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ABSTRACT

In the paper, the mathematical model of the sheet metal rolls handling process
was realized in the LBC Adjustment section of Arcelor Mittal S.A. Galati.
Mathematical modeling is performed by statistical methods, namely active

regression analysis.

The modeling methods by experiment programming are very different because
metallurgical processes are varied and complex.

We considered as the main influencing factors (the independent variables) the
following parameters of the studied process:

1 - the number of rolls - n (number of rolled steel strips / entered in the section

for 8 hours);

2 - the number of cranes - m (number of cranes / conveyor bridges from the

LBC fitting section).

For the problem to be solved, the optimized function must have a physical
meaning, be numerically expressed and show extreme values.

The objective function for optimizing the flow of rolled steel strips preparation
and delivery from the LBC Adjustment section is represented by the storage space

with some restrictions.

The best value for the objective function is found out by determining some
values for the independent process variables, for which the conditions for obtaining
some values imposed on dependent variables on minimum energy consumption Q

are met.

KEYWORDS: mathematical modeling, optimization, rolls, storage space

1. Introduction

A basic tool useful both in the conception phase
and in the analysis of the processes and operation of
the installations is modeling. Determining the
optimum for a metallurgical process is the result of
combining mathematical modeling with the use of
computers by using specialized programs [1].

The development of the specific mathematical
apparatus and of the statistical methods has enabled
the optimal decision-making issue to be tackled on
the one hand as a problem of technical efficiency and,
on the other hand, as a problem of high economic
efficiency [2].

Mathematical models can be used to reveal
optimal conditions, and as an important source of
information necessary for optimal management of
metallurgical processes [3].

This paper aims to combine the practice of
optimization of metallurgical processes with the
general techniques for solving extreme problems. All
stages of an optimization calculation, from problem
formulation to surface response research, are
performed to determine optimal conditions in
multifactor space [3].

The statistical methods for mathematical
modeling suffer two important stages: the first stage,
called the preliminary experiment, solves a series of
problems mainly related to the selection of process
factors and the interactions that may occur, the
second stage called the experiment where the model
is the real modeling and the statistical analysis of the
model [4].

The variation of process factors is appreciated in
the preliminary experiment by performing a series of
program-based determinations (dispersion analysis,
correlation analysis, etc.) that allows the selection of
factors that significantly influence and highlights the
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links between the factors and their contribution to the
process [3].

2. Elaboration of the mathematical model
of the sheet metal roll handling process in
the LBC Adjustment section of Arcelor
Mittal S.A. Galati

By using the active experiment, statistical
methods are used at all stages of experimental
research:

* before the experiment, by determining the
number of experiences and the conditions for their
realization;

* during the development of the experience by
processing the obtained results;

« after the experiment ends with conclusions
about future experiences.

The wording of the problem is the first step in
solving it. Therefore, there needs to be a precise and
clear formulation of the purpose of the work. For the

problem to be solved, the optimized function must
have a physical meaning, be numerically expressed
and show extreme values [4].

Determining  factors of influence i.e.
independent variables is of great importance in
solving optimization problems with experiment
programming. Determining the optimal conditions
may lose its meaning if one of the factors whose
influence on the optimization parameter can be
determined is neglected [3].

We considered the main factors influencing (the
independent variables) the following parameters of
the studied process:

1 - the number of rolls - n (number of rolled
steel strips / entered in the section for 8 hours);

2 - the number of cranes - m (number of cranes /
conveyor bridges from the LBC fitting section).

Table 1 shows the correspondence between the
different levels of the factors expressed in natural
values with those expressed in coded values for the
two factors used in the studied process.

Table 1. Correspondence between factor values expressed in natural units and coded units

Number of rolls Number of cranes
N |
Factor Natural Stock u:tig r?n
units, in ! Coded values
coded no. of
no. of rolls AT
Base level 65—65
n=65 —— =0 m=2 2-2=0
5
Interval of
variation Aup =40 0 Au; =8 0
Higher 70-65
level n=70 —=+1 m=3 3-2=1
5
Lower 60 _ 65
level n =60 c =-1 m=1 1-2=-1

For the coded representation of the experiment,
the following notations and symbols were used:

Independent variables:

* x1 - the number of rolls for delivery;

* x2 - the number of cranes;

Between the natural and the coded values of the
factors xi, the following relations exist:

n—65
! c ; X, =m-=2; (1)

Yi values are expressed in natural units. The Yi
values for the studied process represent the area
occupied by the n rolls in the LBC Adjustment
section.

Since the influence of the two factors on the
performance of the process (Y) is studied, the
experimental matrix shown in Table 2 was
performed.

Further, based on the matrix of the complete
factorial experiment, the coefficients of the regression
equation (the mathematical model) are calculated.
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Considering the function Yi as the analytical
expression of the first order model, it is of the form

[4]:

3 3

Yi =Cp +ZCi-Xi+ZCinin 2)
i=1 i=1

-1

i#j

Table 2. Experimental matrix of space occupied

by rolls
Nr. Xg EL] X Xq2 Y
EXxp.
1 1 1 1 1 191
2 1 1 -1 -1 178
3 1 -1 1 -1 163
4 1 -1 -1 1 136

Equation (2) is written in matrix form as
follows:

Y=X-C 3)

where: X is the matrix of experimental condition.

XOl Xll X21 e Xml
XOZ X12 X22 e Xm2

X = X03 X13 X23 e Xm3 4
XOn Xln X2n e an

n- the number of rolls;

m- number of cranes;

C - the column vector of coefficients ci;
C=[co, C1, ..., Cn] T;

T - the symbol of matrix transposition;
Y - the experimental results matrix.

Y =[Y1, Yz o, Yo] T (5)

wherein: Y =191, 178, 163, 136]

For the experiments performed, the matrix of the
experimental conditions at the upper, lower and the
basic level has the following form:

11 1 1
1 1 -1 -1
1 -1 1 -1
x=l1 -1 -1 1 (6)

For this case, the linear function (6) has the
form:

Y=by +b X +Db, - X, +b, - X X, (7

Multiplying both terms of the matrix equation
with the unit matrix to the left

E = [XT X] -1 x XT, resulting:
C=[XT x X]-1[XT - VY] (8)

expression representing the relation of computation of
the coefficients of the regression equation.

Using the values in Table 2, based on the
relation (8), we obtain the coefficients of the order I,
presented centrally in Table 3.

Table 3. Coefficient values of the first order

models
bo 668
by 70
b, 44
b1, -14

Therefore, the equation of the first order
mathematical model (8) has the form:

Y =668+ 70x_1+44x 2-14x 1x 2  (9)

By replacing the variables xi with the relations
(1) in the equation above we obtain the following
equation:

Y =-694+126-n+200-m-2.8-n-m (10)

Interpreting the equation (10) shows that the
greatest influence on the space occupied by the rolls
is exercised by the number of cranes.

The next factor as weight of influence is the
number of rolls received from the LBC.

Table 4 presents the values measured and
estimated by calculation, using the equation of the
mathematical model (10), as well as the data
necessary to verify the suitability of the model by
calculation.

Following calculations to verify the suitability
of the model using the Fischer criterion method as
well as the significance of the coefficients, it resulted
that the first order mathematical model determined
corresponds to the experimental data and can be used
in the optimization of the sheet metal roll handling
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process in the Arcellor LBC Adjustment section
Mittal SA Galati with minimal costs.

Using the MATLAB version 2016 [5] software
and based on the mathematical model obtained, a
graphical interface for simulation of the surface
occupied by sheet metal rolls was created in the LBC
Adjustment section. Figure 1 and Figure 2 show a
situation where a simulation of the surface occupied

by sheet metal rolls is performed in the LBC
Adjustment section.

Figure 1 shows the area covered by rolls ready
for delivery when all three conveyors have worked
for 8 hours. Figure 2 shows the simulation of the
situation when only two conveyors are available
during the 8 hours of operation.

Table 4. Table of measured and calculated values for Y

NF. | Y1 measured Y1 caloulated Y 1 measured — Y1 Calculated (Y 1mis — Y 1calc)?
crt. m? m? m2 m2
1 191 195 4 16
2 178 182 -4 16
3 163 158 5 25
4 136 120 16 256
WORKING PROGRAM OF MACHINES SHEET METAL ROLLS
ENTRANTS PREVIOUS WORKED LEFT
M11 [ M12 [M13 [ M14 [M15 [M16 (M7 [M18 S EREVIOUS R Eeiam
[M21] [ m2z| [ M23 | M24 [M25 [M26 [M27 [M28. Kl NN ol ‘
IM31/M32 [M33 [ M34 M35 [M36 |M37 (M35 s OATE |
2000 R 500 MO0 R TG00 ST WIS TR0 I o0 I o00 IS0 THE OCCUPANCY

S | 238875 238875 238875 238875 238875 238875 238875 238875

SURFACE [square meters]

1911

P L L L s
-2500 2000 -1500 1000 -500 [ 500

L L L s
1000 1500 2000 2500

Fig. 1. Simulation of the area occupied by rolls in the LBC Adjustment section when all three
conveyors have worked for 8 hours

WORKING PROGRAM OF MACHINES

ENTRANTS
R_IN= 80

2500

™ 2 2 2 2 2 2 2

1500

SHEET METAL ROLLS
PREVIOUS
RA = 0

[M21 (w22 | M23 M24 M25 [M26 M27 [M28 4 L Al

oRA 1 ORAZ ORA3 ORAL ORAS orAE ORAT ORAZ

2000 RA 81250 81250 81250 81250 81250 81250 81250 81250
s 221813 221813 221813 221813 221813 221813 221813 221813

WORKED LEFT
Re=I RrR=[15

ENTER DATE

3

THE OCCUPANCY
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177.45

Fig. 2. Simulation of the area occupied by rolls in the LBC Adjustment section when only two out of
the three conveyors have worked for 8 hours
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3. Conclusion

In this paper was achieved the mathematical
model of the sheet metal roll handling process in the
LBC Adjustment section of Arcelor Mittal S.A.
Galati. Mathematical modeling was performed by
statistical methods, namely regression analysis by
active experiment.

Analyzing the influence of each parameter on
the analyzed process, based on the final form of the
mathematical model we can say that:

* the greatest influence on the analyzed process
is exercised by the term (parameter m) whose
coefficient has the highest positive value. This is the
number of cranes available.

* the second parameter of the process, namely
the number of rolls, has a smaller influence on the
process finality because it has a positive coefficient,
but which is lower than the other parameter

When the parameter, the number of cranes has a
maximum value (m = 3), the area occupied by the
number of rolls ready for delivery will be directly
proportional to the number of maximum rolls
received or entered the process.

When the parameter, the number of rolls has a
maximum value (n = 70), the area occupied by the

number of rolls is directly proportional to the
maximum number of functional cranes in an 8h shift.

The wvalues calculated for the optimized
parameter using the mathematical model developed
(Y) are very close to the measured values, so the
mathematical model presented allows the simulation
of the preparation and delivery process rolls at the
LBC Adjustment.

Based on the obtained mathematical model, two
prediction programs (simulation) of the surface
occupied by rollers in the LBC Adjustment section
were made using MATLAB software.
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