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ABSTRACT: For the efficient transmission of power from power plants to consumer loads, the power losses are 

reduced in modern power system. In order to reduce such losses, a recently evolved FACTS technology is used. In this 

paper, Thyristor Controlled Series Capacitor (TCSC) is selected to enhance the loadability in the transmission line. To 

improve the maximum power transfer capability by this device an improved gravitational search algorithm (IGSA) is 

suggested. Velocity of each agent is improved by this proposed algorithm. If the velocity is high then agents move to a 

better solution or else the optimum solution might not be achieved. Through the mass determination of each agent, all 

the solutions are contributing to the optimum solution. Here the maximum power loss of the system is considered as a 

fitness function. The proposed algorithm is validated on IEEE-57 test system using MATLAB platform. Thus with the 

help of IGSA the maximum power transfer capability is achieved and that with the economic cost of the device.   
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I. INTRODUCTION 

 

Modern power system consists of numerous generation, transmission lines, various loads and transformers. The power 

system becomes more and more complicated with the increasing power flow and insecure with the natural power flows 

and higher losses.  The secure power system can be achieved by implementing newly introduced FACTS technology. 

FACTS devices relieve the congestion in the power lines thus making it to operate near to its thermal limits. FACTS 

devices control the various parameters such as reactive power, phase angle, bus voltages and series impedance thus 

controlling the power flow. FACTS devices such as TCPAS, TCSC, SVC, IPFC, SSSC etc are used to enhance the 

maximum power flow in the lines. Moreover, these devices improve the dynamic and transient stability limit of the 

network. 

In this paper, TCSC is used to enhance the loadability of the power system using IGSA (improved gravitational search 

algorithm). IGSA is superior to traditional GSA (gravitational search algorithm). IGSA converges faster and reduces 

computational complexity as compared to GSA. 

The following section 2 describes literature review. Section 3 is about the modelling of TCSC (thyristor controlled 

series capacitor). Section 4 gives results and discussion followed by conclusion in section 5.  

 

II. LITERATURE REVIEW 

 

 K Vijayakumar et al. have offered an alternate algorithm, using genetic algorithm to work out the optimal power flow 

problem integrating stretchy AC transmission system devices (FACTS) in a multi machine power system [1]. Their 

proposed technique specified the site, their group and rating of FACTS appliances was optimized at the similar time. 

TCSC and the UPFC were considered among the dissimilar facts tools. For finding out the most constructive option 

and distribution of FACTS tools, such that the overall system cost which holds of generation cost and the investment 

cost of FACTS tools were reduced, their proposed algorithm was used.  

Bhattacharya et al. [2] has offered a GSA for functioning out the multi-objective optimal power flow problem. GSA 

was sustained by the Newton's law of gravity and mass interactions. By means of law of gravity and motion of Newton, 



 
                     

                    ISSN(Online) : 2319 - 8753 

                               ISSN (Print)   : 2347 - 6710                                                                                                                                 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 4, April 2015 

 

Copyright to IJIRSET                               DOI: 10.15680/IJIRSET.2015.0404019      1944 

  

their proposed algorithm agents were a collection of masses that function together with each other. By their proposed 

plan, the multi-objective OPF problems were worked out. A normal 26-bus and IEEE 118-bus plans with three 

different individual objectives, that is fuel cost minimization, active power loss minimization and voltage deviation 

minimization, were calculated. In multi-objective problem formulation fuel cost and loss; fuel cost and voltage 

deviation; fuel cost, loss and voltage deviation were reduced at the same time. Evolutionary programming and genetic 

algorithm, their proposed technique results were assessed with a different integer particle swarm optimization. The 

convergence speed and global search capacity were demonstrated by simulation effects that had been confirmed by 

them.  

M Basu have offered a multi-objective optimal power flow with FACTS appliances to optimize cost of production, 

mission and dynamic power communication power systems [3]. With his presented system the optimal power flow 

problem was produced as a multi-objective optimization problem. FACTS appliances contain TCSC and TCPS. His 

proposed strategy has been monitored and tested on the modified IEEE 30-bus and 57-bus test systems. The effects 

accomplished from his proposed strategy have been matched up with those achieved from non dominated arranging 

GA-II, strength pareto evolutionary algorithm and pareto differential evolution.  

H. Farahmanda et al. have suggested an enhanced evaluation of Available Transfer Capability (ATC) [4]. Initially, this 

was attained by Comparing a classic application of the Particle Swarm Optimization (PSO) method with conventional 

GA methods is completed in order to reach Hybrid Mutation Particle Swarm Optimization (HMPSO) method. 

Consequently, a multi-objective optimization problem concerning optimal installation and capacity allocation of 

FACTS tools was presented and confirmed. For working out non-linear power system problems the Modern heuristic 

methods such as PSO have been launched to be suitable strategies. The result of this research more reveals that with 

enhanced utilization of FACTS tools, it was feasible to develop transmission capabilities. The transmission systems 

operators (TSOs) were offered with more options when procuring transmission services by the current deregulated 

environment.  

 

Suppakarn Chansareewittaya et al. [5] have offered evolutionary programming (EP), split and non split search space 

managing techniques for optimally sitting and settings of FACTS tools to improve the power transfer capability among 

generators and load buses. Regarded FACTS were TCSC and SVC which were independently assessed to maximize the 

power transfer capability in addition to minimizing power losses. The presentation of the suggested one is 

experimented on IEEE 118-bus system and the practical Electricity Generating Authority of Thailand (EGAT) 58-bus 

system. From simulations, they demonstrated that EP with optimal maximum number of FACTS and the suggested 

split search space managing technique gave higher power transfer capacity and less maximum number of FACTS 

controllers than those from non-split technique.  

In the power network during standard and contingency cases, G Madhusudhana Rao et al. [6] have suggested real code 

GA for optimizing the location and controlling parameters of TCSC and SVC for accomplishing maximum available 

transfer capability (ATC). Using Continuous Power Flow (CPF) technique, ATC was calculated regarding both line 

thermal limit with bus voltage limits. The presentation of the suggested real-code GA had been experimented on IEEE 

24-bus dependability test system. They demonstrated that the installing SVC through simulations assisted in enhancing 

voltage profile plus ATC improvement, where as TCSC enhanced ATC in both thermal dominant case and voltage 

dominant case. Finally, they winded up that TCSC was more efficient than SVC in enhancing ATC under both standard 

and possibility conditions. 

Determining the optimal power transfer capability of power system is a complex problem. In recent research works 

various algorithms and control techniques have been discussed to work out the optimal power flow problem. 

Algorithms such as simulated annealing, tabu search, genetic algorithm, ant colony algorithm, particle swarm algorithm, 

evolutionary algorithm etc are used. But all these algorithms are suited for a particular problem. GSA is the newly 

introduced algorithm to determine the optimal power in the power system. Unfortunately, GSA is not meant for high 

and low dimensional search space. Hence an improved version of GSA is needed to accomplish the power system 

loadability enhancement      

 

 

 

 

   



 
                     

                    ISSN(Online) : 2319 - 8753 

                               ISSN (Print)   : 2347 - 6710                                                                                                                                 

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 4, Issue 4, April 2015 

 

Copyright to IJIRSET                               DOI: 10.15680/IJIRSET.2015.0404019      1945 

  

III. MATHEATICAL MODELLING OF TCSC 

 

TCSC (thyristor controlled series capacitor) is a variable impedance type FACTS device which is connected in series 

with the transmission line to improve the power transfer capability also decreases the transmission losses and enhances 

transient stability. TCSC consists of capacitor connected in series with the transmission line and a thyristor-controlled 

inductor connected in parallel with the capacitor. Impedance of the transmission line can be varied using bi-directional 

valves. TCSC generates or absorbs reactive power by capacitor or reactor banks, which is required for compensation. It 

cannot exchange real power with the AC system. The single line diagram of TCSC is illustrated in Fig. 1.  

 

 

 

 

 
 

Fig.1. Single line diagram of TCSC connected between buses i and j 
 

In the above figure, TCSC is connected between buses i and j. It is a series connected device which varies the line 

impedance as per requirement. It consists of: one capacitor C, one inductor L and two thyristor switched T1 and T2.  

 

The equivalent circuit model of the illustrated TCSC is presented in Fig. 2. 

 

 
Fig.2. Equivalent circuit diagram of TCSC 
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Fig. 2 illustrates the equivalent circuit model of TCSC. Here, it is modelled as a variable impedance (-jXC). Since 

TCSC represents only the variable impedance, this changes the elements of admittance matrix only, which makes the 

modelling of TCSC simpler for load flow studies. 

The power flow equations of TCSC connected between buses i and j are as follows:  [7] 

 

At bus i, 

 2 cos sini i ij ij ij ij ij ijP V G G B           (1) 

   2 sin cosi i ij sh ij ij ij ij ijQ V B B G B            (2) 

 

And at bus j, 

 2 cos sinj j ij ij ij ji ij jiP V G G B           (3) 

   2 sin cosj j ij sh ij ij ji ij jiQ V B B G B            (4) 

With  

*ij i jV V  ,  ij i j    , ji j i     and 
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Where 

ijG  and ijB  are the conductance and susceptance between buses i and j after connecting TCSC, ijR  and ijX  are the 

resistance and reactance of line between buses i and j, cX is the variable capacitive reactance of the TCSC. 

 

The cost of the TCSC can be given as [8]: 
20.0015 0.7130 153.75TCSCCost T T    USD/KVAR                 (5) 

Where  

T is the operating range of TCSC in MVAR. 

 

Described below are the constraints associated with the power transfer capability of the network.  

 

A. Voltage Stability 
 

For enhancing the power flow, the voltage of each bus should be in between 0.95 - 1.05 p.u. The voltage instability can 

be given by the following equation (6) 
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                                                                                                               (6) 
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Where Vm is the bus voltage where m= 1, 2, 3, 4….n, Vslack is slack bus voltage, ∆Vm is voltage stability index of bus m. 

Pm and Qm are active and reactive power of bus m and l  is the number of nodes. The bus voltage should lie in the limit 

i.e. Vm
min

≤  Vm≤Vm
max

. 

 

B.  Active and Reactive Power Flow 

 

Active and reactive power flow is determined by Newton-Raphson method. 

 



BN

n

mnmnmnmnnmm BGVVP
1

sincos. 

                                                                             (8) 
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


BN

n

mnmnmnmnnmm BGVVQ
1

cossin. 

                                                                           (9)

 

Where, NB is number of buses, Gmn and Bmn are conductance and susceptance respectively. mn is the angle between m 

and n buses. Vm and Vn are voltages of buses m and n respectively. 

 

C.  Power Loss 

 

The proposed approach determines the maximum power loss buses and decreases the power loss using TCSC. Without 

TCSC, power loss between buses is given by following equation 

 

.
sinm n

mn mn

mn

V V
P

X


                                                                                                                       (10)                                                                                                            

 

mn is angle between buses m and n and Xmn is the reactance between buses m and n. 

The power balance equation is given by the following equation (11) 
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Power loss of bus m is calculated by following equations  
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                                                                               (13)

 

Where Ymn is bus admittance matrix, n and m are load angle of bus n and m respectively, mn  is angle between bus 

m and n. PGm and QGm are active and reactive power generation. PLm and QLm are active and reactive power loss. PDm 

and QDm are active and reactive power demand. 
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IV. PROPOSED APPROACH 

                                      

In this paper improved version of GSA (gravitational search algorithm) is proposed to solve the optimization problem. 

GSA is a recently evolved algorithm used to sole the global optimization problems. But it is not suitable for maximum 

power transfer capability of the network. This search algorithm solves the optimization problems with a high 

dimensional search space. Maximum power transfer capability is related to high and low dimensional problem. Here 

IGSA is used to enhance the loadability of the transmission line using TCSC device. In IGSA (improved gravitational 

search algorithm) velocity of mass is improved. Agents move to a good solution when the velocity is high or else 

optimum solution may not be attained.  

 

V. RESULTS AND DISCUSSIONS 

 

From table I, showing the bus voltage profile of IEEE-57 bus system, it is clear that voltage profile is improved when 

TCSC is implemented between buses (2-3-4) and 8-9-10) using IGSA. These buses are the best fitness buses i.e. 

maximum power loss buses hence these buses are chosen for device implementation. Voltage of each bus should lie 

between (0.95-1.05 p.u.) for stable operation of the system. TCSC is installed at fitness buses 2-3-4 and 8-9-1. It is seen 

from the table that voltage at various buses is improved as compared to GSA approach. With GSA approach there is 

not a considerable improvement in voltage at each bus. It is illustrated from Fig. 3 that the voltage is improved when 

TCSC is implemented with IGSA approach than with GSA. Blue bar indicate the GSA approach and red bar indicate 

the IGSA approach. Red bars are shorter than the blue bars which show that voltage is improved more with IGSA than 

with GSA. 

Table II gives the power flow comparison of IEEE-57 bus system. It is clear from the table that the power flow is 

increased when TCSC is implemented between 2-3-4 and 8-9-10. Both the real and reactive power is increased when 

TCSC is implemented. The increase in power flow occurs more at the branches where TCSC is fixed. But power flows 

in other branches are also affected.  

Table III gives the power loss comparison and cost of TCSC device when it is connected at fitness buses 2-3-4 and 8-9-

10. Power loss is greatly decreased when TCSC is implemented between buses 2-3-4. It is seen from the table that at 

position 8-9-10, cost is minimum. The optimum location of TCSC in the system depends upon minimum cost of TCSC.  

Hence bus 8-9-10 can be the location for TCSC installation which gives minimum cost. 

 

Table I 
Bus voltage comparison in IEEE 57 bus test system for TCSC connection 

 

 

 

 

Bus voltage profile (in p.u.) 

Best fitness Buses 2, 3 and 4 Best fitness Buses  8, 9 and 10 

Bus no. 
GSA with 

TCSC 
IGSA with 

TCSC 
Bus no. 

GSA with 
TCSC 

IGSA with 
TCSC 

4 1.0372 1.035 10 1.069 1.0547 

5 1.0373 1.0372 11 1.0564 1.0564 

10 1.0704 1.0555 13 1.0619 1.0619 

11 1.0566 1.0566 15 1.0547 1.0644 

12 1.065 1.0602 18 1.0922 1.0895 

13 1.0622 1.0622 19 1.1259 1.0922 

14 1.0645 1.0645 20 1.1363 1.1032 

17 1.0602 1.0704 21 1.1926 1.1046 

18 1.0888 1.0888 22 1.1929 1.1158 

21 1.1927 1.1049 27 1.1195 1.1284 

27 1.1192 1.1284 28 1.1032 1.1363 

38 1.1912 1.1929 29 1.0895 1.0439 

48 1.1929 1.2047 30 1.2519 1.1487 

49 1.1938 1.2072 31 1.2735 1.1489 

51 1.1613 1.1166 55 1.1046 1.2665 

53 1.1437 1.1362 56 1.2069 1.1682 

57 1.2184 1.2037 57 1.2181 1.2035 
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Fig. 3 Voltage profile comparison of IEEE-57 bus test system 

 

Table II  
Power flow comparison of IEEE-57 bus system 

     Bus no 
Maximum power transferred by TCSC 

Bus 1 to 2 Bus 2 to 1 

From 

bus 
To bus 

Real power 

(P) 

Reactive 

power (Q) 

Real power 

(P) 

Reactive 

power (Q) 

MW MVAR MW MVAR 

2 3 67.831 32.376 69.387 27.937 

3 4 21.999 0.711 22.050 0.545 

8 9 174.772 52.640 177.85 36.934 

9 10 17.851 19.864 18.099 20.992 

 

Table III  
Power loss comparison and installation cost of TCSC 

Power loss (in MW) 

TCSC installation cost (in $/KVAR)  for 

Proposed approach 
FACTS device 

Installed location (bus 

no’s) 

Approaches 

GSA IGSA 

TCSC 
2-3-4 

22.703 
20.6112 111.9579 

8-9-10 22.7020 94.6117 

 

VI. CONCLUSION 

 

An improved gravitational search algorithm to enhance the maximum power transfer capability using TCSC is 

suggested in this paper. This is validated on IEEE-57 bus test system using IGSA. The computational complexity is 

reduced in the proposed approach by upgrading the velocity and position of agents. It is seen that TCSC improves the 

power flow by minimizing the power loss of the system using the proposed algorithm.  

Thus the maximum power transfer capacity of transmission line is improved using TCSC with IGSA approach. The 

results confirm that the IGSA is better than traditional GSA. 
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