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DETERMINATION OF MATHEMATICAL MODEL OF AN ELECTRIC POWER
SYSTEM USING LINEAR GRAPH
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ABSTRACT

The transformation of a physical system toc mathematical base is very important due to
analysis of the systems behaviour. In this study an electric power system is considered,
and this system is characterized with first-order differantial eqautions therefore state-
equations which define behaviour of the system for any instant “t” are obtained.

1. INTRODUCTION

Exact solution and simulation of various engineering problems, “especially control
engineering problems, depend on convenient mathematical models for elements and sub-
systems of the system considered. Process of the transformation of the system’s
behaviour to mathematical basis is called “mathematical modelling” [1,2].

2. DETERMINATION OF STATE-EQUATIONS OF A PHYSICAL SYSTEM

When state-equation of the physical systems are determined, the methods which are
known from Circuit Analysis Theory in Electrical Engineering may be successively used.
Where, in order to obtain state-equations, lineer graph theory, very important technique
is used [3-8].

During analysis, it is assumed that the solution of a physical system given is possible. As
general definition, in a proper system, voltage and current sources may not mesh and cut,
respectively. Therefore, in the system graph for a proper system, a tree that graph-
elements of voltage sources and current sources correspond to branch and link,
respectively may be chosen [9-12]. If possible, all capacitance-type elements are put in
branches of the tree and all mductance-type elements are out of the tree. This tree used
for writting the equations is called “proper tree”. State variables of the system are the
voitages of capacitors in the branches and the currents of inductors out of the tree.
Therefore, first-order differantial equations which consists of unknown voltages and
currents are written.
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3. A SAMPLE FOR DETERMINATION OF MATHEMATICAL MODEL

Electric power system shown in Fig. 1 is considered as a physical system.
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Fig. 1 Hlustration of single line diagram of power system considered.
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After the system’s parameters are defined as circuit elements, the circuit in Fig. 2 is

drawn.
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Fig. 2 Tllustration of power system as an electrical circuit.
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Later, circuit’s graph is drawn as shown in Fig,. 3
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Fig. 3 The graph of the power system and chosen “proper tree.”

A proper tree is chosen so that voltage sources and capacitors are in the branches and
current sources and inductors are in the links (Fig. 3). Voltages of capacitors n the
branches and currents of inductors in the links are state variables of the system.
Derivative terminal equations are written as follows:

d

C Ve =ic (1)
dt
d

L ----- b= (2)
dt

where all voltages and currents are instantaneous values. In these equations, the terms out
of state variables are written in terms of state variables and source functions. By
substituting eq. (1) and eq.(2) and rearranging, first-order differential equations are
obtained. State variables of the system are 12. They are vcs, V7, Ves, 127, 1139, 1157, 1Lso,
1169, 114, 118, Ir.45 and 4.

d

Cy -—-- Ves = cs €)
dt

icg - ipas et ipgs = 0 (4)
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ics = Ipgs - 114 - 146 (5)

Cy —— Vea = =ipiatipes-ipgs (6)

Finally, first-order differantial equations consisting of state variables (capacitor voltages)
in the branches are obtained.

State-equations of inductors are also written:

d
Loy - 127 = Vi27 (7)
dt
Via7 + Vo7 - Vz =0 (8)
Vi27 = =Ve7 + V2 )
d
Ly 27 =-ve7 + V; (10)
dt

All equations obtained may be written in matrix form as shown m eq. (11):

4. CONCLUSIONS

State-equations of an electric power system may be obtained step by step, using linear
graph representation and proper tree technique, such as

(—;1; x(t)= Ax(t)+ Bu(t). Variations of currents and voltages versus time, which are state
variables of the system, may be obtained as y = Cx(t)+ Du(t). Where A,B,C,D are

coefficients-matrices and ~ denotes matrix representation.
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