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The influence of series Flexible AC Transmission Systems (FACTS) device namely, Thyristor-Controlled 

Series Capacitors (TCSC) on the steady state voltage stability is the main objective of this paper. The Line 

stability Index LSI under excepted lines outage contingencies is used to identify the critical line which is 

considered as the best location for TCSC. A modal analysis is used to define the weakest bus of the studied 

system. The FACTS device is implemented and included into the Newton-Raphson power flow algorithm, and 

the control function is formulated to achieve the voltage stability enhancement goal. The analysis is 

preformed on standard IEEE 30 bus system. The proposed scheme are tested under different loading 

conditions and different nonlinear voltage dependent loads. The simulation results demonstrate the 

feasibility and effectiveness of the device and the proposed algorithm. 
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I. INTRODUCTION 

The utilities interest about the voltage 

instability and voltage collapse problems increase 

due to structural changes in the electrical sector, 

such as those caused by privatization and 

deregulation, modification of the network topology, 

as well as ever increasing in load demands brought 

by economic and environmental pressures that led 

the power systems to operate near its stability 

limits. Several blackouts are reported in many 

countries relate to voltage stability problem [1]. As 

an example, there are six blackouts during six 

weeks affecting millions of people in US, Sweden, 

UK, and Denmark [2]. 

 

Generally, voltage collapse is the process by 

which the sequence of events accompanying 

voltage instability leads to a low unacceptable 

voltage profile in a significant part of the power 

system. Voltage collapse may be a possible 

outcome of voltage instability, which is defined as 

the attempt of load dynamics to restore power 

consumption beyond the capability of the 

combined transmission and generation system [3]. 

 

A large number of researchers have been 

studied the voltage stability problem. Their 

attention has resulted with a numerous number of 

papers, books, and reports being published. Most 

of these are reported in the extensive bibliography 

[4]. 

 

The voltage instability may be classified into 

transient and steady state, the latest is the main 

concern in this paper. Steady state voltage stability 

or Small-disturbance voltage stability refers to the 

system’s ability to maintain steady voltages when 

subjected to small perturbations such as 

incremental changes in system load [5]. 

 

Many of measures used to prevent voltage 

instability [6] such as, (i) Placement of series and 

shunt capacitors, (ii) Generation rescheduling, (iii) 

Installation of synchronous condensers, (iv) 

Under-Voltage load shedding, (v) Blocking of 

Tap-Changer under reverse operation, (vi) 

Placement of FACTS controllers. The last method is 

considered in this study. 

 

FACTS is a terminology that embrace a wide 

range of power electronics controllers. These 
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devices use no delay and high current power 

electronic devices available today for safe and 

accurate responses. They are able to control the 

parameters such as voltage magnitudes and their 

angles, line impedances, active and reactive power 

flows [7]. 

 

There are many types of FACTS such as, 

Superconducting magnetic energy storage (SMES), 

Static Var Compensator (SVC), Static Synchronous 

Compensator (STATCOM), Static Synchronous 

Series Compensator (SSSC), Thyristor Controlled 

Series Capacitor (TCSC), Interline Power Flow 

Controller (IPFC), and Unified Power Flow 

controller (UPFC). 

 

TCSC is considered in this paper to enhance 

steady state voltage stability by incorporate the 

device into the Newton-Raphson process under 

different types of voltage dependent loads. 

 

The rest of this paper is structured as follows. In 

section II, the concept of the steady state voltage 

stability model is introduced. The structure and 

operation principles of TCSC is presented in 

section III. In section IV, the detailed static voltage 

stability model of TCSC is described. The 

mathematical model of the voltage dependent loads 

is explained in section V. In section VI the proposed 

methodology for the best placement of TCSC is 

considered. The results obtained for the test 

system is given and discussed in Section VII. 

Finally, Section VIII contains the conclusion. 

 

II. VOLTAGE STABILITY 

The steady state (static) analysis methods mainly 

depend on the steady state model, such as power 

flow model or a linearized dynamic model described 

by the steady state operation. These methods 

[8-10] can be divided into: 

 

1. Load flow feasibility methods, which depend 

on the existence of an acceptable voltage profile 

across the network. This approach is concerned 

with the maximum power transfer capability of the 

network or the existence of a solved load flow case. 

There are many criteria proposed under this 

approach. Some of these criteria are the following: 

- The reactive power capability (Q-V curve). 

- Maximum power transfer limit (P-V curve). 

-Voltage stability proximity index (VSI) or the 

load flow feasibility index (LFF index). 

 

2. Steady state stability methods, which test the 

existence of a stable equilibrium operating point of 

the power system. Some of the criteria proposed 

under this approach are: 

- Eigenvalues of linearized dynamic 

equations. 

- Singular value of Jacobian matrix (SVJ). 

- Sensitivity matrices. 

The maximum power transfer limit (P-V curve) 

method is used here as a measure for voltage 

stability. The procedures used to study the 

influence of TCSC on the static voltage stability 

begin with the power flow as the first step. 

 

The power flow model is used to study steady 

state voltage stability since the power flow equation 

yield adequate results, as singularities in related 

power flow Jacobian can be associated with actual 

singular bifurcation of the corresponding 

dynamical system [11]. 

 

The Newton-Raphson power flow equation 

represented by: 

 

 
 

The power flow model for voltage stability 

analysis is represented by: 

 
 

where F(x,λ) is power flow equation and λ is 

Loading Factor (LF) or system load change that 

drives the system to collapse in the following way: 

 

 
 

where PD0,i and QD0,i represent the initial active 

and reactive loads at bus i and constants λPi and λQi 

respectively represent the active and reactive load 

increase direction of bus i . 

III. STRUCTURE AND OPERATION PRINCIPLE OF TCSC 

Thyristor controlled series compensator 

(TCSC) is one of the most popular FACTS 

controllers, which allows rapid and continuous 

modulation of the transmission line impedance 

[12]. TCSC vary the electrical length of the 

compensated transmission line which enables it 
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to be used to provide fast active power flow 

regulation [7]. It is also, provides powerful means 

of controlling and increasing power transfer level 

of a system by varying the apparent impedance of 

a specific transmission line [13]. 

 

The basic structure of TCSC is a thyristor 

controlled reactor (TCR) connected in parallel 

with a capacitor as shown in Fig. 1 

 

 
Fig 1 Schematic diagram of TCSC between bus i and bus j 

 

The impedance characteristics curve of a 

TCSC device is shown in Fig. 2, that is drawn 

between effective reactance of TCSC and firing 

angle α [14,15]. 
 

 
 

Impedance characteristics of TCSC shows, 

both capacitive and inductive region are possible 

through varying firing angle (α) as follows: 

90 < α < αLlim Inductive region 
 

αLlim < α < αClim Capacitive region 

αClim < α < 180 Resonance region 

 

IV. MODELING OF TCSC CONTROLLER FOR STATIC 

VOLTAGE STABILITY  

For static applications, FACTS devices can be 

modeled by power injection models (PIM) [16]. 

The injection model describes FACTS as devices 

that inject a certain amount of active and 

reactive power to a node, so that a FACTS device 

is represented as PQ elements. The advantages 

of the PIM are that it does not destroy the 

symmetrical structure of the admittance matrix 

and allows efficient and convenient integration of 

FACTS devices into existing power system 

analytical tools [17]. 

 

Fig. 3 shows a model of transmission line with 

a TCSC connected between buses k and m. 

During a steady state, the TCSC can be 

considered as a reactance –jXTCSC. The 

controllable reactance XTCSC is directly used as 

the control variable in the power flow equations. 

 

 
 

The current through the line after inserting TCSC 

is obtained by 

 

 
The series capacitor is initially represented as a 

current dependent voltage source, which is later 

transformed into a current source Is in parallel 

with the line [18] where, 

 
The corresponding power injection model of the 

TCSC incorporated within the transmission line is 

 

shown in Fig. 4 The injected powers S kF and S mF 

are defined by : 

 
 

 
 

 

The real and reactive power injections due to the 

series capacitor of TCSC at buses k and m are given 

by (8) to (11) [19]: 
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To implement voltage control function model of 

TCSC in Newton-Raphson algorithm, there are two 

model of TCSC. In the first one, XTcsc is considered 

as (5) 

 

the state variable, Where the series reactance is 

adjusted automatically, within limits, to satisfy a 

specified amount of active power flows through it. 

In the second model TCSC firing angle is chosen to 

be the state variable in the Newton–Raphson power 

flow solution. Where TCSC reactance–firing-angle 

characteristic, given in the form of a nonlinear 

relation. The first model is used in this study. 

 

To improve the static voltage stability, The bus 

voltage control mode is used , So the bus voltage 

control constraint of bus k is given by 

 

V. SIMULATION RESULTS 

Voltage stability enhancement using the 

proposed TCSC FACTS device is done through the 

simulation of IEEE 30- bus test system (shown in 

Fig. 6). Studied system data is obtained from [26]. 

All the results are produced by programs developed 

in MATLAB® software package. 

The system consists of 6 machine, 30 bus, and 

41 lines. Bus 1 is considered as slack bus, while 5 

nodes 

as PV buses and other buses as PQ buses. For all 

cases, the convergence tolerance is 1e-12 p.u. and 

system base is 100 MVA 

As explained in the previous sections LSI under 

line outage analysis, and modal analysis are used 

to identify the best location of the TCSC, and the 

weakest bus required to form the voltage control 

function,(31) then the TCSC device is incorporated 

to the system. The effect of the system without and 

with TCSC is studied under different loading 

conditions and different load types to investigate 

the ability of the FACTS device to enhance static 

voltage stability of 

 

the studied system. 

 
 

 

A. Best Location for TCSC Placement 

To define the appropriate placement of TCSC, 

firstly the base load flow study is carried out, the 

LSI is computed and ranked, and the most ten 

severe lines according to LSI values are recorded in 

Table I. Then the lines outages are simulated and 

the LSI are computed for each line outage case and 

the highest LSI value for each case is extracted, 

and the most serious outage contingency are 

identified and listed in Table II. The outages of L38 

and L39 give non convergence results "NC" and LSI 

greater than one which mean that these lines cases 

the system unstable. From the two tables, it is 

appeared that L38, L39, and L20 are the common 

lines between the critical lines lists in the base case 

and in the line outages contingency cases. And the 

line L38 (the line connecting buses 27-30) is the 

most critical line which have the highest LSI value. 

Further more investigating the LSI values of Table 

II indicate that the line L38 itself has the highest 

LSI value under most of the lines contingencies So, 

the line L38 is chosen to place TCSC device. 

TABLE I. 

THE HIGHEST RANKED LINES ACCORDING 

TO LSI 

     

 Line No From -To LSI Rank 

 38 L 27-30 0.1765 1 

 13 L 9-11 0.1722 2 

 39 L 29-30 0.1378 3 

 32 L 23-24 0.1159 4 

 8 L 5-7 0.0907 5 

 1 L 1-2 0.0904 6 

 20 L 14-15 0.0867 7 

 31 L 22-24 0.0864 8 

 16 L 12-13 0.0822 9 

 27 L 10-21 0.0752 10 

 

B. Simulation Results With Effect of TCSC Using 

Linear Loads 

To investigate the effect of the TCSC device suing 

linear loads (P-constant load), PV curves of the 
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critical buses 30, 29, and 26 without and with 

TCSC (TCSC at line 27-30) are shown in Fig. 10 to 

Fig. 12. Fig. 10 indicates that the device succeed to 

fix the voltage of the most critical bus 30 to the 

objective value (1 p.u.), despite the increasing of 

the loading factor to 1.4. Also, Fig.11 and Fig. 12 

show an improvement in the voltage profiles in 

buses 29 and 26. So, all the results are shown that 

the voltage profiles are enhanced and consequently 

the voltage stability margin of the studied system 

are improved due to using TCSC 

 

 
 

C. Simulation Results with Effect of TCSC 

using Voltage Dependent Loads 

To explore the effect of the TCSC device on the 

proposed system under different nonlinear voltage 

dependent loads, PV curves of the buses 26, 29, 

and 30 without and with TCSC are plotted in Fig. 

13 to Fig. 21. Figures are zoomed when required to 

explain the case. Also, the loading factor are 

changed according to case stability. 

Figures 13 to 15 simulate the change in 

voltage magnitude of the three buses in the 

studied system without TCSC under constant 

current (CI), constant impedance (CZ), and 

constant power (CP) loads. These figures indicate 

that the voltage magnitude are decreased to 

undesirable levels that lead to voltage collapse. 
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In figures 16 to 18 a comparison between the 

system with TCSC and without TCSC using 

constant current loads are depicted. Also, In 

figures 19 to 21 the same process is done, using 

constant impedance load types (constant power 

case are studied as linear load). In figures 12, 18 

and 21 the TCSC has a small effect on bus 26 this 

is because of bus 26 is not connected directly to 

bus 30 that is connected to TCSC this means that 

the redistribution of reactive powers by the device 

has not a large effect of this bus. In general TCSC 

shows a good performance and enhance the 

voltage stability margin of the system. 

 

 

 

VI. CONCLUSION 

In this paper the influence of TCSC on steady 

state voltage stability was investigated. Detailed 

steady state model of FACTS device was presented 

focusing on the inclusion of the devices into the 

power flow analysis process. A novel techniques for 

selecting best placement of the device and to form 

the voltage control function were proposed. The 

studied system was tested under different loading 

conditions and different linear and nonlinear load 

types. The device proved their ability to enhance 

voltage stability margin. 

REFERENCES 

[1] W. Bialek: Cambridge Working Papers in Economics 

CWPE 0407, 2004[online] Available:http:// 

www.dspace.cam.ac.uk/bitstream/1810-/386/1/E

P34.pdf . 

[2] Y.V. Makarov, V.I. Reshetov, A. Stroev, and I. 

Voropai, “Blackout prevention in the United States, 

Europe, and Russia,” Proceedings of the IEEE, vol. 

93, no. 11, Nov. 2005, pp. 1942-1955. 

[3] T.V Cutsem, “Voltage stability of electric power 

system”, Springer, 1998. 

[4] Ajjarapu V., Lee B., “Bibliography on voltage 

stability,” IEEE Trans. Power Syst., vol. 13, no. 1, 

Feb. 1998, pp. 115-125. 

[5] IEEE/CIGRE Joint Task Force on Stability Terms 

and Definitions, “Definition and classification of 

power system stability,” IEEE Trans. Power Syst., 

vol. 19, no. 2, May 2004,pp 1387–1401. 

[5] S. Gupta, R.K Tripathi, and R.D. Shukla, “Voltage 

stability improvement in power systems using facts 

controllers: State-of-the-art review,” Proceedings of 

International Conference on Power, Control and 

Embedded Systems (ICPCES), Allahabad, India, 

Nov. 2010, pp. 1-8. 

[6] S. Sreejith, Sishaj P Simon, and M P Selvan, “Power 

flow analysis incorporating firing angle model based 

TCSC,” Proceedings of 5th International Conference 

on Industrial and Information Systems (ICIIS 2010), 

India 2010, Jul 29 - Aug 01, pp. 496-501. 

[7] C. W. Taylor, "Power system voltage stability." New 

York: Mcgraw-Hill, 1994. 

[8] V. A. Venikov, V. A. Stroev, V. I. Idelchick, and V. I. 

Trasov, "Estimation of electric power system 

steady-state stability in load flow calculation," IEEE 

Transactions on Power Apparatus and Systems, vol. 

PAS-94, May/June 1975, 

pp. 1034-1041. 

[9] J. C. Chow, R. Fischl, and H. Yan, ” On the 

evaluation of voltage collapse criteria“ IEEE Trans. 

Power Syst., vol. 5, no.2, May 1990, pp. 612-620. 

 

[10] A. Sode-Yome, N. Mithulananthan, K.Y. Lee, " A 

Comprehensive comparison of FACTS devices for 

enhancing static voltage stability," IEEE Power 



 

                                                                                

 

 
128     International Journal for Modern Trends in Science and Technology 

 

 

 
Volume: 2 | Issue: 06 | June 2016 | ISSN: 2455-3778 IJMTST 

Engineering Society General Meeting, 2007, Florida, 

USA, June 2007, pp. 1-8. 

[11] T. Datta, P. Nagendra, and S. Halder nee Dey, “An 

Integrated model of modern power system in the 

presence of TCSC and STATCOM controllers to 

assess global voltage stability,” Joint International 

Conference on Power Electronics, Drives and Energy 

Systems (PEDES), New Delhi, India, Dec. 2010,pp 

1-6. 

[12] Anwar S. Siddiqui, Rashmi Jain, Majid Jamil and 

Gupta C. P., “Congestion management in high 

voltage transmission line using thyrister controlled 

series capacitors (TCSC),” Journal of Electrical and 

Electronics Engineering Research, vol. 3, no. 8, Oct. 

2011, pp. 151– 161. 

[13] S. Meikandasivam, Rajesh Kumar Nema and 

Shailendra Kumar Jain, “Behavioral study of TCSC 

device – A MATLAB/Simulink implementation,” 

International Journal of Electronics and Electrical 

Engineering, vol. 2, no. 10, Oct. 2011, pp. 151– 161. 

[14] Naresh Acharya, and Nadarajah Mithulananthan, 

“Influence of TCSC on congestion and spot price in 

electricity market with bilateral contract,” Electric 

Power Systems Research , vol. 77, no. 8, Aug. 2007, 

pp. 1010–1018. 

[15] Ying Xiao, Y. H. Song, and Y. Z. Sun, “Power flow 

control approach to power systems with embedded 

FACTS devices,” IEEE Trans. Power Syst., vol. 17, 

no. 4, Nov. 2002, pp. 943– 950. 

[16] Balarko Chaudhuri, and Bikash C. Pal, “Robust 

damping of multiple swing modes employing global 

stabilizing signals with a TCSC,” IEEE Trans. Power 

Syst., vol. 19, no. 1, Feb. 2004, pp. 499–506. 

[17] K.Vijayakumar, “Optimal location of FACTS devices 

for congestion management in deregulated power 

systems,” International Journal of Computer 

Applications, vol. 16, no. 6, Feb. 2011, pp. 29– 37. 

[18] IEEE Task Force on Load Representation for 

Dynamic Performance, “Load representation for 

dynamic performance analysis,” IEEE Trans. Power 

Syst., vol. 8, no. 2, May 1993, pp. 472–482. 

[19] K.L. Lo and Z.J. Meng, "Newton-like method for line 

outage simulation," IEE Proc. C Gener. Trans. 

Distrib., vol. 151, no. 2, March 2004, pp. 225-231. 

[20] G.B. Jasmon, and C.Y. Chuan, "Performance 

comparison of two exact outage simulation 

techniques," IEE Proc. C Gener. Trans. Distrib., vol. 

132, no. 6, Nov. 1985, pp. 285–293. 

[21] A. Yazdanpanah-Goharrizi, and R. Asghari, “A Novel 

line stability index (NLSI) for voltage stability 

assessment of power systems,” Proceedings of 7th 

International Conference on Power Syatems 

(WSEAS), Beijing, China, Sep. 2007, pp. 164-167. 

[22] A. Al-Hinai and M. Choudhry "Voltage collapse 

prediction for interconnected power system", 

Proceedings of 33rd North American Power 

Symposium (NAPS), College Station, TX, Oct. 2001, 

pp. 201-207. 

[23] B. Gao, G.K Morison and P. Kundur, "Voltage 

stability evaluation using modal analysis", IEEE 

Trans. Power Syst., vol. 7, no. 4, Nov. 1992, pp. 

1529- 1542. 

[24] Power System Test Case Archive: [Online] 

http://www.ee.washingto- n.edu/ 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 


