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INTERNATIONAL STANDARD

1SO 3085-1986 (E)

Iron ores — Experimental methods for checking the

precision of sampling

1 Sclpe and field of application

This Intdrnational Standard specifies experimental methods to
be appligd for checking the precision of sampling of iron ores
being carried out in accordance with the methods specified in
1SO 308] or 1SO 3082.

NOTE — [These methods may also be applied for the purpose of check-
ing the precision of preparation of samples being carried out in accord-
ance wit the methods specified in 1SO 3082 or ISO 3083.

2 References

ISO 308}, /ron ores — Increment sampling — Manual method.

1SO 3082, /ron ores — Increment sampling and sample prepara-
tion — Mechanical method. V)

ISO 3083, fron ores — Preparation of samples — Marual
method.

1SO 3084, /ron ores — Experimental methods for evaluation of
quality ariation.

SO 3088, /ron ores — Experimental methods for checking the
bias of sampling. V)

IS0 470, /ron ores — Determination Jof size distribution by
sieving.

3 Geperal conditions

3.1 Npmber of.consignments for experiment

In order|to réach a reliable conclusion, it is recommended that

3.2 Number of increments and m.meer

of gross samples

The minimum number of incféments required for the experi-

ment shall be twice the~number specifi

ed in- 1SO 3081 or

ISO 3082. Namely, if the-number of incremeénts required for the
routine sampling is n{and one gross samp{fy is made up of the

minimum number, of increments, the mini
crements required \for the experiment sh
gross samples shall be made up.

NOTE —if'this is impracticable, the number of
taken and divided into two parts, each comprisi

33 Sample preparation and testing

um number of in-
Il be 2n, and two

ncrements 714 may be
hg n4/2.

The preparation and testing of the sample shall be carried out in
accordance with the methods specified in| the relevant Inter-

national Standards.

the total iron content, it is preferable to carry ou

a series of determina-

NOTE — In the case of chemical analysis, such a;r the determination of

tions on test samples of a consignment on diff

3.4 Replication of experiment

ent days.

Even when a series of experiments has beer} conducted prior to
regular sampling operations, the experiments should be carried
out occasionally in order to check a possiblg quality variation in
the consignments, and at the same time, to control the

methods of sampling, sample division and

Because of the large amount of work involv

testing.

bd in this method, it

should be carried out as part of routine wagrk of sampling and

testing.

the expdriment be carried out on more than 20 consignments of
the samqe—wmﬁmm"mmva—mlsﬁﬁnm, at

least 10 consignments should be covered. If the number of con-
signments for the experiment is not sufficient, each consign-
ment may be divided into several parts to produce more than
20 parts on the entire consignments for the experiment, and
the experiment should be carried out on each part, considering
each part as a separate consignment in accordance with
1SO 3081 or 1ISO 3082.

1) At present at the stage of draft.

4 Method of experiment

4.1 Sampling procedure

The sampling procedure to be followed shall be selected from
the three categories of sampling, i.e. periodic systematic
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sampling, stratified sampling and two-stage sampling, depend-
ing on the method of taking increments from the consignment
in accordance with the relevant clauses of ISO 3081 or
1SO 3082.

4.1.1 Periodic systematic sampling

4.1.1.1 The number of increments, n,, shall be selected from
table 4 of ISO 3081 or ISO 3082, depending on the mass of the
consignment and the classification category of the iron ore, i.e.
“large”, “medium”, or "small”’ quality variation.

’

Then the sampling interval, Am, in tonnes, for taking
increments is given by the equation

Thus, increments are taken at 150 t intervals. The point for
taking the first increment from the first sampling interval of
150 t should be determined by a random selection method. If
the point for taking the first increment is determined as 20 t
from the beginning of shifting the consignment, subsequent
increments should be taken at the point 20 + iAm, where
i=1,2,..., 2n(1701, 320 t and so on). Since the whole con-

4.1.1.2 The [sampling interval, Am, in tonnes, shall be
calculated by dividing the tonnage, m,, of the consignment by
2n4, i.e. giving|intervals equal to one-half of the sampling inter-
val of the rqutine sampling. The sampling interval thus

calculated shall be rounded down to the nearest 10 t.

4.1.1.3 The ihcrements shall be taken at a regular sampling

interval (see 4.

.1.2), with a random start from the consignment.

sighment amounts to 19 000 t, 126 increments wil| be collected.

The increments are placed alternately in containers A and B,
and two gross samples, A and B, are made'up, each composed
of 63 increments (see figure 1).

4.1.2 Stratified sampling

4.1.2.1 In the case where the number of wagons or con-

4.1.1.4 The igncrements shall be placed alternately in two con-
tainers, A and|B. Thus, two gross samples, A and B, will be
made up, eacH composed of n; increments.

Example 1

Suppose that g consignment of 19 000 t of discharged iron ore
is transferred |by belt conveyors and that the classification

tainers, " i.e. the namber of strata, n,, forming
ment, is smaller¢han the number of increments
table 4 of ISO 3087, the number of increments, n
from each wagon (stratum) shall be obtained by
given in 8:2.2 of 1ISO 3081.

4.1.2:2 2nj increments shall be taken from each

pne consign-
n4, given in
, 10 be taken
the equation

wagon.

4.1.2.3 The 2n3 increments taken from each wagon shall be

separated at random into two subsamples,

each of n3

required number of increments, n., is 60, as shown in table 4 of

category of thl::re is “medium’’ quality variation : the minimum
ISO 3081 or IS0 3082.

increments,

1B50F

| o IGrosssampleA

Container A

l
!
I
1701 }320f
!

o Gross sample B

|

|
i 20t |
|

20t

Container B

Beginning shifting
of the consignment

Legend: Dot indicates iricrement and circle indicates gross sample

Figure 1 — Schematic diagram for example 1

1) Hereinafter referred to simply as ‘“wagons’’.
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4.1.2.4 Each of the two subsamples of all the wagons shall be
combined to make up two gross samples, A and B, respec-
tively, each comprising n1 (= ngny) increments.

NOTE — If the tonnage varies wagon by wagon, the number of
increments to be taken from each wagon shall be decided in proportion
to the tonnage. This method is called ‘“‘proportional stratified
sampling”’, for which the procedure is illustrated in example 3.

Example 2

Suppose that a consignment of iron ore is delivered in 11
wagons of capacity 60 t and that the quality variation of the ore

1SO 3085-1986 (E)

Then the numbers of increments to be collected from the six
wagons of capacity 60 t and the eight wagons of capacity 30 t
are respectively
ny x 6 x 60 40 x 360
my 600

24

ny x 8 x 30 40 x 240
3] B 600 B

16

The numbers of increments to be taken from each wagon of
capacity 60 t and from each wagon of capacity 30 t are respec-

within wdgons, o, 1s “medium’; the minimum required
number ofl increments, n,, for the 660 t consignment is 20, as
shown in table 4 of ISO 3081.

Then, the humber of increments to be taken from each wagon
is given by the equation

;20
Na = = — = 2
3 1
Four (2n3 = 2 x 2} increments are taken from each wagon.

The four increments are separated at random into two sub-
samples, dach consisting of two increments.

Each of thie two subsamples from the 11 wagons is combined
to compos$e two gross samples, A and B respectively, each
comprising 22 (2n, = 2 x 11) increments (see figure 2).

Example 3]

Suppose that a wagon-borne consignment consists of six
wagons of capacity 60 t and eight wagons of capacity ‘30.t,
i.e.my =6 x 60) + (8 x 30) = 600 t of iron ore, the
classificatipbn category of which is “large” quality variation in
terms of standard deviation within wagons, a,;) then the
minimum fumber of increments, n,, is 40, as;shown in table 4
of ISO 3081.

tively
24
—_— = 4
6
16
— =2
8

For this experimentgeight { = 2 x 4) increments are taken from
each wagon of capacity 60 t, and four (= 2[ x 2} increments
from each wagon of capacity 30 t. The increnjents taken in this
way are separated at random into two subsamples.

The two subsamples thus obtained from all gf the wagons are
combined separately to make up two gross §amples, A and B
respectively, each comprising 40 increments.

4.1.3 Two-stage sampling

4.1.3.1 If the number of wagons, n,, forming one consign-
ment is more than the number of increments, |4, required from
table 4 of ISO 3081, or when it is impracticable to take
increments from all of the wagons, n; wagong shall be selected
at random from the consignment in accordance with table 5 of
ISO 3081.

*

l O I Gross sample A
{2 x 11 ncrements)

¢ ¢
P P—

Container A

\

'e) Gross sample B
{2 x 11 increments)

Container B

Legend: Boxes, dots and circles indicate respectively wagons, increments taken from a wagon, and gross samples.

Figure 2 — Schematic diagram for exampie 2
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4.1.3.2 An additional n, wagons shall be selected at random
from the the same consignment independently. ,

NOTE — In the process of random selection, it is possible for the same
wagons to be included in each independent selection.

4.1.3.3 The required number of increments shall be taken
from each of the ny wagons selected in accordance with 8.2.3
of 1SO 3081.

4.1.3.4 All of the increments taken from the wagons selected

4.2.2 Division-testing type 2 (see figure 4)

4.2.2.1 The gross sample A shall be divided to prepare two
test samples, Ajand A,, and from the gross sample B, one test
sample shall be prepared.

4.2.2.2 The test sample A, shall be tested in duplicate and the
other test samples A, and B shall be tested individually.

NOTE — Type 2 also allows the precisions of sampling, division and
measurement to be obtained separately. However, the estimates of

in accordance With 4.1.3.1 shall be combined to make up gross
sample A.

All of the incrgments taken from the wagons selected in ac-
cordance with 4.1.3.2 shall be combined to make up another
gross sample B.

' Example 4

Suppose that |a wagon-borne consignment consists of 80
wagons of capacity 60 t, i.e. my = 80 x 60 = 4800 t
“medium’’ quglity variation in terms of standard deviation
within wagons| a,,, and “small’” quality variation in terms: of
standard deviation between wagons, oy,; then the number
of wagons to be selected, n,, is 15, as shown in table 5 of
ISO 3081.

From the sam¢ consignment, an additional 15 wagons are
selected indepegndently of those previously selected.

The number of fncrements to be taken at random from each, of
the first 15 wagons selected, nj, is four, and the total(60
(nong = 4 x 1B} increments are combined to make up gross
sample A.

An additional fdur increments are taken at random from each of
the second 15 wagons selected, and the total 60 increments are
combined to mpke up gross sample B.

4.2 Sample|division and tésting

The two gross samples Aand B taken in accordance with 4.1
shall be divided separately ‘and subjected to testing by either
type 1, type 2 qr type 3-as described in 4.2.1, 4.2.2 or 4.2.3.

procisions-of-division-and-meast t-are-infariorto-those obtained
by type 1.

4.2.3 Division-testing type 3 (see figure'b)

4.2.3.1 From each of the two gross samples A and B, one test
sample shall be prepared.

4.2.3.2 The two test_samples A and B shall be tested
individually.

NOTE - By type 3, only the overall precision of sampling, division and
measurement ‘is-obtained.

5 Analysis of experimental data

The method for analysis of experimental data|shall be as
specified in this clause depending on the type|of division-
testing selected, regardless of whether the method of sampling
be periodic systematic, stratified, or two stage.

5.1 Division-testing type 1 (see figure 3 and table 2)

The estimated values of approximately 95 % probability preci-
sion (hereinafter referred to simply as precision) pf sampling,
division and measurement shall be calculated in| accordance
with the procedure given in 5.1.1 to 5.1.7.

5.1.1 Denote the pair of four measurements (such as % Fe) of
a pair of two duplicate samples, prepared from the two gross
samples A and B, as xq11, X112, X121, X122, and Xoqli, X212, X291,

X992

4.2.1 Division-testing type 1 (see figure 3}

4.2.1.1 The two gross samples A and B shall be divided
separately to prepare two test samples.

4.2.1.2 The four test samples, A;, Ay, and B4, B,, shall be
tested in duplicate respectively. A total of eight tests shall be
run in random order.

NOTE — Type 1 allows the precisions of sampling, division and
measurement to be obtained separately. ‘

5.1.2 Calculate the mean, Xij.o and range, R;, for each pair of
duplicate measurements using equations {1) and {2} respec-
tively.

_ 1

Xj.= 5 by + Xo) coa(n

Ry = xj — X0l ... 2
where

i = 1and 2 stands for A and B;

1 and 2 stands for test samples.

S~
I
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Consignment

I &

Gross sample A Gross sample B

% % # !

A1 Az B1 B2

ISO 3085-1986 (E)

{Test samples)

X1 X112 X1 X1 X1 X2 X X222 "Measurefnents)
Figure 3 — Flowsheet for division-testing type 1
Consignment
' | '
Gross salmple A Gross sample B
A1 A2 ‘ B (Test samples)
X1 X 2 X 3 X .,  (Measurements)
Figure 4 — Flowsheet for division-testing type 2
Consignment
Gross sample A Gross s?mple B
[
:ix ’ T (Test samples)
X1 Xy (Measurements)

Figure 5 — Flowsheet for division-testing type 3


https://standardsiso.com/api/?name=bda399e53e3837f8f12b147c4e9bf45a

1SO 3085-1986 (E)

5.1.3 Calculate the mean, x; , and range, R,, for each pair of
duplicate samples using equations (3) and {4) respectively.

X, = % (xir, + Xp) ... (3

Ry =¥y — Xpp| .

5.1.4 Calculate the mean, ¥, and range, R, for each pair of
gross samples, A and B, using equations (5) and (6) respec-
tively.

NOTE — When n¢ increments are taken and divided into two parts in
accordance with the note to 3.2, the value of &% in equation (15) shall
be divided by two to compare with the specified precision, fg.

The comparison described in 5.1.7 will be made using the value
thus obtained. :

5.1.7 Calcuiate the estimated values of precision of measure-
ment, 26y, division, 2, and sampling, 25 .

Compare the value of 24 thus obtained with the specified

. {6y —+ X5 ) (5) precision of sampling, fg, as given in table 4 of ISO 3081 or
PR , TSO 308Z.
Ry =y 1 %] ...(6)  NOTES

5.1.6" Calculate the overall mean, ;, and the means of
ranges, Ry, Ry and R3 using equations (7) to (10).

F-1lyy )
n
R, = 1 g, ' .. (8
4n
I—QZ = —ZLI—ZDRZ - (9)
n
ﬁs = —1'24R3 . (10)
n

where n is the| number of consignments.

For the prepafation of control charts for means and ranges,
calculate the control limits using the formulae (11) and {12).

Control limits for X-chart

Eiflzm «%iAzﬁz $iAaﬁs SLLan
Upper control Jimit for R-chart

D4Ry (forR;) D4Ry(forRy) DyRa(forRy) ... (12)

where A5 = 1,880 and D4 = 3,267 lfor a pair of measure-
ments).

5.1.6 Estimatp the values of-standard deviation of measure-
ment, &, division, ¢p, ahd sampling, &g, using equations (13)
to (15) respect|vely.

1 See the note to 5.1.6.

2 It is recommended that the valugs\of a,; and o, optained by this
method be compared with the values.obtained by another method.

This procedure may also be applied to evaluate the precision of the
routine method.

3 The precision of sampling is defined as follows:
Stratified sappling
Bs =20g = 20,/\/n

Two-stage sampling

2 2

ny — Ny Of g,

Bs = 205 = 2}/ |—2) 2 + —
n2—1 ny nong

where ng = 4.

5.2 Division-testing type 2 (see figure 4)

The estimated value of precision shall be calculated in accord-
ance with the procedure given in 5.2.1 to0 5.2.7.

5.2.1 Denote the four measurements as follows[
ts of a test

X1, X; are the pair of duplicate measureme
sample A, prepared from gross sample A;

x3 is the single measurement of a test samplg A, prepared
from gross sample A;

x4 is the single measurement of a test sample B prepared
from gross sample B.

6% = (R,/§i32 .. 13)
N = 1 = 5.2.2 Calculate the mean, X, and range, R;, f h pair of
2 _ 2_ 2 . X, ge, R4, for each pair o
ob = (Ra/dy) 2 (Rq/dy) - 04 duplicate measurements using equations (16) and (17).
o = 1 _ 1
6% = (Ry/dy)? — — (Ryldy2 ... (15) ¥ =— b+ x) ... 118)
where 1/d, = 0,886 5 (for a pair of measurements). Ry =[x — Xy LY.

1} Sources:

[1] Theoretical background: PEARSON E.S. The Application of Statistical Methods to Industrial Standardization and Quality Control. London, British

Standards institution, 1935.

[2] Numerical values: ASTM Manual on Quality Control of Materials. Philadelphia, American Society for Testing and Materials, 1951.
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5.2.3 Calculate the mean, x, and range, R,, for each selected
pair of measurements, x; and x3, or x, and x3 using equations
(18) and (19).

1SO 3085-1986 (E)

Upper control limits for R-chart

D4Ry D4R, D4Ry

... (27)

where A, = 1,880 and D; = 3,267 {for a pair of measure-

1
— (xq + x3) ments).
2
= dor selected at random (18) 5.2.6 Calculate the estimated values of standard deviation of
= T measurement, Gy, division, ap, and sampling, dg, using equa-
1 tions (28) to (30} respectively.
- (x2 + X3) ~2 =
2 68 = (Ry/dy)2 ... (28
by = xg 63 = (Ry/dp)2 — (Ry/d,)2 ... (29)
Ry=4} or selected at random ... (19) 8% = (Ry/dp)? — (Ry/dy)2 .. (30)
[ b2 = 3 where 1/d, = 0,886 5 (for a pairof measurements).
5.2.4 Chiculate the mean, X, and range, Rj, for each pair of NOTE — See the note to 5.6
gross samnples, A and B, using equations (20) and (21).
1 5.2.7 Calculate cthe estimated values | of precision of
— (X1 + x4 measurements, 2}, division, 26, and sampling, 26, respec-
2 tively.
or R .
Compare\the value of 2Gg thus obtained |with the specified
=¥ 1 (xy + Xq) selected at random . . . (20) precision of sampling, Bs, given in table|4 of 1SO 3081 or
2 1SO"3082.
or
1 5.3 Division-testing type 3 (see figyre 5)
L - (X3 + X4)
2 In this case the estimated values of precisioh of sampling, divi-
A sion and measurement are not obtainable geparately. What is
! 4 derived from type 3 is the overall precisior), 26gpy, of these
or three precisions.
Ry = i [xo — x4 selected at random A The relationship between these precisions is
or 63pm = 6% + 63 + 6% ... (31
I3 — x4 Th . . .
e estimated value of overall precision shpll be calculated in
= accordance with the procedure given in 5.3.1 to 5.3.5.
5.2.5 GCalculate the overall mean,)x, and the means of ranges,
R,, R, and R using equations {22) to (25) respectively. _
5.3.1 Calculate the mean, x, and range, R, for each pair of
? _ I = 22) . measurements using equations (32) and (33).
't 1
_ f=*(X1+Xz) .(32)
R1 = J‘ZRA] PR (23) 2
n
— R = - C
’11 where x;, x, are the measurements of test samples A and B
Ry= — 2R, .. (25) respectively.
n

where n is the number of consignments.

Calculate the control limits to construct the control charts for
mean and range using formuiae (26) and (27).

Control limits for x-chart

=i
H
hS
N
=
=l
H
hS
N
b
N

... (26)

5.3.2 Calculate the overall mean, x, and the mean of range,

R, using equations (34) and (35).

F=13x
n

-1

R=—XR
n

where n is the number of consignments.

.. (34)

... (35)
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5.3.3 Calculate the control limits to construct control charts
for mean and range using formulae (36) and (37).

Control limit for x-chart

X+ AR ... {36)
Upper control limit for R-chart
D4R ... (37)

where 4, = 1,m%mt*e_mwmpnng

ments).

5.3.4 Calculatd the estimated value of overall standard devia-
tion, Ggpy, using equation (38).

63om = (R/45)2 ... (38)

where 1/d, = 0{886 5 (for a pair of measurements).

5.3.5 Calculatd the estimated value of overall precision,
ZGSDM'

6 Interpretption of results and action

6.1 Interpretation

When all of the palues of R3, R,, and R calculated in accord-
ance with 5.1 arnd 5.2 are within the upper control limit of the
R-chart construgted in accordance with 5.1.5 and 5.2.5, itis.an
indication that the routine processes of sampling, divisien/and
measurement off samples are in a state of control.

When all of the|values of R calculated in accordance with 5.3
are within the upper control limit of the R>chart constructed in
accordance with 5.3.3, it is an indication\that the overall pro-
cess of sampling, division and measurément is in a state of
control.

On the other hand, when several\alues of R3, R,, Ry, from 5.1
and 5.2, and R, [from 5.3, fall\out of the respective upper con-
trol limits, the process (such'as sampling, division, or measure-
ment) under invgstigation-is not in a state of control and should
be checked in arder to detect assignable causes. If there are
any values whic| i
should be calculated not including those values.

It is recommended that the control limits obtained by the above
experiment should be used for the interpretation of subsequent
experimental results.

6.2 Action

When there is an indication that the precision does not attain
the specified value in table 4 of 1SO 3081 or ISO 3082, the
sampling procedure shall be modified according to 6.2.1
10 6.2.3.

6.2.1 Check the changes in quality variations of the iron ore in
accordance with the method given in ISO 3084. When it is con-
firmed that there is a significant change in quality variation of
the iron ore in question, the following actions may be taken.

6.2.1.1 Periodic systematic or stratified sampling

Change the number of increments to be taken from a consign-
ment, nq, by the revised category of quality variation in accord-
ance with table 3 of 1SO 3081 or 1ISO 3082.

Change the number of wagons to be selected\frong a consign-
ment, np, in accordance with table 5 of 1ISO.3081.

6.2.2 In the case of periodic systématic or stratified sampling,
a greater number, nj, of increments may be collegted from a
consignment. The contribution-of this action to improvement
of the precision of sampling\is'in proportion to \/ﬁ W/ ny.

6.2.3 Increase thé mass of increment. However, the increase
in the mass moré than that required will not effect @ significant
improvement of the precision of sampling.

7 Examplie of experiment

This example of experiment is based on periodic| systematic
sampling by division-testing type 1, and conductefl by a con-
sumer of iron ores. The experimental results are sufnmarized in
tables 1 and 2, and figure 6.

Table 1 shows particulars of the experiment and anglysis results
of iron determinations. Table 2 shows the records df % Fe and
the process of calculation of &), 6p and 6.

Figure 6 shows the control charts for mean and range for

)?, X, ?, and R1, Rz, R3.

In order to avoid errors and omissions and for future reference,
it may be convenient to keep detailed records of experiments in
a standardized form such as used in this example.

The numbers of cases where points of data are situated outside

the three sigma control limits are recorded in the bgttom space

of table 2, and the corresponding data are identified by
i 6.1)

The values of the estimated standard deviation of analysis, divi-
sion and sampling of this example are

Gy = 0,077 (% Fe)
ED = 0,11 {% Fe)
a's = 0,23 (% Fe)

standard deviation of analysis:
standard deviation of division:

standard deviation of sampling:

Of the three, g is the greatest, and the estimated precision of
sampling is 265 = 2 x 0,23 = 0,46 % Fe. This value satisfies
the precision of sampling, fg, shown in table 4 of ISO 3081 or
ISO 3082.
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Table 1 — Example of recording particulars of experiment

Report on checking the precision of sampling

Period of experiment:
Site of experiment:
Characteristic measured:

(Name of the Company and Works)

(Location identification)
Iron content (% Fe)

Consighments investigated

Bource and type of ore:

L oading point:
Transportation medium:
Number of consignments:
Mass of consignments:

Particujars of sampling

aximum particle size of consignments: 110 mm
ype of increment: Unit mass of ore on belt conveyor; for its full crgss*section over a certain length of the flow
ominal mass of increment: 25 kg

umber of increments from a consignment: 2 x 50 = 100
ethod of taking increment: Stop belt conveyor at specified tonnage interval of ore discharge, and collegt all ore with a
hovel on the belt at specified location to obtain a 25 kg inérement.

Preparation of samples

Measufement of % Fe

Method of making up gross samples: Place alternately individual increments taken successively in contajners A and B,
and make up gross samples A and B, each comprising 50 increments.

Mass of gross samples: Mean 1 250 kg; Minimum 1 220 kg; Maximum 1 285 kg
F'ype of dividing of gross samples: Division-testing type 1 (duplicate samples)

Mean 9 920 t; Minimum 7 000 t; Maximum 13,000 t

Experimental Commercial Manifested
Statistic S at lodding
results determination
point
Mean 61,10 — —
Minimum 59,90 — -
Maximum 63,02 — -
Estimaled precision of sampling (% Fe)

gp—=0.077 Gapp-=-0,27
&D = 0,11
gg =023

ﬂs = 2&5 = 0,46

Bspm = 26spm = 0,54

{Name of supervisor of experiment)
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