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In recent years, electrification has been promoted as part of the measures toward global warming, and demand
for power-saving and high-efficiency motors is increasing. Among the various types of motors, permanent magnet
synchronous motors (PMSMs) are used in various fields, such as electric vehicles and home appliances. However,
PMSMs have issues with mechanical strength and cost. In comparison, flux reversal motors (FRMs) have a simple
reluctance rotor, and a stator with armature windings and permanent magnets. Due to the high torque density of
FRMs the same as PMSMs, they are expected to be used in multiple applications such as for electric vehicles and
wind power generations. However, the conventional FRM has a problem with large eddy current loss in magnets.
This paper presents a novel FRM with a cross-shaped stator pole that reduces the eddy current loss. The usefulness

of the proposed FRM is proved by a three-dimensional finite element method (3D-FEM).
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Magnetization direction (black vector): radial
Fig. 1 Single phase FRM.
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Fig. 2 Comparison of flux-MMF diagram of SRM, DSPMM,
FRM.
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Fig. 3 Flux flow diagram of single-phase FRM.
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Fig. 4 Flux linkage waveform of single-phase FRM.
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Rated speed 18200 rpm
Rated torque 290 mN+m
Diameter 62 mm
Stack length of stator/rotor 35 mm
Gap length 0.5 mm
Number of turns/pole 20
Winding diameter 1.0 mm
Material of magnet NMX-S52
Magnet size 446mm?/pieces
(Length X Width X Depth) (1.5*8.5*35)
Material of iron core 20JNEH1200

Magnetization direction (black vector): radial

Fig. 5 Specifications of a conventional FRM.
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Fig. 6 Calculated characteristics of the conventional FRM.
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(b) Flux line variation in 90, 180, 270, 360 deg.
Fig. 7 Armature flux lines of a conventional FRM.
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(a) Conventional FRM (b) Cross-pole type
Fig. 8 Comparison of conventional and cross-pole type FRMs.
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Rated speed 18200 rpm
Rated torque 290 mN-m
Diameter 62 mm
Stack length of stator/rotor 35 mm
Gap length 0.5 mm
Number of turns/pole 20
2 Winding diameter 1.0 mm
Material of magnet NMX-S52
Magnet size 336mm¥/pieces
(Length X Width X Depth) (1.5 * 6.4 *35)
Material of iron core 20JNEH1200

Magnetization direction (black vector): radial
Fig. 9 Specifications of cross-pole type FRM.
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Fig. 10 Comparison of output power between the conventional
and cross-pole type FRMs.
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Fig. 11 Comparison of torque between the conventional and the
cross-pole type FRMs.
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Fig. 12 Comparison of eddy current loss in magnets between
the conventional and cross-pole type FRMs.
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Fig.13 Comparison of contour diagram of eddy current loss

density between the conventional and cross-pole type FRMs.
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Fig. 14 Comparison of efficiency between the conventional and
cross-pole type FRMs.
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Fig. 15 Two different type of split magnets of cross-pole type
FRM.
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Fig. 16 Comparison of eddy current loss in magnets of cross-
pole type FRMs with and without split magnets.
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Fig. 17 Comparison of efficiency of cross-pole type FRMs with
and without split magnets.
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