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Abstract : In modern power transmission systems suffering from large voltage drop and transfer capability of power 

reduces due to the line reactance and thermal limits. Therefore, Thyristor Controlled Series Capacitor (TCSC) has been 

used to improve the power transfer capability of transmission line by changing the reactive power distribution in the 

power system. This paper discusses the effect of TCSC for power enhancement capability. Further, the effect of TCSC 

on distance protection relay of transmission lines due to the fast response time of thyristor controllers with respective 
that of the protective devices is also investigated.  
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I. INTRODUCTION 

The rapidly growth in electrical power system has 
gradually increased to the development of control devices. 

These control devices are used in series and shunt, active 

and passive, controlled and switched categories in power 

system. Overall finally these devices are used to increase 

transmittable power, improve power system stability and 

enhance system voltage. Thyristor Controlled Series 

Capacitor (TCSC) is considered the first generation of 

FACTS devices. Using the TCSC and its protection 

elements metal oxde varistor (MOV) as advanced series 

compensation in the midpoint of transmission line create 

certain problems for the line protective devices especially 
the distance relay. These problems overcome in case of 

fixed compensation. TCSC is one of the Flexible AC 

Transmission Systems (FACTS) devices which is used for 

all mentioned purposed. However, FACTS device has a 

profound impact on the operation of other equipment in 

the system, such as transmission lines protection.  

Distance protection relays have been mostly used as the 

primary protection in high voltage transmission lines due 

to their simple operating principle and capability to work 

independently. However, the implementation of FACTS 

Controllers in power system transmission for improving 
the power system controllability and stability have 

introduced new power system issues in the field of power 

system protection that must be Considered and analyzed. 

The presence of the FACTS devices in the faulted loop 

introduces changes to the line parameters seen by the 

distance relay. The effect of FACTS device would affect 

both the steady state and transient Characteristics of the 

apparent impedance seen by   distance relays due to the  

fast response time of FACTS Controllers with respect to 

 

 

that of the protective devices. Also the study on a scheme 
to mitigate the effect of the Thyristor Controlled Series 

Capacitor (TCSC) on distance protection. 
 

II. TCSC MODELLING AND STEADY STATE 

MODES OF OPERATION 

A. TCSC Model  

Fig. (1) shows a TCSC module consist of  Basically, a 

series capacitor (C), in parallel with a Thyristor Controlled 

Reactor (TCR) (Ls). A metal oxide varistor (MOV), 
essentially a nonlinear resistor, is connected across the 

series capacitor to prevent the occurrence of high capacitor 

over voltages. The amount of series compensation in the 

capacitive operating region is increased (or decreased) by 

varying the thyristor firing angle α. The total impedance of 

TCSC is given in equation (1). 

   

                         (1) 
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Fig.1. Practical TCSC module 
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B. TCSC Modes of Operation in Steady State  

Different operanting modes of a TCSC are as follows. 

 

Blocking mode: In blocking mode, it is also called as the 
waiting mode, the firing pulses to then thyristor valves are 

blocked. When the thyristors are operating and a blocking 

command is given, then the thyristors turn off as soon as 

the current through them reaches a zero crossing. 

 

Bypass mode: In the bypasss mode, thyristor valve is 

triggered continuously. Thyristor valve stays conducting 

all the time and the TCSC behaves like a parallel 

connection of the series capacitor bank with the inductor 

in the thyristor valve. However, the net current through the 

module is inductive, the susceptance of the reactor is 

chosen to be higher that of the capacitor. 
  

Capacitive boost mode: When the trigger pulse is applied 

to the thyristor having forward voltage just before the 

capacitor voltage crosses the zero line a capacitor 

discharge current pulse will passed through the parallel 

inductive branch. The discharge current pulse adds to the 

line current through the capacitor bank.  

 

Inductive boost mode: In the inductive boost mode  

circulating current in the thyristor branch is larger  than 

the line current. In this mode, large thyristor currents result 
and further the capacitor voltage waveform is very much 

distorted from its sinusoidal shape. The peak voltage 

appears close to the turn on. The poor waveform and the 

high valve stress make in this mode less attractive for 

steady state operation. 

 

C. TCSC Control methods 

Types of control methods used in TCSC are as follows. 

 

Open-loop Control method: In this method, it is simplest 

for TCSC, in which firing delay angle α is obtained 
directly from the reactance order Xref .  

 

Close-loop Control method: It is common control 
method in automation control area. There are three 

methods are used in closed loop control methods, 

 

i) Constant Impedance Control Method (CI)  
ii) Constant Current Control Method (CC)  

iii) Constant Power Control Method (CP)  

 

In this paper, the constant impedance control method is 

used to produce the pulse for thyristor valve of TCSC. The 

outline of this control scheme is shown in Fig. (2). the 

measured impedance is comparing with the actual 

reference value and the error is modulated by PI controller 

to the firing delay angle error. 

 

 
 

 

 

 

 

 

 
 

Fig. 2. TCSC closed – loop constant reactance control methodology 

 

III. BY USING MHO DISTANCE PROTECTION 

RELAY  MEASURED IMPEDANCE 

In distance protection division of the voltage at the 

relaying point by the measured current. The apparent 
impedance so calculated is compared with the reach 

point impedance. When the measured impedance 

(Zseen) is less than the reach point impedance, and 
then assumed that a fault exists on the line between 

the relay and the reach point. The reach point of a 

relay is the point along the line impedance locus that 

is intersected by the boundary characteristic of the 
relay. It is used for protection of EHV and HV 

transmission lines. The basic principle of operation 

of distance protection relay is shown in figure.3. 
 

 

 

 

 

 

 

 

Fig.3. MHO distance protection in case of phase to earth fault. 

The input is fed to the MHO distance relay point the phase 

voltages and line currents transformed with the supporting 
voltage transformer (VT) and current transformers (CT). 

The voltage would fall towards zero at the point of the 

fault. In case of earth fault, The impedance measured 

Zseen in phase (A) is calculated by flowing equation (2) 

 

(2) 
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A.Transmission line with TCSC in midline. 

 

 

 
 

 

 

 

 

 

 

 

 

Fig.4. Phase to earth fault current calculation on presence of a TCSC 

With TCSC inserted in midline of transmission line the 

total impedance of transmission line (ZAB-TCSC) is given by, 

                                                                                       

                                                                                                      (3) 

 

IV. EFFECT OF TCSC ON DISTANCE 

PROTECTION 
As equation (3) shows that when the TCSC is connected in 
the middle of transmission line with the distance relay. It 
changes the line impedance and the relay may over reaches 
or under reaches depending upon the delay angle. 

CASE-1: TCSC will be active in capacitive mode, it will 
add the negative reactance (-Xc) with the actual line 
reactance (XL). In this position the relay will over reach as 
the measured impedance will be less than the actual 
impedance of the line the relay can sense the fault beyond 
its operating reach. 

CASE-2: TCSC will be active in capacitive mode,  this 

mode will add the high value of positive reactance. In this 
position the relay will under reach as the measured 

impedance will be more than the below its operating reach. 

The relay cannot sense even a fault occurs in its reach 

hence under reach. 

 

V. SIMULATION RESULT 

A. Simulation results (fault at 65 km): 

 
Fig. 5. Simulation results without TCSC (fault at 65 km). 

 
Fig. 6. Simulation results with TCSC (fault at 65 km)  

B. Simulation results (fault beyond reach): 

 
Fig. 7.  Simulation results without TCSC (fault  beyond  reach). 

 
Fig. 8.  Simulation results with TCSC (fault  beyond  reach). 

C. Simulation results proposed mitigation scheme 

TCSC (fault  beyond  reach): 

 
Fig. 9. Simulation results with new proposed mitigation scheme TCSC 

(Fault beyond reach) 
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VI. CONCLUSION 

In this project, the effect of TCSC on the protective zone 

is studied. The simulation results show clearly the impact 

of TCSC on MHO distance relay performance. The 

impedance Zseen is influenced by the injected voltage 

VTCSC of the TCSC. Since deviation of the measured 

impedance is not constant, because of the varying 

parameters of the injected reactance by TCSC. The 

proposed work presents mitigation technique with the 

modification of signals input to the mho relay i.e. 

modification of relay. In addition used of FCL is also 

proposed as one of the mitigation technique.  In order to 
increase the total system protection performance and avoid 

unwanted tripping of circuit breaker in the presence of 

series FACTS devices compensator on electrical 

transmission lines care must be taken. For specified 

system, setting for different protection zones can be 

achieved based on the proposed setting principles. 
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