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Optimal Design of Five-Phase Permanent Magnet Assisted Synchronous
Reluctance Motor for High Speed Railroad Traction System

dixE - 438 - O|FE*

a
Jeihoon Baek - Myung Yong Kim - Kyung-Pyo Yi

Abstract Permanent magnet assisted synchronous reluctance motors (PMa-SynRM) show higher efficiency and
power density compared to conventional induction motors for high speed railroad traction systems. Furthermore, 5-
phase PMa-SynRMs have lower torque ripple and higher power density than 3-phase systems. Therefore, the 5-phase
PMa-SynRM is suitable for high-speed railway traction systems. In this study, 3kw 3-phase and 5-phase PMa-SynRM
models were optimized using lumped parameter model and genetic algorithm, and their characteristics were compared.
The optimized models are fine-tuned using finite element analysis. The final models of the 3-phase and 5-phase PMa-
SynRMs are fabricated and tested to verify the analysis results.

Keywords : Synchronous motor, Five-phase, Lumped parameter model, Genetic algorithm, Optimal design
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Table 1. Design variables of PMa-SynRM.

Design variables - S-phase - >phase

min max min max

rotor/stator length (mm) 50 80 50 80

turns per slot 5 40 5 40

yoke width (mm) 5 20 5 30

ratio of inner/outer diameter of rotor 0.5 0.8 0.3 0.7
rotor cavity ratio 0.3 0.5 0.3 0.8
slots/pole/phase 0.5 1.5 0.5 1.5
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Fig. 2. Final design of (a) 5-phase 15 slot 4 pole model, (b) 3-phase 12 slot 8 pole model.
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