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Abstract – For transmission lines, distance relays 

are widely used as the main protection, though they can 

provide the back-up protection. They operate based on 

impedance measurement at the relaying point, which is 

affected by several factors including pre-fault line loading 

condition and short circuit levels at the line ends. 

Introduction of Flexible AC Transmission System (FACTS) 

devices imposes further changes on the apparent impedance 

measured at the relaying point. This paper studies the 

impact of one of FACTS devices, i.e. Thyristor Controlled 

Series Capacitor (TCSC), on the apparent impedance 

measured by the distance relay. In the presence of TCSC on 

a transmission line, the measured impedance at the relaying 

point is affected. In addition to TCSC control parameter, its 

installation point is also effective on the apparent 

impedance. is no longer an indicator of the distance to a 

fault. Mitigation of this problem is proposed by using new 

communication-aided schemes.  
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I. INTRODUCTION 

In recent years, because of energy, 

environmental, and regulatory concerns, the growth of 

electric power transmission facilities has been restricted. 

Transmission lines can be compensated by Fixed Series 

Capacitors (FSC) or more effectively by Thyristor 

Controlled Series Capacitors (TCSC) to increase power 

transfer capability, improve transient stability, reduce 

transmission losses, and dampen power system 

oscillations.  

In today’s power systems, there are some 

difficulties for constructing new transmission lines [1]. 

When a circuit breaker (CB) switches off with carrying a 

small inductive current, it often comes with a high-

frequency and high-amplitude transient voltage between 

the CB contacts due to the interaction between the CB 

and its surrounding circuit. The generated high transient 

recovery voltage (TRV) may cause undesired effects on 

the reactor and the switching equipment. TRV is the 

voltage across breaker contacts immediately after current 

interruption. The circuit breaker has to because of the 

limits in the rights for their paths. Modem electric power 

utilities are facing many challenges due to ever-

increasing complexity in their operation and structure. In 

the recent past, one of the problems that got wide 

attention is the power system Instabilities. With the lack 

of new generation and transmission facilities and over 

exploitation of the existing facilities geared by increase in 

load demand make these types of problems more 

imminent in modern power systems. Demand of 

electrical power is continuously rising at a very high rate 

due to rapid industrial development. To meet this 

demand, it is essential to raise the transmitted power 

along with the existing transmission facilities. The need 

for the power flow control in electrical power systems is 

thus evident. With the increased loading of transmission 

lines, the problem of transient stability after a major fault 

can become a transmission power limiting factor. The 

power system should adapt to momentary system 

conditions, in other words, power system should be 

flexible. The idea of the Flexible AC Transmission 

System (FACTS) has been introduced in 1980s. TCSC is 

the first generation of FACTS that can control the line 

impedance through the introduction of a Thyristor 

controlled capacitor in series with the transmission line. 

A TCSC is a series controlled capacitive reactance that 

can provide continuous control of power on the ac line 

over a wide range. The functioning of TCSC can be 

comprehended by analysing the behaviour of a variable 

inductor connected in series with a fixed capacitor, as 

shown in Fig. withstand both the amplitude and rate of 

rise of TRV for a successful current interruption. 

 

 
Fig 1: Practical module of TCSC. 

 

Fig 1 shows a TCSC module with different 

protective elements [6] in the middle of a simple power 

system. Basically, it comprises a series capacitor C in 

parallel with a Thyristor-controlled reactor (TCR), Ls. A 

metal-oxide varistor MOV is connected across the series 

capacitor to prevent the occurrence of high capacitor over 

voltages. A circuit breaker is also installed across the 

TCSC module to bypass it if a severe fault or equipment 

malfunction occurs. A current-limiting inductor Ld is 

incorporated in the circuit to restrict both the magnitude 

and the frequency of the capacitor current during the 
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capacitor-bypass operation. There are different modes of 

operation of TCSC in the normal and fault conditions. 

During a fault, an overvoltage appears across the TCSC 

due to the fault current. For a conventional series 

capacitor, MOV and bypass switches are used for its 

protection, while for the TCSC, co-operative operation of 

MOV, thyristors and bypass switches are applied for a 

reliable protection. This is the main difference in the 

behaviour of the distance relays in the two compensation 

methods. The apparent impedance seen by the distance 

relay depends largely on the TCSC mode of operation. 

The TCSC mode of operation during a fault is not unique 

and it may transit from a mode to others sequentially; 

meanwhile the distance relay experiences various 

apparent impedances in the fault period. In normal 

operating mode, called capacitive boost mode or vernier 

mode, the Thyristor are firing properly and the bypass 

switch is open. From the system point of view, this mode 

inserts capacitors into the line up to nearly three times the 

fixed capacitor. 

It is therefore an essential task to study the TRV 

for a certain switching operation. It is important to 

analysis of the effect of different protection strategies of 

TCSC, in different fault conditions, on both the 

amplitude and rate of rise of TRV across the line circuit 

breaker. However, the employment of series 

compensation creates certain problems for its protective 

relays and fault locators using conventional techniques 

because of the rapid changes introduced by the associated 

TCSC control actions in primary system parameters such 

as line impedances and load currents. The most important 

singularity lays in the fact that the positive sequence 

impedance measured by traditional distance relays is no 

longer an indicator of the distance to a fault. The apparent 

reactance and resistance seen by the relay are affected 

due to the uncertain variation of series compensation 

voltage during the fault period. 

  The objective of this paper is to analyse and 

investigate the impact of TCSC on the performance of 

conventional communication-aided distance-protection 

schemes and propose new solutions to mitigate the 

problem by using the available facilities in the power 

stations, avoiding essential changes and investments. 

TCSC is going to be modelled with detailed 

characteristics such as firing-angle control and 

overvoltage protection and the power system is designed 

with traveling-wave transmission line models. In most of 

the work done up to now, the operation of a single relay 

is considered; if the simultaneous behaviour of four 

commercial relays located at the ends of the main 

compensated line and its adjacent line is analysed then 

the results indicate that TCSC will affect the distance 

protection on both the main compensated line and 

adjacent lines. Some problem areas are forward 

overreach of the protection of the main line and the 

adjacent lines; reverse Overreach of the adjacent-line 

protection; deficiency of conventional communication-

aided distance schemes; and directional integrity of a 

fault. To mitigate the problem, different methods based 

on communication-aided schemes are proposed. The 

proposed techniques use new logics for tripping and 

sending permissive/blocking signals using extra data 

normally available at the stations. The test results show 

the effectiveness of the methods in overcoming the 

important issues of overreaching and directional integrity. 

 

II. LITERATURE REVIEW 

 

Literature survey on various topics such as use of series 

FACTS controller [1] is done. “Effect of Series FACTS 

device on Distance Relay Characteristics” the theoretical 

background of the distance relaying is explained in year 

2011[1]. In the year 2009 work done in the research [2] 

indicates that TCSC dynamics have a significant impact 

on the power system protection and its transition from a 

mode to another can create serious problems for the 

conventional relays like forward overreach, reverse 

overreach, mis-coordination in primary and back-up 

protection, directional malfunction and adverse effect on 

distance schemes. As per the survey it is learnt that TCSC 

will have influences on distance relay’s performance. 

This paper focus on TCSC’s influences on protection 

region. It is certain that TCSC will exert influences on 

distance relay’s ability about reflecting ground resistance 

and avoiding load impedance and will have some new 

requests on filtering performance [3]. The impact of 

TCSC on the protection of transmission lines and 

remedial actions using existing relays are presented.[3] in 

year2006. “APPLICATION OF TCSC TO ENHANCE 

POWER QUALITYAPPLICATION OF TCSC TO 

ENHANCE POWER QUALITY”, THIS PAPER ANALYZES 

THE TCSC'S effect on the voltage sag of the buses with 

sensitive loads. As per the simulation results one of the 

salient features of TCSC, i.e., enhancement of voltage 

sag during disturbances, as one of the important issues of 

power quality. This is achieved by transferring of TCSC 

to appropriate modes during disturbances. [4] “Effects of 

Instrument Transformers Location on Measured 

Impedance by Distance Relay in Presence of TCSC” this 

paper address that in the case of in front of TCSC. the 

measured impedance and therefore tripping characteristic 

deviate much less than the other case. In the absence of 

fault resistance, the measured impedance is equal to the 

actual value of impedance of the line section between the 

relaying and the fault points. So by providing the voltage 

signal from VT in front of TCSC, the protective relay 

would operate much more realistic. [5] “Vulnerability 

analysis of transmission lines based on the performance 

of MHO relays and series/shunt Compensation systems” 

IEEE Guide for Protective Relay Applications to 

Transmission Lines, IEEE Std. C37. 113–1999, 2000. 

This paper addresses that The vulnerability of the 

transmission system due to undesirable operations of mho 

relays may be quantified as the sensitivities of its 

operation margin to the bus voltage and transmission line 

power together with the possible disturbances. The series 

compensation has a negative effect on the operation 

margin of mho relays due to the increase of line power 

flow.  This paper [7] studies the effect of one of the 

FACTS devices, i.e. Thyristor Control led Series 

Capacitor (TCSC), on the measured impedance at the 

relaying point. In the presence of TCSC on a 

transmission line, the measured impedance at the relaying 

point is affected. “TCSC for Protection of Transmission 

Line”(8) this paper analyses Thyristor Controlled Series 
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Capacitors (TCSC) is widely used to increase power 

transfer capability, improve transient stability, reduce 

transmission losses, and dampen power system 

oscillations. However it is certain that TCSC will exert 

influences on distance relay’s ability about reflecting 

ground resistance and avoiding load impedance and will 

have some new requests on filtering performance. All 

these problems are worth study and are being studied. 

TCSC dynamics have a significant impact on the power 

system protection and its transition from a mode to 

another can create serious problems for the conventional 

relays like forward overreach, reverse overreach, mis-

coordination in primary and back-up protection, 

directional malfunction and adverse effect on distance 

schemes.        

 

III.  TCSC MODES OF OPERATION IN STEADY   

STATE. 

 

In normal operating conditions, there are four modes of 

operation; blocking mode; bypass mode; capacitive boost 

mode; and inductive boost mode [8].When the thyristor 

valve is not triggered and the Thyristor are kept in 

nonconducting state, the TCSC is operating in blocking 

mode. In this mode, the TCSC performs like a fixed 

series capacitor. In bypass mode the thyristor valve is 

triggered continuously and the valve stays conducting all 

the time; so the TCSC behaves like a parallel connection 

of the series capacitor with the inductor, Ls, in the 

thyristor valve branch. In this mode, the resulting 

voltage in the steady state across the TCSC is inductive 

and the valve current is somewhat bigger than the line 

current due to the current generation in the capacitor 

bank. For practical TCSC’s with ratio between 0.1 to 0.3 

range, the capacitor voltage at a given line current is 

much lower in bypass than in blocking mode. Therefore, 

the bypass mode is utilized as a means to reduce the 

capacitor stress during faults. In capacitive boost mode a 

trigger pulse is supplied to the thyristor having forward 

voltage just before the capacitor voltage crosses the zero 

line, so a capacitor discharge current pulse will circulate 

through the parallel inductive branch. The discharge 

current pulse adds to the line current through the 

capacitor and causes a capacitor voltage that adds to the 

voltage caused by the line current. The capacitor peak 

voltage thus will be increased in proportion to the charge 

that passes through the thyristor branch. The fundamental 

voltage also increases almost proportionally to the 

charge. From the system point of view, this mode inserts 

capacitors to the line up to nearly three times the fixed 

capacitor. This is the normal operating mode of TCSC. 

In inductive boost mode the circulating current in the 

TCSC thyristor branch is bigger 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 the inductive boost mode less attractive for steady 

state operation. This mode increases the inductance 

of the line, so it is in contrast to the advantages associated 

with the application of TCSC.  

During a fault different modes of operation could occur 

that incorporates the TCSC protection equipments. These 

modes are as follows: 

• TCSC bypass operation with/without MOV; 

• Capacitive boost mode with/without MOV; 

• Inductive boost mode with/without MOV; 

• Blocked mode with/without MOV conduction; 

• Circuit breaker bypass. 

The operating modes that are common in steady state and 

fault conditions are bypass mode, blocked mode, 

capacitive boost mode and inductive boost mode without 

MOV conduction. TCSC bypass mode with MOV 

conduction is improbable, since bypass mode decreases 

the capacitor voltage considerably, and the MOV 

operation is not necessary. During each aforementioned 

mode the impedance seen by the relay differs 

significantly. For example, in steady state, the capacitive 

boost mode is the common mode for TCSC, so a 

considerable portion of the line inductance is ompensated 

by the TCSC capacitive effect. In bypass mode, the 

impedance seen by the relay is the impedance of fault 

path plus the inductive impedance of the parallel circuit 

of capacitor and inductor of the TSR branch. In [9], 

TCSC design requirements are tabulated and clearly 

mentioned that the purchaser should specify the required 

sequences of faults, dynamic overload, temporary 

overload, and continuous currents for the TCSC bank, 

and also the power system fault currents, the type of 

bypass that can occur during internal and external faults, 

and the desired post-fault control mode(s), reactance 

range, and voltage across the TCSC bank. These 

sequences form the duty cycles that all of the components 

of the TCSC bank should be designed to withstand. The 

duty cycle should be consistent with the manner in which 

the surrounding power system will be operated for both 

internal and external line faults. The purchaser should 

define duty cycles for faults of normal and extended 

duration and for faults of different types (multiple and 

single phase). It means that there is no unique behavior of 

the TCSC’s in the compensated lines, and line protective 

relay may respond completely differently because 

of the different design criteria. Depending on the prefault 

and fault conditions, TCSC transits from the existing 

mode to one of the possible modes based on its control 

system strategy. 

  

IV. FUTURE SCOPE OF WORK 

The work is useful in analysis of real time system, when 

the series FACTS device is connected to the transmission 

line. The performance of the distance relay and their 

settings during the fault can be analyzed and relay setting 

can be suitable modified. The work is also useful to 

predict more accurately the performance of the distance 

protective system in any possibly system conditions. The 

work can be extended to develop a real time power 

system dynamic simulator to a practical network. First of 

all theoretical analysis of distance protection for 

transmission lines is to be done. Also some of the 

advanced concepts on the distance relays are to be 

studied. The effects of Arc resistance, tower footing 

resistance, resistive reach, multi terminal, performance of 

the distance relays on series FACTS compensated lines 

Spvryan’s International Journal of Engineering Sciences & Technology (SEST)
ISSN : 2394-0905

Issue 4 Volume 2
Paper : 20

Page 3 of 5



 

  
are to be discussed. Figure 2 shows the application of 

distance relaying. At each end of the line, three separate 

sets of relays are arranged to provide three protective 

zones. The first and second protective zones provide 

primary protection, and the second and third zone 

provides remote back up for the adjacent 

Line. 

 

 
Fig 2: Distance relay protection 

 

Secondly the study of Flexible AC transmission devices 

(FACTS) is to be done as   Flexible Alternating Current 

Transmission System (FACTS) devices are introduced to 

the power systems to increase the transmitting capacity of 

the lines and provide the optimum utilization of the 

system capability. This is done by pushing the power 

systems to their limits. It is well documented in the 

literature that the introduction of FACTS devices in a 

power system has a great influence on its dynamics. As 

power system dynamics changes, many subsystems are 

affected, including the protective systems. Therefore, it is 

essential to study the effects of FACTS devices on the 

protective systems, especially the distance protection, 

which is the main protective device at EHV and UHV 

levels. Unlike the power system parameters, the 

controlling parameters of FACTS devices, as well as their 

connection points could affect the measured impedance 

even in the case of zero fault resistance. In the presence 

of FACTS devices, the conventional distance 

characteristic such as MHO and Quadrilateral are greatly 

subjected to mal-operation in the form of over-reaching 

or under-reaching the fault point. Therefore, the 

conventional characteristics might not be usable in the 

presence of FACTS devices. 

 

                   V. SIMULATION & RESULT 

 

 

 

 

 

 
   Fig 3. A simple power system compensated by TCSC. 

 
 

 
   Fig 4. Simulation diagram for analysis of TCSC in simple power 

system compensated by TCSC. 
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Fig. 5. TCSC waveforms for a fault on Bus  in Fig. 4. 

(a) Voltage across Thyristor VTh (b) Capacitor current                         

(d) Inductor current.  
 

Above results are obtained with the help of PSIM 

software which will describe the impact of TCSC on the 

performance of distance protection of transmission line.   

 
                          

 

                           VII. CONCLUSION 

 

An analysis of the impact of TCSC on the 

protection of transmission lines during system 

disturbances is presented. The analysis is done by the  

modeling of the power system, TCSC and protective 

relays for validation of the results a commercial relay 

with sophisticated features is used. The results indicate 

that TCSC dynamics have a significant impact on the 

power system protection and its transition from a mode to 

another can create serious problems for the conventional 

relays like forward overreach, reverse overreach, 

miscoordination in primary and back-up protection, 

directional malfunction and adverse effect on distance 

schemes. The work is in progress toward remedial actions 

such as adaptive relaying and optimal pilot protection 

schemes. The results will be reported in future.                
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