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Abstract— This paper deals with the voltage sag 

compensation using Thyristor Controller Series 

Capacitor(TCSC). The firing angle of the valve is controlled 

using fuzzy controller with load voltage and load current as 

two inputs. Single line diagram of 9 bus system is taken for 

the simulation. The simulation of TCSC with fuzzy 

controller is done using MATLAB/SIMULINK and the 

results are obtained with the comparison of TCSC with and 

without fuzzy controller. 
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I. INTRODUCTION 

Most of all the worlds electric power supply systems are 

widely interconnected. It involve the connections inside 

utilities own territories which extend to inter-utility 

interconnections and then to inter-regional and international 

connections. This is done for economic reasons, to reduce 

the cost of electricity and to improve reliability of power 

supply. In recent years, greater demands have been placed 

on the transmission network, and these demands will 

continue to increase because of the increasing number of 

nonutility generators and heightened competition among 

utilities themselves. Added to this is the problem that it is 

very difficult to acquire new rights of way. Increased 

demands on transmission, absence of long-term planning, 

and the need to provide open access to generating 

companies and customers, all together have created 

tendencies toward less security and reduced quality of 

supply. The FACTS technology is essential to alleviate 

some but not all of these difficulties by enabling utilities to 

get the most service from their transmission facilities and 

enhance grid reliability.[1] 

A. Opportunities for Facts: 

FACTS technology opens up new opportunities for 

controlling power and enhancing the usable capacity of 

present as well as new and upgraded lines. As the possibility 

that current through a line can be controlled at a reasonable 

cost, enables a large potential of increasing the capacity of 

existing lines with larger conductors. 

B. Types of Facts Controllers 

Facts Controllers can be divided into four categories: 

1) Series controller 

2) Shunt controller 

3) Combined series-series controller 

4) Combined series-shunt controller 

C. The Concept of Series Compensation 

The basic concept of series compensation is to decrease the 

overall effective series transmission impedance from the 

sending end to the receiving end of a long transmission line. 

[1] The Shunt compensation is effective in maintaining the 

desired voltage profile along the transmission line 

interconnecting two busses of the ac system and providing 

support to the end voltage of radial lines thus it is possible to 

transmit power up to thermal limit of the line. 

       However shunt compensation is ineffective in 

controlling the actual transmitted power which at defined 

transmission voltage is determined by series line impedance 

and the angle between the end voltages of line. It was 

always recognized that ac power transmission over long 

lines was primarily limited by the series reactive impedance. 

II. HISTORY OF TCSC 

The basic thyristor controlled series capacitor (tcsc) scheme 

proposed in 1986 by vithayathil with other as a method of 

“rapid adjustment of network impedance”- World’s first 3 

phase, 2 X 165 MVAR, TCSC was installed in 1992 in 

Kayenta, substation, Arizona. It raised the transmission 

capacity of transmission line by 30%, but it was soon 

realized that the device is also a very effective means for 

providing damping of electromechanical power oscillations. 

A third possible application of TCSC emerged from the 

onsite observations that it can provide series compensation 

without causing the same risk for sub-synchronous 

resonance (SSR) mitigation was installed in Stode, Sweden 

in 1998, by ABB. Specifically this period makes a valiant 

period for TCSC and makes the researchers to turn on to 

TCSC.[5] 

III. BASIC CONCEPT AND OPERATION OF TCSC 

A. Basic Concept of TCSC: 

TCSC concept is that it uses an extremely simple main 

circuit. The series capacitor is inserted directly in the 

transmission line and the thyristor-controlled inductor is 

mounted directly in parallel with the capacitor. Thus no 

interfacing equipment like e.g. high voltage transformers is 

required. 

 

 
Fig. 1: The Basic Diagram of TCSC Device 

B. Operation of TCSC: 

Basic idea behind the TCSC scheme is to provide a 

continuously variable capacitor by means of partially 

canceling the effective compensating capacitance by the 



Voltage Sag Compensation by using Fuzzy logic Controlled TCSC” 

 (IJSRD/Vol. 3/Issue 03/2015/515) 

 

 All rights reserved by www.ijsrd.com 2076 

TCR. The variable series compensation is to increase the 

fundamental frequency volt across a fixed capacitor through 

appropriate variation of the firing angle α The equivalent 

impedance of fixed capacitor Xc and variable inductive 

impedance Xl 

 
As the impedance of the controlled reactor Xl  is 

varied from max. to min. value, The TCSC increases its 

min. capacitive impedance until parallel resonance. Now 

decreasing Xl further the impedance of the TCSC, becomes 

inductive and reaching its min. value at α = o where the 

capacitive effect is bypassed by the TCR[2,3,4]. 

Therefore, with usual TCSC arrangement in which 

XL is smaller than XC, the TCSC three operating ranges 

around its internal circuit resonance: 

From 0<α<αLlim Inductive region 

αClim<α<90 Capacitive region 

Between αLlim<α<αClim Resonance region 

 
Fig. 2: TCSC Impedance Characteristic 

IV. FUZZY LOGIC CONTROL APPROACH 

Fuzzy Logic is a new control approach with great potential 

for real time application. [6] The fuzzy logic is a rule based 

controller where a set of rules represents a control decision 

mechanism to correct the effect of certain causes coming 

from power system.fig.3 shows the structure of the fuzzy 

logic controller (fuzzy interface system) in MATLAB fuzzy 

toolbox. [7] Load voltage and load current are taken as input 

to fuzzy system. For a closed loop control error input can be 

selected as current, voltage or impedance, according to 

control type. To get the linearity triangular membership 

function is taken with 50% overlap. 

 
Fig. 3: Structure of Fuzzy Logic Controller 

The output of fuzzy controller is taken as the 

control signal and th pulse generator provides synchronous 

firing pulse to thyristor as shown in fig. 3 

In fuzzy logic, the five linguistic variable expressed 

by fuzzy set defined on their respective universes of 

discourse. Table I shows the suggested membership function 

rule of TCSC controller. The rule of this table can be chosen 

based on practical experience and simulation result observed 

from the behavior of the system around its stable 

equilibrium points. 

 
Table 1: Membership Function Rules 

V. SIMULINK MODEL OF TCSC WITH FUZZY LOGIC CONTROL 

APPROACH 

 

 
Fig. 4: Simulink Model of TCSC with Fuzzy Approach in 

the 9-Buss System 

 
Fig. 5: The Single Line Diagram of 9 Bus Systems 

Fig.5 shows the single line diagram of 9 bus system for the 

MATLAB simulation. The line data of resistance, reactance 
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and voltage data are taken in per unit. In the Fig.4 Single 

line diagram of 9-bus system in MATLAB  of TCSC with 

fuzzy control.   

 
Fig. 6: Inter Connected Subsystem of TCSC 

Fig 6 shows the inter connected sub system of 

TCSC device connected in series with the single source 

transmission line system where the firing angle is controlled 

by using fuzzy logic approach. In case of the simple 

Simulink model of TCSC where firing angle is do not 

controlled with fuzzy logic approach in that case the firing 

angle is controlled by using simple pulse generator. 

 
Fig. 7: Firing Angle Model of TCSC 

Fig 7 shows firing angle model of the TCSC in 

which the output of fuzzy controller is taken as the control 

signal. 

 

 
Fig. 8: Comparison of the Output Power in the 9- Bus 

System with and with ought the Fuzzy Control Approach 

 

 
Fig. 9: Comparison of the Output Voltage in the 9- Bus 

System with and with ought the Fuzzy Control Approach 

      As shown in figure.8 additional load is added after 

0.4 seconds so voltage sag occurs and after 0.6 second 

TCSC is added in the transmission line. The comparison of 

the real power and reactive power using TCSC with and 

without fuzzy controller are shown in fig.8. 

Fig.9 shows voltage sag compensation using TCSC 

with and without fuzzy controller. The readings of output 

power and voltage of 9-bus system with and without the 

fuzzy controller are shown in table II. 

We can say that by use of fuzzy control approach 

in the 9-bus system the output voltage and power can be 

compensated, which in turn increases the reliability of the 

transmission line 

 
Table 2: Data for the Transmission Line 

VI. CONCLUSION 

Simulink model of TCSC with and without fuzzy controller 

has been presented and relevant waveforms of power and 

voltage are analyzed in detail. The main purpose of this 

paper is to compare TCSC performance with and without 

fuzzy controller for controlling the voltage sag, real and 

reactive power by controlling the firing angle of the valve, 

which in turn increases the reliability of the transmission 

line. 
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