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MODELLING IN MATLAB USING FUZZY LOGIC
FOR IMPROVING THE ECONOMIC FACTORS
OF MELTING OF COPPER CONCENTRATE CHARGE

The influence of temperature changing rate, the amount of copper in the charge, and the
amount of concentrates on the melting temperature of copper concentrate charge is investigated in
the paper. Modelling of the melting temperature of copper concentrate charge was carried out in
Matlab using fuzzy logic. The proposed model can be applied to choose the optimal input parame-
ters in order to achieve the stabilisation of charge melting temperature. Model experiments allow
determining the optimal values of temperature changing rate in the furnace, the amount of copper
in the charge, and the amount of concentrates for which the given temperature of the charge melt-
ing remains stable. Stabilisation of the charge melting temperature is directly related to the
increase of economic efficiency of the technological process.
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Ounekcanapa 3. Torpa, Illamine K. Kommnmobaes, Yikan H. Imanoekona
BUKOPUCTAHHA MOJIEJIIOBAHHSA B CEPEJTOBMIIII "MATLAB"
3 JOIIOMOTI'OIO HEYITKOI JIOTTIKU 3 METOIO ITOKPAIIIEHHSA

EKOHOMIYHMUX ITOKA3HUKIB ITPOLIECY IIVIABJIEHHS
HIUXTOBKU MITHUX KOHIIEHTPATIB

Y emammi docaidnceno enaue weudxocmi 3minu memnepamypu, Kiabkocmi mioi 6 wuxmi,
KLAbKOCMI KOHUEHmpamié Ha MeMnepamypy HAAGACHHS WUXNIOGKU MIOHUX KOHUEHmpamis.
Mooearosanns memnepamypu NnAa6AeHHsi WUXMOGKU MIOHUX KOHUEHMPAmieé Npoooulocs 6
cepedosuwi "Matlab" 3 euxopucmannam newimkoi ao02iku. 3anpononoseana mooeab moce oymu
BUKOPUCIAHA 0451 6UGOPY ONMUMAALHUX 6XIOHUX NAPAMEMPIE 3 MEeMOI0 00CAHeHHs cmabiiizauii
memnepamypu naagienns wuxmogxu. MoodeavHi excnepumenmu 00360410Mb GUHAMUMU
ONMUMAAbHI 3HAYMEHHA WEUOKOCMI 3MIHU memnepamypu 6 neui, Kiabkocmi midi 6 wuxmi,
KiabKocmi Konuenmpamis, 04s AKUX 3a0aHa memnepamypa wuxmu, w0 nAaA6UMbCs,
3aaumaemoca cmaobiavnoro. JlocseHeHHa cmabiaizauii memnepamypu NAGGACHHS WUXMOGKU
be3nocepednbo noe sa3ane 3 NiOGUWEHHAM eKOHOMIYHOT eheKmueHOCHI MexHoA02IMH020 NPOUEC).
Karouosi caosa: mioni konyenmpamu; WUXmMoGKdA, eAeKMPONAAGACHHs;, HeYimKa N02iKa;
cmabinizayis memnepamypu.

Puc. 7. Jlim. 13.

Anekcanapa 3. Torpa, Illammis K. Kommvoaes, Yikan H. Mman6ekosa
NCITIOJIB3OBAHUE MOJIEJINPOBAHUNA B CPEJIE "MATLAB"

C IIOMOIIBIO HEYETKOUM JIOTUKH C HEJIBIO YJIYUIIIEHUS
DKOHOMMUWNYECKUX ITOKA3ATEJEU ITPOLECCA IIJIABJIEHUS
HINXTOBKU MEJHBIX KOHIIEHTPATOB

B cmamve uccaedosano eausnue cKopocmu usMeHeHUs. MeMNepanypol, KOAUHeCneda meou
6 wuxme, K0Au4ecmed KOHUCHMPAMOS HA MeMNepamypy NAAGACHUS WUXMOBKU MEOHbLX
Konyenmpamos. Modeauposanue memnepamypol RAGGACHUSA WUXNIOBKU MEOHBIX KOHUECHMPAMOG
nposoduaocy 6 cpede "Matlab"” ¢ ucnoavzosanuem newemroui aoeuxu. Ilpedaoncennas namu
Mode.b Modcem Oblmb UCNOAb306AHA 0451 66I6OPA ONMUMAALHBIX 6XOOHBIX NAPAMENIPOE C UCALIO
docmuxcenus cmabuauzauuu  memnepamypvt naaeienus — wuxmosku. ModeabHole
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IKCnepuMeHmol N0360110M ONnpedeaums OnMUMAAbHbIE 3HAYEHUST CKOPOCMell U3MeHeHusl
memnepamypot 8 ne4u, KOAUHecmea meou 6 wuxme, KOAUeCnea KOHUeHmp. , 0151 KOMOPbIX
3a0annas memnepamypa RnAAGAWENCA WUXMbL ocmaemcs cmabuavhoi. Jlocmucenue
cmabuauzauuu memMnepanmypol NAA6AEHUs WUXNOBKU HENOCPEICBEHHO CE5A3AH0 C NOGbLULEHUEM
IKOHOMUHECKOU IPPeKmusHOCHIU MEXHOA02UHEeCK020 npouecca.

Karouesvie caoea: mednvie KOHUeHmpamol; WUXMOBKA,; INEKMPONIABACHUE; HeYeMKas N02UKA;
cmabduauzayus memnepamypbl.

Introduction. The important technological processes of copper production at
metallurgical plants are the processes of copper melting in reverberatory furnaces,
electric furnaces and liquid bath ovens. Six-electrode electric ore-thermal furnaces
are used for charge melting. The problems in copper metallurgy such as the increased
use of raw materials and oxygen, energy consumption in electric ore-thermal fur-
naces, irrevocable losses of copper in slags, and maximum energy consumption com-
pared to other branches, have a significant impact of the given technological process,
on technical and economic factors of copper melting production (Klein et al., 2010).

For copper concentrate melting the charge, i.e. the mixture of flux materials in
certain proportions, processed at metallurgical, chemical, and other plants, is used
(Utkin, 1985). The charge is used for receiving the final products with given physical
properties (Kruger, 2006).

Temperature is a critical parameter in technological process of charge melting.
Consequently, temperature stabilising is also an important condition of technological
process. An important and urgent problem of technological process is to reach the
given stabilised temperature. Temperature stabilisation leads to the improvement of
economic factors. Modelling of the process of temperature stabilization allows
obtaining and predicting the results, and their further optimisation. Therefore, using
the modelling of temperature stabilisation is a necessary condition for high-quality
technological processes.

To simulate the technological process of melting temperature stabilising of cop-
per concentrate charge the fuzzy logic in Matlab can be applied. Fuzzy control is par-
ticularly useful in the case of complexity of the processes analysis by conventional
quantitative methods or when available sources of information are interpreted quali-
tatively, inaccurately or uncertainly. It is shown experimentally that fuzzy control
gives better results as compared to those obtained by conventional control algorithms.
Fuzzy techniques make possible controlling different objects, including the techno-
logical processes. Fuzzy logic generally ensures the effective means of displaying
uncertainties and inaccuracies of the real world (Wang et al., 2007). The availability
of mathematical tools for displaying the initial information fuzziness allows con-
structing a model relevant to the reality.

Recent research and publications analysis. Such sientists as D.M. Chizhikov
(1967), V.A. Vanyukov and N.I. Utkin (1988), A.N. Volskiy (1968) theoretically sub-
stantiated the possibility and the advisability of industrial melting of sulphide con-
centrates. M.1. Muravyov, N.V. Fomchenko and T.F. Kondrat'eva (2011) investigated
the biohydrometallurgical technology of copper recovery from the complex copper
concentrate. The concept of fuzzy logic was introduced by L.A. Zadeh (1965). In the
paper (Zadeh, 1965) the concept of the set was extended by the assumption that the
membership function of the element in the set can take any values in the range of
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[0...1], not only 0 or 1. Such sets are called fuzzy. The author also proposed different
logical operations with fuzzy sets and proposed the concept of a linguistic variable,
the values of which are fuzzy sets. In recent years, fuzzy logic is widely used in vari-
ous industries, including metallurgy (Ishmet'ev and Zykov, 2009).

Research objective. The purpose of the research is to improve the economic effi-
ciency of technological process by choosing the optimal values of the temperature
changing rate in the furnace, the amount of copper in the charge, and the amount of
concentrates for stabilisation of the melting temperature of copper concentrate
charge. In order to choose the optimal conditions for the technological process of
charge melting we propose to use the fuzzy logic in Matlab (Ross, 2010).

Key research findings. We analysed the charge melting in six-electrode ore-ther-
mal electric furnace. In order to determine the optimal conditions for stabilising the
melting temperature of copper concentrate charge we used fuzzy logic in MatLab
(Fuzzy Logic Toolbox). Since charge melting temperature in furnace varies with
some inertia, we considered the influence of such important input parameters as the
initial temperature of the charge, the temperature changing rate, the amount of cop-
per in the charge, and the amount of concentrates on the following output parame-
ters: the temperature of the charge, the voltage.

Input and output parameters can be displayed using the chart editor interface
FIS (Sivanandam et al., 2007).

As input variables we considered the temperature of charge (the first variable),
the temperature changing rate (the second variable), the amount of copper in the
charge (the third variable), and the amount of concentrates (the fourth variable). The
first output variable can be the voltage supplied to the electrodes (Figure 1).
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Figure 1. The FIS editor view and functions, authors' development

Figure 2 shows the editor of membership functions for the first input variable
(the temperature of the charge, Figure 2a), the second input variable (the tempera-
ture changing rate of the charge, Figure 2b), the third input variable (the amount of
copper in the charge, Figure 2c), the fourth input variable (the amount of concen-
trates, Figure 2d), and the first output variable (the voltage, Figure 2).
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Figure 2. The view of membership functions in Membership Function Editor,

developed by the authors

B rule Editor: Lintitied !
e Edit View Options
1. If {meting_temper_of_charge i= low ) and (rate_of_temper_changing is normal) and (amount_of_copper_| -
2 mekting_temper_of rge is average) and (rate_of_temper_changing is m nal) and (amount_of_cop|
3. melting_temper_of_charge is high) and (rate_of_temper_chanr L_of_copper_in_
- 3
It and and and Then
melting_temper_of rate_of_temper_c amount_of_coppe amount_of_conce woltage is
normal - - -
FVEraUe Fe taverage
high s stromg
nore none o
not not not not not
Connection Wieight:
or
7 Dislete rule Add ruke Chamnge rube
Ready | Help Close |

Figure 3. Rule Editor Layout, developed by the authors
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Figure 4. Surface Viewer layout for the amount of copper in the charge
(input parameter), the charge melting temperature, and the voltage
(output parameters), developed by the authors
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Figure 5. The graph dependencies of the output variable (voltage) on various
input variables for the developed fuzzy model, developed by the authors
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With the help of the "Rule Edit" we introduce new rules with the linguistic terms
of input and output variables using the logical connective (AND, OR, or NOT), enter
the weight value and press the button "New Rule" (Figure 3).

To see the created rule of the fuzzy inference and the modelling result we use the
"Rule Editor". With the help of the fuzzy inference system surface viewer the results
can be viewed as a graphic visualization (Gerla, 2001). An example of a visual display
of the dependencies of output parameters (the charge melting temperature and the
voltage) on the input parameter (amount of copper in charge) is shown in Figure 4.

Thus, developing a model for temperature control of the charge in the electric
furnace using the three-dimensional graph, the dependencies of output variables on
input variables could be formed.

One can analyse the dependence of the output parameter on given input variable.
Figure 5 shows the dependence of the output variable "voltage" on the following input
variables: the temperature of the charge (Figure 5a), the rate of charge temperature
changing (Figure 5b), the amount of copper in the charge (Figure 5c), and the
amount of concentrates (Figure 5d).

Discussion. Modelling by fuzzy logic systems in MatLab (Fuzzy Logic Toolbox)
allows choosing the optimal input parameters in the given range for copper concen-
trates electromelting in order to obtain the given output parameters. The examples of
the modelling results of the charge temperature in the furnace and the voltage are
shown in Figures 6 and 7. As one can see, the calculated parameters (the temperature
of charge melting in furnace and the voltage) are constant (unchanged) at these rates.
The analysis of the modelling results show that both constant charge temperature in
the furnace (1250°C) and the voltage (850 V) could be achieved for optimal input val-
ues such as the temperature changing rate in the furnace (10.3°C/min and
18.3°C/min in the ranges of + 5°C/min to + 14°C / min and + 10°C/min to +
24°C/min, respectively), the amount of copper in the charge (18 t and 15 t in the
ranges 7—28 t and 14—28 t, respectively), the amount of concentrates (18.3 t and
16.9 t in the range 5—28 t) and the voltage (850 V). All the aforementioned optimal
parameters values lead to temperature stabilisation of the charge melting.
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Figure 6. Rule Viewer for modelling results of the charge temperature
in the furnace, the rate of charge temperature changing (10.3°C/min),
the amount of copper in the charge, the amount of concentrates (18.3 t),
and the voltage, developed by the authors
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Figure 7. Rule Viewer for modelling results of the charge temperature
in the furnace, the rate of charge temperature changing (18.3°C/min),
the amount of copper in the charge, the amount of concentrates (16.9 t),
and the voltage, developed by the authors

Conclusions. Modelling of the melting temperature for the copper concentrate
charge is the basis for the choice of optimal parameters of melting technological
process in metallurgy. Application of the modelling results in practice leads to better
control of charge melting process. Modelling of the melting temperature of copper
concentrates by fuzzy logic in Matlab is applicable. The usage of fuzzy logic systems
allows solving the problems of technological design process, choosing the best regime
parameters of electric furnace, and analyzing the main statistical data for the optimal
control systems of charging and copper concentrates melting processes which ensure
the reduction of energy and metal loss during melting. The proposed model consi-
ders the influence of input parameters such as the temperature in furnace and the rate
of its changing, the amount of copper in the charge, the amount of concentrates on
output parameters (the charge melting temperature and the voltage). The proposed
model can be used for the choice of optimal input parameters in order to achieve the
stabilisation of the charge melting temperature. Stabilisation of the charge melting
temperature is directly related to the increase of economic efficiency of this techno-
logical process. Stabilisation of the charge melting temperature in the furnace makes
it possible to reduce the energy consumption, improve the quality of the output pro-
duct, reduce the cost of the output product, and change the technological process
quickly depending on the conditions and the need.
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