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Preliminary Study on Active Magnetization Control of Rare-Earth Free Motor
with Field Poles Excited by Space Harmonics

Masahiro Aoyama™*(Shizuoka University, Suzuki Motor Corporation),

Toshihiko Noguchi (Shizuoka University)

This paper describes a synchronous motor in which space harmonics power is utilized for field magnetization instead of

permanent magnets. The stator has a concentrated winding structure, and the rotor has two sorts of windings, i.e., an induction

pole winding that retrieves mainly the third space harmonics and an E-coil pole winding for field magnetization. Both of the

coils are connected via diode rectifying circuits. Field magnetized quantity becomes weak at the low rotation speed because of

reduction of induced voltage on rotor windings. The study on high torque is validated that increase of induced current in

secondary side by the current which superimposed pulse in primary side. Consequently, a pulse current is able to supply field

magnetization energy is confirmed.
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Fig. 1. Cross section diagram of proposed motor.
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Table 1. Specifications of proposed motor.
Number of poles 12
Number of slots 18
Stator outer diameter 200 mm
Rotor diameter 138.6 mm
Axial length of core 54 mm
Air gap length 0.7 mm
Maximum current 273 A

Stator winding resistance

32.1 mQ / phase

Number of coil-turn 48
Winding connection 6 parallel
I-pole winding resistance 72.4 mQ
E-pole winding resistance 161.3 mQ
Thickness of core steel plate 0.35 mm
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Fig. 2. Rotor winding connection diagram.
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Fig. 3. Magnetic flux density distribution and flux lines.

(d) Magnetic flux vector of 3™ space harmonics at rotor position-B.
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Fig. 4. Magnetic flux vector of 3™ space harmonics at two rotor

positions.
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Fig. 5. Induced current and field current characteristics.
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Fig. 6. Salient pole model of proposed motor.
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Fig. 7. Rotor position dependency of mutual inductance.

(c) 180 deg (electric).
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Fig. 8. Rotor position dependency of stator self-inductance.

(d) 270 deg (electric).
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Fig. 9 Phase currents with high-frequency currents superimposed.
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(c) Torque characteristics.
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Fig. 10. Comparison of characteristics under high-frequency current

superimposed condition.
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