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Adjustable Speed Drive Characteristics of
Electrically Reversal Magnetic Pole Type Variable Magnetic Flux PM Motor
Masahiro Aoyama, Kazukiyo Nakajima* (SUZUKI Motor Corporation), Toshihiko Noguchi (Shizuoka University)

This paper describes a variable magnetic flux PM motor in which space harmonic power is utilized for the magnetic flux
weakening, automatically. The stator has a toroidally-concentrated winding structure, and the torque generation surfaces are
composed of three air-gaps which are single radial-gap and double axial-gaps. The radial-gap rotor is a consist-magnetized PM

rotor and the axial-gap rotors are self-excited wound-field rotor.

Magnetomotive force of axial-gap rotor can be retrieved a

space harmonic power, which is inevitably generated by a concentrated winding structure. A mechanical design of the prototype
is revealed, and the operation principle of the automated-magnetic flux weakening is clarified through the FE-analysis.
Consequently, the effect of automated-armature line voltage decrease is investigated with respect to rotation speed increase.
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Axish-gap roter

Hadial-gap rotor

(a) Concentrated toroidal stator. (b) Axial and radial gap rotor.

Fig. 1. Proposed variable magnetic flux PM motor.
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(b) Magnetic flux contour and vectors.

Fig. 3. Armature current and magnetic flux vectors.
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(a) Segmented stator support cover. (b) Armature winding connection.

Fig. 4. Stator support cover and armature winding connection.
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(d) Rotor rectifier circuit.

(c) Mounted diode module on rotor.

Fig. 5. Rotor configuration of prototype.
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(a) Segmented axial-gap rotor and (b) Rotor winding cover.
its support flange.

Fig. 7. Rotor support flange and winding cover.
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Fig. 8. Rotor currents under 890 Ay, T and -20 deg for 2000 r/min.
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Fig. 9. Current phase vs. torque characteristics under armature

magnetomotive force 890 AT for 3000 r/min.
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Table I.  Specifications of prototype.

Number of rotor poles 8
Number of stator slots 12
Motor core outer diameter 120 mm

Radial 0.7 mm
Axial 0.9 mm
51.8 mm (without axial-gap core)
107.6 mm (with axial-gap core)

Air-gap length

Axial length of core

Maximum
magnetomotiveforce 1272 AmsT (805)
Number of stator coil-turn 18
Armature winding
connection 4 parallel
Number of rotor induction 30
coil-turn
Number of rotor field
. 30
coil-turn

Armature coil size
(with insulation coating)
Rotor coil size
(with insulation coating)

5.26 mm X 0.56 mm

2.57 mm X 0.47 mm

SMC (stotor and axial rotor)

Core material Magnetic steel sheet (radial rotor)
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Fig. 10. Adjustable speed drive characteristics.
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Fig. 11. Armature line voltages with respect to rotation speed

increase .

(@) Opened rotor windings.

(b) Rectified rotor windings.
Fig. 12.  Magnetic flux density and vectors under 890 AT and
current phase -20 deg for 2000 r/min.
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