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Preliminary Study on Armature Vector in Adjustable Speed Drive of

Permanent-Magnet-Free Magnetic Geared Motor for HEV Application
Yoshihisa Kubota™, Masahiro Aoyama (SUZUKI Motor Corporation),
Toshihiko Noguchi, Yuto Motohashi (Shizuoka University)

This paper describes a rare-earth-free magnetic geared motor in which the magnetic flux variation of the differencial frequency

component between the stator rotating magnetic field and the rotor rotation speed. The differencial frequency magnetic flux is

effectively utilized for the field magnetization instead of the rare-earth permanent magnets with the diode rectified wound-field

rotor. The rotating direction of the armature magnetic field and the rotating direction of modulated magnetic field are discussed

through the magnetic field analysis and the mathematical approach. The armature current phase for the maximum output torque

control in a HEV drive mode is clarified by the magnetic field analysis and mathematical approach. Consequently, it has been

investigated that the armature rotating magnetic field and the modulated rotating magnetic field rotates in inverse direction,

respectively. And, the maximum output torque control can be realized with rotating magnetic field direction control,

continually.
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Fig. 1. Cross section of proposed motor.
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Table 1. Specifications of proposed motor.

Number of stator poles 8
Number of rotor poles 16
Number of modulator poles 12
Stator outer diameter 120 mm
Rotor diameter 61.2 mm
Axial length of core 49.5 mm
Air gap length 0.7 mm
Maximum current 150 A

Armature winding resistance 15.1 mQ / phase

Number of armature coil-turn 8

Winding connection 4 series - 2 parallel

Number of I-coil turn 10

Number of F-coil turn 11
I-coil resistance 79 mQ / pole
F-coil resistance 47 mQ / pole

Thickness of iron core steel plate 0.3 mm (30DH)

I-1 I3

F-1 F-2 F-3 F-4
I-3 I-7
I-2 I-6

F-5 F-6 F-7 F-8
I- I8

20— X BRI

Fig. 2. Rotor winding connection using full-bridge rectifier.
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(b) Modulated magnetic flux by modulator.
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Fig. 3. Modulated magnetomotive force distribution caused

by modulator.
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Fig. 4. Collinear chart applied magnetic geared motor for

HEV system.
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(a) Armature magnetomotive force and modulated magnetomotive force with

respect to current phase.
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(b) Current phase at maximum electromagnet torque.
5 TERS R & KA R ORI S DR BESR
Fig. 5. Armature magnetomotive force and modulated

magnetomotive force with respect to current phase.
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(a) Salient pole model. (b) Current phase-torque characteristics.
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Fig. 6. Current phase-torque characteristics of salient pole model.
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(b) Inverse salient pole model.

(b) Current phase-torque characteristics.
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Fig. 7. Current phase-torque characteristics of inverse salient

pole model.
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(a) Armature rotating magnetic field.

(b) Modulated rotating magnetic field.
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Fig. 9. Rotating magnetic field vectors of armature magnetic

field and modulated magnetic field in driving mode of Fig. 8 (a).

(a) Armature rotating magnetic field.

(b) Modulated rotating magnetic field.
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Fig. 10. Rotating magnetic field vectors of armature magnetic

field and modulated magnetic field in driving mode of Fig. 8 (b).
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Fig. 11.  Current phase-torque characteristics.
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Fig. 12.  Adjustable speed drive characteristics under

maximum torque control in HEV drive mode.
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(b) Differencial frequency 500 Hz.
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