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Shaped refractory products — Sampling and acceptance

testing

1 Scope and field of application

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

The methods described below make it possible to carry out an
 acceptance test based on an assessment of the extent to which
the specifications have beenh observed, but do not make it
possible to determine whether the accepted consignment is
suitable for a given application or to compare different qualities
of parts for this same purpose, :

This International Standard applies to products manufactured
~ from refractory materials.

It may be applied 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 arder to permit the applica-
tion of the methods described.

It is also possible 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 Statistical terminology and symbols

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).

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

2.6 extreme values :

Xy - largest observed value in a sample;

Xin - SMallest observed value in a sample,

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

H

1
+ XH) = ;2 x'-

i =1

X = (x1+X2-|-...

1
n

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

2.8 standard deviation: The standard deviation is the
guantity most commonly used in statistics to characterize
dispersion. It is the square root of the variance.

The standard deviation of the sample is given by the formula ;

fi
— 1 | 2

i =1

The standard deviation of the population is designated by the
symbol g,

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 formuiae

(see [2]).

2.9 confidence interval : When it is possible to define two
functions T' and T, of the values observed such that, when fis
a population parameter to be estimated, the probability

PIT‘]‘\:.HQTz]:‘I“_a'

where 1 — ¢ is a fixed number which is positive and less than
1, the interval between T, and T, is a confidence invervat for 6.
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The limits 7, 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 @ will be approximately equal to 1 — ¢.

2.10 confidence level : The value 1 — ¢ of the probability
associated with a confidence interval.

2.11 statistical tolerance interval : An interval for which it
can be stated with a given level of confidence that it contains at
least a specified proportion of the population,

When both limits are defined by statistics, the interval is two-
sided. When one of the two limits is not finite or consists of the
absolute boundary of the variable, the interval is one-sided.

2.12 inspection by attributes : A method which consists in
taking note, for every item of a population or of a sample taken
from this population, of the presence or absence of a certain
qualitative characteristic {attribute) and in counting how many
items have or do not have this characteristic.

The characteristics inspected by attribute are, for example,
_ cracks or other defects which are visible-on the outside, or else
defects which are revealed on sawing or by a sonic test.

2.13 inspection by variables : A method which consists in
measuring a quantitative characteristic for each item of a
population or of a sample taken from this population,

The measurable characteristics are, for example, the results of
dimensional measurements, of chemical anhalysis or of physical
tests.

2.14 single sampling : A type of sampling which consists of
taking only one sample per batch,

2.16 sequential sampling : A type of sampling which con-
sists in taking successive items, or sometimes successive
groups of items, but without fixing their number in advance,
the decision to accept or reject the batch being taken, as soon
as the results permit it according to rules laid dawn in advance,

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

It is the probability # of accepting a batch when the proportion
of defective units is equal to the limiting quality LQ {or when its

mean value equals y; + Auoru; — Au).

2.20 operating characteristic curve (OC) : A curve show-
ing, for a given sampling plan, the probability of acceptance of

- a batch as a function of its actual quality.

3 General considerations and preliminary
conditions for sampling

3.1 Subdivision of consignments into batches

Consignments which correspond to a large tonnage shall be
subdivided into batches of 100 to 500 t made up in accordance
with the objectives which are being aimed at. These batches
shall be sampled and subjected to tests separately and they
may be accepted separately.

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

Moreover, a consignment shall also be subdivided into 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 investigated.

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

— category 1 : items up to 15 kg;
— category 2 : items ranging from 15 to 35 kg;
— category 3 : items in excess of 3b 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




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
first plan used.

3.2 Properties inspected

3.2.1 Specifications relating to the properties inspected

For each of the batches made up as indicated above, each of
the properties inspected by attributes is characterised by a pro-
portion of defective units in the batch, and each of the
measurable properties is characterised by a mean value and by
a standard deviation.

Statistical control of a production in respect of its quality shows
that, over a period of time, the mean_value {(u) of a property
undergoes fluctuations which are due to inevitable variations in
‘the raw materials, their preparation and the methods of casting
and firing. The standard deviation (g), on the other hand,
generally varies less. |

When the specifications are drawn up, a mean value yu 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 z; or else greater than
or equal to u.

‘The delivery contract must therefore specify, for each class of
product ;

— the properties on the basis of which acceptance or re-
jection of batches will be decided;

— for each of these properties, the specification which will
be employed.

This specification may assume various forms. [t may consist of
fixing down :

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

— in the case of sampling by variables :

— a guaranteed value (u;} for the mean. The cor-
responding sampling plans are dealt with in 5.3 and 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.
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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-
mity decision,

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,

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

The nature and number of the characteristic properties in-
spected depend upon the nature of the consignment, its in-
tended use, all the risks which the producer and consumer
agree to incur, and the expense which they agree 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 conformity with the
requirements : the probability of acceptance of 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 use, is characteris-
ed by two points : one corresponds to the producer’s risk ¢ and
the other to the consumer’s risk 3.

if the inspection deals with a single property, the sampling
plans described below are such that :

— the producer’s risk (¢}, which is associated with the ac-
ceptable quality level (AQL) fixed by the requirement (or
which is associated with the guaranteed value u for the
mean) is always fixed, in the case of inspection by variables,
at a value which is equal to or very close t0 5 %. In the case
of inspection by attributes, this risk is variable (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 risk # = 10 % in
tables 3, 9 and 10 and can be found, for different values of
{5, from the graphs giving the operating characteristic
curves of the corresponding sampling plans {see figures 4,
b, 6 and 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

B va51903 ooaveaw o |
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involved in the various acceptance procedures are indepen-
dent, table 1 gives the resulting values of ¢ and # 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) LLQ associated with a constant value

of S,

This is shown in the example given in figure 1! (the points B,,
B,, B, all correspond to f = 10 %).

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

Furthermore, the properties of refractory products are not all
independent of one another, and the values indicated in table 1
are therefore maximum values (for the producer) or minimum
values (for the consumer),

They nevertheless lead to limitation of the number of properties
inspected : the number 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 wvariable are based on the

5022-77 § ve51903 oo3773s 3 |

theoretical hypothesis that the property measured is distributed
in the batch in accordance with the normal taw. 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.

Table 1 — Change in risks when the number
of independant properties inspected increases

Tofal produ.cer-'s- .Totai daﬁsum.éf"-s.
risk when the risk when the
Number of producer’s consumer’s
properties risk ¢ rises to risk [ rises to
b % for each 10 % for each
property property
j %
1 a1 = 5,00 f1=10%
2 ap = 9,75 fo=1% =10" 2
3 az = 14,26 p3 = 10— 3
4 og = 18,65 fs = 10— 4
5 ag = 22,62 b5 = 10~ 2
6 ag = 26,49 fs = 10— 6
7 a; = 30,17 f7 = 10" 7

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

— a known standard deviation (g);

-~ a one sided tolerance limit for individual values;
— an AQL of 4 %;

— a sample size of 10,

These curves are graphic representations of the following function ;

P=¢;[(U1_p—*K)‘\/H]

where

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

& is the distribution function of the standardized normal distribution:

{/; is the standardized deviation corresponding to a probability p;

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

K s the constant defined by the sampling plan used;

J is the number of properties subjected to inspection.

2) [t 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 sampling plan depends solely on the number

of sampled units, n, whatever the size, N, of the batch, provid-

ed that n/N is less than 10 %. Tables 3, 4, 6, 9 and 10 {or the
operating characteristic curves also given in this International
Standard) shall be used to determine, on the basis of the re-
quired efficiency, what the sample size should be,

if experience shows that the quality of the manufacturer’s pro-
duction corresponds to the agreements, it is possible, when
batches of the same quality are frequently subjected to accep-
tance procedures, either to choose a plan with lower efficiency
which implies the use of a smaller sample size or to reduce the
number of batches inspected while retaining a plan having the
same efficiency. The same applies when statistical quality con-
trol charts are available (see 3.5).

Similarly, if it is desired to reduce the proportion of defective
units associated with a given consumer’s risk value, it is
necessary to choose a sampling plan with higher efficiency
which implies the use of a iarger sample size.

The sample size, n, indicated in the tables corresponds to that
number of results relating to one of the properties inspected,
which must be available in order to decide whether the batch is
in conformity as regards the said property.

Each method of test must define what constitutes a result.
Thus according to 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 occasion, or by a value which is deduced from
the values obtained by repeating the test one or more times
under the conditions prescribed by the method. Each of the n
“results’” must be obtained from a different item.

It is therefore necessary to calculate, from the sample size cor-
responding to each of the properties which will be inspected,
the number of items which will have to be selected while taking
into account

— 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

e
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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.

3.5 Use of statistical control charts

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

It is therefore expedient that the pattern of the conirol chart
used should be selected in such 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 is given in
annex D.

Control charts can be used for controlling the mean value, the
standard deviation, the tolerance or the percentage of defective

units.,

A further advantage of regular use of control chart is 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 appearance

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

it therefore specifically states the defects, such as cracks,
blemishes, deformations, firing defects, etc., which will be
taken into consideration.

The acceptable proportion of defective items {AQL) is also fixed
by agreement between the two parties. This proportion may
often be fixed at 4 % in the case of ordinary bricks and mass-
produced items, and at 1,5 % for items having complicated
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 y of defective pieces in the sample having a size #
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 b0O items

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

The process is described in table 2.

In the case of batch 2, for example, the sampling plan used
provides the following guarantees {see table 3 — AQL : 1,6 %
— line 3) :

—  for the producer, the risk of having a batch comprising
1,66 % of defective pieces erroneously declared not to be in
conformity, is equal to b %:

— for the consumer, the risk of having a batch which con-
tains 10,3 % of defective pieces erroneously declared to be
in conformity, is equal to 10 %.

Table 2 — Inspection process

B 251903 0037738 9 || 10 50221979 (B

Batch | 1 2 3
Batch size, N 12 000 500 7 500
Values drawn from table 3 for
AQL = 1,0 %
Sample size, n 315 50 200
Acceptance number, ¢ 10 Vi 7
Number y of defective
pieces found 8 2 8
Decision In In Not in

conformitylconformity jconformity

4.2 Inspection of dimensions

The dimensions may be inspected by attributes (i.e., in accor-
dance with 4.1) or by variables {see [18]); the methods involv-
ing inspection by variables described in clause 5 may not be
used for inspection of dimensions, because in this case a lower
limit and an upper limit are generalily prescribed, The sampling
plans required for inspection by variables are not given in the
present document but they may be published later in a second
edition of this International Standard.

The single sampling plans necessary for inspection by at-
tributes may be taken from {SO 2859 [40] or from table 3.

Table 3 — Single sampling plans for sampling by attributes in normal inspection

(1) T (2 (3) @ |

(5)
Probability of acceptance, P
AOL N n c | o099 0,95 0.90 0,50 0,10 0,05 0,01 |
% : p % defective units in the lot |
2 to % | Nor 8 o | 013 0,64 1,3 8,30 25,0 31,2 43,8
ofto 280 32 1 0,48 1,13 1,67 5,19 11,6 14,0 19,0
281to 500 50 , 0,89 1.66 2.23 5,31 10,3 12,1 15,9
501 to 1200 80 3 1,05 1,73 2,20 4,67 8.16 9,39 12.0
1,5 1201 to 3200 125 5 1,43 2.09 9,52 4,54 7,42 8,41 10,5
3201 to 10 000 200 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 2,71 3,62 3,78 4,29
2 to 2% | Nor 3 0 0,33 1,70 3 45 20,6 53,6 63,2 75.4
2 to 90 13 1 1,19 2 81 4,16 12.6 26,8 31,6 41,5
91to 150 20 2 2,25 422 5,64 13,1 24.5 28,3 5,6
151 to 280 32 3 2.63 4,39 5,56 11.4 19,7 22.5 28.0
40 281 to 500 50 5 3,66 5.34 6,42 11,3 17.8 19,9 24,3
501 to 1 200 80 7 3,72 5,06 5,91 9,55 14,2 15,8 18,9
1201 to 3200 125 10 3,82 4,94 5,62 8,53 12,3 13.6 16,1
3201 to 10000 200 14 3,74 4,62 5.15 7.33 10,1 10,9 12,7
Over 10 000 315 21 3,99 4,73 5.16 6,88 8,95 9,60 10,9
2 to 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 40,6 471 58,9
51 to %0 |- 13 2 3,63 6,63 8,80 20,0 36,0 41,0 50,6
91to 150 20 3 4,31 713 9,03 18,1 0,4 34,4 42,0
6,5 151 to 280 32 5 5 94 8,50 10,20 17.5 27.1 30,1 35,9
281to 500 50 7 6,06 8,20 9.53 15,2 22 4 24,7 -
501 to 1 200 80 10 6,13 7 91 8.95 13.3 18.6 20,3 23,6
120Tto 3200 125 14 5,08 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 14,1 15,1 17.2

Extracted from [40] for “Inspection Level |I"'; the sampling plans coincide with those m {171, 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

- b.1 Introduction

The properties which are revealed by destructive tests are in-
spected by variables.

The statistical methods of inspection by variables described in
5.4, 5,5 and 5.6 presuppose that the property measured is
distributed in the batch according to a law which is close to the
normal law (see 3.2.2, last paragraph).

Sub-clauses 5.3 and 5.5 apply to the case in which the delivery
contract has specified a guaranteed value (u;) for the mean
value of the property measured. |

Sub-clauses 6.4 and 5.6 apply to the case when one limit (7 or
T;) has been set to individual values : an item is regarded as
satisfactory with reference to the inspected property if the
value for this item is less than T (or greater than T3); if not it is
regarded as defective with reference to the property measured.

The methods described in 5.3 and 5.4 may be used when the
parties concerned agreed upon the assumption that the stan-
dard deviation ¢ of the measured property is known. This stan-
dard deviation must be estimated from larger samples than
those envisaged in this clause (see annex A}, The constancy of
the standard deviation shall be checked at regular intervals, by
means of a statistical test (see, for example, [2]).

b.2 Test sharing

By agreement between the interested parties the n units of the
sample may be shared between the producer and the consumer
{or, if applicable, a neutral agency) 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
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.

W o e T N e R a
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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 shali 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.

b.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 Kpoc; these parameters will be taken
from table 4, columns 1 and 2,

6.3.2.2 Treatment of the sample and decision on the batch

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

Rule governing decision, if the high values are unfavourable :
— calculate y; + Kpge 0;
— ifx < ug + Kppg o, the batch is in conformity;
— ifx > ug + Kpge 0, the batch is not in conformity.
Rule governing decision, if the low values are unfavourable :
— calculate y; — Kpge 0;
— ifx > ug — Kpgge 0, the batch is in conformity;

— it X < us — Kppg g, the batch is not in  conformity.

5.3.2.3 Producer’'s and consumer’s risks

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

The consumer’s risk # is the probability that a batch with true

population mean u differing by Au from the guaranteed value

U will be accepted. The value of Au which corresponds to a

risk £ = 10 % is obtained by multiplying by ¢ the value of
Au

(——) taken from column 3 of table 4.
G/ p=10%

g ~ A +<Aﬂ> o
=10% — Hg *
4 » O /p=10%

The + sigh being used if high values of the measured
characteristic are undesirable,

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
g = 230 kgF/cm? 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
used, It is desired to use a single sampling plan (56.3.2). The
sample size n = 14 and acceptance factor Ky = 0,44 are
obtained from table 4.

The mean of the results of the 14 tests is ¥ = 190 kgF/cm?.

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

Since X < ug — Kpgp o (190 < 199) a decision of non-
conformity is arrived at.

The sampling plan used provides the following guarantees :

— for the producer, the risk of having a batch, the true
mean of which would be 230 kgF/cm?, declared not to be in
conformity, is equal to 5 %;

— the consumer runs a risk § = 10 % of having a batch,
the true mean of which would be

Ug — (%—) x o =230 — 0,78 x 70 = 175,4 kgF/cm?,

erroneously declared to be in conformity.

B 251903 ooavreo 2 [
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5.3.3 Sequential sampling plans

5.3.3.1 General remarks

Where as the sample size #n 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 :

e

declare conformity;

declare non-conformity;

— continue the tests.

The number of tests to be carried out for deciding upon confor-
mity or non-conformity is therefore dependent upon the results
already obtained but is in general lower than the number of
tests imposed by a single sampling plan having the same effi-
ciency. Sequential sampling plans are therefore generally ad-
vantageous in the case of costly tests, the results of which are
rapidly obtained.

Either the items will be taken from the batch one after another
until a decision on the fate of the batch intervenes, or else the
number of items corresponding to the value .. (table 6, col-
umn 8) will be taken in one aperation from the batch and these
items will be successively subjected to the tests in an order
which is random but is determined at the moment at which the
sample is taken.

5.3.3.2 Characteristic parameters

A sequential sampling plan is characterised by the parameters
b, a and r which are taken from table 6, columns 1 to 3.

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

Standard Standard Tot I-
deviation ¢| g deviation o '
known fonE Au unknown | M9
g e i of batch
Sample |2 =5% p=10%] sSample t
size, n size, n
1 2 3 4 5
4 0,82 1,46 I 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
22 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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h.3.3.3 Execution of tests and decision on batch

Let 7 be the number of tests already carried out. After each ad-
ditional test, the following summation is calculated from the »
results x; already obtained :

S, =i (x; — b)

I =1

The rules governing the decision are summarized in the follow-
ing synoptic table :

The sampling plan may be interrupted, for n = n__  (table 6,
column 8), by applying the decisions indicated in the lower half
of table 5.

Table 5 — Conformity decisions

High Low
values values
unfavourable unfavourable
Declare the batch to be in
conformity if : Sn £ a SH > a
Declare the batch to be not
in conformity if : S, > r S, <t
Continue the tests if : a < SH <r r < S" < |
Stop the tests for :
n = nmax
and declare the batch to be
in conformity if : Sy max < 0 S, max = 0
Stop the tests for
H = Ryax
and declare the batch to be
not in conformity if : S, max > O S, max < 0

5.3.3.4 Producer’'s and consumer’s risks

The values given in table 6 are based on a producer risk
a = 5 %; the probability of a batch, the mean u of which is
equal to the guaranteed value y., being erroneously declared
not to be in conformity, is therefore 5 %.

B us51903 o377y o | §
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" 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 muitiplying by o the value

'. (9—&) _ obtained from column 4 in table 6,
=1 %

g
j.e.:

Au
Hp _ 109 = Hg T ) X0
g <°” g =10%

The efficiency curves of the sequential sampling plans given in
this sub-clause are practically the same as those of the cor-
responding plans in-5.3.2 (see figure 2).

5.3.3.6 Mean sample size

The mean sample size may be found in columns 5 to 7 of

. 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-
conformity; this number depends upon the true value of the

mean 4 :

column b relates to batches, the mean u of which is
equal to the guaranteed mean u;

column 6 relates to batches, the mean value i of which
deviates by Au from the guaranteed mean u. (these bat-
ches therefore have only a 10 % probability of being ac-
cepted):

column 7 relates to batches, the mean value of which
deviates by Au/2 from the guaranteed mean y (the mean
sample size reached here has almost its maximum value).

5.3.3.6 Examples

5.3.3.6.1 Example of a test for refractoriness under load

A batch of 200 t has to be inspected for acceptance from the

Table 6 — Sequential sampling plans in the case of a guaranteed value limit {u)
for the mean and a known standard deviation

' Mean sample size | Total
b a y Ap AL n weight
2K B ] - 2)
a g =1 % n (.UG) i (HG + Au) n (ﬂG + _'zg) max of bitCh
: 2 3 4 5 6 7 8 9
U £0,7300| == 154a + 1,98 0 1,46 1,9 2,2 3,1 6 1
ue £ 0,6000| F1,8a + 2,41 ¢ 1,20 2,8 3,3 4,5 8 10
Uc £ 04650 | F2482¢ + 3,110 0,93 4,6 5,5 7,5 13 100
ne £0,3%0| +28a +37 ¢ 0,78 6,6 7.8 10,7 18 200
ug £ 0,3850| *326a + 4,190 0,69 8,4 10,0 13,7 23 300
Ue £0,3100] ¥363¢a + 4,66 ¢ 0,62 10,4 12,4 16,9 29 400
Hz+0,29%c¢]| +388¢ + 4,98 g 0,58 E: 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.
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point of view of “refractoriness under load'’; a guaranteed
value for the mean u, = 1670 °C has been agreed upon; the
standard deviation is known and its value is ¢ = 156 °C.,

From the given data the sampling plans in chapter 5.3 must be
used.

it is desited to make use of a sequential sampling plan (see
5.3.3) and the following values are therefore calculated, using

table 6 :
h=pus —-0300c=1670 — (0,390 x 15) = 1664
« =280 =283 x 156 =434
r= ~-37tg= —-371 x 16 = — 55,6

Furthermors, it is found that, according to table 6, colulmn 8,
the sequential plan may be interrupted after the testing of

Hnax = 18 items.

The course of development of the sequential plan is indicated in
table 7.

"

50 in conformity

so22-73  [Juasia03 oogeeuz 2 [

Table 7 — Development of sequential sampling plan

o = b Decision
I X; { S (@ = 43,4;
’ (b =1664) | " 1 .~ _ 556
1 1670 6 6
2 1 680 16 22
3 1 660 - 4 18
4 1 670 6 24 Continue since
5 1 670 6 30 5 < S" <
6 1 660 - 4 26
7 1 680 16 42
8 1 660 - 4 38
9 1 680 16 54 | Declare to be in
conformity since
S, > u

After testing n = 9 items, the decision to declare the batch to
be in conformity is obtained.

The process which results in the decision may also be
illustrated by the diagram in figure 3.

30
20

10

- 10

- 20

~ 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
1 400 °C

A 200 t batch is to be inspected for acceptance in respect of
““thermal expansion at 1400 °C’’; a guaranteed mean value
i = 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
the following values are therefore calculated, using table 6 :

b= pu; + 0390 =130 + (0,390 x 0,05) = 1,32

¢l - 2890 = - 289 x 0,06 = — 0,145

r =370 =371 x 0,06 = 0,186

Furthermore, it is found that, according to table 6, column 8,
the sequential plan may be interrupted after the testing of
n_. = 18items,.

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

Table 8 — Development of sequential sampling plan

X, — b Decision
g X S (@ = — 0,145;
! (b = 1,32) n . = 0,186
1 1,29 — 0,03 — 0,03
2 1,30 — 0,02 — 0,05
3 1,34 + 0,02 — 0,03
4 1,28 — 0,04 — 0,07 |¢Continue since
5 1,29 - 0,03 — 0,10 jja <5, <r
6 1,32 0 — 0,10
7 1,31 — 0,01 — 0,11
8 1,28 — 0,04 — 0,15 | Declare to be in
conformity since
S, < a

- After testing n = 8 items the decision to declare the batch to
be in conformity is obtained.

B u551903 oo3veuy u
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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 7_ or lower limit 73}, depending on the property
tested, on individual values and when it can be said that the
standard deviation ¢ is known.

5.4.2 Characteristic parameters

A single sampling plan is characterised by the sample size n and
the acceptance factor K; these parameters shall be taken from
table 9 according to the AQL agreed upon,

5.4.3 Treatment of the sample énd decision on the batch

The tests yield n individual values. The arithmetic mean x of
these values is calculated first, and then the quality index of the
sample :

or

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

— If Q@ < K, the batch is declared t0 be not in conformity,

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

Sample AQL = 15% | AQL =25% | AQL =4,0% | AQL = 6,5% | Total mass
size 5 - v T T g of batch?2!
H . . 1
| K % K % K % A %
1 2 3 4 5 6 7 8 9 10
4 1,35 | 239 | 1,14 | 309 | 0,93 | 386 | 069 | 48,0 1 |
6 160 | 164 | 1,29 | 222 | 1,08 | 289 | 084 | 376 10
10 165 | 10,7 | 144 | 150 | 123 | 205 | 0,99 | 279 100
14 1,73 82 | 1,62 | 119 | 131 | 166 | 1.07 | 234 200
18 1,78 69 | 1,57 | 102 | 1,36 | 145 | 1,13 | 204 300
22 1,82 61 | 1,61 90 | 1,40 | 129 | 1,16 | 18,7 400
26 1,85 55 | 1,64 82 | 143 | 19 | 119 | 174 500

1) This table is suitable for unit masses which are limited to 35 kg. [n the case of unit masses in excess of 36 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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4.4 Producer’'s and consumer’s risks

The values for K given in table 9 are based on a producer’s risk
of ¢ = b %, 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 § = 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 operating characteristic curves of the single plans dealt

with in table 9 are given in figures4 (AQL = 1,5 %),
b (AQL = 2,6 %), 6 (AQL = 4 %) and 7 (AQL = 6,5 %).
545 Example

A 200 t batch is to be inspected for acceptance with respect to
““apparent density"’.

It has been agreed to set a limit T, = 2,98 g/cm?3 on the in-
dividual values and to choose an AQL = 4 %.

The standard deviation is known and is equal to 0,04 g/cm?.

On the basis of these, it is necessary to use the sampling plans
of section .4,

The sample size n = 14 and the acceptance factor K = 1,31
are taken from table 9.
A mean value X = 3,04 g/cm? results from the tests. Hence
the quality index :

x — T 3, 04 — 2,98

= - = = 1.6
Q G 0,04 1

SinceQ=156> K =1,31,1tis deC|ded that the batch is in
conformity,

The sampling plan used gives the following guarantees :

— for the producer, the risk of having a batch in which
4,0 % of the items have an apparent density lower than
2,98 g/cm?, being erroneously declared not to be in confor-
mity, is equal to b %.

5082-79

— the consumerrunsarisk § = 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 single sampling plans given in this sub-clause shall be used
when the producer and consumer have reached agreement on
a guaranteed value for the mean and when it cannot be ac-
cepted that the standard deviation of the property is known,
but when it may be estimated by the standard deviation s of the
sample.

5.5.2 Characteristic parameters
A single sampling plan of this kind is characterised by the sam-

ple size n and the acceptance factor Kppei these parameters are
given in table 4 in columns 4 ahd 2 respectively.

5.0.3 Treatment of the sample and decision on the batch

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

. Rule governing decision if the high values are unfavourable :

— calculate u; + Kope s

— if X < pg + Kppe s, the batch is in conformity;

— x> us + Kppe S, the batch is not in conformity.
Rule governing decision if the low values are unfavourable :

— calculate y; — Kpgpe Si
— X > U5 — Kpge 8, the batch is in conformity;

- it X < ug — Kpge 8, the batch is not in conformity.

N 4851903 oozeus & f

1) Theoretically, the probability of acceptance depends solely on the ratio A i/ o in which A i is the difference between the true mean u of the batch
and the guaranteed mean ug and o 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 &1 and g9 and differing from ug by Auq and Aus respectively but such that :

Apy  Aps

al—
Awr—vrrr-r—f s vt

0'1 0'2

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 ratic Au/a, o is the true standard deviation for the batch being inspected,
which, by definition, is unknown (and only estimated) in the present context.

14



"{uMmouUN UonEeIASP PJEPUELS UUM) D dwes pue TOY dwes Buiney QL ajgel u sueid Bundwes s|Buis buipuodsaiiod ayi 10} pijea Ajgreuixoadde aie saaind 8say| (|

ISO 5022-1979 (E)

|
I
!-
;
mﬁ
-

c0)

0 ((UOIBIASD plepuels UMOUW) pue sanjeA [BNPIAIPUL 10§ W] [ela)e]iun paxiy

b 04 G°L = TOV 40} ‘6 @jge1 jo suepd bujdwes ajbuis Jo saaiInd onsudloeleyod bunelad — p ainbiy

- |

_.)I

M

=

-

m

-

m Uo1Bq 83 Ul SWaY dAID3Sp JO abeiusdiad

ok % ST 0z Gl oL G 0

ol — 0

I
= - ¢'0

o

v _ i

_ _ o

E — v'0 3

= B R
=4
Q0
o
e
&
o
C}
AL
v

L P pan——
L L
- R -

«.
-

1K



- e—- -

5022-79

Tl e, -

1ISO 5022-1979 (E)

B 4851903 0o37747 T y

"(UAMOUWMUN UOIIBIASD PIBPUR)S YlMm) 7 awes pue OV awes buiaey gL 3|qer ul sueid Buyduwes aibuis Buipuodsaiiod ayy 10} plea Alprewixoidde ate saano asayl (1

((UOHBIASD plIEPUE)S UMOUS| pue SaNjeA |enplAlpul 103 Jwi| [ei3deflun paxi)
‘ % G'C = TOV ue 104 ‘g 9jqe] Jo suejd buidwes 3|buls 40 saAInd diIsaloRIRYD BuneladQ — g ainbiy

yo1eq 83U} Ul SWal SAR0348p Jo abelusdiad

% S¢ 0Z Gl OL S
j i

0
0L'0
020
08’0
T
or'0 S
&
050 <
e,
o
090 g
=
[a b
‘ -
0L'0 §
"
08°0
06°0
00°L

16



ISO 5022-1979 (E)

i

551903 0037748 1L

o

5022-79

yoleq 8yl Ul SWIay sAI10aJap Jo abeluadiad

% GC

"(UMOUUN UORBIASP PIBPUELS YIIM) T Swes pue JOV awes Buiaey gt sigey ut sued Buijdwes sjbuis Buipuodsaiiod ayy 10} pljeA Ajgjewlixoidde ale saaind ssayl (|

oz

(L

UOIRIASP plepuUuilS UMOW)| puk SanjeA |enplAlpul 10} Ju] |eJalejiun paxi}
1 04 0'F = TOV ue 10} ‘g 3|qe; o sugjd Bundwes ajbuls Jo saAInd snsualoeieys BuneradQ — g ainbig

Gl

Ol

oL

14

8l

T AN <7

I

d 'eouerdesoe jo Ajjigeqold

17




P u251903 oo3veus 3 |

Ty W

5022-79

1SO 5022-1979 (E)

"(UMOUUN UONEBIASP PIEPUELS YIiMm) D7 swes pue DY awes buiaey 1 s1ger wl suepd Buidwes 9j6uis Buipuodsaliod ayy 10} pljen Ajeiewsxcidde die saaund sssyl (|

(UOIIBINSP piEpuUBlS UMOU)| pue SanjeA [enpialpul ._n_.u_ Juay |esalejiun paxiy |
! % §'9 = TOV ue 10} ‘g ajqe) jo suejd buijdwes ajbuls jJo saaind sisiuvdloeIeyo bunered — £ aunbiy

yo1eq 8yl Ul SWwall 2ARI3ep JO 3bedI8d

% SC 0c Gl

Ol

F

: :1_ OL°0

02°0

S - N ——— B B e W b ke doll Skl bkl b i wheee bl sk’ bl =l el -

[ — S Om;_o

ivainkaeley inbuaivwt i BN B AR

d 'eouerdasoe jo Ajqeqold

18




T 5p22-79

65.5.4 Producer’'s and consumer’s risks

The values for Kppe 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 u, will be rejected by chance.

The consumer’s risk f corresponds to the probability of a
batch, whose true mean u differs by Au from the guaranteed
mean u, will be declared to be in conformity. The value of Au
which corresponds to § = 10 % is obtained by multiplying the

factor (%) of column 3 in table 4 by the true value of
O/p=10%

g for the hatch (that is unknown).

5.5.6 Example

A 200 t batch is to be inspected for acceptance with respect to
“appatent density”’; a value u, = 3,03 g/cm® has been agreed
upon.

The standard deviation o being unknown, the sampling plans
of section 5.b must be used.

Table 4 indicates a sample size n = 16 and an acceptance fac-
tor Kppe = 0,44.

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

This gives gz — Kppg$ = 3,03 — 0,44 x 0,036 = 3,015.

Since x = 3,02 (3,02 > ug — Kpge ) the batch is declared to
be in conformity.

The sampling plan used gives the following values :

- — for the producer, the risk of having a batch in which the
true mean would be 3,03, accidentally declared not to be in
conformity, is equal to 5 %; |

— the consumer runs arisk # = 10 % of having a batch in
which the true mean would be approximately
3,03 — 0,78 x 0,035 = 3,00 g/cm?®, accidentally declared
to be in conformity.

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 7 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.

J 4551903 poaveso T f
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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 accarding to the AQL agreed upon.

5.6.3 Treatment of the sample and decision on the batch

The tests vield # individual values, of which the arithmetic
mean x and the standard deviation s are first calculated. The
quality index of the sample is then calculated.

or

Rule governing the decision :
If O > K, the batch is declared to be in conformity;

If O < K, the batch is declared to be not in conformity.

5.6.4 Producer’'s and consumer’s risks

The AQL and L.Q values in table 10 are the same as those in
table 9.

The producet’s risk that corresponds to each AQL is approx-
imately equal to b %. The consumer’s risk which corresponds
t0 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 sampling plans of
this sub-clause are therefore practically equivalent to those of
b.4 with respect to their operating characteristic curves when
they have the same AQL and same LQ.

5.6.5 Example

At 200 t batch is to be inspected for acceptance in respect of
“porosity’’. An upper limit for the individual values of
T, = 20,7 %, and an AQL = 4 % have been agreed upon,
Since the standard deviation g 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 tabie 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 :

T.—x 20,7 - 19,0 1 89
Q — S - 0'9 — r

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

6

— 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 7 = 10 % that

a batch containing 16,6 % of units with porosity in excess
of 20,7 % will be declared to be in conformity.

Report on sampling

The report on sampling shall contain the following informa-
tion :

a} names of producer and consumer;

5022-79
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b) number and reference-marking of the batches;

~¢) 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;

g) values indicated by the supplier for the statistical in-
spection {both for non-destructive and destructive tests);

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

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

AQL = 1,5 % AQL = 25 % AOL = 4.0 % AQL = 6,5 %
Sample Sampie Sample N - Sample | Total mass
p of batch?
size K LOO/ size K LQ size K LQ size K LQ t
n en n Iy H
1 9 3 4 5 6 7 3 9 10 11 12 13
8 1,35 | 23,9 7 1.14 | 30,9 6 093 | 386 5 0,60 | 48,0 1
13 1,60 | 16,4 11 1,29 | 22,2 9 108 | 289 8 084 | 376 10
24 1,65 | 10,7 20 1.44 | 15,0 18 1.23 | 205 14 099 | 279 100
35 1.73 8,9 30 1652 | 11,9 26 1.31 | 16,6 29 1,07 | 23,4 200
47 1,78. 6,9 40 1,57 | 10,2 35 1,36 | 14,5 29 113 | 204 300
58 1,82 6,1 51 1.61 9.0 44 1.40 | 12.9 37 116 | 18,7 400
70 1,85 5,5 61 1,64 8.9 53 143 | 11.9 A4 1,19 | 17.4 500

1) The table is suitable for unit masses limited to 35 kg. In the case of unit masses greater than 35 kg, the sample 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 determinations shall be carried out with a frequency such
that variations in 4 and ¢ are known as quickly as possible, For
the purpose of fixing the intervals in time between successive
determinations, the following must be taken into account ;

a) changes in raw materials;

b} preparation;

c) the method of casting;

d) variations in firing conditions.

It is recommended that the intervals should nhot exceed
1 month.

The arithmetic means x and the standard deviation s are
calculated from the n measurement results obtained from the
tests.

With x and s, the confidence interval of the population mean is
obtained, on the level 1 — ¢ :

and the confidence interval for the standard deviation g of the

population is obtained by :
sK, < ¢ < sK|

where

n—1
K. ‘/ 2
Xin — 1;1 - a/2)
n—.1
.
x(ﬂ—- 1; a/2)

The values of £, _ 1.1 _ /o0 Xfu — 1: ar2r X - 1: ar2ee Ko
and K, may be found for example in ([2], [29], [36], [37], [42]).

The confidence intervals of 1 and o are given in table 11 for a
confidence level of 95 % and for a few values of #.

The greater the sample size #n, the narrower is the confidence
interval, i.e., the more precise is the knowledge of u and g.

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

Determination of the confidence interval of 4 and o is also
recommended in the case of quality characteristics of pieces for
which no acceptance tests is carried out on grounds of cost.

Table 11 — Confidence interval of 1 and ¢
for different sample sizes n

Sar:nple Confidence interval Coor;fltieen:tea;ll;t:rr:al
size | of the mean deviation
n = 95 % = 95 %
2 ¥—899s< u<¥+8995(04465 < g < 31,91 3
5 I x¥—-1,24s < u<x+ 1245105995 €< g < 2,875
10 X —072s< u<x+ 0725106885 < 0 < 1,833
15 X—050s< u<x+ 055507325 < 0 < 1,583
20 X —047s< u<X¥+0475(0,760s < ¢ < 1,465
2b X —041s<u<x+041510,781s < 0 < 1,393
30 X ~037s < u<x+037s]0,796s < 0 < 1,345
40 X —032s< u<x+032s5|0819s5s < g < 1,285
50 X —-—028s< u<x+028s51083bs5s < 0 < 1,25,
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Annex B

Comparison of the means of two samples

If it is necessary to compare the means of two samples with the
aid of a significant test, the following method may be used ;

Let Xy, §; and X,, s, be, respectively, the means and the stan-
dard deviations of two samples having a size of n, and n,.

Calculate :
(ry — 1) 5% + (n; — 1) 53
5§ = -
and
[ = —
1 1
sl — + —

If the value calculated for ¢ is greater than the value given in the
tables in references (2], [36], [37] for the desired confidence
level and for (n; 4+ n, — 2) degrees of freedom, the means are
regarded as significantly different.

It often happens that the samples are of equivalent size
(n; = n, = n). In this event, the test simplifies :

Xy~ Xy . . .
= is compared with the quantity g given
‘\/.5‘1 + §5
2 2

The quantity

in table 12 for the desired confidence level and the size of each
sample n. If the value calculated is greater than the value
shown in the table, the means are significantly different.

The other values of g can be calculated according to the for-
mula &,, _ o/A/n.

Table 12 — Values for the quantity g for the purpose
of comparing the means of two samples of the same size

H

Sample size Confidence level Confidence level
95 % 99 %
3,043 7,018
1,603 2,658
1,223 ! 1,854
1,031 1,500
0,909 1,294
0,824 1,195
0,758 1,063
0,707 0,974
0,664 0,910
0,629 0,713
0,453 0,606
0,402 0,536
0,366 0,486
0,315 0,417
0,281

0,371
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Annex C

Equations used for calculating the values given in the tables

C.1 Table 4 — Single sampling plans in the

case of a guaranteed value for the mean (see
5.3.2)

The values indicated in columns 2, 3 and 4 of table 4 and In
figure 2 are derived from the following equations :

Ui — a Ugs % 1,645

2) (f‘fj Uy gt Ui -p_ Y% T How
O/p=10% \/n Jn
1,640 + 1,282 2,927
IV N
Au\ | Au
(3) Pl—— ] = & (1,646 — /n —
g / g

P is the probability of acceptance;

®u is the cumulative distribution function of the
standardized normal distribution.

C.2 Table 6 — Sequential sampling plans in the
case of a guaranteed value limit (x;) for the mean
and a known standard deviation (see 5.3.3)

The values indicated in table 6 are obtained, by means of the

A
following equations, from the values of = taken from col-
. o

umn 3 of table 4 ;

1-F

44

@ I, =In- ;‘x:z,zs; [, = In

= 2,89

g 2
6) 7lugd = 1201 — &) Uy + L) — 2 L) —

/ 2

ag
= 3,988 —'—>
AJg — 10 %

2
(7) lug £ Au) =124, — 2B, + 12)]<—‘3—>

A/ g 10 %
2
— 4,752<1>
Al g — 10 %

The value of . is obtained,' for a = 5 %, from the expres-
sion :

g 2
9 n . = 108 E_I-I 5 0%

The values for n_.. in column 8 of table 6 have been rounded
upwards to the nearest integer.

NOTE -- If sequential sampling is curtailed at 1 = n,54, the sequen-
tial sampling plan is changed into a single sampling plan.,

In the case of a single sampling plan, with @ = 5 % according t0 5.3.2,
the acceptance value, which is to be compared with X, has the follow-
ing values (if the low values are unfavourable} :

1,645
\/'ﬁ

If the sequential sampling plan is curtailed according to the rules gover-
ning the decision which are indicated in the lower half of the synoptic
table, the acceptance value, which is to be compared with X,
becomes :

(10) 8 — Hg "'KPREJ-:‘UG— g

(11) g = b
Since gg = gf, the following is derived from equation (b)
1,645 A
{12) Ho — =b=ﬂG“—£
J 2

and thence finally equation {9).

If it is the high values which are unfavourable, the same equation is
found for np 5.
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C.3 Table 9 — Single sampling plans with a
fixed unilateral limit for the individual values and
a known standard deviation (see b.4)

The following equations make it possible to calculate K and LQ
in table 9 and P {p) in figures 4, 5, 6 and 7 :

Uoe o 1,645
(13) K = uy _ pqL — i = Uy _ pQL T i
u 1,282
(14) H1_LQ=K— 3;=K"‘ ,\/H

(16) P (p) = @ [\/n (u, _p,— Kl
in which :
@ (uy _ pq) =1 - AQL
Oy o0 =1- LA
Oy _)=1-p
and @ (u) is the integral of the standard distribution law.

The acceptance factors K et Kpg (in 5.3.1) are linked (for the
same sample size n} by the following relation : :

(16) K = t; _ paL — Kpge

24
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C.4 Table 6 — Single sampling plans in the case
of a guaranteed value limit (u;) for the mean and an
unknown standard deviation (see 5.5)

If n_1is used to designate the sample size intended for a single
sampling plan with a known ¢ {table 4, column 1), and n_ is
used to designate the sample size intended for the single sampl-
ing plan with g unknown (table 4, column 4), the following
may be written for ¢ = 5 %, and gives a satisfactory approx-
imation :

Ugs o, 164D g5,

Jr,  Nm,

It is possible to calculate n_ from n_ with the aid of this equa-
tion. The value los o n - 1 OF the [ distribution may be taken,

S
]

C.5 Table 10 — Single sampling plans with a
unilateral limit fixed for the individual values and

an unknown standard deviation (see 5.6)

The values X and LQ in table 10 correspond to those in table 9;
if n_is used to designate the n values in table 9, and # is used
to desighate those in table 10, the following is obtained and

gives a satisfactory approximation :

K2
-{18) n, = HO.(l -+ 7)
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