ÏÐÎÃÐÀÌÌÈÐÎÂÀÍÈÅ
MSC 90C99

DOI: 10.14529/mmp150406

MODELLING AND CALCULATION OF ADAPTIVE DEVICES
OF AUTOMATION, CONTROL AND PROTECTION
FOR INTELLECTUAL ELECTRIC GRID IN SCILAB
FREEWARE COMPUTER MATHEMATIC PACKAGE

South Ural State University, Chelyabinsk, Russian Federation,
g volovich@mail.ru,
E.V. Solomin , South Ural State University, Chelyabinsk, Russian Federation,
nii uralmet@mail.ru,
I.G. Topolskaya , South Ural State University, Chelyabinsk, Russian Federation,
irina topol71@mail.ru,
D.V. Topolsky , South Ural State University, Chelyabinsk, Russian Federation,
topol69@mail.ru,
N.D. Topolsky , South Ural State University, Chelyabinsk, Russian Federation,
ntopolsky@mail.ru
G.I. Volovich,

In this paper we studied the possibilities of adaptation of Scilab freeware computer
mathematic package to the solution of special calculation problems are studied. We modeled
and calculated the family of adaptive devices of automation, control and protection
for smart/intellectual electric grids including renewable energy sources. We studied the
possibilities of Scilab package for sequential calculating using a big number of algebraic
functions, solving the systems of linear algebraic equations, analyzing of results, solving the
tasks of optimization, building 2D and 3D function diagrams, etc. All calculated solutions
obtained from Scilab, were analysed in comparison with the similar solutions calculated
in MathCAD. The results conrm the relevance of using the Scilab package for these
purposes and demonstrate some of its advantages in education, scientic research and
electric engineering calculations.
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Introduction

It is almost impossible to imagine a modern science today without the extensive use
of mathematical modelling. This method of study, design and engineering combines many
advantages of both theory and experiment. Operating with the model but not with the real
object (phenomenon, process), allows relatively quickly with signicant costs reduction
investigating its properties and behavior in all conceivable situations (the benets of
theory).
At the same time basing on the advanced computational methods and technical
capabilities of computers, the computer experiments with the models of objects may
help to study objects in sucient details and in depth which is not possible in purely
theoretical approaches (the benets of the experiment). Therefore the methodology of
mathematical modelling presents rapidly developing and embracing new areas, including
intellectual/smart electric grids and renewable energy devices.
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1.

The Relevance of Modelling Tool Selection

The development of science depends mainly on the enhancement of quality of
education, which is in turn possible on the basis of new information technologies.
In recent years, Russia has undertaken a number of eorts for the development and
implementation of freeware software in educational institutions. The main advantage of
freeware software for the purpose of education is to have a legal basis to freely explore the
documented source code of freeware software for computer and modify it, including the
created on its own design basis. For the education purpose it is necessary to provide both
teachers and students with the opportunity of choice between freeware and proprietary
software. In this context, the purpose of our study was a testing of ability of oering the
freeware software in relation to the mathematical modelling and calculation of electric
engineering systems.
Modelling is one of the most common methods of research which combines the
capabilities of theory and practice. Simulation is also relevant particularly for solving
the electrical problems [1, 2]. Development of methodology for modelling and analysis of
electrical systems using freeware software, is of great practical importance and relevance.
The simulation results mostly depend on software type. Mathematical packages are
widely used in the modelling. There is a big number of computer mathematics systems on
the market. All of them have great opportunities, advantages and also disadvantages. The
process of involvement of the students into research meets the major drawback of these
packages  purchasing a license for their use, which often makes scientic research more
dicult and expensive [3].
One of the most popular open source mathematical package is Scilab. Scilab is designed
for engineering and scientic calculations. In terms of its features Scilab package is
comparable to the known Mathcad mathematical package, with the interface similar to
Matlab. Versions of Scilab for dierent operating systems: Linux, Windows, MacOS are
available.
Similar to Matlab the Scilab as the system itself, is primarily intended for numerical
computations and works with matrices. Main features of Scilab: operating with elementary
and special functions used in mathematics (approximation of elliptic integrals, Bessel
functions), set of tools for conventional and matrix polynomials; tools for building and
manipulating arrays (vectors, matrices, etc.) and hundreds of mathematical functions
with the possibility of adding new ones including written in dierent languages (C, C++,
Fortran); 2D and 3D graphics, animation, dierential and dierential optimization, stats
and much more [4]. The package also includes Scicos  a tool for editing block diagrams
and simulations (similar to Matlab Simulink package) [5]. There is the opportunity of
working with LabVIEW in Scilab. Powerful programming language with support of objects
built in Scilab allows not just creating an ordinary program for automation of calculations,
but also seeing visual applications running in the Scilab environment. The main object in
the environment of Scilab is a graphical window. The correct version of Scilab can always
be downloaded from the ocial website.
2.

Results

During the testing of the Scilab package performing the modelling and analysis of
electrical systems, a number of problems were solved. Design solutions were obtained
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in Scilab for direct current (DC) electrical circuits with DC power supply, complex DC
electrical circuits, single-phase circuits with sinusoidal current. In addition to that we also
designed and built the models of mechanical characteristics of DC machines (see Fig. 1). All
analysis solutions obtained for Scilab were analyzed in comparison with similar solutions
obtained for Mathcad. The results appeared to be identical.

. The results of calculation of the modeled mechanical characteristics of DC electric
machine
Fig 1

On the top of everything a number of models of renewable energy sources was
developed: the model output with Chelyabinsk based landll of municipal solid waste
(MSW) from the equation of the reaction kinetics of gas formation of the rst degree
and the model of Tabasaran-Rettenberger as well as active and reactive hydraulic
turbines, model of biogas plant for farming, and others. These models actually are the
set of sequential calculations. Fig. 2 shows the modelling results of parameters of new
Chelyabinsk landll of MSW.

. The modelling results of parameters of new Chelyabinsk landll of MSW.

Fig 2

We also analysed the thermic stability of circuits of digital measuring current
transformer. To solve this task we programmed and solved a sequence of linear algebraic
equations. The results of modelling are presented in Fig. 3.
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Fig 3

. Analysis of thermic stability of circuits of digital measuring current transformer

One of the types of problems solved in Scilab, is the optimization task. In this area we
considered the problem of linear programming, where we were required to nd the values
of variables x1, x2, x3, x4, when the objective function reaches its maximum value and the
number of constraints is satised. For solving these problems in Scilab there is a function
called linpro. The results of solving optimization tasks are presented in Fig. 4.

Fig 4

. The results of solving optimization problems

The model of asynchronous electric drive had the range of possible variations of time
constants. It was studied for the development of adaptive controller of the drive. One of
modelling results is the surface, which characterizes the variation of electromagnetic time
constants of electric drive (Fig. 5).
Conclusion. The study of the possibility of using freeware software Scilab package for
mathematical modelling and calculation of electrical systems in general, as well as in
particular of automation, control and protection of intellectual electric grids, shows its
suitability for this purpose. We obtained positive experience of its usage in the process of
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Fig 5

. The variation of electromagnetic time constants of the asynchronous electric drive

study of physical basis of collecting the information, methods and means of measurement,
as well as solving optimization tasks. We found its capacity not inferior than of the licensed
mathematical packages in solving the most tasks. It is correct to conrm the benets
of Scilab computer software package as of freely distributed program for education and
science. All this shows the relevance of extending the scope of use of Scilab package.
This work was supported in part by the R.F. Ministry of Education under Grant
14.576.21.0047 of 22 August 2014 (ID: RFMEFI57614X0047).
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ÌÎÄÅËÈÐÎÂÀÍÈÅ È ÐÀÑ×ÅÒ ÀÄÀÏÒÈÂÍÛÕ
ÓÑÒÐÎÉÑÒÂ ÀÂÒÎÌÀÒÈÊÈ, ÓÏÐÀÂËÅÍÈß È ÇÀÙÈÒÛ
ÄËß ÈÍÒÅËËÅÊÒÓÀËÜÍÛÕ ÝËÅÊÒÐÈ×ÅÑÊÈÕ ÑÅÒÅÉ
Â ÑÂÎÁÎÄÍÎ ÐÀÑÏÐÎÑÒÐÀÍßÅÌÎÌ ÏÀÊÅÒÅ
ÊÎÌÏÜÞÒÅÐÍÎÉ ÌÀÒÅÌÀÒÈÊÈ SCILAB
Ã.È. Âîëîâè÷, Å.Â. Ñîëîìèí, È.Ã. Òîïîëüñêàÿ, Ä.Â. Òîïîëüñêèé,
Í.Ä. Òîïîëüñêèé

Â ðàáîòå èññëåäîâàíû âîçìîæíîñòè àäàïòàöèè ñâîáîäíî ðàñïðîñòðàíÿåìîãî ïàêåòà êîìïüþòåðíîé ìàòåìàòèêè Scilab äëÿ ðåøåíèÿ ñïåöèàëèçèðîâàííûõ âû÷èñëèòåëüíûõ çàäà÷. Äëÿ ýòîãî â Scilab îñóùåñòâëåíî ìîäåëèðîâàíèå è ðàñ÷åò ðÿäà àäàïòèâíûõ
óñòðîéñòâ àâòîìàòèêè, óïðàâëåíèÿ è çàùèòû äëÿ èíòåëëåêòóàëüíûõ ýëåêòðè÷åñêèõ
ñåòåé, âêëþ÷àÿ âîçîáíîâëÿåìûå èñòî÷íèêè ýíåðãèè. Áûëè èññëåäîâàíû âîçìîæíîñòè
ïàêåòà Scilab äëÿ âûïîëíåíèÿ ïîñëåäîâàòåëüíûõ ðàñ÷åòîâ ñ èñïîëüçîâàíèåì áîëüøîãî
÷èñëà ìàòåìàòè÷åñêèõ ôóíêöèé, ðåøåíèÿ ñèñòåì ëèíåéíûõ àëãåáðàè÷åñêèõ óðàâíåíèé, àíàëèçà ðåçóëüòàòà, ðåøåíèÿ çàäà÷ îïòèìèçàöèè, ïîñòðîåíèÿ äâóìåðíûõ è òðåõìåðíûõ ãðàôèêîâ ôóíêöèé è äð. Âñå ðàñ÷åòíûå ðåøåíèÿ, ïîëó÷åííûå äëÿ Scilab,
áûëè ïðîàíàëèçèðîâàíû â ñðàâíåíèè ñ àíàëîãè÷íûìè ðåøåíèÿìè, ïîëó÷åííûìè äëÿ
Mathcad. Ïîëó÷åííûå ðåçóëüòàòû ïîäòâåðæäàþò âîçìîæíîñòü èñïîëüçîâàíèÿ Scilab
äëÿ óêàçàííûõ öåëåé è äåìîíñòðèðóþò ðÿä ïðåèìóùåñòâ ïðè ïðèìåíåíèè ïàêåòà â
îáó÷åíèè íà ýëåêòðîòåõíè÷åñêèõ ñïåöèàëüíîñòÿõ è ïðîâåäåíèè íàó÷íûõ èññëåäîâàíèé.
Êëþ÷åâûå ñëîâà: êîìïüþòåðíàÿ ìàòåìàòèêà; ïðîãðàììèðîâàíèå; ìîäåëèðîâàíèå
Scilab; ñâîáîäíî ðàñïðîñòðàíÿåìîå ÏÎ; ýëåêòðîòåõíè÷åñêèå ðàñ÷åòû.
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