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ABSTRACT: Solid state power electronic devices or Flexible AC Transmission Systems technologies has
brought an scope for electric utilities to operate their bulk power flow network close to their thermal limits while
maintaining and/or improving network security or reliability. High-power electronic devices can provide
unprecedented control over electricity flow in transmission networks. These devices responds quickly enough to
changing network conditions to provide real-time power flow control, which is essential when large humbers of
power transactions occur in a fully deregulated electric industry. In this paper a MATLAB / SIMULINK model
of Electronic Controller has been developed for quick power flow control between two Areas connected by two
transmission lines. This is achieved by increasing /decreasing its capacitive reactance online. The TCSC also
helps in limiting and damping the angular/frequency swings caused by the disturbances. The simulations are
carried out using MATLAB/SIMULINK.

INDEX TERMS: Flexible AC Transmission Systems (FACTS), power system stability, Thyristor Controlled
Series Capacitor (TCSC).
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I. INTRODUCTION

Power electronic based controllers like generator excitation systems, SVC, TCSC and DC links allow
real and reactive power flow control. Flexible AC Transmission Systems controllers are used to control various
power system problems. Power oscillation damping, Reactive power compensation, bus-voltage control,
enhancement of power transfer are some of the major applications [1-9]. The Flexible AC Transmission
Systems technology has already proved itself to be superior over the switched capacitor or reactor blocks due to
fast response time and extended range of operation. These devices employ control circuitry for controlling the
conduction range of power converters so as to control either the DC bus voltage and/or controlling the reactive
power fed to the power system. The series compensation is an economic method of improving power
transmission capability of the lines [10-12].0ne of the promising Series FACTSs device is the thyristor controlled
series capacitor (TCSC). It is able to control the power flow, provide damping to the inter-area and local mode
oscillations, and improve transient stability. In this paper, one such application of the TCSC using its simplified
MATLAB/SIMULINK model is demonstrated. This paper is organized as follows. First; system modeling and
proposed TCSC structure is explained in section I, Next section Il shows the simulation studies and the
effectiveness of TCSC has been validated on two area two machine system in different conditions, the
conclusion is given in section 1V.

Il. POWER SYSTEM MODELING
Considering a power system having two synchronous Generators as shown in the Fig.1. A series controlled
device (TCSC) is placed in one of the parallel lines. The lines have unequal impedance. Therefore steady state

power flow through them is not equal.

TCSC
Areal Areal

Fig. 1 Two Machine System with TCSC Controller
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2.1 Generators

The Generator is represented by its classical model comprising of the electromechanical swing equation.
Assuming transient voltage of generator and the input mechanical power are constant, the two machine system
with TCSC can be described using following non linear equations:

6=y (0-1) (1)
®=[Pn-Pe-D (w-1)] /M (2)

Where P, and P, are the input and output powers of the synchronous generator, respectively; D and M are the
damping coefficient and inertia constant, respectively; @, the
synchronous speed; wand ¢ are the speed and rotor angle respectively.

2.2 TCSC structure

The basic circuit of TCSC is shown in Fig.2 with resistances have been neglected. The TCSC consists
of a capacitor C connected in a parallel thyristor-controlled inductor L. The firing angle () of the thyristors is
controlled to adjust the TCSC reactance ( Xtcsc ) in response to system parameter variations. TCSC operates
such that the TCSC is seen by the circuit as, virtually, having an increased reactance beyond the original
reactance of the of TCSC capacitor, i.e., the TCSC is seen as controllable equivalent reactance.
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Fig. 2 Basic Module of TCSC

There exists a relationship [13] between firing angle (o) and the TCSC reactance (Xtcsc).This relationship is
described by the following equation.

Xrese=Xc- X 2fi+sin2 f+ 4x? C cuszﬁ (ktan kp -tan f)
XeXp)r  @cXP )  n

Where X = Nominal Reactance of the fixed Capacitor Xy = Reactance of Inductor L
K = (Xc / Xp) * = Compensation Ratio
B =Tr- &= conduction angle of TCSC controller

The relationship between firing angle and the TCSC reactance is a unique valued function therefore TCSC is
modeled as a variable capacitive reactance. The TCSC is used in capacitive zone. Fig. 3 shows the resonance.
For the inductive region, which is not used in steady state, acceptable values of the firing angle are between
90° andmax., Where max < res, With the resonant value of

a
firing angle being determined by the ratio Xc / X, .The capacitive region is limited by 180° and  minc.
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Fig. 4 Structure of TCSC Controller

The structure of TCSC controller, to modulate the reactance [14-19] offered by the TCSC is shown in
Fig. 4. TCSC controller input signal Ae is speed deviation and the signal Ap is deviation in conduction angle. It
consists of gain block, washout block and compensator block. An optimum controller can be obtained by proper
tuning of parameters Tw, T, T, and gain K with a suitable heuristic technique. The gain K of TCSC controller
is chosen such that it provides necessary damping. The phase compensator block is used to reduce the angular
difference as well as to make the system "settle down" quickly. The output of the controller has to be gradually
driven to zero in steady state. Therefore a washout transfer function [5s/ (5s+1)], which has a steady state gain
zero is used .The value of wash out time constant Tw, may be in the range of 1-20 sec.
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Fig. 5 (a) — (c) Simulink Model of Two-Area System with TCSC controller

The MATLAB/SIMULINK model of the power system shown in Fig.
1 is developed using equations (1)—(2). The developed MATLAB/SIMULINK model of synchronous
generators with TCSC is shown in Fig. 5. The system parameters are given in appendix.

1. SIMULATION STUDIES
The Power system shown in figure 1 is studied through the computer simulation using the MATLAB/Simulink
in MATLAB environment. To illustrate the efficiency of the TCSC controller, two different cases are presented;
with and without controller. Fig. 6(a)-(d) and Fig. 7(a)-(d) shows the system response with respect to time for
the two cases.

3.1 System with TCSC Damping Controller
Fig. 6 shows the system response with TCSC when damping controller is enabled. A small disturbance in
mechanical power

TCSC REACTANCE Vs TIME

T T T T T T ™ T T

TCSC REACTANCE (pu)
E

B
[}

My w =m ®m e ®m w8 @ @ i
TIME (Sec)
(a)
Fig.6(a) System response for a 5% increase (decrease) in Mechanical power of Generator 1(Generator 2)-TCSC
Reactance
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Fig.6(b) System response for a 5% increase (decrease) in Mechanical power of Generator 1(Generator 2)-

Generated Power
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Fig.6(c) System response for a 5% increase (decrease) in Mechanical power of Generator 1(Generator 2)-
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Fig.6(d) System response for a 5% increase (decrease) in Mechanical power of Generator 1(Generator 2)-Line

Currents
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input is considered. At t=0 sec, the input mechanical power is increased by 5% in Generator 1 and decreased by
5% in Generator 2. It can be seen that Generation by alternator in Area 1 is increased and Generation by
alternator in Area 2 is decreased by the same amount. This cause increased power flow through the two lines
thereby overloading one of the lines. The TCSC quickly diverts the power flow by increasing its capacitive
reactance. The TCSC also helps in limiting and damping the angular/frequency swings caused by the load
disturbances.

3.2 System without TCSC Damping Controller

Fig. 7 (a)-(d) shows the system response with TCSC when damping controller is disabled. It can be seen that
due to disabling of damping Controller in TCSC model there are substantial oscillations in the system but these
oscillations are controlled by TCSC [Fig. 6(a)-(d)] damping controller. The TCSC controller provides a very fast
action to increase the power flow through quick changing of the equivalent capacitive reactance to the full
compensation in the first few cycles after the disturbance, hence subsequent oscillations are well damped out.
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Fig.7(a) System Response for 2-Machine System with TCSC without damping Controller-TCSC reactance
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Fig.7(b) System Response for 2-Machine System with TCSC without damping Controller -Generated Powers
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Fig.7 (d) System Response for 2-Machine System with TCSC without damping Controller-Line Currents

V. CONCLUSION

The MATLAB/SIMULINK model of TCSC for Two Area Power Flow Control presented in the paper
provides a means for carrying out power system analysis and for explaining the generator dynamic behavior as
affected by the TCSC. The simulation results show the robustness and superiority of the proposed control, and
indicate that the controller can automatically decides the compensation, effectively maintain transient stability
and greatly improve dynamic performance of power system. It has been observed from the Fig. 6(a)-(d) and Fig.
7(a)-(d) that the system without TCSC controller is unstable but with TCSC controller the system gains stability.
The system attains stability at a faster rate due to series compensation provided by TCSC controller. Further it is
observed that the proposed TCSC controller is effective in damping low frequency oscillations resulting from
small disturbances conditions because of increase or decrease in mechanical power input.

V. APPENDIX
Generator: H=6, D=0.0
Transmission Line: X1=1.0, X2=1.2
TCSC Controller: X0=0.2, Xmax=0.5, Xmin=0.1, Tw=5Sec, T1=0,
T2=0.1Sec
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