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Proposal of Direct-Power Transfer Type Dual-Axis Motor
Masahiro Aoyama, Hiroaki Ohtsuka* (SUZUKI Motor Corporation), Toshihiko Noguchi (Shizuoka University)

This paper describes a direct-power transfer type dual-axis motor in which second space harmonic caused by concentrated

winding structure is effectively utilized for the harmonic synchronization of outer rotor rotation. The operation principle of
harmonic synchronization of outer rotor is mathematically described, and magnetic circuit design of a downsized prototype is
presented for the purpose of principle verification. The torque characteristics with respect to current phase under the biaxial

independent drive mode, i.e., the inner-rotor is synchronized fundamental rotating magnetic field in motoring and the outer rotor
is synchronized second space harmonic in regenerating, are investigated by the FEM analysis. Consequently, it has been
indicated that the direct-power transfer can be realized by utilizing the harmonic synchronization.
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(a) Magnetic-modulated motor. (b) HEV system.
Fig. 1. Cross section of magnetic-modulated motor and HEV system
application.
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(a) Improved HEV system. (b) Collinear chart.

Fig. 2. Collinear chart of magnetic-modulated motor for improved HEV
system.
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(b) Collinear chart of proposed HEV system.
Fig. 3. Proposed HEV system and its collinear chart.
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(a) Proposed dual-axis motor. (b) 4-poles-3-slots combination model.
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Fig. 4. Proposed dual-axis motor and permeance distributions of double

saliency model (4:3 slots combination).
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Fig. 5. Armature currents and armature magnetomotive forces.
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Fig. 6. Rotating magnetic field and rotor rotation direction.

(b) Rotor rotation direction and
its rotation frequency on rotor.
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(b) Second space harmonic density and flux lines.

Fig. 7. Simulation results of magnetic flux density and flux lines.
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Fig. 8. Current-phase-vs.-torque characteristics for 750 ApsT.

Fig. 9. Phase reference for current vector control.
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