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Study on Improvement of Motor Efficiency with Design and Control for Switched
Reluctance Motor
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In recent years, practical applications of Switched Reluctance Motors (SRMs) are
expected as next-generation energy saving and resource saving motors. However
efficiencies of conventional SRMs are inferior to those of Permanent Magnet
Synchronous Motors (PMSMs). It is demonstrated that equivalent motor efficiencies
with permanent magnet synchronous motors can be obtained by optimizing motor
shapes and excitation timings. The design procedures to optimize the core shapes of
SRMs take a lot of time, since the magnetic field analysis using Finite Element




Method (FEM) and transient analysis are iterated. In the control of excitation
timings, it is not clarified that the relation between the excitation timings which
accomplish maximum motor efficiencies and motor parameters. Currently the
excitation timings are decided by trial and error.

Therefore the core shapes were designed to improve the motor efficiency. The
influences of inductance curves on the motor efficiencies were investigated with
transient simulations before beginning the detailed designs with the magnetic field
analysis. The design method providing the design guide of core shapes based on the
investigations was proposed. Also the single-pulse control method with variable
excitation periods, which focus on torque producing was proportional to differential
inductance and current, was proposed based on the torque producing principle due to
magnetic energy for the improvement of the motor efficiency.

This thesis consists of five chapters. In the first chapter, the necessity for carrying
out this study and the objective of this study are described by quoting the preceding
study relevant to the background of this study.

The second chapter shows the torque producing principle of the SRM, and describes
that producing torques are different between the linearity and non-linearity of
magnetic property.

In the third chapter, the basic design for the core shapes of SRM of rated power
3.5kW is studied, and the design principles to improve the motor efficiency are
summarized. According to the design principle, the detailed design of core pole
number and core shapes are carried out with the magnetic field analysis using FEM,
and the core shape of high efficient SRM are decided. The designed SRM is produced
experimentally based on the design, and the improvement of motor efficiency, which
is more than 5%, is confirmed experimentally.

In the fourth chapter, three excitation modes, in which an excitation region is
varied for reference conduction angles, are proposed. The excitation timing of each
excitation mode is calculated with the design parameters of a motor. In the
simulation and real machine experiment for the SRM of rated output 180W, the
effectiveness is confirmed by comparing the efficiency, copper loss, and iron loss of the
120° conduction voltage-PWM control method with a fixed magnetization interval
(conventional method) with those of the proposed method on maps. It is shown that
the proposed method expands operating ranges as compared with the conventional
method, and gives the high efficiency under the high load torque of low-medium
speed region. Also it is shown that the maximum motor efficiency of 13.2% is obtained
by the proposed method in the operating point of 0.8N-m and 1500min-1.

In the fifth chapter, the main results obtained in this thesis are summarized, and
future research challenges are described.
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