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Abstract Conclusions
One of the key challenges of utilizing fraction-slot concentrated winding (FSCW) in permanent-magnet (PM) machine is high eddy-current loss in magnets due to the abundant space In this paper, the influence of multi-phase winding on stator MMF harmonics has been investigated. An analytical equation for FSCW is derived to reveal the relationship
harmonics in stator magneto-motive force (MMF). These MMF harmonics also result in other undesirable effects, such as localized saturation, vibrations and noise. In this paper, the between stator MMF harmonics and phase number. It can be concluded that with the increase of phase number, stator MMF harmonics is reduced. Meanwhile, three
relationship between multi-phase windings and stator MMF harmonics Is investigated. An analytical equation is derived to explain why the appropriate multi-phase windings can eliminate FSCW-PM machines with different phase numbers have been compared by using FEM. The result shows that the machine with higher phase number has less stator MMF
some MMF harmonics. Finally, three FCSW-PM machines, namely the 3-phase one, the 6-phase one and the 12-phase one, are designed and their stator MMF harmonics, torque, PMs eddy- harmonics, low torque ripple and low PMs eddy-current loss. Besides, with the increase of phase number, the radial force density harmonic, the magnets demagnetization
current loss, radial force density harmonics, demagnetization risk and thermal distribution are comparatively analyzed. The results verify the theoretical analysis. risk and the thermal distribution can also be reduced.

RECENTLY, permanent-magnet (PM) brushless machines exhibits high torque density, small volume and high efficiency, which have been gaining
Interest in many fields such as electric vehicle, wind power generation and aerospace [1], [2]. Also, the fractional-slot concentrated-winding (FSCW) has
been extensively investigated. The photograph of 3-phase and 4-phase FSCW configurations is presented in Fig. 1. It has been known that the FSCW
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studied. An analytical equation is derived to explain why the multi-phase concentrated-winding can eliminate some stator MMF harmonics. |— characteristics. Fig. 3 presents their slot potential star diagram 1/1/' 163 1.7

Then, a 12-phase 24-slot and 22-pole FSCW-PM machine Is designed, as compared with the 3-phase and 6-phase ones. Furthermore, the and adopts 60 deg phase spread. In slot potential star diagram, S 20 7 18 0 Lo NI
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where kis =1, =2, =3.... So, all stator MMF harmonics (except v=mk=1 orders) harmonic 13,14,16,17,15, 23,25 1,11,13,23,25 05
are eliminated by adopting multi-phase windings. Obviously, the orders of the 20,22,23,25, '
eliminate harmonics are directly related to the phase number. It can be concluded 0.4

that with increase of the phase number, harmonics content of stator MMF is reduced.
Table | exhibits the stator MMF harmonics orders in 3-phase, 6-phase and 12-phase
FSCW configurations. It should be noted that the red font represents orders of
elimination harmonics by symmetrical even-slot stator structure.
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