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 Abstract: In modern days due to the ever increasing demand for power in expansion of transmission network, 

the transmission line are to be operated under loaded condition and there is a risk of power flow control and 

voltage instability. This paper proposes power flow control in a power system network by incorporating TCSC 

and SVC devices. The TCSC is a series compensated device to reduce the transmission line reactance in order 

to improve power flow through it, while the SVC is a shunt compensated device and they improve the voltage 

profile. This paper presents a systematic procedure for modeling and simulation using MATLAB/SIMULINK 

(Simpower System blockset). The optimal location of TCSC and SVC device are considered for power flow 

control and voltage stability limit. The proposed approach is carried out on two-area four-machine 11-bus test 

system model and the simulated result are presented to validate the proposed test case system. In this paper 
performance of TCSC and SVC device is analyzed and compare its simulated result for better power flow 

control in power system.  

Keywords: FACTS devices (TCSC, SVC), Two-area 11 bus test system model, MATLAB/SIMULINK, Modelling 
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I. INTRODUCTION  
          Today’s modern interconnected power system is highly complex in nature. One  of  the  most  important  
requirements during  the  operation  of  the  electric  power system  is  the  reliability  and  stability. Maintaining 

stability of such an interconnected multi area power system has become a cumbersome task.  As  a  counter 

measure  against  these  problems,  Flexible AC  Transmission System  (FACTS)  devices were proposed [1]. 

The  technology such  as  flexible  ac transmission system (FACTS),  can  help  to  find  the  solution.  Facts  

devices  provide  voltage  support  at  critical  buses  in  the  system  (shunt  connected  controllers)  and  

regulate  power  flow in critical lines (with series connected  controllers) [2].  The  need  for  these  power  flow  

controllers  capable  of  increasing  transmission  capability  and  controlling  power  flows is increasing.[3] 

 

II.  TCSC (THYRISTOR CONTROLLED SERIES CAPACITOR) 
           Series  Capacitors  are  installed  in  series  with  a transmission line, which means that all the equipment 
has to  be  installed  on  a  fully  insulated  platform.   Significant device  from  the  group  FACTS  is  a  TCSC,  

which  finds application  in  solving  many      problems  in  the  power system.  Its  properties  can  increase  the  

power  lines transmission  capacity  and  power  flow  control [4]. TCSC is a FACT device available for 

application in AC line of voltage up to 500KV. In Figure 1 Shown equivalent circuit of the TCSC model as a 

capacitance in parallel with a variable inductor. The impedance of TCSC (ZTCSC) is given by [5]. 

ZTCSC= (-jXc) ( jXTCR ) / j (XTCR - Xc )                     (1) 

 

ZTCSC = (-jXc) / (1 – Xc / XTCR)                                (2) 

 

The current through the TCR (ITCSC) is given by 

 
ITCSC = (-jXc) IL / j (XTCR - Xc )                                 (3) 

ITCSC = IL / (1 – XTCR / Xc )                                       (4) 

Since the losses are neglected, the impedance of TCSC is purely reactive [5]. The capacitive reactance of TCSC 

is obtained from figure 2. 

XTCSC = Xc / (1 – Xc / XTCR)                                    (5) 
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Fig. 1.TCSC and Equivalent circuit of TCSC [5]. 

 
Fig. 2. Capacitive operation and Inductive operation [5]. 

          

            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) [6].This enhanced voltage changes the effective value of the series-

capacitive reactance [7]. The TCSC can operate in capacitive or inductive mode, although the latter is rarely 

used in practice. Since the resonance for this TCSC is around 580 firing angle (α). The resonance for the overall 

system (when the line impedance is included) is around 670. The impedance is lowest at 900 and therefore power 

transfer increases as the firing angle is reduced. In capacitive mode the range for impedance values is 

approximately 120Ω -136Ω [8]. 

(1) α  for Inductive mode:        00-490   

(2) α  for Resonance Region: 490-690   

(3) α  for Capacitive mode:   690-900  

 

 
Fig. 3. Operating characteristics of TCSC [9][12] 

 

III.     SVC (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. This is a general term for a thyristor-controlled or thyristor-switched reactor and/or 

thyristor-switched capacitor or combination use for absorbing reactive power and for supplying the reactive 

power [10]. The SVC uses conventional thyristors to achieve fast control of shunt-connected capacitors and 

reactors. The configuration of the SVC is shown in Figure, which basically consists of a fixed capacitor (C) and 

a thyristor controlled reactor (L). The firing angle control of the thyristor banks determines the equivalent shunt 

admittance presented to the power system [11]. 
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Fig. 4.  Different connections of SVC are connected to transmission line [11],[8]. 

 

IV.     SVC (STATIC VAR COMPENSATOR) 
The SVC can be operated in two different modes [8]: 

1. In voltage regulation mode (the voltage is regulated within limits as explained below) 

2. In var control mode (the SVC susceptance is kept constant) 

When the SVC is operated in voltage regulation mode, it implements the following V-I characteristic. 

 

 
Fig. 5. SVC V-I characteristic [8] 

 

          As long as the SVC susceptance B stays within the maximum and minimum susceptance values imposed 

by the total reactive power of capacitor banks (Bcmax) and reactor banks (Blmax), the voltage is regulated at the 

reference voltage Vref. However, a voltage droop is normally used (usually between 1% and 4% at maximum 

reactive power output), and the V-I characteristic has the slope indicated in the figure 5. The V-I characteristic is 

described by the following three equations [8]: 

1. If SVC is in regulation mode ( -Bcmax < B < Blmax ) 

 

       V = Vref + I.Xs                                                 (6) 

 

2. If SVC is Fully Capacitive ( B = Bcmax ) 

𝑉 =
−I

Bcmax
                                                          (7) 

 

3. If SVC is Fully Inductive ( B = Blmax ) 

        𝑉 =
I

Blmax
                                                           (8) 

 

Where, 

V = Positive sequence voltage (pu),  
I = Reactive current (pu/Pbase) (I > 0 indicates an inductive current),  

Xs = Slope or droop reactance (pu/Pbase),  

Bcmax = Maximum capacitive susceptance (pu/Pbase) with all TSCs in service, no TSR or TCR,  

Blmax = Maximum inductive susceptance (pu/Pbase) with all TSRs in service or TCRs at full conduction, no 

TSC. 

 

V.    TWO-AREA TEST SYSTEM MODEL WITH SVC FACT DEVICE 
             A multi machine power system with 11 bus two areas test system, Area-1 and Area-2 system is used to 

access the effectiveness of SVC model developed. Figure 6 show the proposed single line diagram of 11 bus 
power system with installed SVC shunt Fact device has been considered. 
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Fig. 6. Two-area Four-machine 11-bus power system with shunt FACT device SVC. 

 

VI.   TEST SYSTEM SIMULATION MODEL OF SVC USING MATLAB/SIMULINK 
        All the relevant parameters are given in Appendix. The source voltages of 13.8 kV are connected by a 

290km transmission line through three-phase step-up transformers. The system consists of two output voltage of 

transformer is 500KV equivalents, respectively 1000MVA and 4200MVA in each area, connected by a 290km 

transmission line. The loads in each area having 30KW are so chosen that the real power flow on the 

transmission line from area 1 to 2. The SVC used for this model is a phasor model is shown in figure 7. The load 

centre of approximately 60KW is modelled where the active & reactive power absorbed by the load is a function 

of the system voltage. 

 
Fig. 7. Simulink model of 11 bus power system with installed SVC at bus 9. (For Voltage regulation mode) 

 

VII.    SIMULATION RESULTS OF SVC 
            The SVC control block represent the SVC susceptance, voltage actual and measure value and also 

shown the measure value of SVC reactive power. The actual quantities trace represent by Magenta colour and 

measure represent by yellow trace is shown in figure 8. In this paper the SVC is operated in voltage regulation 
mode only and obtained all the data in this mode is shown in following figures. 

 
Fig. 8. Control Parameter blocks of SVC FACT device 
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Fig. 9. Variation of SVC measure and Actual value of B, V and Qm 

 

The SVC shunt FACT device installed in 11 bus system to find out the active and reactive power flow in all the 
buses, the power at bus B1,B2, B3, B4, B5, B6, B7, B8, B9, B10 and at B11 is calculated, the variations in total 

active reactive power will be shown in figure 10, figure 11, figure 12 and figure 13. 

 

 
Fig. 10. Block represent Active power (P) of all buses and the sum of total power at buses (with SVC Connected 

at Bus 9) 

 

 
Fig. 11. Active power (P) of all buses and sum of total active power at the buses (with SVC Connections) 
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Fig. 12. Block represent Reactive power (Q) of all buses and the sum of total power at buses (with SVC 

Connected at Bus 9). 

 

 
Fig. 13. Reactive power (Q) of all buses and sum of total reactive power at the buses (with SVC Connected at 

Bus 9). 

 
 

Fig. 14. Block representation of voltage control by SVC Shunt device at different buses and sum of total bus 

voltage. 

 
Fig. 15. Graphically represent the bus voltage control by SVC device at different buses and sum of total voltage. 
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Fig. 16. Block representation of Current by SVC Device at different buses and sum of total bus Current. 

 

 
Fig. 17. Graphically represent the bus current by SVC device at different buses and sum of total bus current 

 

VIII.   TWO-AREA TEST SYSTEM WITH TCSC FACT DEVICE 
           A multi machine power system with 11 bus two area test system, Area-1 and Area-2 system is used to 

access the effectiveness of TCSC model developed. Figure 18 show the proposed single line diagram of 11 bus 

power system with installed TCSC Fact device has been considered. The Series TCSC Fact device is connected  

between bus 9 and bus 10. The G1, G2, G3, G4 represent the generators and T1, T2, T3, T4 represent the 

transformers. The power flow in the 290 km transmission systems is split-up in to two segments having a length 

of 110km, 25km and 10 km respectively in both areas. 

 
Fig. 18. Two-area Four-machine 11-bus power system with series FACT device TCSC. 

 

IX.    TEST SYSTEM SIMULATION MODEL OF TCSC USING MATLAB/SIMULINK 
       All the relevant parameters are given in Appendix. The source voltages of 13.8kV are connected by a 

290km transmission line through three-phase step-up transformers. The system consists of two output voltage of 

transformer is 500KV equivalents, respectively 1000MVA and 4200MVA in each area, connected by a 290km 

transmission line. The loads in each area having 30KW are so chosen that the real power flow on the 

transmission line from area 1 to 2. The TCSC used for this model is a phasor model. The load centre of 
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approximately 60KW is modelled where the active & reactive power absorbed by the load is a function of the 

system voltage. 

 

 
Fig. 19. Simulink model of 11 bus power system with installed TCSC at bus 9. (For capacitive mode only) 

 

X.    SIMULATION RESULTS OF TCSC 
            The TCSC parameter blocks and curve with respect to time is show the TCSC voltage, TCSC current , 

Active,  Reactive power, TCSC impedance and firing angle is illustrate in figure 22. For the first 0.5s, the TCSC 

is bypassed, at 0.5s TCSC begins to regulate the impedance to 128Ω and this increases power transfer, the 

TCSC starts with alpha at 900 to enable lowest switching disturbance on the line. In this paper the TCSC operate 

in capacitive mode only and regulate the firing angle 900 initially from 0 to 0.5 sec after that decrease up to 

75.60 from 0.56sec to 2.5sec. The capacitive mode start at 2.5 to 5sec and the firing angle is constant and 
maintain 86.310 at this value the impedance of TCSC is measure 120.5Ω along the reference value 120.80 is 

shown in figure 22. 

 
Fig. 20. TCSC parameter blocks. 

 

 
Fig. 21. TCSC control parameters. 
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Fig. 22. TCSC injected Active, Reactive Power and TCSC regulates the impedance with respect to firing angle. 

 

        The TCSC fact device installed in 11 bus system to find out the active power flow in all the buses, the 

power at bus B1,B2, B3, B4, B5, B6, B7, B8, B9, B10, B11, Btcsc is calculated and total power will be 

improved by TCSC is 1730 MW is shown in figure 23 and figure 24. 
 

 
Fig. 23. Block represent Active power (P) of all buses and the sum of total power at buses. 

 
 

 
Fig. 24. Active power (P) of all buses and sum of total active power at the buses. 

 

The Reactive power flow control by TCSC at buses, the total power will be improved by TCSC is 5221MVA 

shown in figure 25 and figure 26. (Block reprentation and graphical output) 
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Fig. 25. Block represent Reactive power (Q) of all buses and the sum of total reactive power at all buses. 

 

 
Fig. 26. Reactive power (Q) of all buses and sum of total reactive power at the buses. 

 

 
Fig. 27. Block representation of voltage control by TCSC Series FACT device at different buses and sum of  

total voltage. 

 
Fig. 28. Graphically represent the bus voltage control by TCSC device at different buses and sum of total 

voltage. 
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Fig. 29. Block representation of Currents at different buses and sum of total Current. 

 

 
Fig. 30. Graphically represent the bus current at different buses and sum of all bus current. 

 

XI.    SUMMARY OF SIMULATED RESULTS  
           The performance of the proposed model are compared and analyzed, by analyzing TCSC can better 

improved the power flow in transmission line that is active and reactive power 1730.13MW, 5221MVA as 

compared to SVC -33.77MW, 535.68MVA also the TCSC increased the transmission line voltage 8.23kv as 

compared to SVC device. All the TCSC data obtained for capacitive operation mode only, and SVC data obtain 

for voltage regulation mode only. According to the result it was observed that in SVC and TCSC controller, the 

TCSC are more effective in power flow control and voltage control in power system network. The bus data of 

SVC and TCSC FACT device for  Active, Reactive power, Voltage and current at buses is shown in table 1. 

 

Table 1 Comparison between TCSC and SVC for P, Q, V and I at all the buses. 
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XII.    APPENDIX 

 
 

XIII. CONCLUSION  
          This paper has compared between the TCSC and SVC FACT device is presented and discussed. A Series  

capacitive compensation is thus used to reduce the series reactive impedance to minimize  receiving  end voltage 

variation and  the  possibility  of  voltage  collapse  and  it  can improve  power  flow  capability  of  the  line. In 

this paper, optimal placement and sizing of TCSC device has been proposed for improving and controlling the 

power flows in the network can help to increase the power flows in heavily loaded lines. A simulation result of 

MATLAB/SIMULINK model of a two-area four-machine 11-bus power system with a TCSC controller shows 

the effectiveness of TCSC in controlling active and reactive power through the transmission line. Hence, it is 
concluded that the results were obtained with TCSC and SVC device from the simulation, a proposed model of 

TCSC device is suitable for active, reactive power flow control and control the transmission line voltage is 

better as compared to SVC device. 
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