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Experimental Verification and Vector Control of Magnetic-Modulated Motor

Yuto Motohashi*, Toshihiko Noguchi (Shizuoka University), Masahiro Aoyama (SUZUKI Motor Corporation)

This paper describes a vector control of magnetic-modulated motor. The structure of this motor is different from PM motor. It is

necessary to derive the voltage equation from simple magnetic circuit of magnetic-modulated motor. There are relatively many

studies such as electromagnetic field analysis or the most suitable design. However the study on vector control using the actual

machine is unexplored. So we made a prototype for principle inspection, and test it with a representative driving mode assumed by
an HEV system. It is clarified that magnetic-modulated motor could distribute electricity from inverter, and the power from inner

rotor and modulator like conventional planetary gear.
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Fig. 1. Basic model of magnetic-modulated motor
and magnetic circuit.
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Fig. 2. Three-phase magnetic circuit.
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Table 1.  Specifications of motor.

Number of stator pole pairs (P,)

Number of rotor pole pairs (P,,,)

Number of modulator cores (P,,,,4) 12

Stator outer diameter 120 mm
Rotor diameter 61.2 mm
Axial length of core 49.5 mm
Air gap length 0.7 mm

Winding connection 4 series — 2 parallel
Maximum current 150 Arms
Armature winding resistance (R) 33.3mQ
Inductance on the rotary coordinate (L) 0.27 mH
Stator flux linkage () 3.8 mWb

Invertor

Modulator

4

(@) Cross section. (b) HEV system.

Resolver (PM-rotor side) Resolver (Modulator side)

Coupling

(c) Mechanical configuration.
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Fig. 3. Configuration of magnetic-modulated motor and
HEV system application.
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Fig. 4. Experimental system.
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Fig. 5. Vector control block diagram.
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Fig. 6. Operation mode assuming HEV system, collinear chart and power flow.
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