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ABSTRACT

Context. Today, automated continuous casting control systems are developing rapidly, as process of manufacturing billets (prod-
ucts) of same size from metal in casting mold in mass production has long been outdated and “continuous casting stage” is coming.
This process is suitable for non-ferrous metals and steel. However, each time during development, task of improving quality of re-
sulting billet arises, which directly depends on optimizing efficiency and reliability of automated systems themselves. Optimization is
key stage in development process, as it is aimed at ensuring accuracy and stability of casting process, which includes development of
parametric model and accurate algorithms that ensure optimal temperature, metal pouring rate, oscillation frequency, oscillation am-
plitude, metal level in crystallizer, and position of position of industrial bucket stopper for each casting stage. In particular, this prob-
lem has not yet been fully solved in literature known to authors, so it is necessary to formulate problem and develop algorithm for
system operation for specific safety casting unit.

Objective. The aim of study is to develop automated control system to ensure accuracy and stability of casting process.

Method. The developed control system for continuous casting plant is based on proposed parametric model, which is formalized
on basis of set theory. The model takes into account key parameters for particular casting process: metal pouring rate, oscillation
frequency, oscillation amplitude, metal level in crystallizer, and position of industrial bucket stopper.

Results. The problem was formulated and key parameters were determined, which are taken into account in system’s algorithm,
which made it possible to develop control system for continuous casting plant to solve problem of improving quality of resulting
billet.

Conclusions. A parametric model and generalized black box model representation were created, which are necessary for both
new continuous casting projects and existing units to optimize metal casting process. To set up continuous casting system, controlled
parameters such as pouring speed, oscillation frequency and amplitude, metal level in crystallizer, and position of industrial bucket
stopper were determined. The algorithm of control system for continuous casting plant was developed, on basis of which system was
developed that allows monitoring, regulation and control of obtaining steel process or non-ferrous billets. The developed user inter-
face of control system is simple and easy to use.

KEYWORDS: process, continuous casting, automation, system, control.

ABBREVIATIONS
CC is a continuous casting;
CCM is a continuous casting machines.

u, is a speed of liquid metal with which it meets melt
surface;

V, is a speed of metal pouring;

W, is a metal velocity at outlet of pouring hole;

I1 is a set of all possible options for casting parame-
ters.

NOMENCLATURE
A, is a vibration amplitude of crystallizer;
D, is a distance between opposite walls of crystallizer;
F.. s a cross-sectional area of crystallizer cavity;
F.. is a frequency of crystallizer oscillation;
G, 1s a geometric parameters of crystallizer;
H, is a height of crystallizer;
Hreep is a temperature at end of curing process;
I is a number of mold types, for example, parallel-

INTRODUCTION
Today, problem of controlling continuous casting is
relevant and key to improving production processes. The
main scientific task is to develop efficient automated con-
trol system that will ensure accuracy, stability and optimal
conditions during metal casting. Automation requires

walled molds or straight or reverse tapers for metal cast-
ing;

M, is a metal level in crystallizer;

P is a set of casting parameters;

Py, is a stopper position industrial bucket;

SH'., is a shape of crystallizer;

T is a logically ordered set of parameters required for
casting;

T, is a temperature conditions;

T}, is a liquidus temperature (at which first crystal falls
out under equilibrium conditions);

T*; is a metal temperature in intermediate ladle;

T*,; is a metal temperature in steel ladle;
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solving technical, engineering, and algorithmic challenges
associated with complexity of process and its interaction
with variable conditions.

This issue is important because it determines quality
and productivity of casting process, which in turn affects
quality of resulting billet. Automation of control in mold-
ing can lead to significant increase in production effi-
ciency, resource savings, and cost reduction.

The scientific tasks include development of parametric
model of CC installation and system operation algorithm,
which together will ensure optimal casting conditions.
Practical tasks include creation of functional and reliable
system that can be implemented in industrial production.
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The development of topic is based on analysis of cur-
rent state of continuous casting production, existing prob-
lems and shortcomings in control systems. The initial data
include results of preliminary research, technical require-
ments and specifications for creation of automated control
system [1-3].

The research is critical to solving problems and
achieving new levels of efficiency in field of CC. The
development of automated control system not only opti-
mizes production process, but also makes significant con-
tribution to development of industry, improving product
quality and rational use of resources.

The object of research is control process of plant for
continuous casting of steel or non-ferrous metal billets.

The subject of research is continuous casting ma-
chines.

The purpose of the research is development of au-
tomated control system to ensure accuracy and stability of
casting process.

1 PROBLEM STATEMENT

This paper solves problem of optimizing continuous
casting process by developing automated control system.
The mathematical formulation includes creation of para-
metric model that takes into account peculiarity of crystal-
lizer to improve quality of produced slabs.

The input data for system includes parameters of cast-
ing process, as well as configuration of new or existing
plants.

It is planned to obtain optimal values of parameter
values, which will ensure high quality of manufactured
billets.

Let’s assume that proposed parametric model is nec-
essary to determine key parameters for particular casting
process and formalize them, which is necessary both
when designing new CCMs and for already operating
units to optimize casting process.

The input parameters in development of automated
control system for CC plant are represented by model:
V=W, > Go=<SH'y, Hpy Fopy D>, 1= 1,2, ..., I
ch:<T€i/3 Tssla HTecp: T/q>~

As result, it is planned to take into account key ele-
ments of parametric model during development of auto-
mated system, which will further improve product quality
through accurate and stable control of these casting pa-
rameters.

2 REVIEW OF THE LITERATURE

The process of producing products by casting is focus
of many scientific papers [4—6], and continuous casting of
metals is described in detail in [7, 8]. Continuous casting
is main process of steel production today [6].

In recent years, growing complexity and global com-
petition to improve quality of metal products have led to
need to introduce new approaches to monitoring and con-
trolling continuous steel casting process, as evidenced by
work of authors [9-11].
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A scheme for coordinating process of steelmaking and
continuous casting is presented in [8]. The authors re-
viewed methods for studying planning of iron and steel
production. The correlation between productivity of con-
tinuous casting process and its equipment is considered.

The integrated application of several algorithms based
on operations research, heuristic algorithms, and artificial
intelligence methods is effective means of solving such
complex production planning problems. However, work
[8] does not identify specific technological parameters,
challenges, or limitations that iron and steel producers
may face when implementing proposed methods.

In [9], authors present online monitoring system based
on Internet of Things for continuous steel casting, which
consists of four layers: sensing, network, service re-
sources, and application layers. It integrates various data
processing techniques, including protocol conversion,
data filtering, and data transformation. Although authors
describe how proposed system was implemented and
demonstrated on real continuous casting line, paper would
be more informative if mathematical framework on basis
of which implementation was realized was provided.

Online monitoring of steel casting processes using
multivariate statistics technologies is presented in [10].
The authors paid special attention to development of new
scheme for synchronizing technological trajectories to
monitor specific transient operations, such as equipment
replacement or steel grade change, i.e., work is aimed at
increasing productivity and reducing maintenance costs,
and problem of improving quality of resulting products is
not particularly addressed in paper.

Paper [11] investigates unsteady states of continuous
steel casting process using industrial diagnostic systems
process diagnostic system, special measuring devices, and
thermal numerical model. The authors present mathemati-
cal component: thermal model based on Fourier-
Kirchhoff equation. The authors graphically present study
of vertical temperature profiles in mold and analyze
measured dependencies of heat transfer coefficient on
surface temperature, but more information about system
hardware itself: sensors, devices, and data analysis meth-
ods could be provided, which could improve understand-
ing of work.

The control and design of continuous steel casting
process based on modern numerical models is described
in detail in [12]. The authors described method of deter-
mining boundary conditions, initial conditions, and mate-
rial parameters as most important components that pro-
vide numerical calculations based on them in finite ele-
ment method, which is used most often and is important
element of work. However, work does not take into ac-
count design features of foundry.

In source [13] describes modern automated system for
monitoring crystallizer, which aims to improve product
quality, increase process stability and increase casting
speed. The source presents main functions of system and
provides data that is constantly monitored and recorded.

Overall, these works make important contribution to
field of continuous casting.
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The general trend of these scientific papers is great in-
terest in development and improvement of monitoring and
control systems for continuous casting processes. They
highlight important aspects such as impact of complexity
and global competition on need for new control and man-
agement methods, integration of IoT technologies, and
use of multivariate statistical technologies and numerical
models.

Thus, this paper emphasizes regulation and control of
most important parameters of CC installation, which are
formalized using parametric model, which will undoubt-
edly be key to improving quality of products.

3 MATERIALS AND METHODS

3.1 Selection of key parameters of CC

In this study, we will not discuss all parameters, but
will focus on CC installation.

In this paper, crystallizer will be considered as mould-
ing unit, since it is one of most important functional units
that determine rational operation of CCM.

In order to select CCM, it is necessary to determine
type of cast billet:

1) machine for producing rectangular billets (slabs)
used in production of rolled steel sheets and strips — slab
machine [14];

2) machine for producing square billets (blooms) used
in production of rolled plates and strips — sizing machine
[15, 16].

Thus, slab continuous caster was chosen because
company plans to produce slabs. A curved strip mill was
chosen because they have high unit capacity and rela-
tively low installation height.

Fig. 1 summarizes scheme of slab continuous caster,
which consists of: 1 — intermediate ladle, 2 — turntable, 3
— copper liner, 4 — crystallizer (first cooling level), 5 —
spray cooling with water (second cooling level), 6 — pull-
ing and straightening unit, 7 — roller conveyor, 8 — gas
cutter [1].

We’ll focus on crystallizer because it’s where work-
piece is directly shaped.

Figure 1 — Slab continuous casting machine

To determine key plant parameters that have greatest
impact on quality of workpiece during continuous casting,
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it is necessary to analyze possible emergencies and their

causes (Table 1).

Table 1 — Main emergencies in CC

Type Type of Reason Method of elimination
emergency /
Location of
emergency
Slab breaker / High speed Setting speed according
Crystallizer pulling of work- to pouring speed and
piece acceleration chart

Crust thickness
deformation  /
Crystallizer

Metal level

The required metal pour-
ing rate, which depends
on cross-section of crys-
tallizer and flow-through
section of slag dosing
unit

Slab  deforma-

Excessive wob-

Distance between rollers

crystallizer /

tion / Crystal- bling of crystal- according to thickness of

lizer lizer workpiece or design
features  of  rolling
mechanism

Pouring  steel | Improper adjust- | Adjusting the position of

over edges of | mentof industrial | stopper

bucket stopper

industrial bucket

Crystallizer position

Workpiece High ingot drawing| Setting speed according
deformation  / speed to pouring speed and
Pulling and acceleration chart
straightening

unit

After analyzing reasons, it was determined that fol-
lowing parameters should be selected for management:

1) metal pouring rate because this parameter affects
frequency and amplitude of oscillations and shape of os-

cillations;

2) metal level in crystallizer because when controlling

metal level in crystallizer, it is necessary to observe
movement of industrial bucket stopper (it must be mini-
mal) and prevent pulsation of metal jet entering crystal-
lizer during casting process, in addition, to maintain con-
tinuous flow (jet) of metal during casting and stable metal
level in crystallizer;

3) stopper position industrial bucket.

All these parameters affect required thickness of crust,
which is shell of future billet.

Since key parameters of CC unit were defined above,
they are written in form of parametric model as follows:

b=< Vpa Gcca Piba cha Mlv>~

Fig. 2 shows generalized representation of parameters
in form of black box model.

The input data to "gray box" is set represented by ex-
pression above), which describes all parameters necessary
and sufficient for complete selection of continuous cast-
ing parameters.

V ’ .
PAR= GI?P—» Set parameters Unified
Prc— for continuous [ | casting
T5r —> . > d
My, —>] casting |, | mode

Figure 2 — Black box model
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Inside “black box” there is set /7 of all possible vari-
ants of casting parameters P, which has following proper-
ties:

1) possibility of existence I7e€ P, provided that
P —max;

2) set I contains subset of (77,75,...., I,,) e T , as

logically ordered set of parameters required for casting.
The output is partially unified sequence of casting
mode parameters.

3.2 Technical means for controlling casting parameters

Effective control of casting parameters is crucial to
ensure quality and safety of production process. In this
context, use of technical means becomes necessity, and
key element of such means is sensors that allow us to ac-
curately measure and control various casting parameters,
ensuring effective process control.

To begin with, metal level in crystallizer will be moni-
tored using special sensor — XLEV eddy current level
sensor, which detects level of molten metal. We chose
XLEV because it has several key advantages that make it
optimal choice for monitoring metal level in crystallizer:

1) it uses principle of eddy currents, which allows for
non-contact measurement of level of molten metal with-
out direct contact with it. This is important to avoid pos-
sible deformation or contamination of sensor, which can
affect its accuracy;

2) XLEV has high sensitivity and measurement accu-
racy, which allows it to detect even slightest changes in
metal levels. This ensures reliable control and response to
any changes in production process [17].

Accurate speed measurements are crucial for control
in continuous casting, so LSV-2100 optical speed measur-
ing device was chosen because it also offers following
advantages:

1) non-contact measurement principle with laser pre-
cision and no need for recalibration;

2) direct feedback via touchscreen display.

Digital frequency meter 10-199.9 Hz was chosen to
measure oscillation frequency because it provides high
measurement accuracy. Its digital nature allows for clear
and stable results without distortion that can occur with
analog measurements. In addition, this frequency meter
has wide measuring range from 10 to 199.9 Hz, making it
versatile and suitable for measurements in various crystal-
lizer operating conditions. It is able to effectively detect
even high-frequency vibrations that can occur as result of
changes in metal crystallization process.

Vibrations will be measured with 640B01 sensor — in-
dustrial speed converter because it:

1) it is specifically designed for measuring vibrations
in industrial environments. It has high sensitivity and
measurement accuracy, which allows it to effectively de-
tect various vibrations and vibrations that may occur dur-
ing operation of crystallizer;
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2) 640B01 sensor, equipped with communication in-
terfaces that allow it to be effectively integrated into mon-
itoring and control system [18]. This makes it convenient
tool for continuous vibration monitoring and responding
to any unforeseen situations.

LTR series linear encoder is linear encoder for meas-
uring short displacements with return spring. Important
feature of LTR series position sensors is presence of re-
turn spring.

3.3 Development of control system operation algo-
rithm for continuous casting plant

Fig. 3. The developed algorithm of control system op-
eration for continuous casting machine is shown.

First, power supply is switched on and molten metal
from industrial bucket is poured into water-cooled crystal-
lizer, where it is formed into slabs and cooled in copper
sleeve.

Next, pouring speed is checked, if value is 2 (is value
obtained in calculations that will be presented in further
works), slab is gradually poured into the crystallizer. If
the speed is less than or greater than 2, then this speed can
lead to slab rupture, which means that pouring speed must
be controlled via PID controller.

The next step is to check shape of oscillation, if it is
sin-shaped, then oscillation frequency should be equal to
164, if this condition is met, then amplitude of oscillation
should be checked.

If oscillation frequency is not 164 (is value obtained in
calculations), then we need to determine whether it is
equal to 426 (is value obtained in calculations).

Checking condition and, if «Yes», whether waveform
is non-sinusoidal.

If oscillation frequency is generally either higher or
lower than 426, then you need to control value of this
parameter.

After that, amplitude of oscillations is checked, it
should be 242 (is value obtained in calculations), if condi-
tion is met, then hydraulic cylinders are turned on.

The slab crystallizer of continuous casting machine is
driven by two hydraulic cylinders located on both sides of
movable frame.

If «Now, then you need to adjust oscillation frequency.

Important task when pouring metal is to maintain giv-
en metal level in crystallizer. Therefore, it is necessary to
determine level of metal in crystallizer. According to cal-
culation results, metal level should be 0.85 (is value ob-
tained in calculations that will be presented in further
works).

If this condition is met, stopcock should turn off.

If this condition is not met, hydraulic cylinders must
be switched on again.

It may happen that stopcock does not turn off, in
which case you need to turn it off.
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Figure 3 — Algorithm of the control system operation

Therefore, let developed system conventionally con-
sist of two circuits: internal circuit for controlling position
of stopper and circuit for controlling metal level in crys-
tallizer.

4 EXPERIMENTS

The system is created with help of functional blocks in
TraceMode system.

To begin with, you need to create project that will in-
clude operator station node and PID controller OVEN
TRM 210 with RS-485 interface. Communication be-
tween operator station and device is carried out using
OVEN protocol. Automatic converter from RS-485 to
RS-232 interface is used as converter.

Using context menu, PLC 1 group is created in this
group, and Owen RS485 group is created in this group
(Figure 4).
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Figure 4 — The process of creating new group in Trace Mode

Fig. 5 shows window with created «Arguments» —
necessary for communication with screen (interface) ele-
ments.

- X

Spill_rate_ R &W E_REAL_uF Spill rate: Vp
Oscillation__frequen i‘| IN L-‘L'gf]REAL OF Oscillation freque
Oscillation__amplitu (431N BEREAL 0,: Oscillation amplitt
Sinusoid_ R idaIN B ReAL ¥ Sinusoid#1:Real
i Level _metal R &IN @REAL?F Metal level:Real

Saw_2 R Ei'IIN E'{IREALOFSE‘W #2:Real valu
Figure 5 — The window with created «Arguments»

Another screen was also created in order to implement
control of locking mechanism of CCM.

To connect elements of second screen, MODBUS 3
group and corresponding groups with names were created
in «Sources/Receivers» layer:

—Read state Coil — reading states of discrete outputs;

—Read_State Inp — reading states of discrete inputs;

— Write_Singl Coil — control of discrete outputs.

In each group, components are created (Figure 6),
which are connected to elements on screen through ap-
propriate arguments:

— ARG _000 — reading status of discrete inputs;

— ARG _001 — reading status of discrete outputs;

— ARG _002 — means of controlling discrete output.

Fig. 6 shows fragment of project navigator tree with
created components in «Sources/ Receiversy layer.
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Figure 6 — Creating components in «Sources / Receivers» layer

The «Resources» layer can be used to centrally man-
age and monitor various resources required for effective
operation of automated control system.

In «System» layer, RTM 1 project node is created,
and then three groups and channels with same names are
created in node: Read state Coil, Read State Inp, and
Write Singl Coil.

Visualization of controlling process of key parameter
values will be provided by graphical element «Slider».

Fig. 7 shows graphical interface (Display 1) for pre-
senting data on frequency and amplitude of oscillation on
operator’s monitor.

Oscillation Oscillation
i 5 Metal level
Spilrate Frequency | Amplitude
2 164 02 2
Spill rate, m/min Adj Adjustments | Adjustments
400 500 600
300 T.00 0 50 1000
20 1] 540.00 450,00 900.00
100 9.00 420 0 L
420.00 350,00 700.00
000 220 10.00 0 am 800
300.00 250.00 500.00
%A 1 ) [10/0u2024 1 20 = P
0 180.00 150.00 300.00
120 m 2m
£0.00 50.00 100.00
&0
0 o 0

Figure 7 — Control system user interface (Display 1)
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All elements: «Arrow device», «Trend», «Slider»,
«Text» were added to screen by drag-and-drop.

5 RESULTS

Fig. 8 shows developed user interface of control sys-
tem.

To check whether binding of graphic elements to
screen arguments is set correctly, you can use emulation
mode. To switch to emulation mode, use special icon on
toolbar. When you click on screen of graphic editor, win-
dow for setting value of argument in corresponding field
is displayed (Figure 8).

Below is list of controls that are included on screen of
developed system:

Process parameters: metal level in crystallizer, metal
pouring rate, position of stopcock.

On screens 1 and 2, there are elements such as
«Trend» graph and «Arrow device» for better perception
of process dynamics, and history of changes in key pa-
rameters over time will be archived every 4 hours, while
minimizing excessive amount of stored data.

The metal pour rate indicator shows current speed of
molten metal. It is important to monitor this parameter
because it can affect quality of casting and shape of prod-
uct.

Oscillation frequency and amplitude indicators to
monitor these parameters to avoid process instability and
improve product quality.

If it is necessary to turn off locking valve, button
changes from «ON» to «OFF», which allows operator to
intervene quickly and easily if necessary.

As result, when formulating context of this work, its
main goal was determined — development of automated
control system to ensure accuracy and stability of casting
process. As result of this work, this goal has been achieved
because:

— analysis of current state of continuous casting produc-
tion;

— analysis of molding machine;

— nature of cast billet was determined and required
CCM was selected;

— analyzed main emergency situations in casting proc-
ess;

— key parameters of continuous casting were selected
with emphasis on casting machine;

— parametric model of CC is proposed;

— technical means for controlling casting parameters
were selected and substantiated;

— developed algorithm for control system for continu-
ous casting machine;

— operator interface was developed and virtual devices
were connected;

— comparison with analog was made.
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Figure 8 — Interface of developed system in process of emulation (Display 2)

6 DISCUSSION

The developed automated control system for continuous
casting is represented by two screens with elements for
monitoring, adjusting and controlling key parameters of
mold.

A common visual representation provides clarity and
intuitive navigation for operator, which is important when
working with automated control systems.

To compare development with analogues, we selected
program that is used to control continuous casting ma-
chine.

The software for controlling molds is classified, but
there are modules for modeling metal casting.

ABAX TubeStar, automated crystallizer tracking sys-
tem, is special function of standard automated control
system for continuous casting machines [13].

The main functional aspects are: safe system opera-
tion, high stability of meniscus level, high operational
reliability, simple operation, low investment and mainte-
nance [13].

In ABAX TubeStar, user enters input data required for
crystallizer monitoring step by step.

Project data is stored and can be displayed in reports.

The following information is monitored and recorded
continuously:

— number of melts and weight of ingots cast in tons;

— steel grades of steel to be poured and ingots already
poured;

— casting speed;

— heat removal;

— temperature difference in primary cooling;

— location of stream;
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— current internal geometry of sleeves as measured by
system.

Table 2 shows input data for steel casting process
monitoring experiment.

Whole experiment is divided into two stages for com-
parison:

1) data entry;

2) monitoring process of forming slab product.

As comparison criterion, we will count number of
module failures over certain period of time, namely two
days.

As result, one system was chosen for comparison, be-
cause others are paid, and these programs are highly spe-
cialized and developed for specific size of CCM.

It was found that during two days of using these pro-
grams, developed system «worked without failures» long-
er than ABAX TubeStar.

Fig. 9 shows results of research in form of diagram for
clarity.

Table 2 — Input data of experimental study

Characteristics
Filling speed, Oscillation Oscillation Metal
m/ min frequency, amplitude, level,
min ' mm m
1 2 3 4
1 164 242 0.85
g 2 164 242 0.85
G 3 164 242 0.85
> 4 165 243 0.86
5 165 243 0.86
6 165 243 0.86
7 166 244 0.87
8 164 244 0.87
9 166 244 0.87
10 166 244 0.87
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Figure 9 — Failure diagram of developed system and ABAX
TubeStar module

During two-day experiment, developed system
showed greater stability and efficiency, with fewer fail-
ures compared to ABAX TubeStar. The developed system
allows user to enter data step by step to monitor crystal-
lizer, ensuring high stability of meniscus level, safe opera-
tion and easy operation. Low investment and maintenance
make it cost-effective option for controlling continuous
metal casting plant. The experimental results show advan-
tages of development compared to ABAX TubeStar in
controlled monitoring of steel casting.

CONCLUSIONS

The urgent problem of developing automated control
system for continuous casting is solved.

The scientific novelty of results obtained is that for
first time parametric model for optimizing casting process
has been proposed, which can be used both in design of
new plants and to optimize operation of existing ones.
This allows to reduce production time and costs and en-
sure higher quality of manufactured blanks. This model
differs from existing ones in that it takes into account
position of industrial bucket stopper, which leads to in-
crease in quality of slabs produced.

Based on parametric model, Trace Mode system was
used to implement automated control system for continu-
ous casting, which is user-friendly because it consists of
two screens for monitoring, regulation and control. The
system is easy to use. Advantage is built-in function of
auto-automated control of slab CCM, which contributes to
safety and stability of casting process.

The practical value of results obtained is that soft-
ware has been developed that implements control of plant
during continuous casting, and experiments have been
conducted to study stability of developed system. The
results of experiment allow us to recommend proposed
system for use in practice.

Thus, results obtained reflect important step in devel-
opment of methods for controlling and monitoring con-
tinuous casting, ensuring improved product quality and
optimization of production processes.

Prospects for further research are to expand func-
tionality of system and adapt it to various production con-
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ditions. Namely, to add to proposed screens (Display 1
and 2) screen with two basic parameters of casting proc-
ess temperature and pressure to expand class of practical
tasks.
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YK 681.5: 673.1
PO3POBKA ABTOMATH30BAHOI CUCTEMH YITPABJIIHHS ITPA BE3NEPEPBHOMY JIUTTI

Cotnuk C. B. — kaHJ. TeXH. HayK, AOIEHT, AOLEHT KadeIpu KOMIT I0TEPHO-IHTErPOBaHUX TEXHOJIOTIH, aBTOMaTH3aLlil Ta pOOOTOTEXHIKA
XapKiBCbKOT0 HAI[IOHAILHOTO YHIBEPCUTETY paioelIeKTpOHIKH, XapKiB, YKpaiHa.

AHOTALIA

AKTyanbHicTh. Ha choroiHi aBTOMaTH30BaHi CUCTEMH YIPaBIiHHSA O€3MepepBHUM JIMTTSM CTPIMKAM YMHOM PO3BHUBAIOTHCS, OCKIIBKH
MIPOLIEC BUTOTOBJICHHS 3arOTOBKH (BUPOOIB) OJHOrO pO3Mipy 3 MeTaly y BHIMBHHUIII IIPU MAacOBOMY BHPOOHMIITBI JaBHO 3acTapiB i HacTae
«eTan 0e3nepepBHOro JUTTs». Takuil MpoLeC BUTOTOBICHHS BUPOOIB MiIXOJUTH I KOJIBOPOBUX MeTaliB Ta craii. OaHak, npu po3pooui
KOXKEH Pa3 BUHHKAE 3aja4ya MiJBUIICHHS SIKOCTI OTPUMAaHOI 3arOTOBKH, sika O€3M0CepeIHbO 3aJIeKUTh Bill ONTHMI3allil e()eKTUBHOCTI Ta Ha-
NIMHOCTI CAaMHUX aBTOMATHU30BAHUX CHUCTEM.

Onrumizalis € KII0YOBUM €TaroM B IPOLeci po3poOKH, OCKUIBKM BOHA CIIPSIMOBaHA Ha 3a0e3MeUeHHs TOUHOCTI Ta cTablIbHOCTI Ipore-
Cy JIUTTSI, 10 BKIFOYA€E B cebe po3poOKy mapaMeTprUyHOl MOJIENTi Ta TOYHHX aJTOPHUTMIB, sKi 3a0€3MeUyI0Th ONTUMAIIBHY TEMIIEPATypy, LIBU-
JIKICTh PO3JIUBY METaly, YaCTOTa KOJHUBAaHb, AMILTITY/1a KOJMBaHb, PIBEHb METATY B KPUCTAI3aTOPI Ta MOJIOKEHHS CTOMOPA MPOMKOBIIIA IS
KOXKHOTO €TaIy JINTTS. 30KpeMa, y BiIOMiii aBTopaM JiTepatypi 1t 3aJa4a JOCi He BUpIlIeHa y TOBHOMY 00Cs31, TOMY, HEOOXi/THO IIPOBECTH
IIOCTaHOBKY 3aJ1a4i Ta PO3POOUTHU AJITOPUTM POOOTH CUCTEMH I KOHKPETHOI YCTAHOBKU OE3IEePepPBHOTO JIUTTSL.

Meta. MeToro A0CHiKEeHHsI € po3po0Ka aBTOMATH30BaHOT CHCTEMH YMPABIIHHS /I 3a0€3MeUeHHsT TOYHOCTI Ta CTa0IIBHOCTI MPOIIECy
JIMTTS.

Mertoa. Po3pobieHa cucTeMa ynpaBiliHHS YCTAaHOBKOKO O€3MEPEPBHOTO JIUTTS CIMPAETHCS Ha 3alIPOIOHOBAHY IIAPAMETPUYHY MOZEIb,
sika (hopmaltizoBaHa Ha 0a3i Teopii MHOKHH. Moielib BpaxoBy€e KIIFOYOBI MapaMeTpH [UIsi KOHKPETHOTO HPOLECY JIUTTS: MIBUAKICTh PO3IHBY
METajy, 4aCTOTa KOJHBaHb, aMILTITyJa KOJIMBaHb, PIBEHb METATY B KPUCTAJI3aTOPI Ta MMOJI0KEHHS CTOIOpa MPOMKOBIIIA.

Pe3yabraTn. 31iiicHeHa NOCTaHOBKA 3a/1a4i Ta BU3HAUYECHI KIIFOUOBI MapaMeTpH, sKi BpaxoBaHi B alTOPUTMI POOOTH CHCTEMH, a I a0
MOXIIMBICTb PO3POOUTH CHCTEMY YINpPAaBIiHHS yCTAHOBKOI OE3IEPEpPBHOrO JIMTTS ISl BUPIMICHHS 3a]adi IMiJBUIIEHHS SKOCTI OTPHMaHOI
3arOTOBKH.

BucnoBku. CTBOPEHO apaMeTpHyYHy MOJIEINb Ta y3arajbHeHe MPEICTABICHHS y BUTIISIII MOJIENI YOPHOTO SAIINKA, SIKi € HEOOXITHUMH 5K
JUIS. HOBUX MPOEKTIB Oe3MepepBHOro JIUTTS, TaK 1 U BXKe iICHYIOUMX arperariB 3 METOK ONTUMI3aLil Ipolecy JTUTTS Mertany. J{ns Hamamry-
BaHHS CHCTEMHU 0Oe3MepepBHOIO JIUTTs OyJiM BU3HAYEHI KOHTPOJIBbOBAHI MapaMeTpH, TaKi SK MIBUAKICTh PO3JIUBY, YACTOTA Ta aMILIITy/a KO-
JIUBaHb, PIBEHb METAy Y KPUCTaI3aTOPI Ta MOJIOKEHHS CTOIOpa MPOMKOBIIa. PO3po6ieHO anropuT™ CHCTEMHU YIPABIIHHS Al YCTAHOBKU
Oe3nepepBHOr0 PO3JIMBY HA OCHOBI SIKOTO PO3POOJICHO CHCTEMA, sIKa TO3BOJISIE peasTi3yBaTH MOHITOPUHT, PEryJIFOBaHHS Ta yIPaBISIHHS HPO-
LIECOM OTPUMAaHHS 3aroTOBOK 3i cTaji abo KoibopoBUX MeTaiB. Po3pobiieHo iHTepdeiic kopucTyBaya CHCTEMHU YIPaBIHHS € MPOCTUM Ta
3pYYHHM ISl KOPUCTYBaHHSI.

KJIFOYOBI CJIOBA: nporiec, 6e3nepepBHe JTUTTs, aBTOMATH3a1lis, CHCTEMa, YIIPABIISHHS.
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