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Abstract—The impact of thyristor controlled series capacitor 
(TCSC) on distance protection relays in transmission lines is 
analyzed in this paper. Voltage and current data are measured 
and collected at the relay locations to calculate the apparent 
impedance seen by distance protection relays in the different 
operating modes of the TCSC connected to the line. Short-circuit 
faults which occur at different locations on the power 
transmission line are considered in order to locate the fault for 
the purpose of evaluating the impact of TCSC on the distance 
protection relay. Matlab/Simulink simulation software is used to 
model the power transmission line with two sources at the two 
ends. Voltage source, transmission line, TCSC, voltage and 
current measurement, and discrete Fourier transform (DFT) 
blocks are integrated into the model. Simulation results show the 
impact of TCSC on the distance protection relay and determine 
the apparent impedance and fault location in the line. 

Keywords-apparent impedance; distance relay; firing angle; 
TCSC; transmission line. 

I. INTRODUCTION 

Flexible alternating current transmission systems (FACTS) 
based on power electronics have been developed to improve 
the performance of weak alternating current (AC) systems and 
to make long distance AC transmission systems feasible [1, 2]. 
Series compensation with TCSC has various applications in 
power system control such as readjustment of power flow, 
transient stability control, power oscillation damping control 
and sub-synchronous resonance mitigation because of its 
continuously varying reactance capability [3, 4]. The presence 
of a TCSC in fault loop affects both steady state and transient 
components of the voltage and current. Moreover, variable 
capacitance or inductance in TCSC can lead to sub-
synchronous oscillations under overreaching distance 
protection and has an influence on the apparent impedance seen 
by distance protection relays [5, 6]. Hence, a model for the 
development of a simulation tool that analyzes the impact of 
TCSC on distance protection relay in power transmission lines 
is necessary. 

Authors in [7] proposed the fault direction estimation 
technique for a transmission line with a TCSC. A compensated 

line imposed problems to directional relaying schemes due to 
reactance modulation, current, and voltage inversion issues and 
TCSC-control action in order to estimate the direction of fault 
for a line with TCSC. Authors in [8] considered TCSC as a 
dynamical device which had the response to disturbances based 
on its own control strategy. It concluded that not only TCSC 
affects the protection of its line, but also the protection of 
adjacent lines would experience problems. In [9], the impact of 
TCSC on the performance of conventional communication 
aided distance protection schemes was analyzed. Authors also 
proposed new schemes for mitigating the impact of TCSC 
which used the information available at the substation to inhibit 
relay malfunctions. Authors in [10] presented a new protective 
scheme for transmission lines compensated by TCSC. The 
scheme employed the averages of voltage and current, a new 
criterion was introduced to discriminate between forward and 
reverse faults. Authors in [11] proposed a new high speed Mho 
distance protection scheme for single line to ground faults in 
TCSC line in which fault voltage and current at relay point and 
firing angle from the TCSC substation were taken as the input 
for the Mho relay. 

The objective of this paper is to model and analyze the 
impact of TCSC on the performance of based protection relays 
under normal operation and different single-phase to ground 
fault conditions. Therefore, to address the aforementioned 
issues, this paper develops a simple power system model 
including a transmission line with a TCSC and single-phase to 
ground faults are investigated. According to the simulation 
results, the apparent impedance seen is calculated to analyze 
the impact of TCSC to distance protection relay on the line.  

II. OPERATION PRINCIPLES OF TCSC 

TCSC is used in power systems to dynamically control the 
reactance of a transmission line in order to provide sufficient 
load compensation [12]. The benefits of TCSC are seen in its 
ability to control the amount of compensation of a transmission 
line, and in its ability to operate in different modes. These traits 
are very desirable since loads are constantly changing and 
cannot always be predicted. TCSC designs operate in the same 
way as fixed series compensation, but provide variable control 
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of the reactance absorbed by the capacitor device. The control 
scheme of a TCSC [13] is shown in Figure 1. 

 
Fig. 1.  Control scheme of TCSC. 

Change of impedance of TCSC is achieved by changing the 
thyristor controlled inductive reactance of inductors connected 
in paralleled to the capacitor. The magnitude of inductive 
reactance is determined by the firing angle α, which can also be 
controlled continuously by the flowing amplitude of current 
reactor from maximum value to zero. Firing angle switching 
thyristors can change inductive reactance controlled choke 
from a minimum value to, theoretically, infinite value. The 
TCSC equivalent reactance is as a function of its capacitive and 
inductive reactance parameters, and the firing angle [14, 15]: 
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An appropriate value for capacitance and inductance of a 
TCSC device is based on the net reactance of the transmission 
line and expected power demands in future. Selection of 
capacitance and inductance values of TCSC can be 
summarized by the following steps: 

 Step 1: Select the degree of compensation (K). 

 Step 2: Calculate capacitive reactance (XC) and capacitance 
value of TCSC from (6) and (7), respectively. 

C TLX K X      (6) 

where XTL is the total reactance of the transmission line. 

The capacitance value of TCSC is given by (7): 
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where f is the fundamental frequency. 
 Step 3: The choice of inductance value depends on the 

length of operating area required for inductive and 
capacitive region. It is decided by the factor , given in (5) 
by shifting the position of resonance region. Finally, 
inductance value of TCSC is given by (8): 
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The TCSC capacitive and inductive reactance values should 
be chosen carefully in order to ensure that just one resonant 
point is present in the range of 90o to 180o. Figure 2 shows the 
TCSC fundamental frequency reactance, as a function of the 
firing angle. 

 

 
Fig. 2.  TCSC fundamental frequency reactance characteristic curve. 

TCSC operates in different modes depending on when the 
thyristors for the inductive branch are triggered. The modes of 
operation are [16]: 

 Blocking mode: Thyristor valve is always off, opening 
inductive branch, and effectively causing the TCSC to 
operate as fixed series compensation. 

 Bypass mode: Thyristor valve is always on, causing TCSC 
to operate as capacitor and inductor in parallel, reducing the 
current through TCSC. 

 Capacitive boost mode: Forward voltage thyristor valve is 
triggered slightly before capacitor voltage crosses zero to 
allow current to flow through the inductive branch, adding 
to capacitive current. This effectively increases the 
observed capacitance of the TCSC without requiring a 
larger capacitor within the TCSC. 

The presence of TCSC systems with its reactor (XTCSC) has 
a direct influence on the total impedance of the protected line 
(Zij), especially on the reactance Xij and no influence on the 
resistance Rij. The new setting zones (zone 1, zone 2, and zone 
3) for a protected transmission line with TCSC connected at 
midline are: 
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 1 0.8 ij ij TCSCZ R jX jX         (9) 

   2 0.2ij ij TCSC jk jkZ R jX jX R jX          (10) 

   3 1.2ij ij TCSC jk jkZ R jX jX R jX         (11) 

where Z1, Z2, Z3 are setting zones 1, 2 and 3, respectively, Rij, 
Xij are resistance and reactance of the protected line ij, 
respectively and Rjk, Xjk are resistance and reactance of the line 
jk which follows the line ij, respectively. 

III. MODELING OF IMPACT OF TCSC ON DISTANCE RELAY 

A. Studied System Description 

A 3-phase, 500kV, 400km long transmission line, as shown 
in Figure 3, is investigated in this section. The transmission line 
has a TCSC at the sending end of the line. The transmission 
line and TCSC parameters are given in the Appendix. 
Inductance and capacitance of TCSC are determined by using 
the previous equations and they are also given in the Appendix. 
By changing the firing angle from 150o to 180o, TCSC 
capacitive reactance calculated using (1) is shown by negative 
values in Figure 4. TCSC provides 20% compensation at 180o 
(minimum), 69.53% compensation at 150o (maximum) firing 
angle. 

 

 
Fig. 3.  The transmission line with TCSC. 

 
Fig. 4.  TCSC capacitive reactance based on the firing angle. 

The studied power system has been simulated using 
Matlab/Simulink software. Voltage and current data are 
collected at a sampling frequency of 1.0kHz. Samples of 
voltage and current signals are used to determine the phasors 
which are used to calculate the apparent impedance seen by the 
relay and to determine a fault in distance relay's zone of 
protection. DFT is a tool for the phasor estimation of voltage 
and current signals. The algorithm for single-phase to ground 
(Ph-G) fault is shown in Figure 5. The algorithm can be 
explained by the following steps: 

 Step 1: Set system conditions including parameters of the 
sources and transmission line. 

 Step 2: Set single-phase to ground fault in the line. 

 Step 3: Acquire voltage and current from voltage 
transformers VTs and current transformer CTs. 

 Step 4: Computation of voltage Vph and current Iph phasor 
components using DFT. 

 Step 5: Computation of the zero-sequence current phasor 
component I0. 

 Step 6: Computation of the apparent impedance seen by the 
distance relay as (12). 
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where Vph, Iph are the faulted phase voltage and current, 
respectively, I0 is the zero-sequence current component and 

 0 1 1 k z z z . z0, z1 are zero-sequence and positive-sequence 

line impedances per kilometer. 

 Step 7: Update the fault position and resistance and return 
to Step 2. 

 Step 8: Finally, determine resistance and reactance R, X. 

 

 
Fig. 5.  The flow diagram for tripping characteristics. 

B. Simulation Results and Discussion 

In order to verify the correctness of the modeling of impact 
of TCSC on the apparent impedance seen by distance 
protection relay, the system described in the previous section 
was modeled in Matlab/Simulink as shown in Figure 6. In this 
model, the three-phase source blocks, Source A and Source B, 
implement a balanced three-phase voltage source with internal 
R-L impedance. The two voltage sources are connected in Y 
with a grounded-neutral connection. The transmission line 
block implements a balanced three-phase transmission line 
model with parameters lumped in a PI section. The line 
parameters R, L, and C are specified as positive- and zero-
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sequence parameters that take into account the inductive and 
capacitive couplings between the three phase conductors, as 
well as the ground parameters. The line is divided in two 
segments (segment 1 and segment 2) because the Ph-G fault is 
located at mid-point of the line. The fault location can be 
changed by setting the length of the two segments. It is 
assumed that the fault location is at different positions on the 
line and it occurs at 0.4s in total simulation time of 2 seconds. 
Moreover, the fault resistance is also changed from 0Ω to 50Ω 
in order to evaluate the impact of TCSC on the relay A. TCSC 
is modeled by using a series RLC branch block which can 
change its reactance parameters according to the equations 
presented in Section II. The firing angle is set to change the 
reactance of TCSC and simulate the changing apparent 
impedance seen by distance relay. However, the firing angles 
of TCSC, 180o, 155o, and 150o are used to measure the impact 
of TCSC on distance relay tripping characteristics in this study. 

 

 
Fig. 6.  Simulated system 

A Ph-G fault beginning at 0.4 seconds is established at the 
100% of the line length and the fault resistance is set by zero 
(Rf=0Ω). Four hypotheses (without TCSC in the line, with 
TCSC at the firing angle of 180o, 155o, and 180o) are simulated 
in the study. With total time of 2 seconds, the simulation results 
of this case, including the phase current, phase voltage, zero-
sequence current, and apparent impedance seen by the relay A 
are shown in Figure 7. Meanwhile, the voltage and current 
measurement data are acquired by VTs and CTs and are 
sampled by a specific period. The magnitude of faulted phase 
current at the relay A is shown in Figure 7(a). At the beginning 
time of the fault (0.4 seconds), there is a transient period in the 
current magnitudes and then they are stable at their new steady 
state. Because of the firing angle, the faulted phase current 
magnitudes are at different values as shown in Figure 7(a). 
Among these values, the current magnitude in the case with 
TCSC at the firing angle of 150o is the highest one and the 
current magnitude in the case without TCSC is the lowest one 
because the firing angle changes the reactance of TCSC. The 
magnitude of faulted phase voltage at the relay A is shown in 
Figure 7(b). After the fault starts, the phase voltage magnitude 
decreases to new value. However, the voltage magnitude in the 
case with TCSC at the firing angle of 150o is the lowest one 
and the voltage magnitude in the case without TCSC is the 
highest one. The zero-sequence current is shown in Figure 7(c). 

Before the fault occurs, it is zero because the system is almost 
balanced. Ph-G fault is applied at 0.4 seconds and the zero-
sequence current increases. The component is also used to 
calculate the apparent impedance seen by the relay A which is 
shown in Figure 7(d). The apparent impedance seen by the 
relay A depends on the firing angle of TCSC. The impedance 
in the case with the presence of TCSC at the firing angle of 
150o is the lowest one and the impedance in the case without 
TCSC is the highest one. 

 

 
 

 
 

 
Fig. 7.  Apparent impedance for solid fault at 100% line length. 

0 0.5 1 1.5 2
0

2

4

6

8

10

 12

t  (sec)

(a) Phase current

I ph
 (

kA
)

T CSC  = 150o

T CSC  = 155o

T CSC  = 180o

Without T CSC

0 0.5 1 1.5 2
360

370

380

390

400

410

420

t (sec)
(b) Phase voltage

V
ph

 (
kV

)

Without  T CSC T CSC  = 180o

T CSC  = 155o

T CSC  = 150o

0 0.5 1 1.5 2
0

100

200

300

400

500

600

700

800

t (sec)
(c) Zero-sequence current

I 0 (
A

)

Without  T CSC

T CSC  = 180o

T CSC  = 155o

T CSC  = 150o

0 0.5 1 1.5 2
0

50

100

150

200

250

300

350

400

450

t (sec)
(d) Apparent  impendance

Z
 ( 

) Without T CSC

T CSC  = 180o

T CSC  = 155o

T CSC  = 150o

(b) Phase voltage 

(a) Phase current 

(c) Zero-sequence current 

(d) Apparent impedance 



Engineering, Technology & Applied Science Research Vol. 8, No. 5, 2018, 3332-3337 3336  
  

www.etasr.com Khoa & Tung: Modeling for Development of Simulation Tool: Impact of TCSC on Apparent Impedance … 
 

In order to show the changing apparent impedance seen by 
the relay A according to the fault location, the fault is assumed 
to occur at different locations on the line by varying the length 
of two segments of the line. The locations range from 0 to 
100% of the line length. In this situation, the apparent 
impedance seen by the relay A is shown in Figure 8. It is clear 
that the apparent impedance without TCSC increases linearly 
by the fault location in the line. In the situation with TCSC, the 
apparent impedance seen by the relay A changes nonlinearly by 
the fault location in the line. With TCSC at the firing angle of 
180o, 155o, and 150o an impedance resonance point occurs 
between the reactance of TCSC and the impedance of line. The 
point is the lowest impedance in its characteristic as shown in 
Figure 8. Therefore, the firing angle of TCSC has an influence 
on the apparent impedance seen by the relay A. 

 
Fig. 8.  Apparent impedance according to fault location. 

In this work, high resistance faults are considered in order 
to investigate the influence of TCSC on apparent impedance 
seen by the distance relay A. The fault resistances are changed 
in the range of 0 to 50Ω. Because of the fault resistance, the 
apparent impedance will be changed as shown in Figure 9. The 
curves in Figure 9, including cases: without TCSC, with TCSC 
at the firing angle of 180o, 155o, and 150o are shown. This 
states that the modeling of the system can be used to analyze 
the impact of TCSC and the fault resistance on apparent 
impedance seen by the relay A comprehensively. 

 
Fig. 9.  Apparent impedance according to fault resistance. 

The simulation results shown in Figure 10 are the hybrid of 
fault location and resistance. The fault locations range from 0 
to 100% of the line length and the fault resistances are set at 0, 
10, 20, and 30Ω. All faults simulated in this work are the Ph-G 
fault that occurs at 0.2 seconds. The apparent impedance (Z) 
seen by the relay A is separated to the resistance (R) and 
reactance (X). They are shown in impedance plane in which x-

axis is the resistance and y-axis is the reactance. In addition, the 
Mho characteristic of zone 1 is also plotted in order to identify 
the faults inside or outside zone 1. 
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Fig. 10.  Mho characteristic of distance relay according to the firing angle 
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The results in Figure 10 are for the cases without TCSC and 
with TCSC with firing angle at 180o, 155o, and 150o. 
Simulation results show that the firing angle of TCSC has an 
impact on the distance relay A. This can make the relay unable 
to operate correctly when the fault occurs because the point is 
outside of the zone 1. Therefore, the zone 1 is modified 
according to the firing angle of TCSC to identify the fault 
correctly (Figures 10(b)-(d)). 

IV. CONCLUSION 

Modeling for development of simulation tool of impact of 
TCSC on apparent impedance seen by distance protection 
relays has been proposed in this study. The algorithm for 
determining capacitance and inductance parameters of TCSC 
has been developed comprehensively and the method for 
calculating resistance and reactance seen by distance relay has 
been proposed. A 3-phase, 500kV transmission line in presence 
of TCSC which affects relay settings for fault conditions has 
been modeled and simulated in Matlab/Simulink. In the model, 
Ph-G faults are applied in the line at different locations in order 
to evaluate the impact of TCSC on distance relays. Simulation 
results show that the firing angle of TCSC has an impact on 
apparent impedance seen by distance protection relays. 
Therefore, it is necessary for distance relay to adjust new 
settings in its Mho characteristics and adapt to system 
conditions according to the firing angle of TCSC. 

APPENDIX 
 The parameters of each source are: 
Voltage at both sources: 500kV line-line rms, 50Hz 
Thévenin's resistance and inductance of: 
Source A: R=0.8929Ω, L=16.58mH 
Source B: R=0.8929 Ω, L=16.58mH 
Phase angle between two ends: 10o 
 The parameters of the line are: 
Length of line: 400km 
Positive-sequence parameters: 
Positive-sequence resistance: r1=0.01273Ω/km 
Positive-sequence inductance: L1=0.9337mH/km 
Positive-sequence capacitance: C1=12.74nF/km 
Zero-sequence parameters: 
Zero-sequence resistance: r0=0.3864Ω/km 
Zero-sequence inductance: L0=4.1264mH/km 
Zero-sequence capacitance: C0=7.751nF/km 
 The parameters of TCSC: 
Capacitance: C=0.136mF 
Inductance: L=10mH 
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