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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through I1SO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with IS0, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of 1SO documents should be noted. This document was drafted in accordance with the

editorial rules of the ISO/IEC Directives, Part 2 (see www.isg.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document will be in the Introduction and/or

on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of ISO specific terms and expressions related to conformity
assessment, as well as information about ISO’s adherence to the WTO principles in the Technical

Barriers to Trade (TBT), see the following URL: -

The committee responsible for this document is ISO/TC 27, Solid mineral fuels, Subcommittee SC 4,
Sampling.

This second edition cancels and replaces the first edition (ISO 13909-2:2001), which has been
technically revised.

ISO 13909 consists of the following parts, under the general title Hard coal and coke — Mechanical
sampling:

— Part 1: General introduction

— Part 2: Coal — Sampling from moving streams

—  Part 3: Coal — Sampling from stationary lots

—  Part 4: Coal — Preparation of test samples

— Part 5: Coke — Sampling from moving streams

—  Part 6: Coke — Preparation of test samples

— Part 7: Methods for determining the precision of sampling, sample preparation and testing

— Part 8: Methods of testing for bias

Annex B forms a normative part of this part of ISO 13909. Annex A of this part of ISO 13909 is for
information only.

© 150 2016 - All rights reserved v
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Hard coal and coke — Mechanical sampling —

Part 2:
Coal — Sampling from moving streams

1 Scope

of 1SO 13909 specifies procedures and requirements for the design and establishment

This part
the sampling of coal from moving streams and describes the methods of

of mechanical samplers for
sampling used.

It does not cover mechanical sampling from stationary lots which is dealt with in 1ISO 13909-3[1]

2 Normative references

Thg following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies

ISO 13909-1:2016, Hard coal and coke — Mechanical sampling — Part 1: General introduction

ISO 13909-4, Hard coal and coke — Mechanical sampling — Part 4: Coal — Preparation of test samples

ISO 13909-7, Hard coal and coke — Mechanical sampling — Part 7: Methods for determining the precision

of sampling, sample preparation and testing

ISO 13909-8, Hard coal and coke — Mechanical sampling — Part 8: Methods of testing for bias

ISO 21398, Hard coal and coke — Guidance to the inspection of mechanical sampling systems

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 13909-1 apply.

4 Establishing a sampling scheme

4.1 General

The general procedure for establishing a sampling scheme is as follows.

a) Define the quality parameters to be determined and the types of samples required.

b) Define the lot.
Define or assume the precision required (see 4.3.1).

)

d) Determine the method of combining the increments into samples and the method of sampl
preparation (see 1SO 13909-4). ple

) Determine or assume the variability of the coal (see 4.3.2) and the variance of preparation and

testing (see 4.3.3)- Methods for determining variability and the variance i ;
are given in IS0 13909-7. of preparation and testing

© 150 2016 - All rights reserved
1
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f) Establish the number of sub-lots and the number of increments per sub-lot required to attain the
desired precision (see 4.3.4).

g) Decide whether to use time-basis or mass-basis sam

pling (see Clause S) and define the sampling
intervals in minutes for time-basis sampling or in ton

nes for mass-basis sampling.
h) Ascertain the nominal top size of coal for the purpose of determining the minimum mass of sample
(see 4.4 and Table 1).

NOTE The nominal top size may initially be ascertained by

consulting the consignment details, or by visual
estimation, and may be verified, if necessary, by preliminary test work.

i) Determine the minimum average increment mass (see 4.5).
4.2 Design of the sampling scheme

4.2.1 Material to be sampled

. . is to identify the coa tq be sampled. Samples may be
required for technical evaluation, process control, qualit

A ) Y control and for tommercial reasons by both
the producer and the customer. It is essential to ascertain exactly at what Stage in the coal-handling
process the sample is required and, as far as Practicable, to design the scheme accordingly. In some
instances, however, it may prove im .

practicable to obtain sam les at th i i h
. i i i uc
cases, a more practicable alternative is requireq. P " preférred points and, in

4.2.2 Division of lots

Alot may be sampled as a whole or as a ser

ies of sub-lots, e,
of time, a ship load, a train load, a wagon |

- coal dispatched qr deliver iod
. ed over a perio
oad or coa Produced ip 5 Certain periog, e.g. a shift.
It may be necessary to divide a lot in

. -lots in
results. For lots sampled over long periods, it may be expedient too(;
obtaining a sample for each.

4.2.3 Basis of sampling

Sampling may be carried out on either 3 time-basis .

intevaal is defined in minutes and secongs and th: I;I?CT:;‘:basls. In
the time of taking the increment. In mass-basis samplin nt
and the mass of increments constituting the sample i ug:
sampling is easier to implement ang verify, becauge onl m
required. On the other hand, for mass-basis sampling, 5 y a
as a device that is controlled sufficiently to adjust the :
achieve uniform increment mass, pr

time-basis sam li e sampling
mass is pro A ’

.- OPOrtional to the flow rate at
fg}:—?ns%mplmg interva] jg defined in tonnes
fixeci speegse two alternatives, time-basis
Onveyor het Cutter and 5 timing device are
imary cytter Weightometer s required as well

Increment by increment to
4.2.4 Precision of sampling

After the desired sam
number of increments

pling precision has b
s
mass of the primary in

e
per sub-lot collecteq

en selected, the
crements shal| e dete

num .
ha]} be det 'Mined 55 g:r of sub-lots and the minimum
I'Mined a5 descrip Sc

edings Fibed in 4.34, and the average
For single lots, the quality variation shal] pe ass .
sampling achieved may be measured using the

he
Procedure of reg‘l’iocgst:agzse (See ). The precision of
coals, the Pling (see 10 13909.7),

ion shall be assumed,

. € carrj .
escribed i 1gq ;]3?30%“; to confirm that the

At the start of regular sampling of unknown
in accordance with 4.3.2. When sam

pling is ip o . WO]‘St-Case uali i
desired precision has been achieveqd R Peration, 5 check Quality Variat
Procedyreg d

» using th

©150 2016 - o rights reserved
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If any subsequent change in precision is required, the number of sub-lots and of increments shall b

changed as determined in 4.3.4 and the precision attained shall be rechecked. The precision shall al .
be checked if thgre is any reason to suppose that the variability of the coal being sampled has increasesc;)
The number of increments determined in 4,3.4 applies to the precision of the result when the sampli :
errors are large relative to the testing errors, e.g. for moisture content. pine

4.2.5 Bias of sampling

!t is of particular importance in sampling to ensure, as faras possible, that the parameter to be measured
is not altered by th'e sampllr{g and sample preparation process or by subsequent storage prior to testing
This may require, in some circumstances, a limit on the minimum mass of primary increment (see &.5)’

When collecting samples for moisture determination from lots over an extended period, it may be
necessary to limit the standing time of samples by dividing the lot into a number of sub-lots (see 4.3.4)

Sampling systems shall be tested for bias in accordance with the methods given in ISO 13909-8,

4.3 Precision of results

4.3.1 Precision and total variance

In all methods of sampling, sample preparation and analysis, errors are incurred and the experimental
results obtained from such methods for any given parameter will deviate from the true value of that
parameter. While the absolute deviation of a single result from the “true” value cannot be determined
it is possible to make an estimate of the precision of the experimental results. This is the closeness with
which the results of a series of measurements made on the same coal agree among themselves, and the
deviation of the mean of the results from an accepted reference value, i.e. the bias of the results (see

1SO 13909-8).
It is possible to design a sampling scheme by which, in principle, an arbitrary level of precision can be

achieved.

on for a lot is normally agreed between the parties concerned. In the absence

The desired overall precisi
sh content may be assumed up to 10 % ash, subject to a

of such agreement, a value of one tenth of thea
maximum of 1 % absolute for ash contents above 10 %.

The theory of the estimation of precision is discussed in ISO 13909-7. The following formula is derived:

%""VPT
P =2
L m )

where

rall precision of sampling, sample preparation and testing for

Pp isthe estimated index of ove
tage absolute;

the lot, expressed as a percen
V| isthe primary increment variance;

n isthe number of increments per sub-lot;

m is the number of sub-lots in the lot;

Vpr is the preparation and testing variance.
e not previously sampled is required, then in order to devise a sampling

e made about the variability (see 4.3.2). The precision actually achieved
e measured by the procedures given in SO 13909-7,

If the quality of a coal of a typ

scheme, assumptions havetob ;
for a particular lot by the scheme devised canb

©150 2016 - All rights reserved
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4.3.2 Primary increment variance

The primary increment variance, Vi, depends upon the type and nominal to
of pre-treatment and mixing, the absolute value of the parameter to be det
increment taken.

P size of coal, the degree
ermined and the mass of

The number of increments required for the general-analysis sample and the moisture sample shall be
calculated separately using the relevant values of increment variance and the desired precision. If a
common sample is required, the number of increments required for that sample shall be the great.er of
the numbers calculated for the general-analysis sample and the moisture sample respectively.

NOTE For many coals, the increment variance for ash is hi
precision, the number of increments required for the general
sample and for the common sample.

gher th.an that for moisture and hence, for the same
-analysis sample will be adequate for the moisture

The value of the primary increment variance, Vj,
Formula (1) can be obtained by either

a) directdetermination on the coal to be sampled using one of the methods described in ISO 13909

required for the calculation of the precision using

-7,or
b) assuming a value determined for a similar coal from a similar coal handling and sampling system

If neither of these values is available, a value of ¥} = 5 for the ash content of unw
and V; = 3 for the ash content of washed coals can be assumed initially and chezls(}égdaafrtld t;l}(fndEd coals
has been carried out, using one of the methods described in 1SO 13909.7, + atter the sampling

4.3.3 Preparation and testing variance

The value of the preparation and testing variance, Vpr, required for the ¢ i .
using Formula (1) can be obtained by either aleulation of the precision

a) directdetermination on the coal to be sampled using one of the methods describeq in1S0 13909

-7,or
b) assuming a value determined for a similar coal from a similar sample preparatjop h
Scheme.

If neither of these values is available, a value of 0,20 for ash ¢
checked, after the preparation and testing has been carried out,
1SO 13909-7.

ontent can be ag

: s e
using one of the e ‘nitially and

methods described in

4.3.4 Number of sub-lots and number of increments per sub-lot

4.3.4.1 General

The number of increments taken from a lot in order to achieve a -
variability of the quality of the coal in the lot, irrespective of the mass of the 1ot Tlon Is a function of the
as a whole, resulting in one sample, or divided into a number of sub-Jots resultj \ _he lot may be sampled
Such division may be necessary in order to achieve the required precision andng In a sample from each,
sub-lots shall be calculated using the procedure given in 4,34 2. ! the necessary number of

Particular precijg

Another important reason for dividing the 19t is to maintain the integrit £
bias after taking the increment, particularly, in order to minimize | Y Of the sample, ¢, to avoid

. 0SS of moj
need to do this is dependent on factors such as the time taken to collect sr:;lSture due to Standing. The

and humidity conditions, thg ease of keeping the sgmplg in sealed containers‘;) I(;ES' ambient temperature
particle size of the coal. It is recommended that, if moisture Jogg is Suspectec;mnlf collection and the
,a

out to compare the quality of a r:efe}*ence sample immediately after extra
standing for the normal time. If bias is found, the sample standing time sho
samples more frequently, i.e. increasing the number of sub-Jots,

: bias test pe carried
ction with the Sample after

uld be reduced by collecting
There may be other practical reasons for dividing the lot such a5 ¢ following;

a) for convenience when sampling over a long period;

4

© 1802016 - All rights reserved
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b) to keep sample masses manageable.

The designer of a sampling scheme should cater for the worst case anticipated and will then tend to
use a higher value for Vj than may actually occur when the system is in operation. On implementing a
new sampling scheme, a check on the actual precision being achieved should be carried out using the
methods described in ISO 13909-7. This may indicate that some changes are required to achieve the
required precision, in which case, the number of sub-lots and increments shall be recalculated using

the procedures given in 4.3.4.2.

43.4.2 Calculation of number of sub-lots and increments

The number of sub-lots and number of increments required per sub-lot are established using the
following procedure.

Determine the minimum number of sub-lots required for practical reasons (see 4.3.4.1).

Estimate the number of increments, n, in each sub-lot for a desired precision from the following formula
[obtained by transposing Formula (1]]:

4V,
o @
MPL —4VPT
A value of infinity or a negative number indicates that the errors of preparation and testing are such

that the required precision cannot be achieved with this number of sub-lots. In such cases, or if n is
impracticably large, increase the number of sub-lots by one of the following means.

a) Choose a number corresponding to a convenient mass, recalculate n from Formula (2) and repeat

this process until nis a practicable number.

b) Decide on the maximum practicable number of increments per sub-lot, n1, and calculate m from

Formula (3).
me 4V +4nyVpy -

nyPL
Adjust m upwards, if necessary, toa convenient number and recalculate n.

Take n as 10 if the final calculated value is less than 10,

NOTE The formulae given in 4.3.4.2 will generally gstimate a higher'number for the requi.red number of
increments. This is because it is based on the assumption that t.h’e quality of coal has no serial correlation;
however, serial correlation is always present to some degree. Inaddition, because a certain amount of preparation
and testing is required when measuring the increment variance, the preparation and testing errors are included

more than once.
Example 1

The lot is 20 000 t deliver
quality variation is known an

ed in 5 000 t train loads and the required precision, P, is 0,25 % ash. The
d the following values have been determined:

primary increment variance, V1= 0,5;

preparation and testing variance, Vpr = 0,05.

a) Initial number of sub-lots
t the minimum number of sub-lots shall be four. Therefore, take sub-lots of

ided tha ¢
It has been 5¢ b-lot per train load in this case).

5 000 t each (i.e. one su

b) Number of increments per sub-lot

© 150 2016 - All rights reserved
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n= 4x0,5
(4x0,25%)—(4x0,05)

=40 using Formula @)
Zl;z;zio;:},ﬂt:ﬁi rfr?sgr?:b-lots of 40 increments each, (i.e. 40 increments from each sub-lot, which is
Example 2
The lot is 100 000 t delivered as 5 000 t/day over two shifts.
Required precision, P = 0,25 % ash
Primary increment variance, Vi = 5
Preparation and testing variance, VpT, unknown; initially assumed = 0,20
a) Initial number of sub-lots
Take a daily sample (i.e. m = 20 in order to avoid risk of bias by overnight storage of samples).

b) Number of increments per sub-lot

4x5 -
n= > =45 using Formula
(20x0,25%)-(4x0,20) (2)
If this number of increments is considered to be too large,
one per shift. 8¢, Increase the number of sub-lots to 40, i.e.
4x5

n= 3 =12
(40x0,25%)—(4x0,20)

It would then be sensible to take 12 increments per shift, i.e, one
» L€, every 40 mj
Example 3 in.
The lot is 100 000 t of washed coal delivered at 10 000 t/h vj
12 a shiploadin
§ conveyor,

Required precision, P, = 0,2 % ash

Primary increment variance, V) = 3 (washed coal)
Preparation and testing variance, Vpt = 0,05

a) Initial number of sub-lots
Take an hourly sample, i.e. m = 10.

b) Number of increments per sub-lot

ne 4x3
(10x0,2%)-(4x0,05)

Therefore, divide the lot into 10 sub-lots and take increment
Nts at 1 mip
Ninterva)g

=60 using Formula
(2)

Example 4

The lot is 8 000 t in a single load and the required -
known and the following values have been determin‘:at;mlon' PLisos % ash, Tp,
' * 1€ quality varijation is

primary increment variance, V1 = 5;

preparation and testing variance, Vpr = 0,20,

©Is
02016- 4y rights reserved
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a) Number of sub-lots

The customer requires a result based on at least two samples.

b) Number of increments per sub-lot
n= 4x5 _ 20
(2x0,5%)-(4x0,20) —0.3

This negative number indicates that the errors of preparation and testing are such that the required
precision cannot be achieved with this number of sub-lots.

=-66,7 using Formula (2)

It could be decided that 50 increments is the maximum practicable number in a sub-lot and from
Formula (3).
m= (4x5)+(4x50x0,2) —4.8
500,52
This gives a practical sampling method of dividing the lot into five sub-lots and taking 50 increments

from each.

4.4 Minimum mass of sample

For most parameters, particularly size analysis and those that are particlg-sizg rel§ted, the precision
of the result is limited by the ability of the sample to represent all the particle sizes in the mass of coal
being sampled.

The minimum mass of a sample is dependent on the nominal top size of the coal, tl.ae precision required
for the parameter concerned and the relationship of that parameter to partlclg size. Some such
relationship applies at all stages of preparation. The attainment of this mass wgll not, in 1ts¢_alf, guarantee
the required precision, because precision is also dependent on the number of increments in the sample

and their variability (see 4.3.4).

les for general analysis to reduce the variance due to the
ng to a precision of 0,2 % with regard to ash, are
mn 3 of Table 1 gives the corresponding minimum
s, which are approximately 20 % of the minimum

nimum of 0,65 kg.

Values for the minimum mass of samp e
particulate nature of the coal to 0,01, correspondl

given in column 2 of Table 1 (see Reference [3])- C;"u.
masses of divided samples for total moisture analysl

masses for general analysis, subject to an absolute mi

rved

© IS0 2016 - All rights rese
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Table 1 — Minimum mass of sample for general analysis and determination of total
moisture content

Nominal top General-analysis samples Samples for determination
size of coal and common samples of total moisture content
mm kg ke
300 15 000 3000
200 5400 1100
150 2600 500
125 1700 350
90 750 125
75 470 95
63 300 60
50 170 35
45 125 25
38 85 17
315 55 0
22,4 32 7
16,0 20 4
11,2 13 2,50
10 10 2
8,0 6 1,50
5,6 3 1,20
4,0 1,50 1,00
2,8 0,65 0.65
2,0 0,25 0,65
1,0 0,10 0,65
Reducethe varianee dus to the pariculate natore ofconl 1 oo o 1%e been deterimined to
of 0,2 % ash. g to a precision
:\ls(())TlEBZ‘)Ogic:'racnon of the total-moisture sample from the common sample is describeq in
ini mass of sample, ms, for other desired levels of isi .
I;‘Z:l’;?é?}‘r'gm mmfap S precision for determination of ash may be
2
0,2
mg =Mg [_P;] @
where
ms,o is the minimum mass of sample specified in Table 1 for a gjven nominal top sjze
PR isthe required precision, with regard to ash, due to the Particulate natyre of th'
When a coal is regularly sampled under the same circumstances, the precisi ) @ coal.
required quality parameters shall be checked in accordance with [5g ISlon obtained for 4 the

13909.
adjusted accordingly. However, the masses shall not be reduced beloy th:?,? 7 and th

s € masses may be
down in the relevant analysis standards. inimum r

equirements laid

When preparing coal to produce samples for multiplg use, account shg|) also b
masses and size distribution of the test samples required for each test. e taken of the individual

©150201¢ - All rights reserved
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4.5 Mass of primary increment
The mass, my, in kilograms, of an increment taken b i i
,my, . , y a mechanical cutter with cutting edges
the stream at the discharge of a moving stream can be calculated from Formula (3). g edges normal to
L 1073
17 3,6vc ©)

where

C isthe flow rate, in tonnes per hour;

b s the cutter aperture width, in millimetres;

NOTE The cutter aperture value used for calculating the mass of an increment is the distance between the
leading edges of the cutter lips first striking the stream of the material.

vc is the cutter speed, in metres per second (see 6.8.2).

For a cross-belt sampler, the mass, m, in kilograms, of increment can be calculated from Formula (6).

. _Cb x1073
17 3,6vg ©)
where

C s the flow rate, in tonnes per hour;

b s the cutter aperture width, in millimetres;

vg is the belt speed, in metres per second.

The minimum average mass of primary increment to be collected, my, is calculated from Formula (7).

-_— ms
m| =—
L (7)
where
le (see Table 1);

um number of increments taken from the sub-lot (see 4.3.4).
909-7:2016, Clause 6) at preliminary stages in

ms is the minimum mass of samp

n is the minim

When measuring primary increment variance (see 1SO 13
the design of the sampling scheme, use increment masses that are close to those expected to be taken by

the system. After implementation of the sampling scheme, the precision of the result can be estimated
and adjusted (see 1SO 13909 decreasing the number of increments in the sample,

keeping the same increment mass.

-7), by increasing or

4.6 Size analysis
he coals to be sampled will exhibit large differences in size,

the parameters to be determined (percentage retained on
se to case, Furthermore, when sample division is

part of ISO 13909, t
bution. In addition,
) may differ from ca
ken into account, whereas,

Within the scope of this
size range and size distrib
a particular sieve, mean size, etc
applied, division errors s'ha.ll'be ta
without any preceding division.

they are non-existent if sizing is performed

© IS0 2016 - All rights reserved
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Take these factors into account when applying the techniques for calculating numbers of increments for
a particular precision (see 4.3.1 to 4.3.4). In the absence of any information on increment variance etc.
initially take 25 increments per sample. d

The precision for the particular parameter required shall the

n be checked ;
adjusted according to the procedure described in ISO 13909 and the number of increments

Minimization of degradation of samples used for determination of size distribution ic vi

. T istribut
bias in the measured size distribution. To prevent particle degradation, it is esselll(z?a]lst ;’l]:al tof redlfxcﬁ
drops to a minimum. Trial tests should be made in accordance with the method given i : eep free-fa
determine the degree of degradation. givenin ISO 13909-8 to

The minimum masses of sample for size analysis are given in Table 2 The
on the basis of the precision of the determination of oversize, i.e. the coa
Precision for other size fractions will normally be better than this,

masses have been calculated
labove the nominal top size.

Table 2 — Minimum mass of sample for size analysis
inal to ini —
h:':zlgl:t? coar Mg::;‘ils';:)ﬁl:?i t;(/)or a M":'::Zlilsl]l mass for a

mm ke lon of 2 o,

300 54 000 1;‘*
200 16000 —— 13500 ]
150 6750 000
125 4000 —— 1700 ]
90 1so0 ————1000
75 950 —— 200
63 500 — 20 ]
50 280 —— 125 ]

45 200 7\0
38 130 —30 ]
31,5 65 3\0
22,4 25 1\5
16,0 8 &
11,2 3 2\
10,0 2 0,70
8,0 1 *
4,0 0,25 0.&
2.8 0,25 0,25
5 Methods of sampling

5.1 General

Sampling shall be carried out by systematic
stratified random sampling. The procedures
sampling employed (see ISO 13909-4),

Sampling,

eith .
of sample prar. 0" 2 time-},

. asi
Preparatiop vary | SIS or on a mage

-basis, or b
M accordance wit » O by

h the type of

©l
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N
t

The consistency of loading of the belt should be controll i

e ( . ed, as far as possible, so that sampling i
efficient as pqsslble. The flow should be made reasonably uniform over the whole cross-secgi;?]go}’stl?:
stream at all times by means of controlled loading or suitable devices such as feed hoppers, ploughs, etc

Whichever method of primary increment collection is used, it is essential that the increment does
not completely fill or overflow the sampling device. With mechanized sampling devices, the primar

increment mass may be considerably larger than that necessary to produce the calculaéed minimuri
sample mass. Hence, a system of primary increment division may be necessary to divide the increment

to a manageable mass.

stream of the sampling location shall be examined for characteristics
ariations in belt loading or quality and which may coincide with the
operation of the primary samplers. Such periodicity may arise from the cycle of operations or feeder
systems in use. If it is not possible to eliminate coincidence between the plant operation cycle and the
sampling cycle, stratified random sampling within fixed mass or time intervals shall be adopted.

All processes and operations up
which could produce periodic v

5.2 Time-basis sampling

52.1 Method of taking primary increments
ional to the coal flow rate in mechanical sampling, the speed

In order that the increment mass is proport
he sampling of the entire sub-lot (see 6.8.1).

of the cutter shall be constant throughoutt
ken at preset equal time intervals throughout the lot or sub-lot. If the
ts has been taken before the handling has been completed, additional
until the handling operation is completed.

Primary increments shall be ta
f:alculated number of incremen
increments shall be taken at the same interval

5.2.2 Sampling interval
The time interval, At, in minutes, between taking primary increments by time-basis sampling is

determined by

At < éﬂ"_SL (8)
Gn
where

s of the sub-lot, in tonnes;
n the conveyor belt, in tonnes per hour;

ample (see 4,3.4).

mgL is the mas

G isthe maximum flow rateo
of primary increments in the s
sibility of any bias being introduced, a
ded.

n is the number
random start within the first

In order to minimize the pos
sampling interval is recommen

5.2.3 Mass of increment
esponding to the average flow rate (total mass/operating

The mass of the primary increment corr o f
time) of the coal srt)ream shall be not less than the minimum average increment mass calculated from

The mass of the increment shall be proportional to the flow rate of the coal stream at the time it is taken.

5.3 Mass-basis sampling

ary increments

5.3.1 Method of taking prim

either a fixed-ora variable-speed cutter may be used.

For mechanical sampling,
11
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The required number of increments shall be taken by sampling at a

preset mass interval. This interval
shall not be changed during the sampling of the sub-lot. o

If the calculated number of increments has been taken b

efore the handling has been
additional increments shall be taken at the same interval unt ; i

il the handling operation is completed.
5.3.2 Sampling interval

The increments shall be spread uniformly on a tonnage basis throughout the mass of the lot or sub-lot

The mass interval, Am, in tonnes, between taking increments b .
e y mass-basis s ing i :
from Formula (9). ampling is determined
m
Am=—SL
" ©)
where

msy, is the mass of the sub-lot, in tonnes;

n is the number of primary increments in the sample,

The mass interval between increments shall be eq
number of increments specified in 4.3.4, in order to

ual to or smaller
ipe ensur than that calculated from the
least the minimum number specified.

e .
that the Number of Increments will be at

In order to minimize the possibility of introducti

. on of bias,
interval is recommended.

ar -
andom start within the first sampling

5.3.3 Mass ofincrement

coefficient of variation shall be less than 20 %,
at the time of taking the increment and the mass of the inc n bet

s . re P ween
for determining whether or not these criteria have been met 'i‘;ent constituting the sample t'}ll‘i flow x];atg
be achieved by either of the following procedures Specified ip Annex A - I'he metho

: - These criteria may
a) take primary increments of almost cons

cutter speed is constant while cutting the

tant massg using g Cutter with
proportion to the flow rate of the coal at t

stream but cap Variab]
. ere . € speed, whose
he point of sampling; Bulated, icrement by iIr)lcrement, in

b) take primary increments using a fixed-speed

NOTE Procedure a} is preferred for falling-stream sampler
samplers. s

5.4 Stratified random sampling

5.4.1 General

Cyclical variations in coal quality may occur ¢
coincidence of the cycle wlith the ;laking ofincr
If this cannot be done, a bias will invariably he intr IC samp]; Mmade to ¢]jmi

e 0 li o 0 eliminate
In such circumstances, stratified random Samplingdl:,f:d that ma Pling, he j; time- or mass-hasis.

- . . Of un
mass interval, the actual taking of the increment is dj ado .- lacceptap] ;
' 8 sd Pted ; € proportions.
respectively, subject to the limitation that it sha|) be tal::slf:c? v a N which, for egchptin?: hy
efor

ran om
. o € that § amount of +

During stratified random sampling, it is possip)e tha tinteryy) has eXpirgslme or mass

together even though they are collec .

uring samplip
ements in gyor g. EVgry effort shall pe

> Pos two |
ted in different Masg orltnicn:ements wil]
ej

b
12 Btervals, 1t g iﬁ“ecmd very close
€refore necessary
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5.4.2 Time-basis stratified random sampling

The sampling interval shall be d i i i
etermined as in 5.2.2 and the increment mass as in 5.2.3. Pri
al st . Pr
siart of each sa.mplmg interval, a random number between zero and the sampling interva]losltaslt{)]:
generated. The increments shall then be taken after the time indicated by the random number. The

mass of the increment shall be proportional to the flow rate of the coal (see 5.2.3).

5.4.3 Mass-basis stratified random sampling

TPe sampling interval shall be determined as in 5.3.2 and the increment mass as in 5.3.3. Prior to the start
of each sampling interval, a random number between zero and the mass of the sampling interval (tonnes)
ken after the passage of the mass of coal indicated by the

shall be generated. The increment shall be ta
random number. The mass of the increment shall be independent of the flow rate of the coal (see 5.3.3).

5.5 Reference sampling

R_Gferefnce samples for bias testing of a sampling system shall be taken by the stopped-belt method
given in ISO 13909-8 to enable checking for bias.

6 Design of mechanical samplers

6.1 Safety

From the initial stages of design an
given to the safety of the operators.
installed shall be respected.

ystem, it is essential that due consideration be

d construction of a s
licable at the site where the equipment is to be

All safety codes app

6.2 Information
concerning the sampling scheme(s) (Clause 4), the method of

on (see ISO 13909-4), as well as information about the design
vailable to the designer.

It is essential that relevant information

sampling (Clause 5) and sample preparati
and operation of the coal handling plantare a

6.3 Basic requirements

oal-handling plant be designed and gngineered to provide adequate space and

d sampling conditions for the s.amplmg system. The importance of considering
ampling systems from the first stage of main plant design cannot be over

ensure that any subsequent changes do not affect the overall performance

system. Designers shall take heed of the checks that need to be carried

for takin Jes and stopped-belt sampling shall be included

It is important that the ¢
satisfactory operating an
the requirements of the s
stressed. It is necessary to
and reliability of the sampling
out during operation. Facilities
at the design stage.

The system shall be readily accessible throughout to facilitate inspection, thorough cleaning, repairs or
checking experiments, €-g- t€StS for bias.

a mass-basis sampling system. itis usefgl fqr p
ginthe event that the mass-monitoring

rovision to be made for conversion from mass-basis

NOTE For S device breaks down.
to time-basis samplin

13
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6.4 Location of sampling equipment

The location of the sampling equipment shall be chosen according to the following criteria:

a) the sampling system shall be located at a position which allows acce

: Ss to the w
in the process where the measurement of quality and quantity is re hole lot, at the stage

quired;
b) if variable flow rates result in increment masses which are unacc
(see 5.2.3), consideration shall be given to providing suitable h
sampling system in order to obtain a more uniform flow, e.g. surg

ept.able for the projected system
olding facilities upstream of the
e hoppers with adjustable gates.

6.5 Provision for checking precision

Samplers shall be capable of allowing the checking of precisi
150 139097, § Ot precision by one of the procedures given in

6.6 Provision for testing for bias

To allow for bias tests to be carried out in accordance with [SQ 1 - ‘o
stopped-belt sampling. 3909-8, provision shall be made for

6.7 General requirements for designing mechanical samplers

The principal requirements when designing and constructing a mechanical sam 1
L pler are as follo
a) Itshall be capable of collecting increments so that bias is minimized .

b) It shall maintain this capability under all such condj
relevant specifications and without necessitating th

tions of sam
. at s
maintenance.

pling that are sti i
. . pulated in th
ampling be Interrupted for cleanilrr:g 0(;

In order to meet these requirements, the sampler shall be designed so th t
a

a) the sampling device is sufficiently robust to withstand the

expected, most adverse Operating conditions

b) the sampling device has sufficient capacity to retain

co
without loss or spillage, mpletely,

or .
to pass entirely, the increment
) the sampling device, and the system as a whole, including qjy;
crushers and other equipment shall operate in a map g dividers ¢

: ner oo CrS, chuteg,
the need for cleaning to prevent and clear blockages, that facilitieg Mmat ho

erial flmNIl‘lmrs, feeders,

. and minimizes
d) any contamination of the sgmple is avoided, (e.g, ;
position or when a change is made in the type of cog) bei tters whj
ng sampleq Which are i the

_ ‘ , arked
e) degradation of the constituent particles is Minimizeq j f ) P
determination, and ha samp)e is take f

N for particle-si

f) any changes in moisture, chemical or physical p barticle-size

. . . ropertieg or
excessive air flow through the equipment) are minimizeq_ 0ss of fipne coal (for o |
ample, due to

6.8 Design of falling-stream-type samplers

6.8.1 General

When designing a sampling devicg, the cutter velocity, ¢y
the cutter to the coal stream are important design Criter-er apertyre ang
because the presentation of the cutter to the stre 1a. Thege th

. € ang|
. . am and ¢y Criteri §le of prese i

te teria g ‘ésentation of

aperture presented to the particles in the stream, r velociti e considereq jointly

1es aff, p
14 ECt the effectiven Cutter
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2016 - ) rights reserved




1SO 13909-2:2016(E)

The design objective is to ensure that the mean trajectory of the particles in the stream is as close to
normal to the plane of the cutter aperture as possible, to maximize the effective cutter aperture. The
cutter velocity is particularly important in this regard because the particles in the stream intercept the
cutter aperture at increasingly oblique angles as the cutter velocity increases, thereby, reducing the
effective cutter aperture. This places an upper limit on the acceptable cutter velocity.

Examples of different types of falling-stream samplers are shown in Figure 1.

NOTE Other primary sampling devices which conform to the principles laid down in this part of ISO 13909
may be acceptable, providing that they can be shown to minimize bias.

A cutter intended for sampling from a falling stream of coal shall be designed in accordance with the
following requirements:

a) the cutter shall take a complete cross-section of the stream;

b) the plane or cylindrical surface described by the leading and the trailing cutting edges shall be
normal to the mean trajectory of the stream;

he coal stream at a uniform velocity, i.e. the velocity shall not

¢) the cutter shall travel through t . ) '
elocity while traversing the coal stream

deviate by more than 5 % from the preselected reference v
(see 6.8.2);

d) the design of the cutter aperture shall b
aperture for the same length of time;

e such that all parts of the stream are exposed to the

east three times the nominal top size of the coal to be
tter shall not be less than 30 mm. If the cutter aperture

m-type samplers, e.g. the type shown in Figure 1 d),
hall apply to the width at the narrowest point where

e) the width of the cutter aperture shall be at |
sampled. The cutter aperture ofa primayy cu
is tapered, as is the case with some swing-ar
the minimum width requirement given aboves
the cutter intercepts the coal stream;

i i le cutter shall be determined on the basis of the expected

) gzx?gzgrtxl:li\f/axgicelg t(})niz E:]:)lesatl:;m. Under these condjtions, the sa{mple cutter shall completely

t without loss or spillage and without any part of the cutter

retain or entirely pass the increment W )
aperture ever besi,n[;:r blocked up or restricted by material already collected.

6.8.2 Cutter velocity
y are important parameters to be considered

velocity of the coal stream, these parameters
i.e. the width of that part of the aperture into

The width of the cutter aperture and tl?e'cutter '¥§l?}$g
when designing a sample cutter. Taken jointly wi ture
will determine the effective width of_the cutter aperture,
which the stream of coal can flow unimpeded. 2D has <h )

. res (see Reference [2]) has shown that, when
For falling-stream cutters, ex??;?:.g:::; g;?;:; ggltoloadi(ng (low stream density), where the particle-
sgmpl'mg'hetgrog.eneous matel’labias may be introduced when the cutter speed gxceeds 0,6 m/s and/or
size distribution is very narrow, times the nominal top size of the material. The ratio of cutter
the cutter aperture is less than three fluence the capability of the cutter to take

i i i :al will decisively in : |
e inerements S'lzieotfl:: erg:tt:: 1:;“5 ratio, the less will be the tendency to selectively reject the
unbiased increments, sin

larger particles. i | |

i stems have cutters which sample coal streams of large
cial coal-handling s.yh <tream density and wide particle-size distribution. In such
a relatively hig 1,5 m/s have been shown to be free from bias provided

i eedsup to ) e
I: tgoact:cfgl nominal top size1s 2 minimum of three.

Modern commer ¢
capacity where there 1S
circumstances, cutters, operat
that the ratio of cufter perttt tters shall be shown to minimize bias

. d aperture, cu .
Irrespective of the cutter speed an

15
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a) Cutter-chute type

b) Cutter bucket type (i)

16
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d) Swing arm types

Figure1l — Examples of falling-stream samplers

6.9 Cross-belt-type primary samplers

6.9.1 Operation
ers are shown in Fi which illustrates two different

T PR
he principles of operation of cross-belt sampl ] _
n both cases, the sampling cutter pivots on an axis parallel to the centre-
fthe beltina rotary motion, the leading edges of

ﬁ’;amples of such samplers.
e of the belt. As the cutter traverses the full width 0
he back plate pushes it off the belt.
ement of the cutter relative to the

t .
he side plates cut out the incrementand t
differ considerably as regards the move :
i Fi a), the bearings, in which the cutter shaft is fitted,

goa] on the belt. For the sampler shown i1l : ¢ !
re fixed in space. In the case of the sampler shown 1n b), 'the bearings are also fixed in space,
but the cutter aperture is angled as shown so that during the sampling operation, the cutter body moves

velocity. In this way, the influence of belt

in the direction of the belt and ata velocity equal to the belt veloclt
velocity on the cutter velocity relative to the coal i completely eliminated.
For cross-belt sam elationshi petween cutter velocity, belt velocity and cutter velocit
relative to the coalpi]: ri;;git;nlt becausl:e the higher the cutter velocity. relative to the belt VeIOCit;
the larger the effective cutter apérture Consequently, the sampling conditions are Fore favourable at
the higher the cutter velocity, the shorter the time during which |
m. For these reasons, the minimum cutter

higher cutter velocities. Furthermore
olds back the coal stred S0
se of cutter velocities that are too high may

T
he two samplers, however,

the cutter acts
: as a plough and
velocity sh : city. Howeven theu _
y shall be 1,5 times the beltf gi‘;kaé o of sized coal. Insuch circumstances, the cross-belt sampler
o i o, usingitasa mechanical stopped-belt sampler.

result in an unacceptable degre¢ 4 ie
may be used at a slower speed with the belt stopped, 1-€
17
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For these reasons, and also because the density of the material to be sampled is considerably higher

than in cases of sampling from falling streams, it is undesirabl .
y . | i etoi ict limitati
cutter velocities as those applying to falling-stream samplers, PPeRe such strictlimitations on

Irrespective of the cutter speed and aperture, cutters shall be shown to minimize bias

a) Normal sweep (angled cut) type

18
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b) Angled sweep (angled cut) type

=
<

cutter
belt supported to maintain curvature

sample receiver

belt suppported to form curvature
cutter entering belt

path of sample cut on belt

cutter exiting belt

sample

View on end of belt.

View on top of belt.

T 800NN U D WON

Figure 2 — Examples of cross-belt samplers
i

19
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6.9.2 Design of cross-belt samplers

Cross-belt samplers shall be designed in accordance with the following criteria:

3)

b)
c)

d)

g)

h)

the cutter lips shall be parallel and shall cut the stream in a plane n ;
ormal t -
conveyor; o the centre-line of the

the cutter shall take a complete cross-section of the stream, either normal or angled;

the cutter aperture shall be at least three times the nominal top si .
minimum cutter aperture of any cutter shall be 30 mm; P size of the coal being sampled. The

the minimum cutter velocity shall be 1,5 times the belt veloci
’ eloci i : .
effective cutter aperture while cutting the coal stream; ¥y toavoid excessive reduction of the

the cutter shall be of sufficient capacity to accom
moda i
maximum flow rate of the material; te the increment mass obtained at the

since fines will tend to be segregated to the bott

! . om of t .

selective sampling, the belt curvature shall be profiled tohfircrgaal\ on the b.elt,'m order to avoid

cutter s!de plates, :fmd the gap between belt and side plates ang /org all'(c which is matched by the

the minimum required to safegua‘rd against direct contact and con ac pl:'zltes shall be adjusted to

addition, the back plate shall be fitted with brushes and Jor resili Séquential damage to the belt. In

layer of coal; stitent skirts to sweep off the bottom

any flexible blades, brushes or skirts fitted to the

. Cutter shall .

e s e i o s o h s o SEUY st ot hey

. eris collected from ¢, ensure that the complete
. o e belt; P

rz_emforce:i S;n;t/m%: shall be 1fift:ted to the sample chute receiving

Figure 3 to prevent material from outside th Cross-belt i i

chute and contaminating the increment. © sample cutter from falli pporements as shown in

ng into the sample collection

©1s
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Key
1 sample
2 throat skirting

3 sample cutter
ation of the reinforced skirting

t sampler showing the loc

Figure 3 — Example of a cross-bel

king of sampling equipment

o facilitate inspe
d in the design
he intervals recomme

ction, thorough cleaning, repairs
of access points. Inspection and
nded by the manufacturer

6.10 Maintenance and chec

e throughoutt

respecte
att

The equipment shall be readily accessibl
or check experiments. Safety codes shall be
maintenance of the equipment shall be carried out

to ensure reliable operation.
entually cause a system, which had

d samples. It is essential, therefore,
nce schemes and be inspected
dergone undue wear or

subject to weal. Such wear may ev
factorily for bias, to produce biase
tems be the subject of planned maintena
21398 to ensure that components have not un

All mechanical systems are
originally been checked satis
that mechanical sampling sys
frequently in accordance with ISO

are broken.
21
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The person carrying out the inspection shall be

provided with a checklist of items to be noted. This
checklist shall include at least the following items

a) observation of the taking of an increment;

b) where a flow-

i i i o be
oothing device is installed, uniformity or otherwise of flow in the stream t
sm
sampled;

i . . Of
ive spillage in the area of the mechanical samplers which may cause contamination
c) excessive s
the sample;

hanical changes made to the sampling system or to the coal-handling system immediately
ny mechan :
Y 3p§tream of the sampler;
ss-belt samplers, the wear on the brushes and/or resilient skirts o
e) for cross-|

7 Handling and storage of samples

f common samples or moisture.sgm
l :t(;:r and vapour and have sufficien
\xil] not be impaired during remova]

ples are re
t mechanic
to the samp

quired, the Sample Containers sha))
al Strength tq €nsure that th
le Preparation g

quired, the
tion and Jog
precection ;e:'izniir{:)z?zfasl:mﬁgug:ttrit;?Siaczlgfnflﬁgzagggzs fog such Samples sha)) give adequat;
E;c:jt:: zt;lltljzirfumstances to prevent breakage and/or degra dation. Cal'efully hand]e d at all stages an
Moisture samples and common sam

be impervious to

€ integrity of the sample
If general-analysis test samples are re

; Sample copt
adequate protection against contamina

ainers for
s of sampj

Such samples shall provide
€ materijg),

ples shall be kept in 5 cool, dry p h
: . » . e
moisture content shall be determined ag quickly as Possib)e after sgni)p?: i;i;:z?trliﬁ:ny Storage, and t
The sample in each sample container shal| be fully anq permanently identifiable
i I that, for this purpose, the contginer be Provideq vy
lt;sa:::e(f;x waterproof ink with adequa.te }dentifying informg Ith Waterprooft
cr)nfthe container and one being placed inside ¢

s he container; if 5 pnl One tag
should be placed inside this liner.

astic inpey

ags, each marked'by
"8 placed on the outside

ei
liner jg used, the latter tag

NOTE There are circumstances w|

ments shaj) 8ive the ;
e mformatlo
o n det

amples shall be kept availabje under g00d
g:;i;z(:tison fic))r as long as required, Custogy, under

22
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8 Sample preparation

Sample preparation shall comply with the requirements of ISO 13909-4.

9 Bias

9.1 Minimization of bias

Test results obtained from the samples may be biased for a number of reasons. The causes of bias
resulting from design and operation of the sampling equipment and the actions to be taken to minimize

them are given in a) to g) below.

a) Improper design

Sampling systems shall be designed to minimize moisture losses incurred throughout the system
by tightly enclosing all components, and keeping the flow time of the sample, from collection of
primary increment to collection of the final sample, to a minimum.

Requirements for the design of sampling systems are givenin 6.7.

b) Improper operation
parameters, e.g. cutter speed and frequency, shall

Inspection and/or measurement of the operating
11 as the system specifications.

be documented to verify compliance with the sampling plan, as we

¢) Periodicity

hat is synchronized with the cycles of the material
be collected that coincide with some cyclical belt
lic peaks or valleys of some characteristic of the

The collection of increments at any stage t
flowing to that device, causing increments to
loading, or other phenomenon that results in cyc

material being sampled, can result in bias.

In order to avoid bias caused by such cyclical relationships, stratified random sampling shall be used.
i i the non-random sampling of front runnings or tailings at any
In order to avoid the bias caused by hall be independent of the flow of the coal to that

stage, the starting time of the first increment s
sampler.

d) Improper maintenance
onents shall be scheduled and documented by hours of use.

he maintenance of items that wear and/or need adjustments,
be lost or drying to occur. Crusher components

duced to the next stage. |

Maintenance of the sampler comp
Special attention shall be given to t a1 to
For example, seals may wear causing materi2

: ; intro
may wear, causing an incorrect sizé material to be intr
. i o basi mass-basis
e) Non-adherence to basis of sampling (time-basis of )
be checked to ensure that the increment masses are strictly flow

The sampling operatior sha pling and uniform for mass-basis sampling. ;

proportional for time-basis sam

f) Improper cleaning . N
tween lots to avoid sample contamination,

aned be i
be cle re essential. If complete cleaning cannot

em shall ts is therefo

The mechanical sampling syst

; en : ;
Access to the interior Of the System Cornep:)l?e system by a"OWlng one or maore increments to pass
be ensured, it is good practice to purghem in the sample container.

through the system without collectingt

ntained throughout the mechanical sampling

g) Coal flow rate
olding hoppers to ensure the full increment, or

uld be mai
A consistent coal sample flow ractﬁi:\l/]:d by using h

system. For example, this can ea
23
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batch of increments, pass through a crushing cycle and are completely collected in a hopper before
a »
proceeding to the next cutter.

9.2 Checking for precision and bias

O separate sampl|
a number of incr

chanical sampler shall !)e checked for
Zt}:)%[::i-belt sampling and oftf-h.ne preparation
system (see 1SO 13909-8). This is of
crushed sample.

bias by comparing the analysis of 3 sample taken by
with that taken f

rom the same coa) by the mechanical
particular importance when moisture is to be determined on the

If preparation components are added to the sampler, they shal] g5, be checked for bias,

10 Verification
Proper design shall be verified prior to installation anq use (see 6,8 ang
design shall be verified by conducting a bias test of t i

for bias at Predetermineq inter
maintenance plan.

NOTE The time intervals between these

routine bias testg will d :
and on any medification/alteration of the System, “end on the throughpUt ndpe oriue

Sampling systems should also be routj
are operating correctly and conform t

nely inspect,

ed in accorda
0 the requir

Nce with 1So 213 hat they
ements of thig Partof [SQ 1390:3).8 ‘o ensure tha
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Annex A
(normative)

Evaluation of sampling equipment for mass-basis sampling

A.1 General

When using mass-basis sampling, it is essential that the following two requirements are satisfied:

a) the coefficient of variation of the masses of the individual increments added to the sample shall be
less than 20 %;

b) there shall be no correlation between flow rate and mass of increment.
To check the fulfilment or otherwise of these requirements, proceed as follows.

Take at least 20 increments at flow rates covering the range expected to be encountered. Record the
masses, y, of the individual increments at the stage when it is planned to add them to the sarpplf_:. Also,
record for each increment the flow rate, x, at the time of taking it. An example of such data is given in

Table A1,

25
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Table A.1 — Data from checking a mass-basis sampler
[ncrement Flow rate Increment mass
number t/h kg
X x2 Y y2 Xy

1 1060 1123600 100 10000 106 000
2 1050 1102500 104 10816 109 200
3 970 940900 96 9216 93120
4 1010 1020 100 105 11 025 106 050
5 950 902 500 94 8836 8930
6 860 739600 86 7396 73960
7 720 518 400 68 4624 48960
8 840 705 600 75 5625 63 000
9 890 792100 82 6724 72 980
10 970 940900 104 10816 100 880
11 1020 1040400 103 10 609 105 060
12 960 921600 103 10 609 0
13 950 902 500 98 9604 o
14 970 940 900 101 102 o0
15 910 828 100 83 01 97970
16 880 774 400 92 6889 75530
17 920 846 400 100 8464 80960
18 970 940 900 95 10000 92000
19 990 980 100 % 9025 92150
20 1020 1040 400 103 > 216 %5 040

— 18910 18001 900 " lgsg ————0609 | 105060

S 5 x2 %, 180 304 1799 200
1 32 Txy

A.2 Coefficient of variation of increment masseg

Using the data ‘1:2 Table A.1, calculate the coefficient of Variation, ¢y for th
Formulae (A.1) - F 77 or the inc '
(A4) rément masses using

The mean, ;, is calculated from EOImulL[AJJ
S 2
r= n

A
where (A1)

n
zy is an abbreviation for Zyi . the sum ofall

n is the number of observationg,

- 88 .
Hence, y= -1-%— =94,4 kg [using WLAJJ]

X . ©1so 2016 - All rights reserved
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The variance, V, is calculated from Formula (A.2).

, O
V:Zy—__n_

A2
n-1 (A.2)
n
where Z y2 is an abbreviation for Z yiz ,i.e. the sum of the squared observations.
i=1
Hence:
2
180 3041888
V= 20 |-109,31
19
The standard deviation, s, is calculated from Formula (A.3).
s=JV (A3)
Hence:

s= \/109,31 =10,45
The coefficient of variation, CV, is the sta
calculated from Formula (A.4).
sx100
y
Therefore:

_10,45x100
94,4

ndard deviation expressed as a percentage of the mean and is

cV= (A.4)

cv =11,07%

If CV is greater than 20 %, calculate the x? critical value for the confidence interval defining the CV as

follows.

vi= (n-1)cv? (A.5)
202

n-1 degrees of freedom, conclude

read from Table A.2 with f=

If x2 is greater than or equal to the value
ling is not met.

that the requirement for mass basis samp

For example, if n = 25 and CV = 26 %

| o2
XZ=M=4O,56

; 202
alculated statistic, 42, is greater than the

ince the € .
36,4. Sin 9 and the requirement for mass-

dom is
The table value for 24 degrees of free eantly greater than 20

| table value, the coefficient of variation is signi
basis sampling is not met.

27
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Table A.2 — Excerpt from a table of the fractiles of chi-

Squared, using the one-sided distribution
case and a 95 % confiden

ce coefficient

F 5 6 7 8 9 10 |11
2 |111 [126 |41 (155 (169 (183 [197

;( 18 |19 20 (21 |22 |23

42 289 301 314 (327 (339 (359

12 13 14 15 16 17
(240 (224 (237 250 |263 |276
24 125 |26 |27 28 29 30
364 1377 389 |a01 41,3 |[42,6 [438

A.3 Correlation between increment mass and flow rate

Calculate the correlation coefficient

rrel bgtween the flow rate anq increment mass. The correlation
coefficient, r, which is a measure of possible relationship between the two sets, can be calculated from
Formula (A.6).

S Z5Ls

r= 2 (A.6)
2 Q%) 2 Dy
b
where

xandy represent the members of sets of Paired datz.

Z X is the sum of the Products of the paired data;
n is the number of pairs,

Hence, for the data in Table A 1.

e 20
2 \—
\/[1 800 190018910

 oae7 %884
0 |*| 180 304-\)

20
A statistic, ¢, is calculated from F-Ql:muliLAJ_)

-2
¢ n

c= ———

1-r

(1 799 zoo-w)

Hence:

te=0884- Y202 o .
J1-0,8842

The value of ¢ is Compared with the vay,
If the value of t is greater than the y

(A7)

nts’ ¢

CT \Z in

correlation is present. Since te is pr alue of ¢ foun Iabl{A@
€ and incremepy

ss-basis Sampling,

between flow rat

d in this
before use for ma

at (20 - 3 dom.
tab ) degrees of free
S, aﬂdntf]e(m) * 2,101, itlies e::to(n 1- 2) degrees of freedom, then
Sample, shal) therzgol;ded that there is correlation
e

€ corrected and reteste
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T —_ , . "
able A.3 — Value of Student’s t at 95 % confidence level for two-tailed distributions

Degrees of freedom Two-tail, £
5 2,571
6 2,447
7 2,365
8 2,306
9 2,262
10 2,228
11 2,201
12 2,179
13 2,160
14 2,145
15 2,131
16 2,120
17 2,110
18 2,101
19 2,093
20 2,086
21 2,080
22 2,074
23 2,069
24 2,064
25 [ 2060
26 [ 2056
27 -
28 [ 2048
29 [ a0
30 2,042

29
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