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Foreword 

IS0 (the International Organization for Standardization) is a worldwide federation of 
national standards bodies (IS0 member bodies). The work of preparing International 
Standards is normally carried out through IS0 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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the IS0 Council. They are approved in accordance with IS0 procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard IS0 7087 was prepared by Technical Committee ISO/TC 132, 
Ferroallo ys. 

0 International Organization for Standardization, 1984 

Printed in Switzerland 
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INTERNATIONAL STANDARD IS0 70874984 (E) 

Ferroalloys - Experimental methods for the evaluation of 
the quality variation and methods for checking the 
precision of sampling 

1 Scope and field of application 

This International Standard specifies experimental methods for 
the evaluation of quality variation of ferroalloys for the pur- 
poses of determining the parameters of random sampling and 
two-stage sampling given in the relevant International Stan- 
dards. It also specifies the methods for checking the precision 
of taking samples by the random method and two-stage 
method. 

I S 0 5449, Ferrosilicochromium - Specification and conditions 
of delivery. 

IS0 5450, Ferrotungsten - Specification and conditions of 
delivery. 

IS0 5451, Ferrovanadium - Specification and conditions of 
delivery. 

IS0 5452, Ferromolybdenum - Specification and conditions 
of delivery. 

2 References 

IS0 3713, Ferroalloys - Sampling and sample preparation - 
general rules. 1) 

IS0 4552/l, Ferroalloys - Sampling and sample preparation 
for chemical analysis - Part 7 : Ferrochromium, ferro- 
silicochromium, ferrosilicon, ferrosilicomanganese and ferro- 
manganese. 1) 

IS0 455212, Ferroalloys - Sampling and sample preparation 
for chemical analysis - Part 2 : Ferrotitanium, ferromolyb- 
denum, ferro tungsten, ferroniobium and ferrovanadium. 1) 

IS0 5445, Ferrosilicon - Specification and conditions of 
delivery. 

IS0 5446, Ferromanganese - Specification and conditions of 
delivery. 

IS0 5447, FerrosKcomanganese - Specification and con- 
ditions of delivery. 

I S 0 5443, Ferrochromium - Specification and conditions of 
delivery. 

IS0 5453, Ferroniobium - Specification and conditions of 
delivery. 

IS0 5454, Ferrotitanium - Specification and conditions of 
delivery. 

IS0 7347, Ferroalloys - Experimental methods for checking 
the bias of sampling and sample preparation. 1 J 

IS0 7373, Ferroalloys - Experimental methods for checking 
the precision of sample division. 1) 

3 General requirements for experiment 

3.1 Quality variation 

The quality variation is a measure of heterogeneity of the fer- 
roalloy and is expressed in terms of the standard deviation 
denoted by 0. It shall be the standard deviation between in- 
crements (ai) for random sampling, and the standard devia- 
tions between packed units (or,) and within packed units (cQ,,,) 
for two-stage sampling. 

1) At present at the stage of draft. 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 70

87
:19

84

https://standardsiso.com/api/?name=e5688ad6cfd974686df078f669466193


Is0 70874984 (El 

NOTES 

1 Random sampling is applied to consignments of ferroalloys, 
whether crushable or uncrushable, delivered in bulk. 

2 Two-stage sampling is applied to consignments delivered in packed 
units. 

The experiment shall be repeated at least IO times. 

37 . Order of chemical determinations 

The sequence of chemical determinations of a 
exper timental test samples shall be in random order. 

set of 

3.2 Quality characteristic 

4 Experimental methods The quality characteristic for the determination of the quality 
variation is given in the relevant International Standards on 
methods for ferroalloy sampling. 4.1 Types of experiment 

The content of any other element may be selected as the 
quality characteristic by mutual agreement between the parties 
concerned. 

4.1.1 Type I for ferroalloys sampled by the random 
meth od 

This type of experiment is applied to ferroalloys in bulk. 
3.3 Evaluation of the quality variation of 
ferroalloys 

4.1.2 Type II for 
method 

ferroalloys sampled by the two-stage 
The quality variation shall be evaluated for each type 
alloy as designated between the parties concerned. 

of ferro- 

This type of experiment is applied to ferroalloys in packed units. 

34 . Consignments for experiment 
4.2 Type I 

The value of quality variation of a consignment of a ferroalloy is 
related to the method of constituting the consignment. Three 
methods are practised depending upon the process of produc- 
tion and the type of ferroalloy. These are tapped lot method, 
graded lot method and blended lot method. 

4.2.1 Method for crushable ferroalloys (see figure 1) 

This method is applicable to ferroalloys of which increments of 
a sample are obtained with a sampling device such as an incre- 
ment shovel. For the tapped lot method, the value of the quality variation 

tends to be small and depends on the degree of crushing and 
on the thoroughness of mixing of the material. If the experi- 
ment is conducted on consignments constituted by this 
method, it is liable to underestimate the value of the quality 
variation. 

The number of in crements to be taken 
signment shall be 10 or mo #re. 

from a ferroalloy con- 

Duplicate 
crements. 

test samples shall be prepared from each of the in- 

For the graded lot method, the difference between the taps 
constituting a consignment shall be as given in the relevant 
International Standards on technical conditions for delivery of 
ferroalloys. Quality variation of other differences between the 
taps of a consignment may be determined by agreement 
between the parties concerned. 

A single chemical determination of the quality characteristic 
shall be carried out on each of the test samples in random 
order. 

The data for the experiment shall be recorded 
such as that given in table 1 as an example. 

on a data log 

Quality variation experiments are preferably carried out on con- 
signments constituted by the graded lot method, in order to 
obtain the most reliable estimate of quality variation. 

4.2.2 Method for uncrushable ferroalloys (see figure 2) 

This method is applicable to ferroalloys of which increments of 
a sample are obtained as chippings from each of the selected 
lumps by means of a drilling machine. 

3.5 Method for sampling and chemical analysis 

Sampling, preparation of samples and chemical analysis for ex- 
perimental purposes shall be carried out in accordance with the 
relevant International Standards. 

The number of 
ment delivered 

lumps 
in bulk 

to be taken from a ferroalloy 
shall be 10 or more. 

consign- 

Each increment as a mass 
of the selected lumps. 

of chi PPiW shall be taken from each 
36 . Number of experiments 

Duplicate test samples shall be prepared from each increment. The experiment shall be conducted on one consignment. For 
random sampling, an experiment shall cover either the whole 
consignment or part of the consignment. For two-stage sampl- 
ing, it shall cover m packed units out of A4 packed units of the 
consignment. 

A single chemical determination of the quality characteristic 
shall be carried out on each of the test samples in random 
order. 

2 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 70

87
:19

84

https://standardsiso.com/api/?name=e5688ad6cfd974686df078f669466193


Is0 70874984 (El 

The data for the experiment shall be recorded on a data log 
such as that given in table 1 as an example. 

4.3 Type II 

Two different binary subsamples denoted by A, B; C, D, com- 
posed each of four increments, shall be constituted as follows : 
A and B each consist of one increment from each of the four 
selected packed units; C consists of two increments from each 
of the even-number packed units; D consists of two increments 

This method is applied to consignments of ferroalloys, whether 
crushable or uncrushable, delivered in packed units (see 
figure 3). 

A total of m packed units shall be selected at the first stage of 

from each of the two odd-number packed units. 

The test samples shall be prepared from the subsamples as 
follows : two test samples for each of the subsamples A and C; 
one test sample for each of the subsamples B and D. 

two-stage sampling. 

NOTE - For the sake of convenience in the treatment of the data, it is 
recommended that the number m be an even number. 

A single chemical determination of the quality characteristic 
shall be carried out on each of the test samples in random 
order. 

At the second stage of two-stage sampling, each of four in- 
crements in the form of particles or chippings shall be taken 
from within each of the selected packed units. 

The data for an experiment shall be recorded on a data log such 
as that given in table 2 as an example. 
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Consignment 

increments 
(i = 1, 2, . . . . k) 

Duplicate 
test 
samples 
(i = 1 and 2) 

Measurements 
(chemical 
determinations) 

‘12 

X 12 

‘21 i 

X 21 

22 

X 22 

‘il t 

Xl i 

. 
112 

xi2 

r ,kl 

X kl 

k2 

X 
k2 

Figure 1 - Flow scheme for crushable ferroalloys (Type I) 
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Table 1 - Data log for the experiment (Type I) (Example for k = 10) 

Data sheet No. : Name of company and works : 
Particulars of consignment : Particulars of experiments : 

Type and name of ferroalloy : Dates of experiment : 
Method of constitution of consignment : Mass and number of increments or lumps : 
Designation and mass of consignment : Quality characteristics 
Other identification : (e.g., % Mn for ferromanganese) : 

Increment 
number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Duplicate measurements 
~0 (e.g. % Mn) 

j=l j=2 

X11 Xl2 

x21 X22 

X31 x32 

X41 x42 

x51 X52 

x61 x62 

X71 x72 

x81 X82 

x91 X92 

Xl01 X102 

Arithmetic mean Ranges 
2-i Ri 

Xl. = (x11 + x12 l/2 Rl =lxll --WI 

X2. = (x21 + x22 )/2 R2 = IX21 - x22 I 

X3. = (X31 + X32 l/2 R3 = IX31 - X32 I 
X4. = (X41 + X42 l/2 R4 = Ix41 - x42 1 

X5. = (x51 + x9 )/2 R5 = IX51 - X52 I 
x6. = (x61 + x62 j/2 R6 = Ix61 - x62 1 

X7. = (X71 + X72 l/2 R7 = Ix71 - x72 1 

x8. = (x81 + x@ )/2 R8 = Ix81 - x82 / 

X9. = (x91 + x92 v2 R9 = lx91 - x92 I 
X10. = (x1()1 + x102)/2 ho = IX101 - x1021 

k= 10 v = S/(10 - 1) ai = V v - c&/2 

aDM = Rid,; d2 = 1,128 

( 
2 

S = q . + x; 
1 

. + . . . + q. > ( . - E Xl. + x2* + . . . + x10. 
> 
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Consignment 

Sample lumps 
(i = 1, 2, . . . . k) 

Increments 
(chippings) 

Duplicate 
test 
samples 
Cj = 1 and 2) 

Measurements 
(chemical 
determinations) 

ith 

I 
xi2 

1 kth 

k2 

X k2 

Figure 2 - Flow scheme for uncrushable ferroalloys 
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Figure 3 - Flow scheme for ferroalloys in packed units (Type II) 
(Example for m = 4) 
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Methods for analysis of experimental data 

S is the sum of squares expressed by a working formula; 
5.1 Selection of the method - 

3 is the arithmetic 
ith increment. 

of paired measurements of the 

When the experiment is conducted according to 4.2 for ferro- 
alloys in bulk, whether crushable (4.2.1) or uncrushable (4.2.2), 
the method of data analysis for the random method (5.2) shall 
be applied. When it is conducted according to clause 4.3 for 
ferroalloys in packed units, the method for data analysis of two- 
stage sampling (5.3) shall be applied. 

52.5 Calculate the estimated value of the quality variation 
between increments, using the results based on the data from a 
single experiment obtained from formulae (31, (4) and (5) : 

62 
1 

i 
= v-42 

2 DM 
. . . (6) NOTE - During the process of data analysis, if the calculated value of 

the variance is turned out to be a negative one, it should be regarded as 
being zero (a2 = 0) provided that no causative defects in the 
experimental operations can be observed. 5.3 Metho 

sampling 
d for data analysis for 

5.2 Method for data analysis for random sampling The procedure for evaluation of the quality variation between 
packed units and the quality variation within packed units shall 
be as given below. The procedure for evaluation of the 

increments shall be as given below. 
quality variation between 

5.3. 1 Calculate the range of measurements of the duplicate 
test samples of subsample A i and of subsample Ci : 5.2.1 Calculate the range of paired measurements 

R Ai = il - i2 IA A I . . . (7) Ri = IXil - xi21 . . . (1) 

RCi = Ic il - i2 c I . . . (8) 
where Xi 1, Xi 2 are the measurements of each of the duplicate 
test samples of the ith i ncrement. 

5.3.2 Calculate the arithmetic mean of two different ranges : 

5.2.2 Calculate the mean range 

‘=i(kRAi+ 2RC) ... 
i=l i= 1 

(9) 
- 1 k 
R=- Ri 

k c 
i= 1 

. . . (2) 
where p is the number of experiments. 

where k is the number of ranges of experiments. 

5.2.3 Calculate the estimated 
division and measurement 

value of combined variance of 

62 DM = . . . (3) 5.3.4 Calculate the ranges of the binary subsamples : 

RABi = il - IA Bil or 
where d2 is the factor for obtaining the standard deviation from 
the range; 
d, = 1,128 for paired measurements 

RABi = i2 - IA Bil . . . (11) 

RCDi = Ic il - Dil or 

RCDi = IC i2 - Dil . . . (12) 5.2.4 Calculate the estimated value of the unbiased variance : 

1 
V= -S . . . 

k-l 
(4) 

RABi and RCDi are the ranges of the respective paired 
measurements of the binary subsamples A, B; C, D of the 
ith experiment; 

A i, Bi and Ci, Di are the respective measurements of the 
test samples of the two binary subsamples of the ith 
experiment. 

(5) 

For other methods of calculation, see the annex. 
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5.3.5 Calculate the estimated values of the quality variation 
between packed units and the quality variation within packed 
units as follows : 

b) When II increments of a gross sample are taken, the 
two-sigma precision of sampling is given by 

1/ 
a2 P S=2a,=2 i 
n 

. . . (16) 

7.1.2 Estimation of precision of sampling . . . (14) 

where 
- - 
RAB and RCD are the respective means of k ranges of 

Calculate the estimated value of pS (denoted by &) by the 
following formula : 

R ABi and R CDi; 6? 
ps=2 f A i- . . . (16’) 

m is the number of packed units selected at the first stage 
of two-stage sampling. 

where 

6 Expression of experimental results 
8; is the value obtained by formula (15); 

6.1 Random sampling 
n is the number of increments of the sample taken from a 
consignment of which & is under study. The arithmetic mean of 10 or more estimated values of the stan- 

dard deviation between increments shall be calculated by the 
following formula : 

7.2 Method for two-stage sampling 

A J 1 h 
Oi = c G2 jj-- ij . 

j=l 

. . (15) 
7.2.1 Theoretical background 

where a) The practice for selecting the packed units and taking 
the increments from the selected packed units has been 
based on the statistical theory of multi-sampling. s2 . . is the value obtained by formula (6) for thejth experi- 

m&t; 

b) When m packed units are selected at the first stage 
from a consignment consisting of A4 packed units and H in- 
crements are taken from each of the selected packed units 
at the second stage, the two-sigma precision of sampling is 
given by 

h is the number of values of 8;. 

6.2 Two-stage sampling 

The respective estimated values of the standard deviation be- 
tween packed units and the standard deviation within packed 
units shall be the positive square roots of the values obtained 
by the respective formulae (13) and (14). ailm -I- apnii . . . (17) 

7 Estimation of precision of sampling c) When m/M < O,l, the multiplier (M - m)l(M - I) is 
regarded as being unity, then formula (17) is reduced to 

7.1 Method for random sampling 
P 

- s = 2 Jc$m + a2,lmn . . . (18) 
7.1 .l Theoretical background 

d) When m = M, the first term in the square root of for- 
mula (17) becomes zero, then it is reduced to a) The formula used to determine the number of in- 

crements, n, taken from a consignment for random sampl- 
ing has been based on the statistical theory of random 
sampling with a parameter ai. 

-- 
/IS = 2&$7mTi . . . (19) 

* For other methods of calculation, see the annex. 

10 
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7.2.2 Estimation of precision of sampling 

The procedure of calculation shall be as follows : 

Calculate & by the following formula : 

a2,lm + 62,lmii . . . (20) 

where 

* a;, 62 are the respective values obtained by formulae 
(13) anWd (14); 

M is the number of packed units of the consignment of 
which /Is is under study; 

m 

n 

is the number of packed units selected; 

is the number of increments taken from each of the 
packed unit selected. 

b) When m/M G O,l, the multiplier (M - m)l(M - 1) is 
regarded as being unity, and /Is is calculated as follows : 

. . . (21) 

c) When m = M, the first term i n the square 
mula (20) becomes zero , then it is reduced to 

root of for- 

7.3 Actions after review of estimated results 

In the event that there is an indication that the precision of 
sampling does not attain the specified value given in the rele- 
vant International Standards, in addition to the maintenance of 
the succession in routine operations, the following actions shall 

included : 

a) When it is confirmed that there is a recognizable 
change in the quality variation, consult the authorative 
organization in charge for a change of increments, for ran- 
dom sampling and change the number of packed units to be 
selected at the first stage of two-stage sampling. 

b) Where practicable, take a greater number of increments 
than that specified by increasing either n or m. 

NOTE - The contribution of this action to the improvement of the 
precision of sampling is in proportion to d* where nl > n. 

c) Where practicable, it is recommended that the mass of 
an increment be increased. 

NOTE - Increasing the mass of an increment far more than that 
required will not effect substantial improvement of the precision of 
sampling. 

/Is = 2&Qmii . . . (22) 
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Annex 

Example of two other methods for the calculation of quality variation 
value (for two-stage sampling) for an experiment of 10 consignments 

A.1 The calculation of the quality variation within packed units (6;) may be carried out by the method of variance analysis. 

Calculate the sum of the squares for quality variation within packed units (SW) : 

1 
SW =- 

2 2 (Ai, + Ai212 + 2Bf-52 (Ail + Ai + Bi)2 

i= 1 i= 1 i=l 

. . . (23) 

Calculate the sum of the squares for the variance of sample preparation and chemical analysis of samples (SD,,,,) : 

. . . (24) 

i=l i= 1 i= 1 

The table for variance analysis is as follows : 

Factor 
Sum Degrees 

of of 
squares freedom 

Variance Variance in terms of components 

w (within packed units) SW 10 
SW 

VW = T 
2 4 2 

ODM +yaw 

DM (sample preparation and analysis) SDM 10 

The estimate of the combined variance of division and measurement is, then, as follows : 

c2 DM = vDM . . . (25) 

And the estimation of the quality variation value within packed units is as follows : 

c2 
3 

=- 
W w 

4 w - vDM) . . . (26) 

A.2 The calculation of the quality variation value within packed units (6;) may be carried out by correction of the calculation of the 
first term on the right hand side of formula (14) (see 5.3.5). 

For this purpose, calculate the ranges for binary subsamples (A, B) : 

1 
10 

RiB=- 10 c IAil -Bil 

i= 1 

. , . (27) 

. . . (28) 
1 10 

R>B = - 
10 c 

IAi2 - Bil 

i=l 

12 
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