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ABSTRACT

In modern days the necessity of electrical power is increased due to rapid industrial development. The sudden
increment in the demand, affect the power system stability and power flow. There is a need of enhancement in
the power transfer capability of existing AC transmission system and power flow control. FACTS devices are
used for controlling the power flow in the transmission line. In this paper, the performance of TCSC is
examined by comparing the real power flow in transmission system with and without TCSC. In an open loop
control, the power flow in transmission line has been controlled by changing the firing angle manually and this
process is very difficult to maintain the desired power flow in the transmission line. A closed loop control is
required to avoid the manual control and maintain the desired power flow in the transmission line. A fuzzy
controller is designed to provide automatic control for TCSC to maintain the desired power flow in the
transmission system and verified the bi-directional real power flow control using TCSC with FLC. The
simulation is carried out by using MATLAB Simulink software package.

Keywords-: TCSC, Flexible AC transmission system, Power Transfer Capability, Fuzzy Logic Controller, Real
Power Flow (RPF).

Date of Submission: 31-08-2017 Date of acceptance: 13-09-2017

reactance. In FSC, Fixed Capacitor is added in
series with the transmission line. The series
capacitor reduces the part of the reactive
impedance of the line then the effective

I. INTRODUCTION
Power system is divided into Generation,
Transmission and Distribution systems.

Transmission system is an interconnected system
which carries power from generation station to load
centers. Generator station generates power to meet
the demand and maintain the system stable. The
load on the power grid is continuously changing
and it increases drastically due to the industrial
development. So the power system engineers are
facing the problems to meet the demand with
existing transmission system. The power transfer
capability can be increased by connecting a new
transmission line parallel with the existing
transmission line, but it is more cost effective and
difficult. To enhance the power transfer capability
of transmission system FACTS Devices are
used.For improving the power transfer capability
and transmitted power of transmission lines, series
compensation is a cost-effective and effective
method. TCSC is a series compensating device
which is connected in series with the transmission
line.

The AC power flow on transmission
system is limited by series reactive impedance of
transmission system. The main purpose of series
compensation is to reduce the transmission line
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impedancevalue of the line is decreased and the
power flow in the line is increased. The major
drawback of FSC is fixed compensation and
discontinuous control operation. TCSC is a most
effective device to control the power flow in the
line and improve the power transfer capability and
it provides the fast and smooth control of line
impedance.

I1. SYSTEM DISCRIPTION
In this paper, a two area system model is
implemented. Two areas are connected by a
transmission line called tie line. The figure below
represents a single line diagram of a two area
system model. The real power flow ‘P’ at the

receiving end isP = V;*Lvr Sin(8s — 6r).
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I1l. TCSC MODULE
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Fig 1: Single line diagram of two area systém
model

The basic TCSC module is a combination
of fixed capacitor (FC) in parallel with a Thyristor
Controlled Reactor (TCR). The TCR is a
combination of reactor in series with the anti-
parallel connected thyristor valves with a firing
angle ranging from 90° to 180° with respect to the
capacitor voltage. The effective inductive reactance
of TCR is varied from finite value (jX,) to infinite
(0).The minimum value (Xtcrmin) Of TCR branch
is obtained at firing angle o= 90° and the maximum
value (Xtcrmax)

Fig 3: Basic TCSC module

of TCR branch is obtained when 0=180°
where TCR act as open circuit. The net reactance
(Xtcsc) of TCSC is a parallel connection of
capacitor and theactual reactance of TCR as shown
below.
—jXc * jXrcr ()
Xrer(0) = jXc

T * XTcR

2(m—a) + sin(2 * a)

Xpesc(@) =

Xpcr(a) =

Xtesc 18 a function of firing angle (o).

The variation of TCSC module reactance Xrcsc
with firing angle or delay angle () is shown below
in Fig.3. TCSC operated in three regions which are
inductive region,

Range of firing angle(a) Region

90< 0= OpLmax

Inductive Region

O Lmax = 0= GlCmin

Resonance Region

O Cmin™ 0= 180

Capacitive Region

Fig 3: Basic TCSC module
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capacitive region and resonance region. TCSC
should not operate in the resonance region because
during this period of operation the device voltages
and currents are very high and the device offers
very high impedance which leads a high voltage
drop across the device.

Characteristics of TCSC:

The TCSC characteristics are obtained
using MATLAB and the results are shown in Fig4.
If the firing angle is increased from the 90° to 138°,
TCSC acts as variable inductor and the region of
operation is known as inductive region and the
firing angle varying from 150° to 180°.

z
‘ " g o 180
0—/""?"% I - Capacitive reg

Inductive region

90 to oy PE ’{" o
Y a

Fig 4: Characteristics of TCSC

TCSC acts a variable capacitor and the
region of operation is known as capacitor region.
For firing angle from138° to 150°, TCSC offers
high impedance and it operates in resonance
region.

CHARACTERISTICS OF TCSC
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Fig 5: Characteristics of TCSC

IV.DESIGN OF FUZZY CONTROLLER
Fuzzy logic control gives more advantages
in real time applications. Fuzzy logic controller
(FLC) is designed based on set of rules
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Fig 6: Fuzzyv editor in MATLAB
(rule based controller). The set of rules are Interface: Interface provides the set control actions
developed based on the application. The decision based on the fuzzy input variables. Mamdani fuzzy
making mechanism gives the output for the given interface is based on the implication method.
inputs based on rules. The fig 6 shows the structure The input to the fuzzy controller is reference power
of fuzzy logic controller in matlab. flow in system and output of the controller is delay
Fuzzification: Fuzzification is a process of angle. The input and output membership functions of
transforming the input crisp value into the fuzzy controller are shown below.

value.

Defuzzification: Defuzzification is process of
transforming the fuzzy value into the crisp value.
Centroid method is used in defuzzification.

V. SIMULATION RESULTS
TCSC Modeling In MATLAB Simulink:

P

Fig 7: Input membership functions

Fig &: Output membership functions
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The simulation of two area system modelwith and without TCSC done in MATLAB SIMULINK is shown in fig

9 and fig 10 respectively.
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Fig 9: Two area system without TCSC
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Fig 10: Two area system with TCSC

Fuzzy controller is used to controlthe power flow in transmission line in a closed loop control.

% 10 Real power flow in transmission line
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Fig 11: Real power flow in transmission line for
uncompensated system
The power flow variations in the transmission line without TCSC are shown in Fig 11.
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Fig 12: Real power flow in transmission line
using TCSC with FLC from areal to areaZ

The power flow variations in the transmission line
with TCSC are shown below Fig 12.The simulation
results show the variation of power flow
improvement in transmission line with TCSC.

The bi-directional characteristics of a two area
system are verified in MATLAB Simulink and the

Power in MW

simulation results are verified with mathematical
calculations. The Fig 13 below shown represents
the bi-directional RPF control using TCSC with
FLC.

Time n seconds

Fig 13: Real Power Flow Controlin transmission
line using TCSC with FLLC from area2 to areal

VI.CONCLUSION

TCSC can be used to enhance the power
flow in the transmission system. In an
interconnected system TCSC is more effective
device to control the power flow and avoid over
loading of transmission system and also improves
the power transfer capability and transient stability
of a system. Fuzzy controller is more effective in
real time applications.

A closed loop control is required to avoid
the manual control and maintain the desired power
flow in transmission line and this can be achieved
by using fuzzy controller and also verified the bi-
directional real power flow control using TCSC
with FLC.
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