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Abstract–Today’s Power scenario Compensation plays a vital role to minimize the losses and to maintain the power transfer 

capability as maximum. FACTS devices are used for compensation and also to control the power flow of an existing long 

transmission line. This paper employs a series FACTS device as Thyristor Controlled Series Compensator( TCSC )  for the control 

of the power flow in long distance transmission line. The proposed device with PI controller is used to find the optimal location of 

TCSC  in different locations such as sending end of the transmission line, middle and receiving end of the different lengths of the 

transmission line. PI controller is employed in each operating mode. The firing circuit engages three single-phase PLL units for 

synchronization along with the line current. Simulations were carried out using MATLAB Simulink environment. The suitable 

location and the performance of the proposed model were examined and compared with and without compensation. This proposed 

device is tested under the different lengths like 300km to 500km. In every increment of 100km, the impedance, real power and 

reactive power were noted and tabulated. The result reveals that the power transfer capability  at the middle of the transmission line 

is better when comparing  with the other ends and also the power flow was controlled  throughout the line when compensation is 

given at the middle of the line. 
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I. INTRODUCTION 

Now-a-days the applications of the Power Electronics devices in Power Systems are very much augmented. It is very much needed 

to control the power flow, in a long distance transmission line. The FACTS devices are introduced in the power system transmission 

for the reduction of the transmission line losses and to increase the transfer capability and also to control the power flow in the line. 

TCSC, is one of the type of series FACTS device, for improving the performance and also to control the power flow in a line.  

Series compensation is used in order to decrease the transfer reactance of a power line at rated frequency. A series capacito r 

installation generates reactive power that in a self regulation manner and balances fraction of the line’s transfers reactance. The result 

is that the line is electrically shortened, which improves the angular stability, voltage stability and also shares the power between 

parallel lines. Series devices were developed from fixed or mechanically switched compensation to Thyristor Controlled Series 

Compensation (TCSC). The TCSC consists of a fixed capacitor and a parallel Thyristor Controlled Reactor (TCR). 

Ali Raza et al [1] have shunted TCSC in a 500KV long transmission line and also implemented with MATLAB/Simulink 

environment and tested for different sending end voltages by changing impedance line. Akhilesh A. Nimje et al.[2] have explained 

about the achievement of the required active and reactive power flow into the line for the purpose ofcompensation as well as 

validation of enhancement of the power transfer capability of a transmissionline when Interline Power Flow Controller acts as  

standalone as SSSC. Rajderkar et al.[3] have elaborated the comparison between TCSC and SSSC to solve problems suc h as 

congestion management under normal and contingency conditions. The controlling and modeling aspects of TCSC [4] were 

illustrated. Sun et al.[5] have presented the dynamic response of TCSC and reactance control method. Del Rosso et al. [6] have 

applied a new controller design of TCSC for  enhancement of power system stability. Fuerte-Esquivel et al.[7] have proposed  a 

TCSC model for the power flow solution to the practical networks. Kazerani et al. [8] havegenerated the power flow control schemes 

for series connected FACTS controllers. The problem of sub synchronous resonance [9] was rectified using TCSC in a long distance 

transmission lines. The different sub synchronous frequencies [10] of TCSC were analysed by Kabiri. Kazemi et al.[11] 

havegenerated the Genetic Algorithm technique to find the optimal location of TCSC and also to reduce the loss in a transmission 

line. Singh et al. [12] have optimally selected the location of FACTS devices for the congestion management under normal and 

abnormal conditions. 

In this paper studies were conducted on TCSC at different locations of the long transmission line such as sending end, middle and 

the receiving end ofthe long distance transmission line when the length of the line is 300km, 400km  and 500km.  In every part of the 

location the power flow is tested with and without compensation strategy. The results of the study were calculated and tabulated in 
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table 1. A mathematical modeling approach and control design is presented in this work. The simulink model of the standard system is 

developed and tested using MATLAB Simulink environment.  
 

 

II. OPERATING PRINCIPLE 

 
Figure 1 Configuration of TCSC 

Figure 1 explains about the configuration of TCSC. In the above configuration a TCR is used in parallel with a fixed capacitor for 

enablingthe continuous control over the series compensation. TCSC can be used to mitigate the SSR even though harmonics are 

present in steady state with partial conduction  of thyristor switches. 

A single line diagram of TCSC is shown in figure 2. In this diagram two modules are connected in series. Depends on the 

requirements either one or two modules are used. To reduce the cost, TCSC may be used in conjunction with fixed series capaci tors. 

Each module has three operation modes. 

 

 

 

 

 

 
 

Figure 2 Single Line Diagram of TCSC 

A. Bypassed mode 
The thyristor valves are gatedfor 180° conduction (in each direction) and the current flow in the reactor is continuous and 

sinusoidal. The net reactance of the module is slightly inductive as the susceptance of the reactor is larger than that of the capacitor. 
The figure 3 shows the operation of bypassed mode. During this mode, most of the line current is flowing through the reactor and 
thyristor valves with some current flowing through the capacitor. This mode is used mainly for protecting the capacitor against over 
voltages. This mode is also termed as TSR (Thyristor Switched Reactor) mode.  

 
Figure 3 Operation of TCSC - Bypassed Mode 

B. Thyristor blocked mode 
The figure 4 elaborates the operation of thyristor blocked mode. In this operating mode no current flows through the valves with 

the blocking of gate pulses. Here, the TCSC reactance is same as that of the fixed capacitor and there is no difference in the 

performance of TCSC in this mode with that of a fixed capacitor. Hence this operating mode is generally avoided. This mode is also 

termed as waiting mode. 

 
Figure 4 Operation of TCSC -  Blocked Mode 
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C. Vernier control mode 
The figure 5 shows the operation of Vernier Control mode. In this operating mode, the thyristor valves are gated in the regio n of 

(αmin<α < 90°) such that they conduct for the part of a cycle.  

 
Figure 5 Operation of TCSC – Vernier Control Mode 

The effective value of TCSC reactance (in the capacitive region) increases as the conduction angle increases from zero. α min   is 
above the value of α corresponding to the parallel resonance of TCR and the capacitor. In the inductive vernier mode, the TCSC 
(inductive) reactance increases as the conduction angle reduced from 180°. Generally, vernier control is used only in the capacitive 
region and not in the inductive region. 

III. MODELING OF TCSC 

 
Figure 6 Equivalent Circuit of TCSC 

 
Consider the following figure 6. It explains about the equivalent circuit of TCSC. In this equivalent circuit TCSC is modeled  as a 

capacitor in parallel with a variable inductor. The impedance of the TCSC[13] is given by, 

𝑍𝑡𝑐𝑠𝑐 =
−𝑗𝑋𝑐 𝑗𝑋𝑡𝑐𝑟

𝑗(𝑋𝑡𝑐𝑟 − 𝑋𝑐)
(1) 

 

𝑍𝑡𝑐𝑠𝑐 =
−𝑗𝑋𝑐

(1 −
𝑋𝑐

𝑋𝑡𝑐𝑟
)
(2) 

The current through TCR is given by 

 

𝐼𝑡𝑐𝑟⃗⃗ ⃗⃗ ⃗⃗ =
−𝑗𝑋𝑐

𝑗(𝑋𝑡𝑐𝑟 − 𝑋𝑐)
𝐼𝐿⃗⃗⃗  (3) 

 

𝐼𝑡𝑐𝑟⃗⃗⃗⃗ ⃗⃗ =
𝐼𝐿⃗⃗⃗  

(1 −
𝑋𝑡𝑐𝑟

𝑋𝑐
)
(4) 

When the losses are neglected, the impedance of TCSC is purely reactive. The capacitive reactance of TCSC is obtained from 

equation (2) as  

 

𝑋𝑡𝑐𝑠𝑐 =
𝑋𝑐

(1 −
𝑋𝑐

𝑋𝑡𝑐𝑟
)
(5) 

Where 𝑋𝑡𝑐𝑠𝑐  is capacitive reactance as long as Xc<Xtcr.  When Xtcr = ∞ then the thyristors are blocked and 𝐼𝑡𝑐𝑟⃗⃗ ⃗⃗ ⃗⃗  = 0. For the condition 

Xc<Xtcr, 𝐼𝑡𝑐𝑟⃗⃗ ⃗⃗ ⃗⃗  is 180° out of phase with the line current phases 𝐼𝐿⃗⃗⃗  . By simply saying, 𝐼𝐿⃗⃗⃗   is in phase with -𝐼𝑡𝑐𝑟⃗⃗ ⃗⃗ ⃗⃗ .   The operation of the 

capacitive condition is shown in figure 7. When Xc>Xtcr, the effective reactance of TCSC is negative. That is it behaves like an 

inductor. In this condition 𝐼𝐿⃗⃗⃗   is in phase with 𝐼𝑡𝑐𝑟⃗⃗ ⃗⃗ ⃗⃗ . The operation of the inductive condition is shown in figure 8. 

 

 
 

 
 

 
Figure 7 Capacitive  Operation of TCSC 
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Figure 8 Inductive Operation of TCSC 

 

IV.  TCSC CONTROL & IMPEDANCE CALCULATION 

In general TCSC operates in the constant impedance mode it uses voltage and current feedback for calculating the TCSC 

impedance. The reference impedance indirectly determines the power level, although an automatic power control mode could also  be 

introduced.A separate PI controller is used in each operating mode. The capacitive mode also employs a phase lead compensator. 

Each controller further includes an adaptive control loop to improve performance over a wide operating range. The controller gain 

scheduling compensates for the gain changes in the system, caused by the variations in the impedance[14]. 

The firing circuit uses three single-phase PLL units for synchronization with the line current. Line current is used for 

synchronization, rather than line voltage, since the TCSC voltage can vary widely during the operation.The figure 9 explains about the 

impedance calculations of TCSC at sending end of the long transmission line.Similarly the impedance is calculated at the midd le of 

the line and receiving end of the long transmission line. 

This circuit will run as an inductive mode upto 0.5 seconds and after that it will run as a capacitive mode. Here the reference 

impedance is selected as 128 ohms. 

V. V SIMULATION OF TCSC 

Figure 10 explains about the circuit without TCSC. The results were obtained without TCSC. Then TCSC is connected  at the 

sending end of the transmission linewhich is illustrated in Figure 11. Consider a  system in which  TCSC is placed on a 500KV, 

400Km long transmission line, with an objective to improve the power transfer and to control the power flow. In the absence of TCSC 

device the active power transfer is around 57.17 MW, during the period of first 0.5s of the simulation when the TCSC is bypassed, 

TCSC will work in inductive mode.  

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 58° firing angle, the operation is prohibited in firing angle range 49° - 69°. The resonance for the overall system 

(when the line impedance is included) is around 67°. The capacitive mode is achieved with  firing angles 69-90°. The impedance is 

lowest at 90°, and therefore power transfer increases as the firing angle is reduced.  

Similarly TCSC is placed at the middle of the transmission line and receiving end of the transmission line. Then the results were 

obtained. 

VI. SIMULATION RESULTS 

 

For the first 0.5s, the TCSC is bypassed using the circuit breaker, and the power transfer is less. At 0.5s TCSC begins to regulate the 

impedance to 128 Ohm and this increases power transfer. In capacitive mode the range for impedance values is approximately 120-

136 Ohm when it is operated after 0.5 seconds and TCSC is connected at the sending end of the line. This value is also increased up to 

300 ohm when TCSC is connected at the receiving end of the line.Testing is done for the differentlength of the transmission line like 

300Km, 400Km and 500Km. For each length of the line the impedance, Real Power and reactive power are  noted and tabulated. And 

also the power transfer capability of the line was calculated. Comparing with the power transfer in an uncompensated line, TCSC 

enables significant improvement in power transfer level.The waveforms are obtained from the scope of the simulation diagram. 

Figure 12 and 13show that the voltage and current at the bus B1 when TCSC is not connected in the line and TCSC is connected 

with transmission line. 
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Figure 9 Impedance Calculation of TCSC 

 

 
Figure 10 Circuit without TCSC 

 

 
Figure 11 TCSC is at the Sending End of the Line 
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Figure 12 Vabc&Iabc – Without TCSC 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

 

 

 

Figure 13 Vabc&Iabc – With TCSC 
 

The Power transfer capability and the power flow of the long transmission line when the length is 300km, 400km and 500km are 
also verified without connecting the TCSC and with TCSC, which is shown in table 1. The fig.14  shows that the connection with and 
without TCSC in different locations and the power transfer capability.  

 

 

Figure 14 Comparison of PTC 
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TABLE 1Real and Reactive Power at B1,B2& B3  

 

Length 

In KM 

At B1 At B2 At B3  

PTC in 

% 
P in 

MW 

Q in 

MVAr 

P in 

MW 

Q in 

MVAr 

P in 

MW 

Q in 

MVAr 

TCSC is at Sending End 

300 112.8 -142.2 102 44.43 81.7 224.5 72.43 

400 94.05 -204.6 82.78 52.68 62.29 296.1 66.23 

500 90.82 -210.5 87.6 56.78 64.3 298.6 70.79 

TCSC is at Middle 

300 100.5 -1.357 89.03 189.1 85.47 363.2 85.04 

400 88.51 -48.16 76.02 216.8 75.83 400 85.67 

500 82.65 -58.97 78.42 227.5 72.35 410 87.53 

TCSC is at Receiving End 

300 97.5 126.1 89.66 255.3 78.79 448.3 80.8 

400 70.28 91.31 61.65 274.1 51.59 511.3 73.41 

500 65.87 85.6 60.25 286.3 50.23 529.8 76.26 

Without TCSC 

300 60.8 -80.74 49.81 116 39.4 295.3 64.81 

400 57.17 -131.4 55.71 147 41.16 386.8 71.99 

500 55.2 -152.6 50.62 159.5 40.58 401.8 73.51 

 

VII.  CONCLUSION 

The vital role of series FACTS devices, which are connected in long distance transmission lines, are to improve the power transfer 
capability of the transmission line and also to control the power flow in the power system network. In this proposed work TCSC is 
employed as a series FACTS device. TCSC is connected at the various locations such as sending end, middle and receiving end of the 
transmission line. The testing has done when the length of the transmission line are 300km, 400km  and 500km long. The results were 
obtained with and without TCSC device. The simulation results reveals that the power transfer capability  at the middle of the 
transmission line is better when comparing  with the other ends and also the power flow was controlled  throughout  t he line when 
compensation is given at the middle of the line.The results show that the impedance increases when the length of the  transmission 
line is increased. The numerical results of the system were elaborated in the table 1. The simulation results were carried in MATLAB 
Simulink environment. 
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