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Abstract: This paper presents the performances of the Thyristor Controlled Series Compensator (TCSC) in
controlling the loading under various perturbations that may occur in the transmission power system. By
controlling the line reactance, TCSC is indirectly contributing to the enhancement of the loading capability of
the transmission network. Simulations were performed on the test network called TEST2 using the EUROSTAG
software. Both static and dynamic simulations were performed, while analyzing the voltage control and the
change in the active power under various disturbances, as well as the power losses under steady-state.
Keywords: Thyristor Controlled Series Compensator (TCSC), Power System stability.

I.  Introduction

Transmission line congestion is one of most major difficulties in the operation of restructured power
systems. In a competitive Power market, the power system is called congested when participant of electric
energy desire to produce and consume in amounts that would cause the transmission system to operate at or
beyond one or more transfer limits and as a result some economic generators become unemployable [1]. To
overcome this difficulty and optimal usage of existent transmission grid, Power systems have exploited series
FACTS devices to increase lines load ability. As a result, power system operators can use current transmission
systems at their maximum thermal capability [2].

Series Flexible AC Transmission Systems (FACTS) devices such as Thyristor Controlled Series
Compensation (TCSC) can have a significant impact on operational flexibility and controllability of the power
system. They can dynamically change the total reactance of transmission lines and control the power flow
through lines in a way to increase the transient stability margins and make the system more secure. Power flow
in Electrical Power System can be improved by adjusting reactance parameter of the transmission line. It can
also be enhanced by adding a new transmission line in parallel with the existing one [3]. Thyristor Controlled
Series Capacitor (TCSC) is one such device, which offers smooth and flexible control of the line impedance
with much faster response compared to the traditional control devices. While there have been numerous studies
concerning the utilization of these devices, so far, most of the research has focused on issues such as transient
stability improvement, sub-synchronous resonance (SSR) mitigation, damping of power swings, avoiding
voltage collapse and controlling power flows, etc [4],[5].

FACTS devices, such as controllable series capacitors TCSC can help to reduce the transmission
congestion, resulting in an increased loadability, low system loss, improved stability of the network, decreased
cost of production and fulfilled contractual requirement [6]. There have been several of these FACTS devices
applied to real power systems in the United States and other places [7]. A TCSC was installed at Kayenta
substation in Arizona to compensate its 300km, 230kV transmission line. This TCSC was used to evaluate
transmission line capacity enhancement, power flow control, and damping of sub-synchronous resonance [8].
Similar system has been installed in Slatt substation in Oregon [9]. In China, a TCSC is applied at Fengtun
station for the 500kV Yimin - Fengtun line [10]. The TCSCs are still under evaluation for power system
stabilization to prove it effective for capital investment reduction [11].FACTS can improve both dynamic and
static performance of the system. Optimal location of FACTS has been investigated in many researches. Static
indexes such as system cost, system loadability and voltage deviation have been optimized in many papers.In
[12] the optimal location, type and values are determined to improve loadability of the system.[13] optimizes the
location of FACTSs to minimize the overall system cost, which compromises of generation cost and investment
cost. [14] uses a multi objective of total fuel cost, power losses and system loadability. In this research optimal
location of FACTS devices are determined to improve only static criteria. Allocating FACTS to improve
dynamic indexes haven’t been wholly considered, yet.

Il. Modeling The Tcsc Compensator
The variable series compensation is highly effective in both controlling power flow in the line and in
improving stability. With series compensation the overall effective series transmission impedance from the
sending end to the receiving end can be arbitrarily decreased thereby influencing the power flow,

P=U2/X sinc Q)
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Thyristor Controlled Series Capacitor (TCSC) is an important FACTS component which makes it possible to
vary the apparent impedance of a specific transmission line [15].
A .Steady-state model

The IEEE defines the TCSC as a capacitive reactance compensator which consists of three main
components, capacitor bank C, bypass inductor L and bidirectional thyristors SCR1 and SCR2. Series capacitive
compensation has been used to increase line power transfer as well as to enhance system stability. TCSC have
many different structure, one of this basic formulation is shown in figure.1, shown that affixed capacitor and
parallel connected of TCR., A parameter to describe the TCSC main circuit is which is the quotient of the
resonant frequency and the network frequency resulting in,
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Fig.1 Thyristor-Controlled Series Capacitor TCSC.

TCSC is a device connected in series with a transmission line. It can change the line reactance Xj;,. and therefore
is able to control the active power flowing over the line [16].

TCSC consists of several modules built of a fixed capacitance in parallel with a thyristor controlled inductor .
Therefore, the equivalent reactance X.q of each individual module is considered which is determined by the
firing angle of the thyristors by,

Xeq (O‘)ZW 3)
where ,
B, (a):—w—t(l—%—%] ,  Bo Wg

For the total reactance value of the TCSC, the equivalent reactances of the modules are added. As each
module is controlled separately, the unavailable band around zero can be covered. Thus, the device is modeled
as a variable reactance Xycsc connected in series with the line, as in Figure 2 the total reactance X, of the line
including the TCSC is therefore,

Xline=X *X1Csc 4)

where,
X is the reactance of the line without the TCSC installed.
The reactance XTCSC is limited to the domain,

X1cse max<XTesc <XTesc min ()

where the values of Xrcsc min @nd Xtcscmax are determined by the size of the TCSC device and the characteristics
of the line in which it is placed, since due to the physics the allowed compensation rate of the line is limited
[17].

This range is set to 40% inductive and 90% capacitive. Therefore, the final constraint on the effective
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Fig.2 modeling of TCSC.

I11. Case Study
The simulation was performed on the test network called TEST 2, which consists of 13 buses, 15
transmission lines (single and double circuit), 8 loads and 5 generating units. The slack bus is associated to bus
12. The total active power generation is 1291 MW, and the total active power load is 1265 MW. The network
nominal voltage is 220 kV Figure 3 illustrates the one-line diagram of the test network [18].
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Fig. 3 one-line diagram of TEST 2
The branch data of the test network are presented in Table I, and the bus data are presented in Table I1.

Table. I. Branch data

From |To l\!o. _of Length [R X B
circuits|[km]  [[Q] [Q] [uS]
1 2 1 150 9.9 60.6 416
2 3 1 80 5.3 323 222
2 4 1 112 7.1 45.2 311
5 6 2 100 33 20.9 544
6 7 1 90 6.65 37.9 243
7 8 1 70 4.6 28.3 195
7 9 1 60 4 24.2 167
9 10 1 80 5.3 32.3 222
1 10 1 75 55 315 202
10 11 1 120 7.9 48.5 333
11 13 1 80 53 32.3 222
11 12 1 55 3.6 22.2 153
12 13 1 83 5.5 335 230
1 12 2 150 4.9 314 812
4 5 1 60 4 24.2 167
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Table. Il. Bus data

Bus Pc Qc Pg Usp Qmin Qmax
No. |Type |[MW] |[MVAr] | [MW] ] [kV] [MVAr] | [MVAr]
1 C 250 155 0 220 0 0

2 G 0 0 255 230 0 190
3 C 60 35 0 220 0 0

4 C 190 130 0 220 0 0

5 G 0 0 240 225 0 180
6 C 220 135 0 220 0 0

7 G 0 0 240 | 225 0 180
8 C 65 35 0 220 0 0

9 C 130 70 0 220 0 0

10 |C 200 140 0 220 0 0

11 |G 0 0 165 | 233 -60 160
12 |S 0 0 395 235 0 300
13 |C 150 90 0 220 0 0

The variables presented in Tables | and 11 are:

R — branch resistance;

X — branch inductive reactance;

B — branch capacitive susceptance;

P. — active load power;

Qc — reactive load power;

Pg — active generated power;

Usp — specified voltage at generator buses;
Qnmin — minimum reactive power at generators;
Qmax — maximum reactive power at generators;

G stands for generator buses, C stands for consumer/load buses, and S stands for the slack bus.

A. TCSC placement on the TEST2 network

Three scenario were considered for simulating a TCSC in the TEST2 network, that is the base case, increase in
the load flow and decrease in the load flow. Also, Two candidate lines are considered that is the lines the border
lines between the North and the South parts of the system, which are line 1-2 and line 9-10.

e Inserting a TCSC on the line 9-10

The purpose is to determine the TCSC reactance necessary to achieve a change in the power flow on the line 9-
10 by 5 MW. The direction of power flow in the base case is from bus 10 to bus 9.

Base case: P1g.9 =17.278 MW

Power flow increase: P109=22.278 MW, Xicsc=-69Q

Power flow decrease: P10.9=12.278 MW, Xticsc=117Q

The line loading and the voltage profile for the three scenario when considering a TCSC on the line 9-10 are
presented in Figures 4 and 5.
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Fig.4 The line loading for TEST2, when TCSC installed on the line 10-9.
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Fig.5 The voltage level in the bus for TEST2, when TCSC installed on the line 10-9.

e Inserting a TCSC on the line 1-2

The direction of power flow in the base case is from bus 2 to bus 1.

Base case: P,.,=77.968 MW

Power flow increase: P,.1=282.968 MW, Xtcsc=-14Q

Power flow decrease: P,.1=72.698 MW, X1csc=17Q

We can see that by increasing the power flow in the same direction as for the base case, the voltage at bus 10 is
improved

The line loading and the voltage profile for the three scenario when considering a TCSC on the line 1-2 are
presented in Figures 6 and 7.
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Fig.6 The line loading for TEST2, when TCSC installed on the line 2-1.
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Fig.7 The voltage level in the bus for TEST2, when TCSC installed on the line 2-1.

V. Conclusion
Comparing the results from the two cases we may say that the reactance necessary for the same
purpose if much bigger for the line 9-10 than for the line 1-2. On the other hand in the case of line 9-10,
insertion of a TCSC is not effective because a very large device is require to achieve a small change in the
power flow. This aspect can be influence by many factors, including the amount of power demand in the target
area or the presence of generators in the direction of the power flow. Also, we may conclude that a TCSC may
not be able to significantly change the power flow in large loops but probably in the case of parallel lines.
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