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Abstract— As the power system is very vast and it is having variety of loads connected to it, the chances of occurring transients are 

large. Transients occur in a power system due to a fault on transmission lines, loss of a large load or sudden loss of generation. The 

ability of a power system to maintain synchronism when subjected to a severe transient disturbance is called transient stability. The 

control of transient stability plays a significant role in ensuring the stable operation of power system when the large disturbances and 

faults occur in the power system .To improve the transient stability various FACTS devices are used. In this paper Static Var 

Compensator (SVC) and Thyristor Controlled Series Compensator (TCSC) are used to improve the power system transient stability in 

a multi- machine 14 bus system using Matlab/Simulink. The comparison of series compensated FACTS device TCSC and shunt 

compensated FACTS device SVC is also shown. 
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INTRODUCTION 

The network of power system is very complex which is made up of numerous generators, transmission lines, variety of loads and 

transformers. Because of increasing power demand some transmission lines are more loaded and a result the problem of transient 

stability can become a transmission limiting factor [1]. The ability of a power system to maintain synchronism when subjected to a 

severe transient disturbance is called transient stability [2]. Power system stability can be improved through the application of 

advanced controlled technologies. Power electronics has developed the Flexible AC Transmission System (FACTS). The FACTS 

devices can be used to control impedance, voltage, phase angle etc. of high voltage AC lines. By using FACTS devices power system 

stability can be improved satisfactory [3]. Thyristor Controlled Series Compensation (TCSC) is a type of FACTS device which can 

provide advantages like damping power system oscillations and controlling power flow in the line. TCSC also in improves the power 

transfer capability, voltage stability and supplying reactive power demand. SVC is a type of FACTS device which can provide 

advantages like improving system voltage, damping power system oscillations and controlling power flow in the line. SVC is very 

efficient in improving the overall transient stability of the system [8]. 

STATIC VAR COMPENSATOR (SVC) 

SVC is basically a shunt connected variable var generator whose output is adjusted to exchange capacitive or inductive current to 

system. SVC regulates voltage at required bus by controlling amount of reactive power injected into or absorbed from power system. 

Most widely used svc configuration is fixed capacitor- thyristor controlled reactor (FC-TCR). In this a fixed capacitor is connected in 

parallel with thyristor controlled reactor. The effective reactance of FC-TCR is varied by firing angle control of anti-parallel thyristors. 

The firing angle is controlled through a proportional-integral (PI) controller in such a way that voltage of bus where SVC is connected 

is maintained at reference value [11]. 

THYRISTOR CONTROLLED SERIES CAPACITOR (TCSC) 

A TCSC is a series-controlled capacitive reactance that can control the continuous power flow on AC lines. The principle of variable-

series compensation is to increase the fundamental-frequency voltage across a fixed capacitor in a series compensated line by varying 

the firing angle . This increased voltage, changes the effective value of the series-capacitive reactance [4].  
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Figure1.  A Simple diagram of TCSC device 

 

The basic diagram of TCSC is shown in Figure1. This figure shows that the series compensating capacitor is shunted by a Thyristor 

Controlled Reactor (TCR). To obtain the desired operating characteristics and voltage ratings various such basic compensators can be 

connected in series. At the fundamental system frequency TCR is a continuously variable reactive impedance which is controlled by 

delay angle . The steady state impedance of the TCSC now becomes as that of a parallel LC circuit, which consists of a fixed 

capacitive impedance, CX  and a variable inductive impedance,  LX . So, the impedance of TCSC becomes

      CLLCTCSC XXXXX   /* .Where    ,sin2/*   LL XX    LL XX .Whereas, wLX L   

and   is the delay angle measured from the crest of the capacitor voltage[13][14] The TCSC can be operated in either inductive 

region or capacitive region according to the delay angle .If lim90 L   it means TCSC will operate in inductive region, and if 

180lim C it will operate in capacitive region. For limlim CL    it will operate in resonance region [7]. 

 

 

SIMULATION MODEL AND RESULTS WITH SVC 

 

 

Figure2.  Simulink model of a 14 bus system with five generating units and fault with SVC 

 

Simulink model of a fourteen bus system with five generating units and fault is shown in Fig 4.1 which is simulated in MATLAB. 

Five generators of 96MVA, 64MVA, 247.5MVA, 64MVA and 96MVA are used and a total load of 315MW and 115MVAR is used. 

A single phase fault is connected between bus8 and bus14. Various measurements blocks and scopes are connected to observe the 

variation of voltage, active power, reactive power, difference of rotor speeds oscillations and difference of rotor angle oscillations [5]. 
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This Figure 2 shows that when a fault occurs in a Fourteen bus system with five generating units without SVC. The effect of fault of 

very short duration which is applied between 5.1second to 5.4 seconds is observed on voltage, active power, reactive power, 

difference in rotor speed oscillations and difference in rotor angle oscillations is see [12]. 

 

 

Output waveforms 

The comparison of output waveforms without SVC and with SVC are observed as: 

 

 

 
 

Figure3.  Comparison of output waveforms of Voltages at bus 7 and bus 9 when fault occurs without SVC and with SVC 

 
 

Figure4.  Comparison of output waveforms of difference in rotor angle oscillations when fault occurs without SVC and with SVC 
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Figure5.  Comparison of output waveforms of difference in rotor speed oscillations when fault occurs without SVC and with SVC 

 

Figure6.  Comparison of output waveforms of active power and reactive power at bus7 when fault occurs without SVC and with SVC 
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SIMULATION MODEL AND RESULTS WITH TCSC 

 

 

Figure7.  Simulink model of a 14 bus system with five generating units and fault with TCSC 

Output waveforms 

 

The comparison of output waveforms without TCSC and with TCSC are observed as: 

 

Figure8.  Comparison of output waveforms of Voltages at bus 7 and bus 14 when fault occurs without TCSC and with TCSC 
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Figure9.  Comparison of output waveforms of active power and reactive power at bus7 when fault occurs without TCSC and with   

TCSC 

 

Figure10.  Comparison of output waveforms of difference in rotor angle oscillations when fault occurs without TCSC and with TCSC 

 

COMPARISON OF OUTPUT WAVEFORMS OF TCSC AND SVC 

The output waveforms are compared for the devices SVC and TCSC. As TCSC is a series compensating Device it is best suited for 

increasing power transfer capability. While SVC on the other hand is a shunt compensating device and it is best suited for improving 

power system voltage. SVC also improves the transient stability effectively. It damps out the oscillations produced in voltage, active 

power, reactive power very fast. It also improves the rotor angle and speed synchronization and damp out the oscillations earlier 

[9][10]. 
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Output waveforms 

 

Figure11.  Comparison of output waveforms of Voltages at bus 7 and bus 9 when fault occurs with SVC and with TCSC 

Figure12.   Comparison of output waveforms of difference in rotor speed oscillations when fault occurs with SVC and with TCSC. 
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Figure13.  Comparison of output waveforms of difference in rotor angle oscillations when fault occurs with SVC and with TCSC 

 

Figure14.  Comparison of output waveforms of active power and reactive power at bus7 when fault occurs with SVC and with TCSC 
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power, rotor speed and angle oscillations are observed for device SVC, then all results are observed with device TCSC and after that 

all waveforms are compared for both the devices. Simulation is done in MATLAB/SIMULINK. Voltage profile is observed at 

bus7and 9. Active power and reactive power is observed at bus 7. The devices are connected at line between bus8 and bus12 and fault 

occurs on line between bus 8 and bus14. Fault occurs at 5.1 second to 5.4 second. It is observed that when the device SVC is used in 

the system it improves the voltage profile [6] and also damp out the oscillations in power, rotor speed and angle oscillations. It also 
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injects the reactive power in the system. TCSC slightly improves the voltage profile and it is best suited for increasing power transfer 

capability. It is observed that out of TCSC and SVC, SVC damps out the oscillations faster than TCSC.  
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