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Optimum Rotor Pole Width of Flux Reversal Motors
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The electrification of various types of vehicles, e.g., electric vehicles (EVs), is being promoted. Compact EVs have
gained popularity in recent years because they consume less battery power and can be priced similarly to gasoline-
powered vehicles. This study focuses on in-wheel direct drive systems, which are suitable for compact EVs and do not
require gears or transmissions. As a candidate for in-wheel motors, the authors focused on flux reversal (FR) motors,
a type of doubly-salient permanent magnet (PM) motor with the same salient rotor as switched reluctance (SR)
motors. FR motors are expected to meet the wide speed-torque range required for EVs. In this paper, the optimum
rotor pole width for FR motors, in terms of torque, back-EMF, cogging torque, and torque ripple, is investigated
using two-dimensional finite element analysis (2D-FEM).
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Fig. 2 Comparison of flux-MMF diagrams of SR motor, doubly
salient PM motor, and FR motor.
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222
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Motor diameter (mm) 222
Stack length (mm) 51
Gap length (mm) 0.5
No. of stator poles 18
No. of rotor poles 24
No. of turns / pole 5
Core material NGO (35A300)
Magnet material | Sintered Nd-Fe-B (N45SH)

Fig. 3 Specifications of FR motor for compact EV.
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Fig. 4 Constraints on stator pole width and slot width of FR

motor.

Fig. 5 Constraint on magnet placement of FR motor.
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Fig. 6 Constraint on rotor pole width of FR motor.
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Fig. 7 Rotor pole width and rotor pole pitch.

Fig. 8 2D-FEM model of FR motor.
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Fig. 9 Relationship between rotor pole width ratio and torque.
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Fig. 11 Comparison of calculated no-load induced voltage
waveforms at different rotor pole width ratios.
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Fig. 12 Harmonic order components of no-load induced

voltages shown in Fig. 11.
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Fig. 13 Relationship between rotor pole width ratio and even
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Fig. 14 Comparison of cogging torque waveforms with different
rotor pole width ratios.
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