University of Mosul

College of Engineering

Intelligent Optimization Control of High Performance
Switched Reluctance Motor

Muhammed Abduljaleel Ibrahim Sultan

Doctor of Philosophy
In

Electrical Engineering / Electrical Engineering

Supervised by
Assist. Prof. Dr. Ahmed Nasser B. Alsammak

2023A.C 1445 A.-H



Abstract

The inherent features of the Switched Reluctance Motor (SRM)
make it a promising candidate for further examination. SRM is currently
encountering certain control complexity and torque quality issues.
However, these challenges can be examined and resolved. This thesis
aims at improving the SRM drive system to achieve reliability and the
best torque quality. Intelligent optimization control are utilized to
enhance the performance of SRM drive system, namely bacterial
foraging optimization algorithm (BFOA), genetic algorithms (GA) and
adaptive neuro-fuzzy inference system (ANFIS).

The contribution of this study is of four folds. Firstly, an accurate
and highly reliable model is developed to analyze the performance of a 4
kW 8/6 SRM and a 60 kW 86 SRM. Based on the finite element
method, the FEMM4.2 program has been utilized along with AutoCAD
with the less possible complexity in terms of selecting the number of
points motor dimensions to order to achieve the best magnetization
characteristics. The proposed model can incorporate all nonlinearities
present in this machine. Secondly, the effect of the current control band
of hysteresis control on the phase current has been deeply investigated on
torque ripple, average torque and average switching frequency. This
investigation has been performed with soft-hysteresis current control and
hard-hysteresis current control simultaneously.  Simulation results
proved that the soft HCC gives the best results. Best current control band
is selected at 1% from the rated current of 8/6 SRM and a maximum
average switching frequency is 11 KHz. Thirdly, The optimum PID
coefficients have been attained to control the speed of 6/4 SRM using



genetic algorithms. This procedure resulted in greatly enhancing the
transient and steady-state performances with PID-GA-ISE, which are the
most suitable in dynamic response characteristics. Finally, the rapid
optimization-based bacterial foraging procedure is employed to select the
optimal value for commutation angles, which 1s the most crucial factor in
control flexibility. Five performance indices have been investigated in
this work namely, maximum average torque, minimum RMS phase
current, minimum percentage torque ripple, maximum smart efficiency
and multi-objective optimization. Using the multi-objective performance
gave the best trade-off between torque ripple and RMS phase current
while keeping the highest smart efficiency.
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