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Aluminium ores — Experimental methods for checking

the precision of sampling

1 Scqgpe

This Intgrnational Standard specifies the experimental
methodd to be applied for checking the precision-of
sampling of aluminium ores, expressed in terms- of
the standard deviation, being carried out in(accord-
ance with the methods prescribed in ISO 8685.

NOTE 1 | These methods may also beapplied for the pur-
pose of ¢hecking the precision of preparation of samples
being cafried out in accordance”with the methods pre-
scribed inf ISO 6140.

2 Nofmative'references

The follpwing standards contain provisions which,

[SO 6140:1991, Aluminium ores — Preparation of
samples.

ISO 8685:1992, Aluminium ores — [Sampling pro-
cedures.

3 Symbols

The following symbols are used tHroughout this
International Standard:

d, factor to estimate the standard fleviation from
the range (d, =1,128 for a pa|r of determi-
nations)

n number of increments

R, absolute difference between detg¢rminations on
subsample A and subsample B

through reference in this text, constitute provisions
of this part of ISO 10277. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 10277 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
[EC and ISO maintain registers of currently valid
International Standards.

ISO 6139:1993, Aluminium ores — Experimental de-
termination of the heterogeneity of distribution of a
lot.

R, mean absolute difference between determi-
nations on subsamples A and B for ng sampling
units

R, absolute difference between determinations on
divided subsamples B; and B,

R, mean absolute difference between determi-
nations on divided subsamples B, and B, for n
sampling units

Ry  absolute difference between determinations on
the same divided subsample B,
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R; mean absolute difference between determi-
nations on the same divided subsample B, for
ng, sampling units

X subsample values

mean value of a quality characteristic

=I

x;  determination on subsample A

x,  determination on subsample B

© SO

several parts to produce more than 20 parts for the
experiment. The experiment shall be carried out on
each part, considering each part as a separate lot in
accordance with ISO 8685.

4.3 Number of increments and number of
gross samples

The minimum number of increments required for the
experiment shall be twice the number specified in
ISO 8685. Thus, if the number of increments required

X3 determingtioren-divided-subsempte—Bs

x;  determinption on divided subsample B,

X; value of pon-reference member of ith pair
value of feference member of ith pair

os  standard |deviation of sampling

6 estimatedl value of ¢

oy estimated standard deviation of measurement

op estimated standard deviation of sample prep-
aration

opy estimatedl standard deviation of sample prep-
aration a];d measurement

os estimated standard deviation of sampling

spm €Stimated overall standard deviation of sampling;
sample pfeparation and measurement

4 General conditions

4.1 General

The determination of precision Jof sampling is based
on duplicate sampling from_lgts. If sample preparation
and analysis i also carrmed out in duplicate, it is
possible to determine>the errors associated with
those parameters«in addition to the errors due to
sampling.

for the routine sampling is n and one gross.-spmple is
constituted, the minimum number of ingrenjents re-
quired for the experiments shall be 2A4\and tWo gross
samples shall be constituted.

NOTE 2  If this is impracticable,)n increments| may be
taken and divided into two parts,” each comprising /2 in-
crements.

4.4 Sample preparation and testing

The preparatién ‘6f samples shall be in acqordance
with 1ISO 6140 and the testing of samples [shall be
carried olt-in accordance with the methgds pre-
scribed.id the relevant International Standards.

45 Replication of experiment

It is recommended that, even after a series ¢f exper-
iments has been conducted, the experiment$ should
be repeated at regular intervals and when tHere is a
change in ore quality. The experiment should also be
repeated when there is a change in equipmént or of
ore supplier.

Because of the large amount of work involved in this
method, it is recommended that the procedurg should
be carried out as a part of routine work of gampling
and measurement.

5 Experimental

4.2 Number of lots for the experiment

In order to reach a reliable conclusion, it is rec-
ommended that the experiment be carried out on
more than 20 lots of the same type of aluminium ore.
However, if this is impracticable, at least 10 lots
should be covered and each lot shall be divided into

5.1 Duplicate samples

Each alternate primary increment is set aside in order
to form gross samples A and B. The number of div-
ided increments per primary increment is the same
as that taken fer routine sampling. An example of a
sampling plan for gross samples A and B is shown in
figure 1.
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5.2 Sdmple division and testing

The two|gross samplés A and B taken in accordance
with 5.1(shall be divided separately and subjected to
either type 1, type 2 or type 3 testing as described in
5.2.1, 5.2.2.6r'6.2.3 respectively.

Figure 1.~ Example of a plan of duplicate sampling

5.2.2 Division-testing type 2 (see figure 3)

5.2.2.1 The gross sample A shall be flivided to pre-
pare two final samples, A; and A,, and from the gross
sample B, one final sample shall be prdpared.

5.2.1 Division-testing type 1 (see figure 2)

5.21.1 The two gross samples A and B shall be
divided separately to prepare two final samples.

5.2.1.2 The four final samples A,, A, and B,, B, shall
each be tested in duplicate. A total of eight tests shall
be run in random order.

NOTE 3 In type 1 testing, the standard deviations of
sampling, preparation and measurement are obtained
separately.

5.2.2.2 The final sample A, shall be tested in dupli-
cate and the other final samples A, and B shall be
tested individually.

NOTE 4 In type 2 testing, the standard deviations of
sampling, preparation and measurement are obtainable
separately. However, the precision for estimating the stan-
dard deviations of sampling, preparation and measurement
will be lower than that attainable in type 1 testing.


https://standardsiso.com/api/?name=d69d3fbc6de82c732085325a5f6f18cf

ISO 10277:1995(E)

© ISO

Lot
Gross sample A Gross sample B
| |
A A; 4 B, (Test samples)
X1 X112 X121 X122 Xom X212 X221 X222 (Measurement)

Lof

Figure 2 — Flowsheet for division-testing type 1

|

Gross sample A

Figure 3 — Flowsheet for division-testing type 2

Gross sample B

B (Test samples)

' n (Measurement)

5.2.3 Division-testing type 3 (see figure 4)

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

5.2.3.2 The two final samples A and B shall be
tested individually.

NOTE 5 In type 3 testing, only the overall standard devi-
ation of sampling, preparation and measurement is ob-
tained.
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Lot
Gross sample A Gross sample B
A B (Test samples)
X4 X2 (Measurement)
Figure 4 — Flowsheet for division-testing type 3
6 Analysis of experimental data ¢) Calculate the miean and the range fpr each pair of

The prodedure for the analysis of experimental data
shall be as specified in 6.1 to 6.3 or in annex A for the
type of |division-testing selected. A procedure for
treating data containing rogue results is included in
the procgdure (see example clause 7). When the data
do not cpntain rogue values, the method in annex A
may be §ised.

6.1 Diyision-testing type 1 (see figure 2 and

sheet 2

The estimated values of approximately, 95'% prob-
ability stgndard deviation (hereinafter_ refefred to sim-
ply as standard deviation) of sampling;)preparation and
measurement shall be calculated.in accordance with
the procg¢dure given below:

a)

b)

Dengte the pair of fouh measurements (such as
Al,O}f as a percentage by mass) of a pair of two
duplicate sampl&s; prepared from the two gross
samples A and B, as xy11, X112, X121, X122 @nd xpqq,

X212: (2211, X222

Calcylate the mean and the range for each pair of

duplicate samples:
%S

2

Ry =I5, — X

1 ,— _
- (X +Xp)

.(3)
-(4)

d)~ Calculate the mean and the range fpr each pair of

gross samples, A and B:

= 1 =
r== (. +x.)

Ry=1|x_ — x|

-(®)

-(6)

e) Calculate_ tfle oveLaII mean and |the mean of
ranges (R, R, and Ry):

E = LkZRl

(1)

.(8)

.(9)

duplicate measurements:

= 1

Xy = (1. + x2) (M

Ry = I — X0l -2
where

i=1and 2, stands for gross samples A
and B respectively;

j=1and 2, stands for final samples A,, B,
and A,, B, respectively.

(10

where k is the number of lots.

Calculate the control limits to construct the control
charts for means and ranges.

Control limits for x-chart:

X + AR, X + AR,

=1

+ AR, .
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Upper control limit for R-chart:

f)

D4R, (for R;), D4R, (for R,),

© ISO

Ry =|x — x| .7

c) Calculate the mean and the range for each selec-
D4R, (for Ry) ... (12) ted pair of measurements, x; and x;, or x, and x,,
selected at random:
where A, =1,880 and D,=3,267 (for a pair of - 1
measurements). (See clause 8.) r=a (1 +x5) OF = (% + x3) (18)
Using the ranges of measurement, calculate the Ry = xy — X3 or |x; — x5 (19)
estimated values of variance of measurement
(8-2,\,]), preparation (8,%) and sampling (Sé): d) Calculate the mean and the range for each pair of
A2 B 9 gross samples, A and B, selected at random:
oy = (f/dy) (13) o :
A2 17 WP AYA 1 /5,412 A A X:?(X1+X4),—2—‘(X2+/\4) or
op = Ul2/dz) — D) \1q/d3) (r4) -
1
— (5 + xy) ... (20)
2 2 1 5 2 2 (% + x4
05 = (foldy)” — 5 (Ry/dy) ... (15)
R3 = |x1 - XAl, [.XQ — .X4| or I.X'3 - X4, e (21)
where 1/d,|= 0,886 (for a pair of measurements).
(See clausq 8.) e) Calculate the overall mean and the nfiean of

h)

NOTE 6 When n increments are taken and divided
into two pafts in accordance with note 2 in 4.3, the
value of 52 [n equation (15) shall be divided by 2 to
compare with the specified variance (as)z. The com-
parison desdribed in step h) below will be made using
the value thys obtained.

Calculate the estimated values of standard devi-
ation of measurement (g,,), preparation (5p) and
sampling (o).

Compare the value of &g thus obtained with_the
desired stgndard deviation of samplingy.(os) as
given in ISQ 8685.

6.2 Division|testing type 2 (seé figure 3)

The estimated |values of standard deviation shall be

calculated in
cedure:

a)

b)

hccordance with' the following pro-

ranges (R;, R, and Ry):

?:%Zf ..(22)
1?1:%2& ..(23)
R, =—/1(—ZR2 . (24)
Ro=0 > Ry ..(25)

where k is the number of lots.

Calculate the control limits to construct thel| control

charts for mean and ranges.

Control limits for x-chart:

X + AR, X + AR, ¥ + AR, .. (26)
Denote the|four measurements as follows:
_ ) Upper control limit for R-chart:
Xy, X; pdir-ef duplicate measurements of a _ _ _
final sample A, prepared from gross D4Ry, D4Ry, DRy - (27)

sample A

X3! single measurement of a final sample
A, prepared from a gross sample A;

Xy single measurement of a final sample
B prepared from gross sample B.

Calculate the mean and the range for each pair of
duplicate measurements:

E=%(x1+x2) ... (16)

where A, =1,880 and D, =3,267 (for a pair of
measurements). (See clause 8.)

f)

Using the ranges, calculate the estimated values
of variance of measurement (Sﬁ,,), preparation (8%)

and sampling (62):
o = (Ryldy)?

8% = (Ryldy)” — (Ry/dy)’

... (28)

...(29)
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0% = (Royldy)? — (Ry)dy)? ... (30)
where 1/d, = 0,886 (for a pair of measurements).
(See clause 8 and note 6 in 6.1.)

Calculate the estimated values of standard devi-
ation of measurement (GM), preparation (gp) and
sampling (Gg).

Compare the value of &g thus obtained with the
desired standard deviation of sampling (og) as

ISO 10277:1995(E)

where A, =1,880 and D, = 3,267
measurements). (See clause 8.)

(for a pair of

d) Calculate the estimated values of overall variance

A2 .
(O5pm):

A2 = 2
aspm = (R/dy)

... (39)

e) Calculate the estimated value of overall standard

deviation (Ggpp).

giver] in 1SO 8685.

6.3 Diyision testing type 3 (see figure 4)

In this calse the estimated values of standard deviation
of sampling, preparation and measurement are not
obtainable separately. Type 3 testing gives the overall
standard|deviation (Ggpp):

A2 A2 A2 A2
OspM = 0s + 0p + O

... (3N

The estirpated value of overall standard deviation shall
be calculated in accordance with the following pro-

cedure:

a)

b)

Calcylate the mean and the range for each pair of
meagurements:

(x1 -+ XZ) D\ (32)

-1
2
R =[xy — x| ... (33)

whele x,, x, are the measurements of final sam-
ples A and B, respectively.

Calcylate the overall mmean and the mean of the
range:

1?=~1—>_‘)R

)

... (35)

7 Interpretation of results anJl action

7.1 Interpretation

7.1.1 Data containing nho rogue resy

When all of the.valdes of R;, R, and R
accordance with"6.1 and 6.2 are wit
control limit ¢f the R-chart constructed
with 6.1¢ehand 6.2 e), it is an indicatio
tine processes of sampling, division
mehntof samples are under control.

When all of the values of R calculated
with 6.3 are within the upper contrg
R-chart constructed in accordance with
indication that the overall process of

sion and measurement is under control

On the other hand, when any of the va
R,, calculated in accordance with 6.1 g
calculated in accordance with 6.3, fall
spective upper control limit, the prod
sampling, preparation, or measurement
tigation is not under control, and shou
in order to detect assignable causes.

7.1.2 Data containing rogue results

When a greater number of the values (
culated in accordance with 6.1, X or X

Its

calculated in
hin the upper
in accordance
n that the rou-
and measure-

in accordance
| limit of the
6.3 c), itisan
Eampling, divi-

lues of Ry, Ry,
nd 6.2 and R,
utside the re-
ess (such as
) under inves-
d be checked

fXx; orx cal

calculated in

where k is the number of lots.

Calculate the control limits to construct control
charts for mean and range.

Control limit for x-chart:

x + AR ...(36)
Upper control limit for R-chart:
D,R ... (37)

accordance with 6.2 or x_calculated
with 6.3, is outside the control limits

n accordance
of the corre-

sponding x-chart, it is an indication that the standard
deviation of measurement or standard deviation of

preparation is reasonably sufficient.

When most of the values of x calculated in accord-

ance with 6.1 and 6.2 or X calculated
with 6.3 are within the control limits
sponding x-chart, the standard deviatio

in accordance
of the corre-
n of sampling

is insufficient, and the variation in quality character-
istics of the lots under experiment could not be de-
tected. Under such circumstances, the methods of
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sampling, preparation and measurement shall be re-
viewed for modification (see 7.2).

NOTE 7

These tests are necessary to ensure that the

standard deviation of measurement or standard deviation
of preparation are sufficient to enable the other components
of error to be identified.

7.2 Action

When there is an indication that the standard devi-

ation does not
procedure may

a)

© SO

experimental results are summarized in sheets 1 and
2, and in figure 5.

Sheet 1 shows details of the experiment and analysis
results of alumina (Al,O;) determinations.

Sheet 2 shows the Al,O5 content and the process of
calculation of @y, 6p and As.

Figure5 shows the control charts for the mean and
the range for X, x, x and Ry, Ry, R;.

Check the

attain the desired value, the sampling
be modified as follows:

hanges in heterogeneity of distribution

of the aluminium ore in accordance with the
method given in 1ISO 6139. If it is confirmed that

there is a
distribution
number of

Bignificant change in heterogeneity of
of the aluminium ore in question, the
increments taken from a lot shall be

revised accprdingly.

In the cas¢

sampling W
of incremer
deviation of

njny .

Increase th
ever, a lim
mass will n
the standar,

of systematic or stratified random
hen a greater number (denoted by n,)
ts is collected from a lot, the standard
sampling is improved in proportion to

e mass of increment. There is, how-
t above which increasing the sample
ot effect a significant improvement of
H deviation of sampling.

8 Experiméntal example

The following €
iodic, systemat
and conducted

xperimental example is based on per-
¢ sampling by division-testing type 1,
by a consumer of.aluminium ores. The

In order to avoid errors and omissions, and’fgr future
reference, it may be convenient to keep-détalled rec-
ords of experiments in a standardized\form puch as
that used in the example shown.

The number of cases where points of data gre situ-
ated outside the 3-sigma gentrol limits are recorded
in the bottom space of sheet2, and the corresponding
data in the body of the sheet are identified by aster-
isks (see 7.1).

The values ofy\estimated standard deviation of
measurement, preparation and sampling of this ex-
ample aretas follows:
Standard deviation of measurement:
opm = 0,077 [% (m[m) of Al,O,]
Standard deviation of preparation:
6p =0,17 [% (m/m) of Al,05]
Standard deviation of sampling:
65 = 0,23 [% (m/m) of Al,O,]

Of the three, g is the greatest.
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Sheet 1 — Example of recording experimental details

[Name of Company and Works]

Date Of EXPEIIMENT: e
Sl OF BXP MM e
Characteristic measured:  Alumina content as a percentage by mass

Lots inyestigated
Source |aNd type Of Ore: i N

Loading POINT: S
Means pf transportation:  Ship
Numbef of lots: 20

Mass of lots: Mean 9 920 t; minimum 7 000 t; maximum 13 000(t

Samplihg details

Maximym particle size of lots: 110 mm
Type of|increment: Unit mass of ore on belt conveyor; for its full cfass-section over a certain length of flow
Nominal mass of increment: 25 kg

Number of increments: Stop belt conveyor at specified tonfage intervals of ore discharge, and dollect all ore
with a ghovel on the belt at the specified location to obtaifca 25 kg increment

Prepargtion of samples

Method| of constituting gross samples: Place alterAately individual increments taken successively [n containers
A and B, and constitute gross samples A and-B;-each comprising 50 increments.

Mass of gross samples: Mean 1 250 kg; tninimum 1 220 kg; maximum 1 285 kg
Type of|dividing of gross samples: Division-testing type 1 (duplicate samples)
Mesurements of Al,O5 [% (m/m)]

Statistig] Experimentalresults Commercial determination Found at loadinyg point
Mean 51,10 — —
Minimum 49,90 — —
Maximum 53,02 — e
Estimated precision of sampling [% (m/m) of Al,O5]
oy =0,077 ospp = 0,29
op =07
6s = 0,23
COMMENTS AN FTEBIMATKS: ...ttt ettt ettt ettt ettt
Date: ..o Reported by: .....ooooviiii e

[Name of supervisor of experiment]
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Source and type of ore:

Characteristic measured: alumina content

Sheet 2 — Example of recorded values
(See 6.1 and figure 5)

Date of experiment: .......ccoevvvvevcei o
Lot No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Sum Mean
Date of sampling
Mass of lot, t 12100 | 7300 107p0 | 13000 | 11500 | 10000 | 11200 | 9700 8600 9300 8300 10500 | 8200 10600 | 9100 1040Q |\ 7900 1120p | 11800 | 7000 198400 9920
Number of A 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 1000 50
increments
B 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 1000 50
50,92 50,88 50,82 51,40 52,04 52,70 50,94 50,90 51,20 50,94 49,94 50,08 50,38 51,10 52,00 50,72 51,50 51,09 51,15 51,54 1022,23 51,11
x| 50,99 50,87 50,76 51,30 52,00 52,92 50,98 50,87 51,00 51,07 49,90 50,04 50,23 51,00 51,93 50,78 51,42 50,94 51,30 51,32 1021,62 51,08
" X, | 50,96 50,88 | 50,7p* | 51,35* | 52,02* | 52,81* | 50,96 50,88* | 51,10 51,00 | 49,92* | 50,06* | 50,30* | 51,05 51,96* | 50,75* | 51,46* | 51,01 51,22 51,43* | 1021,91 51,10
R, 0,07 0,01 0,04 0,10 0,04 0,22 0,04 0,03 0,20 0,13 0,04 0,04 0,15 0,10 0,07 0,06 0,08 0,14] 0,15 0,22 1,95 0,10
M21] 50,98 51,02 50,9 51,40 52,27 52,90 50,80 51,02 51,08 51,00 50,02 50,14 50,30 51,00 52,32 51,14 52,02 51,04 51,10 51,50 1024,01 51,20
X190 | 51,01 51,02 50,88 51,25 52,44 52,72 50,85 51,00 51,08 51,00 50,09 50,26 50,30 51,02 52,27 51,14 52,07 50,94 51,08 51,26 1023,70 51,18
" X, | 51,00 51,02 50,9p* | 51,32* | 52,36* | 52,81*| 50,82*| 51,01 51,08 51,00 50,06* | 50,20* | 50,30* | 51,01 52,30* | 51,14 52,04* | 51,0 51,09 | 51,38* | 1023,86 51,19
Ry 0,03 0,00 0,0 0,15 0,17 0,18 0,05 0,02 0,00 0,60 0,07 0,12 0,00 0,02 0,05 0,00 0,05 0,08 0,02 0,24 1,33 0,07
;,7 50,98 50,95 50,8p 51,34 52,19* | 52,81* | 50,89 50,94 51,09 51,00 49,99* | 50,13* | 50,30* | 51,03 52,13* | 50,94* | 51,75* | 51,0 51,16 51,40 1022,88 51,14
g R, 0,04 0,14 0.1 0,03 0,34 0,00 0,14 0,13 0,02 0,00 0,14 0,14 0,00 0,04 0,34 0,39 0,58 0,01 0,13 0,05 2,79 0,14
Y211 51,40 50,27 50,7p 51,94 51,92 53,02 51,14 50,90 50,88 51,00 49,96 50,52 50,28 50,84 51,80 50,82 51,06 50,7 52,00 51,86 1023,09 51,15
X2 | 51,34 50,10 50,6 51,97 51,77 52,94 51,20 50,88 50,64 51,00 50,02 50,60 50,18 50,66 51,74 50,74 51,04 50,8( 52,05 51,60 1021,94 51,10
B X,y | 51,37% | 50,18* | 50,68* | 51,96* | 51,84* | 52,98*( 5117 50,89* | 50,76* | 51,00 49,99* | 50,56* | 50,23* | 50,75* | 51,77* | 50,78* [ 51,05 50,79* | 52,02* | 51,73* | 1022,50 51,12
R 0,06 017 0,03 0,03 0,15 0,08 0,06 0,02 0,24 0,00 0,06 0,08 0.10 0,18 0,06 0,06 0,02 0,02 0.05 0.26 1.75 0,08
Y221 | 51,28 50,04 50,8p 51,60 52,51 52,98 50,94 50,70 50,60 49,95 49,98 50,46 50,29 51,12 51,74 50,56 51,16 50,89 51,21 51,66 1020,48 51,02
Xy | 51,35 49,93 50,6 51,43 52,52 52,92 51,03 50,50 50,55 49,87 43,90 50,35 50,32 50,96 51,71 50,38 51,25 50,89 51,12 51,58 1019,16 50,96
& Xy | 51,32% | 49,98* | 50,7]* | 53,52* 52,52* | 52,95* | 50,98 50,60* | 50,58* [ 49,91* | 49,94* | 50,40* | 50,30* | 51,04 51,72* | 50,47* | 51,20 50,89* | 51,16 51,62* | 1019,80 50,99
R 0,07 0,11 0,24 0,17 0,01 0,06 0,09 0,20 0,05 0,08 0,08 0,11 0,03 0,16 0,03 0,18 0,09 0,01 0,09 0,08 1,92 0,10
Y, | 5134 | 5008* | 50,70* | 51,74* | 5218 | 52.96* | 51,08 | 50,74 | 50,67* | 50.46" | 49,96* | 5048* | 50,26* | 50,90 | 51,74* | 50,62* | 61,12 | 50,84 | 6159* | 51,68* | 1021,14 | 51,06
’ R, 0,05 0,20 0,03 0,44 0,68 0,03 0,19 0,29 0,18 1,09* 0,05 0,16 0,07 0,29 0,05 0,31 0,15 0,09 0,86 0.1 5,32 0,26
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; 51,16 50,62* | 50,78 51,54 52,18* | 52,86* | 50,98 50,84 50,86 50,73 49,98* | 50,30* | 50,28* | 50,96 51,94* | 50,78 51,44 50,92 51,38 51,54 1022,01 51,10
Ry 0,36 0,67 0,16 0,40 0,01 0,15 0,19 0,20 0,42 0,54 0,03 0,35 0,04 0,13 0,39 0,32 0,63 0,16 0,43 0,28 6,06 0,30
Calculation
% = (0,886 5 R,)? = 0,005 9 (0,886 5 R,)* = 0,032 3 (0,886 5 Ry,)* = 0,072 1 $=51,10  R4=0,087 3,267 R, = 0,204
6w =0,077 5-00323- 2952 —00294  §i=00721-2%28 _g0560 R,=0203 | 3.267R,=0664

6p=0,171 &g = 0,237 R, =0,303 3,267 R, = 0,991
X+ 1,880 R, =51,10 + 0,164 (51,26 apd 50,94); ¥ + 1,880 K, = 51,10 + 0,382 (51,48 and 50,72); ¥ + 1,880 R, = 51,10 + 0,670 (51,67 and 50,53)

Adjustment for calculated values

Individual % Al,O, identified by asterisH (*) are outside the 3-sigma control limits.

Number of cases where % Al,O, fell opitside the limits are

R,: 0 out of 80 data (Simplify as 0/80), R,: 3/40, R,: 0/20, X: 57/80, x: 21/40, x: 7/20

4%, =0,0059

oy = 0,077

First adjustment for R, :

R',=0,148

3,267 R’, = 0,484 (One point outside tHe UCL)

Second adjustment for R, :

R",=0,136

3,267 R”, = 0,445 (No point outside th¢ UCL)

(0,886 5 R",)*= 10,014 5

6p=0,107 5

(0,886 5 R';)? = 0,060 7

0s=0,2312

L

Comments and remarks:

RECOMABA DY: .o etttk
CREEKEA DY oottt e e

[Name of supervisor of experiment]
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Figure 5 — Example of control charts for mean and range (Graphical presentation of data in sheet 2)
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Annex A

ISO 10277:1995(E)

(normative)

Alternative method for analysis of experimental data

Wh t}*\a data dao not contain re~in ol ae (o
en data—do—not—contain—rogue—valtes—isee

7.1.

lysing th

1) thik alternative method may be used for ana-
experimental data in place of the method

specified|in clause 6.

A1

The
abili
ply

a)

b)

c)

e)

Ry =Tt — %] . (AB)

Calculate the overall mean and“the Variance in ac-
cordance with the sum of/squares df the ranges:

f:%Z? (A7)
Division-testing type 1
. : 2 G - 2
estifnated values of approximately 95 % prob- ZR1 =W — Xl ... (A.8)
ty stgndard deviation (hereinafter referred to sim-
as standard deviation) of sampling, division and ) )
measurefnent should be calculated in accordance ZRZ = |X;y — Xl ... (A9)
with the procedure given below:
. 2_ = =2
Denote the pair of four measurements (such as ZR3 = |x; — Xy (A10)
Al,O4 as a percentage by mass) of a pair of two
dupligate samples, prepared from the two gross 1
Sampes Aand B, as .x111, x—”z, X‘|21, X122 and x211' 6\%:—8?ZR12 (A‘l’])
X212/ Y221+ X222-
Calculate the mean and the range for each pair of o2 = —1-_ZR22 . (A12)
. _ 4k
dupligate measurements:
i 1 A
== (g + x0) A 05:%21&3 L (A13)
R, = |x.1 — x;; ... (A2
1= Py = il A.2) where k is the number of lots.
wherg f) Calculate the estzimated values of the variance of
asurement (o ion (62 i
i+ 1 and 2/~ $tands for A and B respec- (ngéa)' urement (diy), preparation (ap) gnd sampling
tively; st
A2 A2
j ¥ 17and 2, stands for final samples, A,, Om = 01 - (A14)
B, and A,, B, respectively. 1
UP:JZ__E—GM (A15)
Calculate the mean and the range for each pair of
duplicate samples: 08 =063 - %_ o ... (A.16)

d)

X+ X%2) - (A3)

1
-

X =

Ry =%y — Xz (A4

Calculate the mean and the range for each pair of
gross samples, A and B:

. +x.)

=1

1
- ...(AD)

h)

Calculate the estimated values of standard devi-
ation of measurement (ay), preparation (5) and
sampling ().

Compare the value of gg thus obtained with the

desired standard deviation of sampling (og) as
given in ISO 8685.
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A.2 Division-testing type 2

where k is the number of lots.

© I1SO

The estimated values of standard deviation should be f) Calculate the estimated values of the variance of
calculated in accordance with the procedure given rp;easurement (o), preparation (op) and sampling
below: (og):
A2 A2
a) Denote the four measurements as follows: M = o1 - (A2])
A2 A2 A2
. . =05 — (A
x;, X0 pair of duplicate measurements of a P27 oM (A.28)
final sample A, prepared from gross 62 = gg _ 3% ... (A.29)
sample A;
x3: single measurement of a final sample g) Calculate the estimated values of stafdgrd devi-
A, prepared from gross sample A; ation of measurement (a,,), preparation [(6p) and
X single measurement of a final sample sampling (o).
B prepared from gross sample B. . _ _
h) Compare the value of g thus obtained pwith the
b) Calculate the mean and the range for each pair of déS'red standard deviation-of sampling| (og) as
duplicate reasurements: given in ISO 8685.
-1
X =—{x; +x (A17) « = = -
7|1+ ) A.3 Division-testing type 3
R, = A — ...(A.18 . .
1= Ml ( ) In this case, the estimated values of standard devi-
c) Calculate the mean and the range for each selec- ation of §ampllng, preparation and measurerpent are
. not obtajnable separately. Type 3 testing gjves the
ted pair ofl measurements, x; and x; or x, and x3 overallStandard deviation (§een):
. sPml:
selected af random:
A2 A2 A2 A2
_ o =0g+0p+0 . (A.30)
xz% (x, + x3) or %(x2+x3) ... (A19) SPMTTS IR M
The estimated value of overall standard deviation shall
Ry =y — xf Or Ixp — x5 ... (A.20) be calculated in accordance with the procedyre given
below:
d) Calculate the mean and the range for each pair of
gross samples, A and B selected at random: a) Calculate the mean and the range for eagh pair of
- 1 measurements:
;:7 (x1+x4),7(x2+x4) or 1
X = —2‘ (.X] + XZ) . (A31)
1
— (g + X, ... (A21
o (et %) (A.21) R=|x, — x| L(A.32)
Ry =[x, — x4), —X%}0r |y — ... (A22 :
3= M =l b HOT b — (A-22) where x;, x, are the measurements of fihal sam-
, i les A and B, respectively.
e) Calculate fthe overall’mean and the variances in P P Y
accordénce with"the sum of squares of the b) Calculate the overall mean and the e$timated
ranges: value of overall variance in accordance With the
~ _ sum of squares of the ranges:
F=2>% L(A.23)
k . —.
x=72x . (A33)
62 = ;k 2 L(A.24)
A2 1 2
| B8 =~ >R ... (A34)
A2 2
0,=—— Y R .(A.25)
27 2 Z 2 where k is the number of lots.
A2 1 2 c) Calculate the estimated value of overall standard
_— — R . .
93= 5k Z 3 (A.26) deviation (Ggpp).
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