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Adjustable Field IPMSM with Three-Dimensional Magnetic Path

of Modulation Flux Based on Concentrated Winding Structure

Doi Kotaro* and Toshihiko Noguchi (Shizuoka University)

This paper describes a new three-dimensional magnetic path structure of an adjustable field IPMSM based on a
permeability modulation. The proposed method can control the magnetic field generated by permanent magnets
(PMs) using magnetic saturation between the PM poles. In a conventional model, an additional winding independent
of the armature windings, which is called a modulation winding, is needed to generate a modulation flux. However,
the modulation winding might lead to increase of copper loss and to a complicated motor structure. Therefore, in
the proposed new three-dimensional magnetic path structure, the modulation flux used to control the magnetic
saturation is generated by only the armature windings and the modulation current without a special winding. In the
paper, the modulation current and an armature flux linkage characteristic is demonstrated by FEM analysis, which
achieves the adjustable field operation over wide range.
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Fig. 1. Magnetomotive force waveforms.
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Fig. 2. Magnetic path structure for modulation flux.
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Fig. 3. Magnetic equivalent circuit.
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Fig. 4. Configuration of drive systems.
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Fig. 5. Perspective view of proposed adjustable field IPM motor.
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Fig. 6. Vector plot of PM magnetic flux density.
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Table 1. Specifications of prototype motor.

Maximum modulation current 10 A/phase

Number of poles and slots 4 poles and 6 slots

Armature winding 35 turns/slot

Stator diameter ¢ 112 mm
Rotor diameter ¢ 55 mm
Stack length 40 mm
Air gap between rotor and stator 0.5 mm
Air gap between rotor sahft and stator frame 0.3 mm
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Fig. 7. Armature flux linkage vs. modulation current.
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Fig. 8. Analysis result of armature flux linkage (i = 10 A).
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(b) FFT results of torque (i,,= 0 A). (c) FFT results of torque (i,,= 10 A).

Fig. 9. Analysis results of torque.
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