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ABSTRACT 

Discrimination and location of faults in Flexible Alternating Current 

Transmission Systems (FACTS) have several challenges in modern power 

systems. This is because of the errors in the measured impedance as a result 

of the changes caused by FACTS’ controllers to improve the power system 

performance. The presence of series FACTS device in a transmission line 

complicates both the fault location and the discrimination procedure between 

faults in front of and behind and the FACTS device. 

This thesis proposes an integrated solution for both fault zone 

discrimination (either in front of or behind the FACTS device) and fault 

location for series FACTS-compensated transmission lines. In the proposed 

algorithm, online calculations of the exact series-compensated line 

parameters are carried out continuously in normal conditions (pre-fault 

calculations) to estimate the actual percentage of compensation. After fault 

inception, a wavelet-based subroutine is applied to decide whether the fault is 

in front of the FACTS device or behind it. Then, a conventional distance 

protection algorithm is used to estimate the fault zone. Finally, synchronized 

data signals from both ends are used to accurately locate the exact fault 

location offline. 

The complete algorithm is tested using a real data for a 380 kV, 400 

km series-compensated transmission line in Saudi Arabia using 

MATLAB/SIMULINK. Different types of grounded and ungrounded faults, 

fault locations, fault resistances, fault inception angles, series FACTS types, 

compensation levels, power transfer angles, and synchronization errors are 

applied to validate the effectiveness of the proposed algorithm. Metal-Oxide 

Varistor (MOV) nonlinear operation is also taken into account. Extensive 

simulation results show the effectiveness and robustness of the proposed 

algorithm. 
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CHAPTER (1): INTRODUCTION 

1.1. Background 

Fast-growing electrical power demand is a challenge that faces almost 

all power systems all over the world. In order to meet the steadily increasing 

electrical power demand, large investments are required to construct new 

generation, transmission, and distribution facilities. This economical 

constraint is added to the right of way constrains which limit the ability of the 

power system expansion. Accordingly, the gap between the increasing 

electrical power demand and the available electrical power generation 

increases which in-turn affects the system stability and the continuity of 

supply. 

As a result of that increasing in the electrical power demand, Flexible 

Alternating Current Transmission Systems (FACTS) are introduced in 

modern power systems as powerful techniques to improve the power system 

performance. These FACTS techniques are used extensively in modern Extra 

High Voltage (EHV) and Ultra High Voltage (UHV) transmission systems in 

order to avoid or postpone the construction of new lines and to cope with the 

fast-growing electrical power demand. 

The Institute of Electrical and Electronics Engineers (IEEE) defines 

the FACTS as “a power electronic based system and other static equipment 

that provide control of one or more alternating current transmission system 

parameters to enhance controllability and increase power transmission 

capability” [1]. As the power transfer on an alternating current (AC) 

transmission system is restricted by thermal limit, voltage stability, and 

transient stability limits, the role of the FACTS devices is to control the 

power system parameters in order to raise both the voltage stability and 

transient stability limits, which allow for higher power transfer and better 

system operability [2]. The main applications of FACTS devices in modern 

power systems are summarized as follows [2], [3], [4]: 

 Boosting of power transfer capability, 

 Reactive power compensation, 

 Power flow control, 

 Voltage control, 

 Improvement of power factor, 

 Improvement of transient stability, 

 Improvement of power quality, 

 Interconnection of renewable energy and other distributed generation 

resources. 

 

 

 


