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ABSTRACT

Interconnected transmission system provides a widescope for power sharing thereby avoiding chances of
overloading in transmission lines. But this can be achieved only with proper control on the transmission
network.[1] To improve the real power flow in the transmission lines by varying the reactance of transmission
line. Real power flow can be control with the SSC but the capacitor is of fixed value so the smooth variation in
reactance cannot be achieved. TCSC can be used to have a smooth and controllable reactance of transmission
line. Control of TCSC by varying the firing angle is simulated using MATLAB. A hardware implementation of
TCSC to analyses the power flow control is developed in a 2-bus system.
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I. INTRODUCTION

Modern 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 power system should adapt to momentary system conditions, in other words, power system should be
flexible [11].

The widespread use of electronic equipment, such as information technology equipment, power electronics such
as variable speed drives, programmable logic controllers, and energy efficient lighting LED, static rectifier,
converters to a complete change of electric loads nature .So to improve the voltage profile, stability of system,
enhancement of power quality and reliability of power etc. the various flexible alternating current transmission
system are come in electrical network. The FACTS based application of power electronic devices effective for
the power distribution systems to enhance the quality of power fed to the consumers. The cores of FACTS
technology consist of high power electronics, a variety of thyristor devices, micro-electronics, communications
and advanced control actions. By FACTS, operator governs the phase angle, the voltage profile at certain buses
and line impedance. Power flow is controlled and it flows by the control actions by the use of FACTS devices,
which contain (i) Static VAR Compensators, (ii) Thyristor Controlled Series Capacitors, (iii) Static

Compensators, (iv) Static Series Synchronous Compensators, etc.
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Flexible AC Transmission Systems (FACTS) are the name given to the application of power electronics devices

to control the power flows and other quantities in power systems.

Basic Types of FACT’S Controllers

In general, FACTS Controllers can be divided into four categories:

1. Series Controllers

2. Shunt Controllers

3. Combined series-series Controllers
4

Combined series-shunt Controller
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Fig 1.Classification of FACTs Devices

IV.TCSC

A capacitive reactance compensator which consists of series capacitor bank shunted by a thyristor controlled
reactor in order to provide a smoothly variable series capacitive reactance. [9]

TCSC as one of the most attractive FACTS technology which offers fast, smooth, and flexible control of the line
impedance in transmission line. TCSC is used to provide various benefits to the power systems including
transient stability improvement, Sub-Synchronous Resonance (SSR) mitigation, power swings damping and
fault reduction etc. The objective of TCSC is to control the real power flow in the transmission line. It can be
achieved by varying and controlling the reactance of the transmission line. FACTS devices like TCSC can be
used to provide a smooth variation in reactance. TCSC is connected in series with transmission line and the

firing angle of the TCSC module is varied or controlled to achieve a smooth variation in power flow.
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V.OPERATION OF TCSC

TCSC falls under category of series controller. TCSC is composed of a fixed capacitor (FC) in parallel with a
Thyristor Controlled Reactor (TCR). The switching element of the TCR consists of two anti-parallel thyristors,
which alternate their switching at the supply frequency. The system is controlled by varying the firing angle of

the thyristor firing pulses relative to the crest of the capacitor voltage. Fig. 2 shows the circuit diagram of TCSC.

Fig 2. TCSC Circuit diagram [1]
5.1 Modes of Operation:
1. Blocking Mode —In this mode, they are not triggered thus opening inductive branch. In such actually
operate as fixed series capacitor.
2. Bypass Mode-In this mode they are actually ON. In such mode thyristor & capacitor are parallel help in
reducing current through TCSC.
3. Boost Mode-In this mode, thyristor are triggered slightly before capacitor voltage reaches or crosses zero.

Thus, allowing current to flow through inductive branch addition to capacitive current

VI.RESULT AND DISCUSSION

Fig 3 shows the simulation diagram of 2 bus system. It consists of TCSC, control circuit, firing circuit.

Fig 3 Simulation of 2 bus system

Fig 3 Shows the Single Phase with TCSC Simulink model. It consist of single phase 230V connected to the two
transmission lines with the TCSC model. The single phase 230V supply has taken at load end. RL type of load

is connected to the system. We are generating the pulses by comparing reference voltage and load voltage. The
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simulation is done with the 10 % compensation in system. It is clear that power at receiving end is compensated

and the source side power is almost same as at receiving end

1 4_*;};

Scopes.

(TCsc)

Fig 4 Simulation three phase model
Fig 4 shows the simulation model of three phase model. It consists of a firing unit, control system
programmable voltage sources and TCSC. TCSC is connected after a transmission line and the power transfer is

seen at the scopes. The model can be operated in inductive either capacitive mode.

Results of Inductive mode

Impedance=57 ohm

Fig 5 Results of inductive mode
Fig 5 shows the results of inductive mode. It shows result at various impedance values. It shows graphs of
power in MW, impedance of TCSC and alpha i.e the firing angle. The firing angle is set at 0.5 sec. From 0-0.5
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sec power is not constant it varies at 0.5 sec the impedance of TCSC is increased and the power transfer is

constant. As the impedance is increased the power transfer is low and constant in inductive mode.

Results of Capacitive mode :

Impedance=135 ohm

Fig 6 Results of capacitive mode
Fig 6 shows the results of Capacitve mode. It shows result oat various impedance values. It shows waveforms of
power in MW, impedance of TCSC and alpha i.e the firing angle. The firing angle is set at 0.5 sec. From 0-0.5
sec power is constant it varies at 0.5 sec the impedance of TCSC is increased and the power transfer is constant.

As the impedance is increased the power transfer is increased and constant in capacitive mode.
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VIlI. HARDWARE

Fig 7 Hardware Diagram
The figure 7 shows the overall diagram of hardware. It consists of injection transformer, ZCD circuit, TCSC

circuit having a inductor and capacitor and TRIAC is used for triggering.

Fig. 8 Capacitor voltage in inductive region

The figure 8 shows the output of Capacitor voltage in inductive region waveforms.
Hantek ApdF] : i WWWWWWWA 2.00ms

Fig 9 Capacitor voltage in capacitive region

The figure 9 shows the output of Capacitor voltage in capacitive region waveforms

VIII.CONCLUSION
TCSC can be used to improve the power flow intransmission network. In an interconnected system this

devicealso helps in power sharing between transmission lines. Operation of TCSC in both inductive and
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capacitivemode is explain. The results shows that the over flow reduces in inductive mode and increases in
capacitive mode as the impedance is varied.. Thususing TCSC ensures a smooth control ofpower flow in
transmission line over a wide range.Also an improvement in the efficiency and voltage regulation of
transmission line. TCSC is more effective than other compensating techniques such as mechanical switching

capacitors and synchronous condensers.
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