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Mathematical Model for Planning Experiments
to Obtain a Metalized Product

Methodology

Experimental design involves calculating a
matrix for planning and processing the output
of a multivariate designed experiment. The
creation of functional models of the exper-
imental dependence of the properties of the
research object on variable parameters (for
example, composition, technological modes,
etc.) includes the following steps:

- setting optimized parameters depending
on the specific task;

- selection of factors that determine the
variability of optimized parameters;

- variable factors for intervals choose

- calculated and experimental conditions
choose

- selected factors study object characteris-

A tics dependencies mathematical models ramp

up experiment results processing [2-4].
Mathematical model ramp-up for experi-
ence orthogonal design method was used.
Factorial planned calculation during every
factor a basic level (plan middle) «0» and be-
low and vertex levels as «—» marked and en-
tered factors levels values encoded as «-1»
and «+1» respectively accepted. Factors the
natural values again calculation values linearity
interpolation through implemented completed:
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here x; - encoded in a similar way ¢-th factor a
value, X; - natural in a similar way ¢-th factor
a value, AX; - i-th coefficient change interval.
Definite factors are listed in Table 1.
To three factorial experimental design was



created (Table 2), planning matrix was calcu-
lated.

This experience planning during connected
doesn't trample from the ash size controlled
because his size experience all in progress in
percentages effect does too side by side ex-
perience temperature and duration was deter-
mined. Exit parameter (Y(ul); Y (u2); Y (u3))
already taken metalized in products iron with
size was determined. Exit parameter dimen-
sions reliability determine for in parallel mea-
surements driving need this of 3 parallel tests
every 20 impressions calculates.

Next according mathematical models, odds
was calculated.
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Released parameter variable factors addic-
tion mathematical model:

y = by+ bizy + by + bsxs + byt +

+boo x5 + b5 + b T + by 5 + bas o T

Natural in values these we will take:
y = 98,224 + 0,986, +(—0,776)x, +
+(—1,168)xs + (—7,322)2! +(—5,037)z; +
+(—1,183)xs + 4,059z, 2, +(—0,327 ) 2125

The mathematical model received then the
model coefficients importance (from scratch

Levels | Lower level (-1) | Base level (0) | Vertex level (+1) | Range of change Factor name
X1 1000 1100 1200 100 T, °C
X2 30 60 90 30 Time, min
X3 10 25 40 15 Amount of carbon dioxide, %

Experiment Planning matrix Variables natural values Exit parameter

N2 (u) X1 X2 X3 | T,°C | Time, min | Tap from the ash size, % | Y (ul) | Y (u2) | Y (u3)
1 -1 -1 -1 | 1000 30 10 86,9 | 86,8 | 92,5
2 +1 -1 -1 | 1200 30 10 789 | 82,6 | 88,2
3 -1 +1 -1 | 1000 90 10 78,4 | 80,0 | 83,1
4 +1 | -0,27 | +1 | 1200 45 20 89,5 | 80,7 | 83,2
5 +1 +1 | -0,27 | 1200 60 10 88,9 | 89,0 | 83,5
6 -1 -1 +1 | 1000 30 40 86,9 | 86,3 | 92,3
7 -1 0,19 | 0,19 | 1000 65,7 27,85 89,3 | 87,0 | 89,5
8 0,19 -1 0,19 | 1119 60 18,75 93,6 | 93,4 | 92,0
9 -1 -1 -1 | 1000 30 10 86,9 | 86,8 | 91,2
10 +1 -1 -1 | 1100 30 10 75,4 | 83,0 | 87,7
11 -1 +1 -1 | 1100 90 10 76,3 | 80,0 | 78,9
12 -1 -1 +1 | 1200 30 32 87,5 | 82,7 | 93,2
13 0,19 | 0,19 -1 1119 65,7 18,75 98,2 | 98,0 | 98,4
14 -0,29 | +1 +1 | 1071 90 40 86,8 | 89,0 | 88,0
15 +1 | -0,29 | +1 | 1200 51,3 40 83,5 | 90,1 | 92,3
16 +1 +1 | -0,29 | 1200 90 20,65 89,3 | 92,0 | 92,6
17 -1 0,19 | 0,19 | 1100 75 24,13 88,6 | 85,0 | 88,7
18 0,19 -1 0,19 | 1000 60 19,8 91,0 | 93,2 | 933
19 0,19 | 0,19 -1 | 1200 68 15,6 81,5 | 98,0 | 96,0
20 -0,29 | +1 +1 | 1100 90 24 88,6 | 89,0 | 89,2
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difference) and his agreement It will be
checked. Odds meaning by Student's settle-
ment (tsettlement) for this is checked accord-
ing to this formula calculated:

_ b
S{bi}’

ti

here b, - mathematical models ¢-th coefficient
1, S{b;} - odds in definition middle square de-

EA viation.

Functions odds in definition middle square
deviation Here with formula defined:

S{b:} = (C:-S3),

here C; - plan for the values (Table 3), S? -
reproducibility (variance) in parallel experi-
ments.

Parallel in experiments relapses dispersion
here with formula calculated:




]_ N m —

Sp = Nlm—1) &t =)
where N - is the number of experiments plan,
m — each on practice in a parallel, the number
of measurements, y,; — the value of the out-
put parameter in the u-th experiment during
the j-th parallel measurement, y. - average
response value of the output in the u-th ex-
periment.

Leitiemens  Calculated value selected impor-
tance level (usually 5%) and N(m—1) degrees
of freedom degree compared to the number
for tabular .. t;>t.. during b; coefficient it
is important to be it is considered.

Parallel in experiments relapse variance:
7,72

Freedom number of degrees: 20

Student criterion tabular value (f;.): 2,09
(Table 4)
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Fisher's test (F - criterion). It will be checked.
For this adequacy dispersion according to this
formula calculated:

S = NT’ILg ZuN:1 (E_ yu) 2,

where is n3 — the number of significant coeffi-
cients, @: - is the response value predicted by
the mathematical model equation.

In turn, the Fisher criterion is calculated as
the ratio:

San
S

F' - criterion for the selected significance
level (usually 5%) and the number of degrees
of freedom N(m—1) and (N—n). When F' < F,,,.
the mathematical model equation is consid-
ered adequate.

Results of statistical processing of the mod-

F=

Mathematical model compatibility using | el:
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0,462

0,231 0,258 0,612 0,246 0,564

Coefficient b0 bl b2 b3 b1l b12 b13 b22 b23 b33
Student's coefficient (t) 37,944 | 0,89 | 0,7 | 1,054 | 3,419 | 3,073 | 0,248 | 2,352 | 0,55 | 0,552
Meaning 1 0 0 1 1 0 1 0 0
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Dispersion of adequacy of the mathemati-
cal model: 12,06.

Number of degrees of freedom with signifi-
cant coefficients: 6

Tabular value of Fisher's test (Fiue): 2,6.

Calculated value of Fisher's test (Fluement):
1,56.

Conclusion

Based on the calculations performed, it
follows that the equation of the mathematical
model according to the Fisher criterion is ad-
equate. And this model is considered suitable
for solving production problems. The optimal
parameters for conducting experimental work

are: temperature range 1000-1100°C; dura-
tion within 60-90 minutes; at the same time,
the amount of rolled scale in the charge is 15-
20% by weight, since an increase in its compo-
sition does not lead to a significant increase in
the iron content in the resulting product, and
a small amount does not represent a technical
of interest, since a small amount of processing
does not bring.

The research is funded by the Science Com-
mittee of the Ministry of Science and Higher
Education of the Republic of Kazakhstan (grant
No. AP 19175779).
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