6 22 1,07 23,4 200
47 1,78 6,9 40 , 1,57 10,2 35 1,36 14,5 29 1,13 20,4 300
58 1,82 6,1 51 1,61 9,0 44 1,40 12,9 37 1,16 18,7 400
70 1,85 5,5 61 1,64 8,2 53 1,43 11,9 44 1,19 17,4 500

1) The table is suhLbIe for unit masses limited to 35 kg. In the case of unit masses greater than 35 kg, the sample mass is to be agreed{upon by the

contracting parties

2) This column is given only as a guide.
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Annex A

Determination of the arithmetic mean
and standard deviation of a production

From time to time, the manufacturer shall determine the
arithmetic mean u and the standard deviation ¢ of his produc-
tion, in respect of all the major characteristic properties.

The values Of f, _ 1.1 _ warr Xon — 1; sz Xin — 1; as2r K
and K, may be found for example in ([2], [29], [36], [37], [42]).

The determjnations shall be carried out with a frequency such
that variatigns in u and ¢ are known as quickly as possible. For
the purposg of fixing the intervals in time between successive
determinatipns, the following must be taken into account :

a) charjges in raw materials;

b) preparation;

c) the Jnethod of casting;
d) varigtions in firing conditions.

It is recommended that the intervals should not exceed
1 month.

The arithmetic means X and the standard deviation s are

The confidence intervals of u and ¢ are giver| in table 11 for a
confidence level of 95 % and for a few.valueg of n.

The greater the sample size n, the-iarrower is the confidence
interval, i.e., the more precise is'the’knowledge of 4 and a.

It is therefore necessary to-weigh the cost of [the tests against
the precision desired, for'the purpose of chopsing the sample
size n : it ought not to\be lower than n = 25

Determination 6f the confidence interval of(u and o is also
recommended in the case of quality characteristics of pieces for
which na aeceptance tests is carried out on drounds of cost.

Table 11 — Confidence interval of|y and ¢
for different sample sizes 7

calculated from the n measurement results obtained from the . . Corjfidence interval
Sample Confidence interval
tests. . of the standard
size of the mean deviati
) deviation
With X and[s, the confidence interval of the population imean is n =95 % =95 %
obtained, on the level 1 — o : 2 X-89s<u<x+899s(0446s < o <3191s
5 X—-12s < u<x+ 1,24s0,§£s<a,< 2,87s
_ s _ s = =
x_t(n—1-1—a/2) <ﬂ<x+[("-1'“a/2) 10 X—-072s<u<x+072s|0, s< o< 183s
' n ' NG 15 X-055s<u<X+055[0732s<o< 158s
20 X—-047s<u<x+0475(0760s < 0 < 1,465
and the confidence interval for the standard deviation g of the 25 ¥-041s<u<x+041s078)s< o< 139s
population Js obtained by : 30 ¥-037s<u<X+0375/079%s < o< 134s
40 ¥X-032s<u<x+032s5(0819s <0< 128s
sK, < ¢ < 5K, 50 ¥-028s<u<¥x+028508Fs<o< 1,25s
where
no— 1
K, = \
2
Kin - 1,1 - al2)
n -1
K, = -
Xin - 1; @/2)
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