
  

 

Abstract—      As a consequence of the electric utility industry 

deregulation and liberalization of electricity markets as well as 

increasing demand of electric power, the amount of power 

exchanges between producer and consumer are increases. In this 

process, the existing transmission lines are overloaded and lead to 

unreliable system. The countries like India with increasing 

demand of electric power day by day it is difficult to expand the 

existing transmission system due to difficulties in right of way and 

cost problem in transmission network expansion. So, we need 

power flow controllers to increasing transmission capacity and 

controlling power flows. Flexible alternating current transmission 

system (FACTS) controllers are capable of controlling power 

flows and enhancing the usable capacity of existing transmission 

lines. In this paper we have done the comprehensive modeling of 

FACTS devices for power flow study and its impact on system 

voltage. The effectiveness of modeling has been tested and 

analyzed on IEEE-5 bus system. 

 

Index Terms—FACTS controllers, SVC, TCSC, Power flow 

I.  INTRODUCTION 

As a result of ever-increasing demand of electric power, the 

electricity supply industry is undergoing profound 

transformation worldwide. This makes the existing power 

transmission system highly complex. To meet the increasing 

demand of electricity in a power system it is essential to 

increase the transmitted power either by installing new 

transmission lines or by improving the existing transmission 

lines by adding new devices. Installation of new transmission 

lines in a power system leads to the technological complexities 

such as economic and environmental considerations that 
includes cost, delay in construction as so on. Flexible 

alternating current transmission system (FACTS) technology 

gave up new ways for controlling power flows and enhancing 

the usable capacity of transmission lines. FACTS are system 

comprised of static equipment used for the AC transmission of 

electrical energy. It is meant to enhance controllability and 

increasing the power transfer capability of the power system 

network. The concept of FACTS was first defined by N.G. 

Hingorani in 1988. It usually refers to the  
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application of high power semi conductor devices to control 

different parameters and electrical variables such as voltage, 

impedance, and phase angle, current, active and reactive 

power. FACTS controllers can be divided into four categories: 

 Series controllers. 

 Shunt controllers. 

 Combined series-series controllers. 

 Combined series-shunt controllers. 

The benefits of using FACTS controllers in transmission 

system are- 

 Increased transmission system reliability. 

 Better utilization of existing power transmission 

system. 

 It damp out power oscillations and increases the 

transient stability. 

This paper addresses the static modeling of Static Var 

Compensator (SVC) and Thyristor Controlled Series 

Compensator (TCSC), and their capabilities to improve the 

voltage profile and power flow of the bus to that it is 

connected is evaluated. 

II.  STATIC VAR COMPENSATOR  

SVC can be defined as a shunt connected static var generator 

or absorber whose output is adjusted to exchange capacitive or 

inductive current so as to maintain or control specific 

parameters of the electrical power system (typically bus 

voltage). SVCs are primarily used in power systems for 

voltage control or for improving system stability [1]. 

A. Principle of operation (SVC) 

Static Var Compensator as shown in Fig.1 composed of 

thyristor controlled reactor (TCR), thyristor switched capacitor 

(TSC) and harmonic filters connected in parallel to provide 

dynamic shunt compensation. The current in the thyristor 

controlled reactor is controlled by the thyristor valve that 

controls the fundamental current by changing the fire angle, 

ensuring the voltage limited to an acceptable range at the 

injected node. Current harmonics are inevitable during the 

operation of thyristor controlled rectifiers, thus it is essential to 

have filters to eliminate harmonics in the SVC system. The 

filter banks not only absorb the risk harmonics but also 

produce the capacitive reactive power [2]. 
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                       Fig. 1 Circuit diagram of SVC 

 

B. V-I Characteristic of SVC 

As shown in Fig. 2, the dynamic characteristics of an SVC are 

the plots of bus voltages versus current or reactive power. In 

Fig. 2, the voltage Vref is the voltage at the terminals of the 

SVC when it is neither absorbing nor generating any reactive 

power. The reference voltage value can be varied between the 

maximum and minimum limits, Vref max and Vref min, using 

the SVC control system. The linear range of the SVC control 

passing through Vref is the control range over which the 

voltage varies linearly with the current or reactive power [3]. 

In this range, the power is varied from capacitive to inductive.  

 

               
                Fig. 2 V-I Characteristics SVC  

 

C. Modeling of SVC 

The SVC can be operated at both inductive and capacitive 

compensation. In the steady-state and dynamic analysis, the 

injected power at bus i at the time t,
( )t

i SVCQ Q , which is the 

controlled variable, can be transferred into injected current at 

bus i according to Equation (1), where 
( )t

iV is the terminal 

voltage of SVC at the time t. The mathematical model of SVC 

is shown in Fig. 3. 
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                                     Fig. 3. Mathematical model of SVC 

 

D. Admittance Matrix Formulation with SVC 

For an SVC connected at a bus bar i of a line section 

represented by the quadruple (yi0, yik, yk0) as shown in Fig. 

4, the contribution of the SVC [4] to the new admittance 

matrix relates to the element shunt. It results in the admittance 

matrix of the line. 

 

                  

                                      Fig. 4. SVC Connected to Bus i  
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 The SVC reactance is given as the following expression: 
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III.  THYRISTOR CONTROLLED SERIES COMPENSATOR 

A TCSC can be defined as a capacitive reactance compensator 

which consists of a series capacitor bank shunted by a 

thyristor-controlled reactor in order to provide a smoothly 

variable series capacitive reactance [1]. The basic conceptual 

TCSC module comprises a series capacitor, C, in parallel with 

a thyristor-controlled reactor, LS, as shown in Fig. 5. 
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                                     Fig.5. Structure of TCSC 

 

E. Principle of operation (TCSC) 

A TCSC is a series-controlled capacitive reactance that can 

provide continuous control of power on the ac line over a wide 

range. From the system viewpoint, the principle of variable-

series compensation is simply to increase the fundamental- 

frequency voltage across a fixed capacitor (FC) in a series 

compensated line through appropriate variation of the firing 

angle, α [5]. This enhanced voltage changes the effective value 

of the series-capacitive reactance. A simple understanding of 

TCSC functioning can be obtained by analyzing the behavior 

of a variable inductor connected in parallel with an FC, as 

shown in Fig. 6. 

               

                        Fig.6. A variable Inductor in shunt to FC 

The equivalent reactance 
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2 sin
L LX X                                    (6) 

 

L LX X                                                       (7) 

 

LX L  and  is the delay angle measured from the crest 

of the capacitor voltage or equivalently, the zero crossing of 

the line current. Therefore, with the usual TCSC arrangement 

in which the impedance of the TCR reactor, XL is smaller than 

that of the capacitor, XC, the TCSC has two operating ranges 

around its internal circuit resonance: one is the 

lim 2C  range, where TCSCX   is capacitive, 

and the other is the lim0 L  range, where TCSCX  

is inductive as illustrated in Fig. 7 [1]. 

 

 

 

         
                  Fig.7. Impedance Vs delay angle Characteristics 

 

F. Modeling of TCSC 

For static applications, TCSC can be modeled by Power 

Injection Model (PIM) [6, 7]. The injection model describes 

the FACTS as a device that injects a certain amount of active 

and reactive power to a node, so that the FACTS device is 

represented as PQ elements. The advantage of PIM is that it 

does not destroy the symmetrical characteristic of the 

admittance matrix and allows efficient and convenient 

integration of FACTS devices into existing power system 

analytical tools [6]. 

          

                            Fig.8. TCSC located in Transmission line 

Fig.8. shows a model of transmission line with TCSC 

connected between buses i and j. The transmission line is 

represented by its lumped π—equivalent parameters connected 

between the two buses. During steady state operation, the 

TCSC can be considered as a static reactance CjX  . The 

controllable reactance CX  is directly used as the control 

variable in the power flow equations. The active and reactive 

power injections due to series capacitor (TCSC) at buses i and 

j are given by the following equations- 

2 cos sinf

i i ij i j ij i j ij i jP V G VV G B
        (8) 

2 sin cosf

i i ij i j ij i j ij i jQ V VV G B
        (9) 

 
2 cos sinf

j j ij i j ij i j ij i jP V G VV G B
      (10) 

 

2 sin cosf

j j ij i j ij i j ij i jQ V VV G B
       (11)                                              
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Where 
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The corresponding power injection model of TCSC 

incorporated within the transmission line is shown in Fig. 9. 

 
                          Fig.9. Power Injection Model of TCSC 

IV.  POWER FLOW ANALYSIS 

For planning the operation of existing power system, its 

improvement and also its future expansion require following 

studies such as load flow studies, short circuit studies and 

stability studies. Load flow studies [8-9] are used to ensure 

that electrical power transfer from generators to consumers 

through the grid system is stable, reliable and economic. Load 

flow studies are most important of all power system analysis, 

because these are used in planning studies of power system 

network to determine if and when specific elements will 

become overloaded. This is important, as the magnitudes of 

voltages at every bus are required to be held within a specified 

limit. The objectives of any load-flow study is to provide the 

following information- 

 Voltage magnitude and phase angle at each bus. 

 Real and Reactive power flowing in each element. 

Once the bus voltage magnitudes and their angles are 

computed using the load flow, the real and reactive power flow 

through each line can be computed. Also based on the 

difference between power flow in the sending and receiving 

ends, the line losses in any particular line can also be 

calculated. It is helpful in determining the best location as well 

as optimal capacity of proposed generating station, substation 

and new lines. In the power flow problem, it is assumed that 

the real power P and reactive power Q at each Load Bus are 

known. For this reason, Load Buses are also known as PQ 

Buses. For Generator Buses, it is assumed that the real or 

active power generated P and the voltage magnitude V is 

known. For the Slack Bus, it is assumed that the voltage 

magnitude V and voltage phase angle of the buses are known. 

In this work Newton Raphson method for load flow is used, 

because of its reliability towards convergence and not sensitive 

nature to the starting solution. In large-scale power flow 

studies, the Newton raphson has proved most successful 

because of its strong convergence characteristics. The power 

flow Newton Raphson algorithm is expressed as following 

relationship [10]. 

V
P P

P V
V

Q V
Q Q V

V

              (14) 

∆P = Pspecf –Pcal is the real power mismatch vector 

∆Q = Qspecf –Qcal is the reactive power mismatch vector 

∆θ and ∆V are the vectors of incremental changes in nodal 

voltage magnitudes and angles. 

Jacobian is the matrix of partial derivatives of real and reactive 

powers with respect to voltage magnitudes and angle. 

Therefore, 

sin cosk
k m km k m km k m

k
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V.  CASE STUDY 

IEEE 5 bus system has been used for case study to run the load 

flow using power system analysis tool box (PSAT). The 

simulation of 5 bus system with and without FACTS devices 

(SVC and TCSC) is done on PSAT. Initially we run the load 

flow without any FACTS devices and check the voltage 

magnitude each bus. Then after we connected the FACTS 

devices (SVC and TCSC) at different buses and different lines 

and again run the load flow. After the connection of FACTS 

devices we found that the voltage profile is improved to those 

buses where SVC are connected and power flows in the 

transmission lines were increased in those lines having TCSC 

connected in it. The SVC installed at different buses has initial 

susceptance 0.02pu, inductive reactance 0.288pu, capacitive 

reactance 1.07pu and the initial capacitive reactance of TCSC 

is 0.015pu. 

    
                    Fig.10.Simulink model IEEE-5 bus system 

 

In the above model bus one is slack bus, second bus is P-V or 

generator bus and rest three buses are P-Q or load buses. 
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TABLE I 

VOLTAGE PROFILE  

 
     

 
                  Fig.10. Voltage (pu) at various Buses 

 
                                   TABLE III 

                                 POWER FLOW IN LINES 
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              Fig.10. Flow in transmission line without and with TCSC 

 

 

 

VI.  RESULT AND DISCUSSION  

After running the power flow with SVC it is found that the 

voltage profile at all buses where SVC is connected i.e bus 3, 

bus 4 and 5 are improved. Initially without SVC the voltage 

magnitude in per unit (pu) at bus 3 is 0.997, at bus 4 it is 0.992 

and at bus 5 it is 0.974 but after applying SVC voltage 

magnitude improved to 1.014, 1.012 and 1.024 pu. Similarly 

the power flows in various lines are increased after the 

incorporation of TCSC in lines. From table.2 we can observed 

that power flows in lines such as in line 1-3 power flow 

increased from 0.3049 to 0.9062 pu, in line 1-2 power flow 

increased from 0.9442 to 1.4110 pu and others also after the 

incorporation of TCSC in the transmission lines. 

VII.  CONCLUSION 

This paper depicts that the voltage profile of the power system 

is improved with the incorporation of Static VAR compensator 

(SVC) and power flows in lines were increased with the 

incorporation of Thyristor Controlled Series Compensator.  

SVC was able to effectively regulate the bus voltage 

magnitude at which it is connected over its full range of 

operation when there is a need. TCSC reduces the overloading 

and unreliability of the transmission system. 
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