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Abstract

Considerable increase of electrical power consumption requires power system 
expansion.   Subsequent reinforcement for the system and the interconnection of more 
distributed generations is a must to accommodate with the increased demand.   As a 
result, short-circuit currents flowing in the network will increase and in some cases may 
exceed the ratings of existing circuit breakers (CB) and may damage system equipment.   
Besides, the short circuit currents may generate higher mechanical forces that can 
overcome the safety of the power system elements.

The present thesis has an important role in the field of power system expansion 
planning and operation. The power system has been modeled and analyzed for 
operation and expansion planning.  The effect of the system changes on the short circuit 
level is calculated and appreciated through sensitivity analysis.  The proper solution to 
compress the increased short circuit level accompanied to system expansion is 
introduced through suitable allocation of the fault current limiter in the system.

The present thesis has solved this problem by inserting a fault current limiter FCL 
accompanied with system upgrading to achieve a considerable saving in the investment 
of high capacity circuit breakers. The site of the FCL is determined from sensitivity 
analysis for both system impedance matrix and resulting short circuit currents. While 
the size of the FCL is determined from the required compression of short circuit level 
assigned by the designer engineer.

Computer software is built utilizing MATLAB simulation to model and appreciate 
system operation. The introduced approach was applied for the IEEE 14 bus system and 
encouraging results have been obtained. 
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Chapter 1 : Introduction

1.1 Introductory Remarks:

Considerable increase of electrical power consumption requires power system 
expansion.   Subsequent reinforcement for the system and the interconnection of more 
distributed generations is a must to accommodate increased demand.   As a result, 
short-circuit currents flowing in the network will increase and in some cases may 
exceed the ratings of existing circuit breakers (CB) and may damage system equipment.   
Besides, the short circuit currents may generate higher mechanical forces that can 
overcome the safety of the power system elements.

The previous mentioned dangers, thrusts the problem for finding some suitable means 
to limit short circuit currents.  It was found that, the increased short circuit currents can 
be suppressed, effectively, by inserting fault current limiters in the power system. Then, 
the circuit breakers installed in the system which having lower breaking capacities can 
be utilized without replacement which is cost minimization.

Handling this problem, primary, requires modeling the power system before and after 
inserting system expansion, through the bus impedance matrices.  Besides, sensitivity 
analysis is carried out to appreciate the effect of the resulting changes in the system 
impedance matrix elements - after system expansion - through calculating and ranking 
their sensitivity factors.   This represents the main and necessary step towards assigning 
the fault current limiter allocation.  The value of the proposed fault current limiter is 
determined considering the required suppression in the short circuit current. While its 
location is selected to moderate the effect of the added component on the short circuit 
level utilizing sensitivity analysis.    

It is thought that the present thesis plays an active role in system operation and security.  
Besides, the utilization of the proposed approach enables electric power sector decision 
makers to best utilize the system components and achieving an economic impact 
through controlling short circuit level that severely affect life time of the most system 
components.  The beauty and easiness of the introduced method is to deduce directly 
the more affected locations from the upgraded impedance matrix and its sensitivity 
analysis. Neither complex mathematical treating nor trial and error estimation are 
required.  
  

1.2 Thesis Objective

The present thesis has an important role in the field of power system expansion 
planning and operation.  Consequent expansion of the system is a must due to the 
sequential increase in system demand and changes superimposed on system topology 
and configuration. System expansion includes addition or replacing one or more system 
elements such as transmission line, generator plant or units, substation or transformer 
units and distribution generation. The objective of this thesis is to analyze and model 
the power system before and after system additions. Traditional and introduced 


