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ABSTRACT

Electric power system faces many issues that limits their capability
to work with max. Power transfer one of these issues are the faults that
can occur on the inter connected power system which make some
disturbance on the power system stability and control.

In order to increase the power system transfer capabilities, the
Flexible Ac transmission, system (FACTS) can be a solution with its
different categories. One of categories is called thyristors controlled
series capacitor (TCSC) which is connected in series with the network
and used to increase the power transfer capability by controlled the
overall effective transmission line impedance. TCSC shows great ability
to control the real and reactive power along with voltage magnitude. But
there is a leak of in information about the operation of TCSC during
faults conditions. In this thesis, the operation of TCSC during fault
conditions is taken in consideration. To do that, two-test systems was
modelled using two Matlab software and Neplan program, the simulation

results shows a great effect of TCSC on the operation of test systems.
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Chapter One
Introduction

1.1- Background

The electricity supply industry is undergoing a profound
transformation worldwide. Market forces, a shortage of natural resources
and an increasing demand for electricity are some of the drivers of
unprecedented change. In this rapidly evolving context, the expansion
programs of many public utilities are thwarted by a variety of well-
founded environmental, land-use and regulatory pressures that prevent
licensing and the construction of new transmission lines. and electricity
generating plants. An in-depth analysis of the options available to
maximize existing transmission assets, with high levels of reliability and
stability, has pointed in the direction of power electronics. There is
general agreement that new power electronics equipment and techniques
are possible substitutes for conventional solutions, which are typically
based on electromechanical technologies that have slow response times
and high maintenance costs.

An electric power system can be seen as the interconnection of
generating sources and customer loads through a network of transmission
lines, transformers and auxiliary equipment. Its structure has many
variations that are the result of a legacy of economic, political,
engineering and environmental decisions. Depending on their structure,
energy systems can be broadly classified into mesh and longitudinal
systems. Mesh systems can be found in regions with a high population
density and where it is possible to build power plants near load demand

centers. Longitudinal systems are found in regions where large amounts
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of energy must be transmitted over long distances from power plants to
load demand centers.

Regardless of the structure of an energy system, energy flows
through the network are largely distributed based on the impedance of the
transmission line. A transmission line with low impedance allows a
greater flow of energy through it than a transmission line with high
Impedance. This is not always the most desirable result because it often
leads to a myriad of operational problems; The system operator's job is to
step in to try to achieve redistribution of energy flow, but with limited
success. Examples of operational problems that can be caused by
unregulated active and reactive power flows are: loss of system stability,
power flow loops, high transmission losses, voltage limit violations,
inability to utilize capacity from the transmission line to the thermal limit
and cascade tripping.

In the long term, these problems have traditionally been resolved
through the construction of new power plants and transmission lines, a
solution that is costly to implement and that involves long construction
times and opposition from lobbyists. A new solution to such operational
problems is expected to hinge on the improvement of existing
transmission corridors through the use of the latest electronic power
equipment and methods, a new technological thinking that comes under
the generic title of FACTS, an acronym for transmission. AC flexible
systems.

FACTS technology has to do with the ability to adaptively control
the path of energy flows through the grid, where before the advent of
FACTS, high-speed control was very restricted. The ability to control line
impedance and nodal voltage magnitudes and phase angles at the send
and receive ends of key transmission lines, almost without delay, has

significantly increased network transmission capabilities while Greatly
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Improves system security. In this context, power flow computer programs
with FACTS controller modeling capabilities have been very useful tools
for planners and system operators to assess the technical and economic
benefits of a wide range of alternative solutions offered by FACTS
technology, including TCSC [1]. These programs include MATLAB and
NIPLAN.

18



1.2- Literature Review

Several references can be found in the technical literature on the
development of stable, dynamic and linearized models of TCSC.

"NY Power & Light" used for the first time in the United States
(1928) a more economical technique, such as "Fixed Series
Compensation (FSC)", which uses fixed capacitors (FC) to increase the
power transfer Capability. The FSC had been successful for many years
to improve the stability and load capacity of transmission lines. The FSC
had been successful for many years to improve the stability and load
capability of transmission lines. The power oscillation damping problem
as experienced by the Mojave generator station in southern Nevada in the
1970s and 71s, where two axes of the turbine generator failed has limited
the use of FSC [2]. Vithayathil. (1986) proposed a method of “rapid
adjustment of the impedance of the network"” consisting of the series
compensating capacitor derived by a thyristor controlled reactor. In a
practical implementation of TCSC, several of these basic compensators
can be connected in series to obtain the desired voltage rating and
operating characteristics [3].The TCSC test (first single phase) began in
1991 by American Electric Power Co., based in Columbus, Ohio [4].

In [5], a recently the thyristor for Thyristor Controlled Series
Compensation (TCSC) was developed. Mathematical models based on
semiconductor physics and a comprehensive series of high current tests
for unusually severe requirements were made.

The world's first TCSC facility (the manufacturer named it as
Advanced Series Capacitor) is in the Kayenta substation between Glen
Canyon and Shiprock, Arizona, USA. UU. In the 1990s. The Western
Area Energy Administration (WAPA) in collaboration with Siemens

completed the Kayenta advanced series capacitor project [6]. Whereas [7]
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analyzed the impact of installing FACTS devices by studying the linear
sensitivities of power system quantities such as voltage magnitude, bus
power injections, line power flow, and power losses with respect to line
Impedance.

In [8], presented a comprehensive review of research and
developments in improving power system stability using FACTS
controllers. Several technical issues related to FACTS installations have
been highlighted and the performance comparison of different FACTS
controllers has been discussed. Furthermore [9], Analyzed the optimal
location of Flexible AC Transmission Systems (FACTS) in the power
system of various machines using a genetic algorithm. The goal is to get
the system bus voltages within healthy limits. TCSC is the FACTS device
chosen for the proposed algorithm.

But [10], presented dealted with the used of the thyristor controlled
series capacitor (TCSC) in the power system and show the possibilities of
using TCSC to control the energy flow, given the current rate of increase
in electricity transmission and growth requirements for transit is to
increase the safety, capacity and control capacity and flexibility of
systems for electricity transmission, needed the implementation of certain
specialized measures and equipment. In [11] Provides a comprehensive
review and evaluation of FACTS controllers, where the Flexible AC
Power Transmission System (FACTS), a new technology based on power
electronics, offers the opportunity to improve controllability, stability and
power transfer capacity of alternating current transmission systems.

The benefits of utilizing FACTS devices with the purpose of
improving the operation of an electrical power system and different
FACTS controllers has been discussed. In addition, some of the utility
experience and semiconductor technology development have been

reviewed and summarized [12]. Reviewed of the comparison of different
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FACTS controllers in the power system to improve stability and benefits
of FACTS controllers for powering the system are also discussed [13]. A
comprehensive review and evaluation of FACTS controllers was given in
[14].

In this project, through the above, that most of the studies did not
address all the problems suffered by the network, and the most important
are the fault types. Therefore, it is necessary to investigate and analyze

the effect of these types of faults on the network and the TCSC reaction.

1.3 - Problem Statement

At nowadays is an increase in electricity demand and dramatically,
causing the biggest problem is the requirement to increase the
transmission of capacity to the system than originally designed.

The main lines of electricity transmission are long distances and
the concentration of the load requires more transmission lines to be
interconnected. These characteristics of the energy systems cause many
problems in system stability and problems related to currents.

Based on that, this thesis will investigate the behavior of TCSC in
presence some kinds of fault types and how will affect the overall power

system operation and control.

1.4 - Methodology
In order to study the previous presented problem the following
steps will be conducted.

- A test system consists of a programmable voltage source of sending
and receiving ends of the transmission line (TL). Single diagram is
used in this system is shown in Figure (1.1), a 500kV transmission
line, but due to losses in the lines, the final reception voltages were
reduced to 477kV. The transmission line has an impedance of
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(6.0852+) 162.97) Q. Will be used model in Matlab software in order
to study the performance of TCSC.

]

Fig (1.1) single line diagram of the model of electrical network

- Study the effect behavior of TCSC connected to the test system
steady state analysis & the effect of fault type on the test system
without and with TCSC.

- Also, for deeply investigater of TCSC capability in improving
transfer capability, A IEEE 14 bus test system is used in Neplan
software program, the details for IEEE-14 bus test system is given in
(Appendix ).

1.5- Objectives

The main objectives of this thesis are:

- To analysis the effect of steady state without and with the TCSC.

- To analysis the effect of the fault types in power system without
and with the TCSC.

- To discuss the behavior of TCSC on the power oscillation
damping.

- To analysis, the capabilities of TCSC on power transfer.
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1.6- Outline of Thesis

This thesis consists of five chapters as follows:

Chapter One:
This chapter presents general introduction, objective and the

research structure.

Chapter Two:-

- This chapter introduces the main relations related to power transfer

problems.

Chapter Three:-
Chapter Three describes Specifications of TCSC Composition and

operation methods.

Chapter Four:-

Deals with the simulation of the effects of TCSC when used to
improve Power System Transfer Capabilities by using MATLAB &

NEPLAN, under normal and abnormal continues.

Chapter Five:-

Introduces the Conclusion of this thesis and provide some

recommendations for future works.
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Chapter Five

Conclusion and Recommendation

5.1- Conclusions

In this thesis, two types of computer programs were used to
investigate the operation of TCSC under different operation conditions.
Two models of 500 KV test system in Matlab software and IEEE-14 bus
test system in Neplan software were used.

The simulation results shows that, the TCSC has a great influence
on the test system under different operation conditions as follows:

- Increases power transfer capabilities.

- Quick response to the changes of operation conditions.

- Minimize power system losses.

- Has great effect on power system oscillations.

- Has great effect on voltage-bus stability.

- Better results can be achieved by using more than one TCSC.

- Can be used for bigger networks.

Based on that, TCSC is very effective tools on the power system
operation and control, and it can be a suitable solution to the general
electric company of Libya (GECOL) in order to enhance their system

networks.

5.2- Recommendations for Future Works.

The following steps can be taken as recommendations for future
works:
1- The work done can be extended by installing TCSC to a Real

networks in reality.
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2- More researches can be conceded by Installing TCSC at multiple

sites in the system.

¢

Installing more number of TCSC in the system requires more

Investigation.

I
1

The operation of TCSC in presence of other FACTS type controllers

can be considered.

(62
1

The suitable solution to the networks is to meet the requirements for

smart grid with more researches and investigation.
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