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INTERNATIONAL STANDARD

ISO

7347 : 1987 (E)

Ferroalloys — Experimental methods for checking
the bias of sampling and sample preparation

1 Scope and field of application

This Interrfational Standard specifies the experimental methods
to be applied for checking the bias of sampling and sample
preparatioh of ferroalloys given in the relevant International
Standards

It should tIe read in conjunction with ISO 3713, ISO 7087 and
1ISO 7373.

2 References

ISO 3713, |Ferroalloys — Sampling and sample preparation —
General rfes.

ISO 7087, |Ferroalloys — Experimental methods for the evalua-
tion of the quality variation and methods for checking the pre-
cision of sampling.

ISO 7373, | Ferroalloys — Experimental methods fer checking

the precisfpn of sample division.

3 General requirements

3.1 Methods for sampling, sample preparation
and chemical analysis

Sampling,|sample preparation and chemical analysis for the ex-
periment ghall be carried out in accordance with the methods
given in the relevant International Standards.

3.2 Principle

Any other element may be selected .as a qu

by agreement between the interested parties.

3.4 Number of experiments

The experiment shall'be repeated at least 10
on either 10 consignments or 10 parts of the
either 10 gross) samples or 10 sub-samples).

plity characteristic

imes (for example
consignments; on

3.5 “Selection of methods of data analysis

When individual increments taken by Methog

A and by Method

B are correctly paired, the method of analy:

is for paired data

shall be applied. When pairing of individual| increments taken
by Method A and by Method B is not conddicted, the method
of analysis for unpaired data shall be applied.

When the number of experiments is the sarn
analysis for paired data is higher in sensitiv

he, the method of
ty, in a statistical

sense, than that for unpaired data in detecting the significance

of difference. In order to apply the meth
analysis, it is necessary to design and perfo
so that pairing of increments, one from Meth
from Method B, is assured technically.

The method of analysis for unpaired data is
dition that the number of measurements of
Method B are the same. Care should be t3
same number of increments for both of the

bd of paired data
m the experiment
bd A and the other

based on the con-
Method A and of
ken to obtain the
methods.

NOTE — The prescribed methods for statistical aff

lalysis of experimen-

tal data may also be applied to the case of checlIng the difference in

the results obtained from different samples of on.

consignment taken

In the experimental method, the results obtained from the
method to be checked (Method B) shall be compared with the
results of a specified reference method (Method A) which has
been regarded as producing practically unbiased results from
technical and empirical viewpoints. The comparison shall be
made by use of a statistical method of test for significance of
difference at a 5 % level of significance (two-sided test).

3.3 Quality characteristic

The quality characteristic on which checking the bias of
sampling is carried out shall be that given in the relevant Inter-
national Standard on the methods for ferroalloy sampling.

at different places, for example, a loading point and a discharging point

(see clause 6).

4 Experimental methods

4.1 Examples of experiment

The reference methods (Method A) are different and vary ac-
cording to the intended purposes, and it is therefore difficult to
establish rigid rules. Examples of reference methods are given
below. The methods to be checked (Method B) are given in
relation to the respective reference methods.
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Example 1: Bias due to mass increment

Method A: A reference sample is a composite of in-
crements of larger mass than the mass specified for routine
sampling.

Method B : A sample is a composite of increments of equal
or smaller masses than those specified for routine sampling
which is considered to introduce no bias into the sample.

NOTE — Segregation of quality of ferroalloys is normally observed
along the vertical direction of crushed ingots. Care should therefore

Example 6: Mechanical sample dividing apparatus

Method A: A reference sample is the rest of a sample ob-
tained after the divided sample has been taken.

Method B: A sample is a divided sample obtained by a
routine method.

4.2 Sampling

be taken in taking the increments of reference samples.

Example 2: Sampling of ferroalloys in bulk

Method A: A
crements taken
during loading

Method B: A

reference sample is a composite of in-
from new surfaces of the ferroalloy exposed
or unloading a consignment.

sample is a composite of increments taken

from stockpiles.

Example 3: Sampling of ferroalloys packed in containers

Method A: A reference sample is a composite of the entire
quantity of pa¢ked units of the ferroalloy taken as the in-
crements.

Method B: A sample is a composite of increments taken
from several pgints selected at random within packed units
of the ferroalloy.

Example 4: Drilled sample

Method A: A|reference sample is a composite of in-
crements taker] by drilling from the top surface-through to
the bottom suyirface of ferroalloy lumps having vertical
crushed surfaces.

Method B: A sample is a composite.of increments taken by
drilling in randpom order from several points on ferroalloy
lumps of which the top and bottom surfaces are not clear.

Example 5: Ladle pampling

Method A: A| reférence sample is a composite of in-
crements of specified mass and specified number taken

42T Two gross samples shall be taken from the $ame con-
signment under study or the same part of the-consignment:
one of the two is by Method A and the othér\by Method B.
The gross sample taken by Method A is,designateql as gross
sample A and the one taken by Method B\.as gross sample B.

NOTE — For the purposes of checking the difference in thq results ob-
tained from different samples of one ¢onsignment (see npte in 3.5),
either of the two samples is regarded as gross sample A arjd the other
as gross sample B.

4.2.2 Each pair of increments for constituting fthe gross
samples A and B/shall be taken from the same point of a
ferroalloy consignment.

4.2.3 When pairing of increments is not intended, gross
sample A shall be the one obtained by Method A jand gross
sample B the one obtained by Method B.

4.3 Preparation of samples

4.3.1 For the cases of examples 1 through 5 in 4.1, when
checking the bias of sampling, the two gross samplgs A and B
shall be processed separately by the same methqd for the
preparation of the respective test samples A and B.

4.3.2 For the case of example 6, when checking the bias of
sample preparation, two different test samples A and|B shall be
prepared separately from the same gross sample ot from the
same sub-sample.

4.4 Determination and recording

The quality characteristic shall be determined or] the test

from a consignment constituted by the tapped fot method.

Method B : A sample is a composite of ladle samples taken
from a corresponding consignment.

samples A and B by the same method. The results of chemical
determination shall be recorded in a data log such as those
shown as examples in tables 1 and 2. Table 1 is applicable to the
case of paired increments and table 2 to unpaired increments.


https://standardsiso.com/api/?name=018599dcb9b5b9515c5f0a1c62417953

Table 1 — Example of a data log of a s-test of paired data.
(For explanation of the symbols, see annex A.)

Designation of experiment:
Type and grade of ferroalloy : (for example, ferrochromium A)
Identification of consignment (or gross sample) :

Date of experiment:

ISO 7347 : 1987 (E)

Table 2 — Example of a data log of a t-test of unpaired data
(For explanation of the symbols, see annexes B and C.)

Designation of experiment:
Type and grade of ferroalloy : (for example, ferrochromium A)
Identification of consignment (or gross sample) :

Date of experiment:

Quality characteristic
Incremént [for example, % (m/m) Cr]
No. 2
xg; XA dj=Xgj~ Xaj d;
1
2
k
Sum

Calculatior] for ¢-test on one consignment :

d = (plus or minus)
Vd =
ty, =

t(¢; 0,025 =
Statement|on the result of the ¢-test :

NOTE — THe experimental conclusion is derived from the overall result
obtained after the repetition of experiments~.on at least ten
consignmerjts (or parts of the consignments) of the same type of
ferroalloy.

Quality charjcteristic
Consign- | Grade of [for example;, %|[(m/m) Cr]
ment ferro-
No. alloy Gross sample B Gross sample A
xgi | Xai| XB; | kai | Xai | X%
1
2
n
Sum X | Zxg; EXZB‘. Xcn; | Exy, EXzAi

Calculation for -test on ten consignments :

t(g; 0,025) =

Statement on the result of the #-test :
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5 Data analysis

5.1 Test for significance of difference

The test for significance of difference between two experimen-
tal results, in other words, the deviation of the results of
Method B from the results of reference Method A, shall be car-
ried out by a statistical method called the ¢-test. For unpaired
data, prior to conducting the ¢-test, the F-test for equality of
the two variances of both of the methods shall be carried out.

5.3.3 If the F-test is passed, apply the t-test. If the F-test is
failed, reject the experimental results, and, if necessary, carry
out a further experiment.

5.3.4 The method of calculation for the ¢-test for significance
of difference is given in annex C.

5.3.6 Compare the absolute value of ¢, obtained by exper-
iment with the 7(¢; 0,025) point obtained from table 3 (see
annex A).

The analysis of daraeee(diag-te-t-be-nete-lné&-sbd' be made
by the procedure given in 5.3.

5.2 Paired data

5.2.1 Calculate t
method of calcula

5.2.2 Compare t

he observed value of ¢, denoted by f,. The
ion is given in annex A.

he absolute value of ¢, obtained by exper-

iment with the 7({p; 0,025) point obtained from table 3 (see

annex A):

When |t,| <t(e; 1,025), then d is not significant.

When | ¢,| > t(¢;
NOTE — See clause
outcome of these te

5.3 Unpaired

5.3.1 The equalit]
and the variance o
statistical method

,025), then d is significant.
6 for the conclusions that may be drawn from the
bts.

Hata

y of the variance of the results of Method A
the results of Method B shall be tested by a
called the F-test referred to as the,variance

ratio test. The method of calculation is given in annex'B.

5.3.2 Compare th
with the F(¢; 0,05

When F,<F{¢; 0,
When F,> F(g; 0,

e observed F, value obtained by experiment
point obtained from table.3 (see annex B).

05), then the test is‘passed.

05), then the_ test'is failed.

When | 1, | <t(g; 0,025), then d is not significant’
When | t,| > t{¢; 0,025), then d is significant:

NOTE — See clause 6 for the conclusions that may be drawn from the
outcome of these tests.

6 Review of experimmental results

In the event that the difference between the resulty obtained
from Method B and,Méthod A is insignificant by the t{test, then
Method B may be adopted as a routine method, proVided that
an agreementis.reached between the interested parties, where
such is reqtired.

The fellowing conditions shall also be taken into acqount:

a) The absence of bias means that the value obtgined from
routine operations does not depart from the trug¢ value or
reference value in this method with a statistically gignificant
difference.

b) If, even though the difference is statistically significant,
it is regarded as being negligible from a practical standpoint,
Method B may be adopted as a routine method,| provided
that the interested parties agree, where this is required.

c) When the difference is statistically insignificant but is
regarded as being so large as to be significant from a practi-
cal standpoint by the interested parties, a further exper-
iment shall be carried out.
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Annex A

Method of calculation of the /-test for paired data

(This annex forms an integral part of the Standard.)

.3

A.1 Calculate the difference between paired measurements:: A.3 Calculate the unbiased estimate of variance of the dif-
ference:
d,'=XF,"—XA,‘ i=1,2,.,.,k (1)
1 k k
where Vd:? Zd?_(zdi)z/k
where i=1 i=1
d; is the ith difference or deviation of xg; from xp;;

XBi

is| the ith measurement of sample B obtained by

method B to be controlled;

Xpi

is|the ith measurement of sample A obtained by the

reference method A;

k

A2

is the number of pairs of measurements.

Calculate the mean value of differences to one decimal

place mor¢ than that used in the measurements themselves :

d=

where

d

1 k
7211,- (2

i=1

is the mean value of k differences.

V4 is the unbiased estimate of variance

¢ is the number of degrees of freedom
o=k-1

bf the differences;

— in this method

A.4 Calculdte the observed value of ¢, denoted by ¢,, by

rounding off\to the third decimal place:

]

A.5 Obtain the statistic ¢ point at &

2,5 %

. 4)

level of

significance for ¢ degrees of freedom, denoted by ¢(¢; 0,025),

from table 3.

Table 3 — Point of ¢(¢; 0,025) (two-sided)
1) 9 10 1 12 13 14
t 2,262 2,228 2,201 2,179 2,160 2,145
1) 15 16 17 18 19 20
t 2,131 2,120 2,110 2,101 2,093 2,086
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Annex B

Method of calculation of the F-test for unpaired data

(This annex forms an integral part of the Standard.)

B.1 For the sake of simplicity, transform the crude

B.4 Calculate the unbiased estimates of variance, denoted

by V' and Vg, respectively :

AN

measurements to integers:
Xpi= xa— q)h i=12,...,n
’ (5)
Xg; = (xg; — cplh i=12...,n
where

XAi’ XBi are
of sample A a

Xpj Xg; are
sample A and

cq, ¢ are the

he respective ith transformed measurements
nd of sample B;

the respective ith crude measurements of
pf sample B;

respective subtracting constants arbitrarily

selected separ]tely for the transformation;

h is the mulfiplying constant arbitrarily selected for the

transformation|

S
VA=‘—A‘
[
Sg
Vg = —
B 4]

where ¢, and ¢g are the respective degrees of fi
sample A and of sample B, ¢ {L="71p — 1, ¢g = np 1
method ny = ng = n.

B.5 Calculate the. jatio of Vg of Method B to
reference Method“A using equation (9), rounding
second decimal place.

NOTE — Inthis method it is assumed that the variance of t

. (8)

eedom of
- 1, in this

Va of the
off to the

e reference

Method ‘A*would be smaller than that of Method B (V, <|Vg). Howe-
is th b £ £ le A and of ver,-ifiit turns out to be the reverse (V)4 > V), change the denominator
n is the number of measurements ot sample A and O fordhe numerator so that the ratio is greater than unity, and use equa-
sample B. tion (10).
Vs
B.2 Calculate the mean values of measurements of samples F, = 7N Fo>1 . (9)
— o . A
A and B, denoted|by X, and xg, respectively, and express(them
by inverting the tjansformation or
n
— 1 1 V,
=|— Xpil— + ¢ = —A
A (nz Al)h 1 F, Ve Fo>1 ... (10)
i=
. . (6)
n
o= P LI B.6 Obtain the statistical F point at a 5% level of
BT\ n Z Bi| p 2 significance for ¢g and @ degrees of freedom (¢g 5 Pa = @),
i=1 denoted by F(¢; 0,05), from table 4.
B.3 Calculate the square sums denoted by S, and Sg, Table 4 — Point of F(¢; 0,05)
respectively :
20
n 1 n 1 ] 9 119 12 5
= 2 _ . 3,18 2,98 2,69 2,40 2,12
o 300 (3 )

. (7)
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Annex C

Method of calculation of the ¢-test for unpaired data

(This annex forms an integral part of the Standard.)

The observed value of the statistic ¢, denoted by ¢,, shall be calculated by rounding off to the third decimal place as follows:

lo = RG]

SatSg (1 1
\ da+ ¢ \na g

Hence
Xg — X,
ty=— B XA .. (12)
Sa + Sg
®n

where ¢p | np — 1, ¢g = ng — 1and g = ¢g = 0.
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Annex D

Example for the calculation of paired and unpaired data

(This annex does not form an integral part of the Standard.)

An experiment for selecting samples was carried out using 12 consignments of silicocalcium [15 % (m/m) Cal. A gross sample A con-
sisting of 10 increments each of mass 15 kg and a gross sample B consisting of 10 increments each of mass 5 kg were taken from each

consignment.

The samples of njass 15 and 5 kg were taken at the same time from a crushed and mixed alloy during packing.

The samples A arjd B are considered to be paired data (see table 5).

A sample C was preliminarily taken by breaking off pieces from uncrushed ingots taken from each of 12 consignments.

Hence, the sampl
considered to be

Designation of th

b B taken from a crushed alloy during packing and the sample C taken by breaking/off pieces from ing
Lnpaired data (see table 6).

Table 5 — Results of analysis when testing paired data and calculation

b experiment : Selection of an increment mass

Type of ferroalloy: Silicocalcium

Identification of ¢

of increments ea¢h of mass 5 kg

Date of experimel

ht: July 1980

bts may be

bnsignment (or a gross sample) : A sample A consisting of increments each of mass 15 kg and a sample B consisting

Consign- Grade of Calcium, % (m/m)

ment 2
No. ferroalloy Xp; Xg; d; = xp; — Xg; d?
1 17,2 17,3 -0,1 0,01
2 S 18,7 18,5 +0,2 0,04
3 T 17,1 17,1 0,0 0,0
4 )E 16,8 16,7 +0,1 0,01
5 5= 172 | 17,2 0.0 0.0
6 S, 19,2 19,2 0,0 0,0
7 S % 17,0 16,7 +0,3 0,09
8 2 2 18,0 18,5 -05 0,25
9 ®E 17,8 18,1 ~0,3 0,09
10 S 17,0 16,7 +0,3 0,09
1 g 182 | 184 -0,2 0,04
12 17,3 17,3 0,0 0,0

+0,9
Total 11 -

-0,2
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Calculation of z-test
d= %2’2 = -0,017
y, o 082 - (-0,2%/12
1
_ 062 -00033
1
= 0,056
i = 0,017 x 3,47
0,237
= {0,249
tapi (11;0,025) = 2,20
[£o] < Hap
0,249 <| 2,201

The differehce was considered to be insignificant.

Hence, the

Designatior
Type of fer|

Identificatid
breaking of

Date of exq

eriment: July 1980

roalloy : Silicocalcium

mass of an increment was selected as 5 kg.

of the experiment: Selection of a sampling method

Table 6 — Results of analysis when testing unpaired data and calculation

n of a consignment (or a gross sample) :-A sample B taken from a crushed alloy during packing and the sample C taken by
f pieces by systematic sampling fram uncrushed ingots

Consign- Grade of Calcium, % (m/m)
",:Ie:t ferroalloy Sample B Sample C
Xgj X%i Xci X%i

1 o 17,3 299,3 17,7 313,3

2 S 18,5 342,3 19,0 361,0

3 T 171 292,4 19,3 372,5

4 C.E 16,7 278,9 16,7 278,9

° ‘5 ) 17,2 295,8 19,0 3071,0

6 Sw 19,2 368,6 19,4 376,4

7 g > 16,7 278,9 16,8 282,2

8 =3 18,5 3423 | 190 361,0

9 .g 18,1 327,6 18,8 353,4
10 2 16,7 278,9 17,8 316,8
1 3 18,4 338,6 18,7 349,7
12 17,3 299,3 18,5 342,3
Total 21,7 37429 2207 40685
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Calriilatinn Af L tnat fAr 1inmaira A Aatn
vairiCuiauon OF /-85t 7Or unpaireG Gaila
Xg = 17,6
Xc = 18,4
12 1 / 12
Sg=Y A -— vxﬁi\z
=
i=1 \i =1
Cmaina (211,702
= 37449 19

=3742,9 1 373474 = 8,16
12 1 12
som 3 b Lo
=1 i=1

| (220,72

= 40685 + —

= 40685 1 4059,0 = 9,6

Determination of ynbiased estimates of variance:

=074

= 0|86

—_
—_

Determination of the ratio between ¥ of the.method C and V of the reference method B:

Fo=—=1J6 Fo > 1

|

Ftabl (11, 0,05) = 2,8

Fo < Fyy (1,16, 2,8)

The test was consjdered to be satisfactory.

10


https://standardsiso.com/api/?name=018599dcb9b5b9515c5f0a1c62417953

