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COMPUTER-AIDED DESIGN SYSTEM OF TECHNOLOGICAL
STEELMAKING PROCESS

Paspabomarna cucmema a8momMamu3upo8anHH0z0 NPOCKMUPOBAHUSL MEXHOJ02UYECKO2Z0
npoyecca e6wvinaasku cmaau. Ocmosom npodykma A6AANMCS meopemuyeckue U
npaxmuieckue 00OCMuUNCEeHUS 8 001ACTU CTNALEe8APEHUS PEAU308aAHHbLe 8 8ude modeell
U anzopummos, cOOPAHHbLE 8 NPOZPAMMHOM KOMNJIEKCe ¢ UHMYUMUBHO NOHAMHLIM U
Opyncecmeennom unmepgeiice. Ha npumepe npoexmupo8aHus mMexHOI02UYLECKOZO0
npouecca 8 KuciopoOHoOM KOH8epmepe nokadanbvl ocHosHble pynkyuu CAIIP ¢ nomouwvio
KOMOpbLX ONbLMHBLI MexXHOI0Zz 6 Kpamyaiiue CpoKu MO}Nem pas3padomamby,
npocuumams U oueHums  JaH00ble HoB088e0eHUs  Kacawuwuecs  HAYUHKU
CManenniasusibH0z0 azpezama, UCNob3086AHUSL HOBLLX MAMEPUAL08 U IHepzOHOcumedaell,
pexcumos ux e6600a u m.0. Haauuue «8U3YyanrvbH020» NPOEKMUPOBAHUL Odaem
B803MONCHOCMb NOAYLAMb PEULeHUS, KOMOPble YLUMbLEAM KAK (PopMmausyemvie, max u
Hedopmaauzyemvie kpumepuu. B yenom smo daem cyuiecmeeHHblil 8bLUZDLIUL KAK NO
8peMeHU MaK U no 3ampamam.

Kaniouesvie caosa: KucaiopoOHbulii KoOHBepmep, MO0eiUpOBAHUE, MEXHOL0ZUYEeCKULL
npouecc, npoeKkmupogarue, npozammustiic komnaexc, CAIIP TII.

Pospobaneno cucmemy asmomamu306aH020 NPOCKMYBAHHA MEXHON0ZIYH020 npoyecy
sunaasku cmani. Ocmogom npodykmy € meopemuuHi ma NPaAKmuiHi 00CAZHEHHS 6
2aay3i cmanesapinna, AKi peanizo8ani y euzasdi modeneil i anzopummis, 3i0panHi 6
npozpamMHoOMy KoOMNnJAeKci 3 IHmyimueHo 3po3ymiaum i Opyxcuim inmepgeiici . Ha
npurxaadi npoeKmyeanHs MexHOoN02iLH020 Npouecy 6 KUCHe80MY KOHEepmepi nokasawni
ocHosHi @yukruyii CAIIP 3a Oonomozoio axux 00c8i04eHUll MexXHONL0Z 6 HAUKOpOmuli
mepmiHu Moxce po3pobumu, npopaxysamu i oyiHumu O0yOb-AKi H0B8088€0eHHS, SKi
cmocyrmuvca  HAYUHKU  CMAJLeNnaasuibH020  azpezamy, 6BUKOPUCMAHHA  HOBUX
mamepianie ma eHepzoHoCciié , pexcumie ix egedenns mowo. Hasenicmo «8i3yanvrozo»
npoeKmyeanHs O0a€ MOMAUBICMb OMPUMYBAMU PilleHHA 3 YPAXYBAHHAM PISHUX
Kpumepiie, kompi ab6o gopmanizyromsvcs abo Hepopmaaizyiomoscs. B uyinomy uye Oae
cymmeasuil 6uzpaul AK Y 4aci max i 3a umpamamu.

Kawouwosei canoga: KucHesuil KoHeepmep, MO0eN0B8AHHA, MEXHOAO0ZIYHUIL npoyec,
npoexmyeanus, npozamnuil komnaerxc, CAIIP TII.

A system for computer-aided design of technological steelmaking process is developed.
The frame of the product is theoretical and practical achievements in steelmaking area
which are implemented in the form of models and algorithms collected in the software
package with an intuitive and user-friendly interface. On the example of the design of
technological process in oxygen — blown vessel the basic functions of CAD are shown,
using which an experienced technologist in the shortest possible time may develop,
calculate and evaluate all kinds of innovations that concern the filling of steelmaking
unit, the use of new materials and energy, their entry modes, etc. The presence of
“visual” design allows obtaining solutions that take into account formalized and non -
formalized criteria. In general this gives a considerable gain both in time and cost.

Keywords: BOF, modeling, process, design, software system, CAD TP.

Every year Computer-aided design systems of technological process (CAD
TP) find application in various branches of industry [1-3]. This is due to the
fact that the development and usage of CAD TP reduces creation and
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operation charges of the designed TP, increases labor productivity of designers
and reduces the volume of project documentation.

CAD TP are widespread in engineering [1,3], in metallurgy, similar
systems are presented in the form of simulators [5] or simulation models [6],
which are intended for the prediction and research issues.

Labor input and the cost of the technological process’ design is growing
from year to year, which is caused by the continuous complexity of
steelmaking facilities constructions and equipment that is used, increasing
requirements to the metal quality, manufacturing flexibility and time of
development melting technology of any brand. There is a need for high quality
technological processes design, which means, that the product received
according to the developed technology, should be qualified by the technologist
and have minimum value.

It is necessary to develop various options for the TP to find a rational
one. An evaluation, which was carried out [4], showed that number of
technological process options can reach thousands even if it has minimal set of
options. Considerable computational difficulties and time-consuming for
manual solve of complex equations makes the task of designing such amount
of options in the allotted time impossible. Therefore, the development of
technological process is subjective and the quality of engineered technological
process depends on the technologist’s experience and skills [3].

Thus, one of the ways to improve the development process of steelmaking
is automation of TP design. For this purpose the aim of this paper is to create
a tool which can help the engineer to develop and evaluate technological
process of given steel grade smelting, evaluate the impact of equipment
modernization, materials replacement on technological and economic indexes.

The main CAD features as projection system is to receive finished design
decisions and corresponding project documents [7]. For this purpose CAD
should consist of software which performs the appropriate function: technical,
mathematical, computer, information, linguistic, methodological and
organizational. As the determiner mathematical software can be highlighted -
as it is a set of mathematical methods, models and algorithms of designing;
and information software or the database that contains the description of the
typical design solutions, reference information, etc. presented in the required
form.

In terms of mathematical software CAD TP must have a powerful
software package, where mathematical models meet the following
requirements: universality, adequacy, accuracy, economy. Therefore, a
deterministic process model should be in the basis of CAD TP which is
particularly effective in the technological process development and in solving
operational tasks in melting management. It helps to solve problems that both
refer to structural optimization, which is not available in systems based on
formal statistical models, and usual parametric optimization, because it gives
possibilities to solve them analytically.
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CAD TP data collection should fully ensure the implementation of the
informational needs of all compound components of CAD, mainly
mathematical software.

Submitted requirements are implemented in the software complex
“Designing Melt” [8]. All the algorithms and calculations of the program are
based on the thermodynamic model of the condensed phase [9], which allows
even without statistical “binding” to solve a wide range of practical tasks.
This allows to do: thermodynamic calculation of balance in multicomponent
heterogeneous system “metal - slag — gas”, calculation of partial pressures of
all atomic and molecular components of the gas phase, integrated
thermodynamic temperature calculation of system’s temperature based on
enthalpy heat balance; computation of all integral and partial thermodynamic
functions of the system components; keeping heat energy, temperature and
aggregation state of materials.

In order to extend the capabilities of the thermodynamic calculation in
equilibrium approximation a compensating element, which reflects the process
in particular form, was introduced. The concept “reaction” zone was
introduced by the authors in the presented model [10]. It follows from this
model that any continuous process can be approximated by a set of temporal
discrete segments and the shorter the duration of the process at each selected
segment, the closer the approximation to continuously described processes. In
this case, as the approximation criteria a quantity (mass) of a condensed
phase, which comes into balance per unit time, was adopted.

The development of new technology involves the creation of smelting in
time project, the coordination of the equipment modes, material input, the
evaluation of changes in the basic melting parameters (chemical composition,
mass and temperature of fusion products) in time, etc. To build the in
time smelting project design principles, which are stated in the article,
were used [11].

Design is a complex process that combines procedures of structural
technology synthesis, the choice of elements parameters, results and decision-
making analysis. On the example of the basic — oxygen steelmaking process,
we can consider available design methods which are implemented in the
proposed CAD TP. There are two basic approaches to the TP design: synthesis
method and the method of analog use. The synthesis method consists of two
stages. The first stage of design is the structural synthesis for a fundamental
decisions generation. It is difficult to form task, so it can be solved
interactively between CAD and operators (technologist). In the proposed
computer-aided design system the process begins with the preset
of the technological process duration and steps of design
(modeling and visualization) (fig. 1).
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Fig. 1. — Temporal design parameters

Combination of information required to perform computer-aided design
and presented in a given form [3] represents information support system. The
main part of the data collection is a database (fig. 2), which contains the
physical, chemical and thermal characteristics of the periodic table of the
elements, the equilibrium constant in the condensed and gas phases, Wagner
coupling parameters, available materials and their composition, available steel
brands and their composition, tasks for steel melting (processing), etc. In the
process of CAD operation, the database is updated, corrected and, moreover,
its protection from inappropriate changes is carried out.

]
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Fig. 2. — CAD data collection

After that a steelmaking unit, where the planned smelting process or
steel processing (which determines the method of smelting) is planned to be
run, is chosen (fig. 3). Steelmaking unit characteristics are assigned: the
geometric dimensions of internal and external space; nominal charge weight,
lining weight and material.
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Fig.3. — Steelmaking unit features

At the next step of structural synthesis equipment, which the
steelmaking unit will be provided with, is selected (fig. 4). A wide range of
modern steelmaking units’ equipment is represented in the program database.
If the necessary equipment is missing in the accessible list, you can just select

the similar. In the future, this equipment can be edited and stored in the
database for further use.
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Fig. 4. — Steelmaking unit equipment

The final step of the procedure is structural synthesis of the
technological process: technological periods of process are selected; sequenced;
preliminary duration of each technological period of melting and processing is
set (fig. 5). Most of the periods are contained in the database of the system,

and the technologist can just choose the necessary one and indicate its
temporal characteristics.
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Fig. 5. — Description of the technological process structure

During the re-equipment of the unit, “on default” modes, input materials
or energy resources are added. As a result, we obtain a virtual steelmaking
unit, which corresponds to its real counterpart (fig. 6).
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Fig. 6. — Virtual steelmaking unit

Then, further verification of the design solution is performed, it is
necessary to set or calculate the parameters values, i.e. to do a parametric
synthesis.

At this stage of design for each period end criteria are set (on
temperature, time, material or energy consumption). The final technological
process parameters and initial conditions are set: the chemical composition of
the metal and slag, system’s temperature; mass phase, the state of the lining.

Additional restrictions on the use of materials and equipment are
imposed: availability at the storehouse or melting limit; if there are several
devices than overall consumption for all devices; minimal and maximal
intensity of materials and energy consumption.
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If necessary, models of metal slag, gas, temperature system, and the
kinetics of the process calculations are chosen. It is also possible to edit
technological process by changing modes of material input, by changing
temporal periods of materials output (scrap metal input ), by changing the
duration of the individual periods and the whole melting , adding or removing
materials. It is also possible to add, delete and edit the used equipment and
process periods. The end of the process creation is an imitation of melting
input according to the project.

According to the set levels of materials and energy input, and taking into
account the full material and energy balances, thermodynamic calculations and
kinetic correction (entry speed of reactants, dissolution, speed of the date
averaging according to chemical composition and temperature), melting with
the pre—programed time steps (rather short) is simulated. The results of
parametric synthesis are (fig. 7):

- Calculation of the metal, slag and gas chemical composition during the
process;

- Calculation of the metal, slag and gas mass during the process;

- Calculation of the system temperature and average temperature in
accordance with the unfused batch and lining temperature;

- Calculation of phase interaction kinetics;

- Calculation of material and heat balance.
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Fig. 7. — Results of parametric technological process synthesis

If the results of the project solution analysis (fig. 7) are considered
uncompleted, then begins the process of successive approximations to an
acceptable version of the draft, the so-called parametric optimization - the
determination of the best values of a technical object (system) of known
structure parameters.

Very often in order to improve project it is more convenient to vary
elements quantity wvalues, i.e., to use parametric synthesis based on
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multivariate analysis. The task of parametric synthesis can be formulated as
the problem of determination of elements parameters, which meet the
requirements of the technological assignment on a constant structure of the
designed object.

In CAD parametric synthesis procedures are implemented either by man
in the process of multivariate analysis (interactive mode) or on the basis of
formal optimization methods (in automatic mode).

In the first case, the calculation takes place on modes set by operator
without changing the duration of the period and operations, without changing
mass and materials and energy input modes, without changing the start and
the end of the operations. This mode allows you to create a huge number of
projects and to choose optimal one according to certain criterion.

In the second case, the proposed CAD TP optimizes technological process
taking into account final set-up parameters (temperature and chemical
composition of the metal and slag, phases weight), and imposed restrictions on
the equipment operation and materials and energy input. Optimization is
carried at process cost, which allows producing metal of the specific chemical
composition and temperature of the specified time. When there are no
solutions, the restrictions which were imposed on the process, can be removed
according to the set priority and recalculated.

When calculations are completed CAD TP forms the documentation of the
technological process in the smelting process or steel processing chart form,
and in the form of a smelting passport with the register of major events. Such
documents are well known to technologists and are similar to those which are
used in enterprises equipped with ACS TP.

With the help of this method it is possible to design TP for a wide range
of steel processes and nomenclature. At the same time it should be noted that
the quality of solutions in the proposed CAD TP, their effectiveness depends
on the skills of the staff (technologist, operator).

While using CAD TP various technological steel smelting and processing
solutions of individual steel grades and groups of grades are accumulated,
individual modes of equipment, materials and energy inputs are kept.
Therefore, it is possible to design on base of use of analogues method. The
main point of this method is in the reuse of developed technological solutions.

While creating a new project, the operator can use the existing
technological processes library and select as the prototype the closest to the
one which is being developed. The criteria for selection are:

- Steelmaking unit for smelting or steel processing;

- Method of smelting or steel processing;

- Final chemical composition of the steel or the intermediate product in
unit.

Using this method the complete elimination of structural synthesis of the
design object and the partial or complete exclusion of parametric synthesis of
the previously described method of design is possible. The process of the
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technological design process is similar to the process discussed earlier. If
necessary, the technological process can be changed by repeating the first two
steps: TP convert by eliminating unnecessary or adding new structural
elements of TP and edit parameter values which are required for the
verification of design solution.

As we see, the method of using the analogue is a special case of the
synthesis method, which allows significantly simplify the process of project
creating the and search for the optimal solution.

Conclusions

Developed CAD TP represents a synthesis of the latest achievements in
theory and practice of steelmaking which are gathered in a compact software
product with a friendly intuitive measuring interface.

Minimal use of empirical relationships, which are relevant to a
particular steelmaking unit, while developing computer-aided design systems
allow you to model the most of the existing steelmaking facilities and
(converter , electric arc furnace , ladle furnace, vacuum degasser ), treat them
individually and as a single technological complex.

The presence of the deterministic approach in the mathematical
description of technological processes allows assessing all of the relevant
process characteristics without changing the structure of the model.

Created CAD TP is quite functional and it reduces the cost and
complexity of TP developing; improves the quality of the designed processes;
has the tools to adapt to the changing production conditions, and makes
developers labor more creative.

In CAD TP “visual” design process is implemented. The user can set the
values of parameters under control, inspect the allowable change of these
parameters and entire output criteria. As a result we get a set of acceptable
solutions, which are considered both as formalized and non-formalized
criteria.

Introduced software package can be used in the learning process and it
gives students an opportunity to feel as steelmakers, who has the opportunity
to make mistakes.
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