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Summary 
 

This thesis investigates and compares the operating 

performance of the two phase switched reluctance motor with 

four different rotor designs having different air gap geometries. 

An analysis for the magnetic circuit is introduced and a two-

dimensional finite element procedure to predict the nonlinear 

flux linkage characteristics for different rotor designs. These 

characteristic curves are obtained numerically at different rotor 

angles and different current levels for the four designs under 

consideration and they are used to predict the static torque 

characteristics for these designs. A computer simulation 

procedure is devised to determine the operating performances 

for the four motor designs based on the predicted flux linkage 

and static torque characteristics. A comparison is held from the 

point of view of the torque developed at different speeds, motor 

efficiency and torque per ampere productivity of the different 

designs. The two-stepped air gap design proved the superiority 

over other configurations. 

 



 

 

ABSTRACT 

The 4/2 pole, 2-phase configuration of switched reluctance motors is 

characterized by its simple motor construction and simple power electronic 

circuit topology. This motor is known with different air gap geometries to 

enhance its starting performance. This thesis investigates the operating 

performance of this motor type with four different rotor designs having 

different air gap geometries. These configurations are the regular air gap 

design, the one step air gap design, the two steps air gap design and the 

tapered air gap design. A common frame size and similar number of turns 

per phase are considered for the four different designs. A numerical 

approach utilizing finite element magnetic circuit analysis method to predict 

the flux linkage and static torque characteristics for different rotor designs is 

carried-out. A nonlinear mathematical model is developed for the 4/2 pole, 

2-phase SRM and implemented in a series of computer simulation programs 

based on the data obtained from finite element analysis to predict the 

operating performance of the four different motor designs. A comparative 

study is held between the four different designs under investigation from the 

point of view of torque production, current drawn from the dc mains, torque 

per ampere capability, and motor efficiency. 

The thesis consists of six chapters, list of references and an Arabic 

summary. 

 The first chapter, introduces an introduction about SRMs. It contains their 

construction, different configurations and principle of operation. It 

introduces also their advantages, disadvantages and applications. A 

literature review for the different topics covered recently by research is also 



 

 

included. This chapter ends with introducing the main objectives of the 

present thesis. 

In chapter two, different motor designs under consideration are introduced. 

Different methods for determining flux linkage characteristics are discussed. 

Finite element method for magnetic circuit analysis is introduced and 

implemented for analyzing the different motor designs under consideration. 

A sample of flux linkage distributions for all designs is presented along with 

the flux linkage characteristics as a function of both armature current and 

rotor position angle. The static torque characteristics are also predicted and 

presented. 

Chapter three is devoted to mathematical modeling and simulation of the 

SRM designs under consideration. It firstly introduces the principle of 

energy conversion within an SRM, and then introduces the different 

approaches for the analysis of SRMs. These approaches are discussed in 

details and then implemented in a computer simulation program to predict 

the motor operating performances. 

Chapter four presents a comparative study between different motor designs 

under consideration based on the results obtained from the simulation 

program. In this chapter torque-speed, current-speed, torque/current-speed 

and efficiency characteristic curves for different designs are presented and 

compared. These characteristics are obtained at different duty ratios for 

motor excitation pulses. A comparison is held from the point of view of the 

torque developed at different speeds, motor efficiency and torque per 

ampere productivity of the different designs. 

Chapter five introduces an experimental study for the present theses. In this 

chapter the construction steps of the experimental motor, power converter,  



 

 

 

position sensors and gate drivers are presented. A sample of experimental 

results is presented along with the corresponding simulation results. 

Chapter six introduces the main conclusions drawn from the present from 

the present thesis. Some points are also proposed for future research as an 

extension for this work. 

A list of the relevant references is included at the end of the thesis. 
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