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Proposal of Permanent-Magnet-Free Motor with Distributed Winding Stator
Utilizing Carrier Harmonics and Zero-Phase Magnetic Flux for Self-Excitation and Its Drive System
Masahiro Aoyama *, Toshihiko Noguchi (Shizuoka University)

This paper proposes a novel self-excitation technique utilizing carrier harmonic that occur inevitably in the motor driven by an

inverter. In addition, the proposed motor drive system is applied three-phase four-wire system for deliberately generating

zero-phase magnetic flux to utilize self-excitation. It features as a brushless power supply to the rotor winding by resonant

inductive coupling with carrier harmonic. The magnetic circuit topology of novel self-excitation technique and its effects on

torque improvement is conducted by FE-analysis. Then, the principle verification are analytically revealed by electromagnetic

field analysis.
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Fig. 1. Motor drive circuit configuration of proposed motor.
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(a) Concentrated winding stator.
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(b) Distributed winding stator.
Fig. 2. Zero-phase magnetic flux distribution.
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(b) Carrier harmonic.

(a) Zero-phase flux.

Fig. 4. Magnetic flux lines and counter.
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(a) Cross section diagram.
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(b) Rotor winding circuit of one-pole pair.

Fig. 5. Proposed motor.
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(b) Carrier harmonic.
Fig. 6. Magnetic flux lines and counter of proposed motor.
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Fig. 7. Comparison of zero-phase flux status.
10

bl
o
T

——— Without zero-phase flux| |Carrier harmonic
—— With zero-phase flux

Induced current of I-coil (A)
© o © o o o ©

5SS 8 2 8 2%

——T—T—T— T

=y

=

=3

0.18A
X 0.03A
La A4 LA A A

L
0 500 1000 1500 2000 2500 3000

=3

Frequency (Hz)
Fig. 8. Harmonic contents of induced current.
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Fig.9. Torque waveforms with or without zero-phase flux.

AR T DA AREE®mD LN TND Z LN bh
Do

(3-2) ZHEBBADOHE  Fig. 7 CEHERYOEEA
231 25 6 IR @ Fii oA O LL#, Fig. 8 1T I-coil
FHEBIMOFWMEIHERZ R, ME TR EB0, 4

© 2019 IEE Japan



3-6

201 94F A RPERIDH I FIA Z

Resonance frequency 200 Hz
Resonance frequency 2000 Hz

Torque (Nm)

' Lret

|
0 0.01 0.02 0.03 0.04 0.05 0.06
Time (s)

(a) Torque waveforms with resonance frequency at zero-phase flux

or with resonance frequency at carrier harmonic.
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(a) Torque characteristics with respect to resonance frequency.

Fig. 10. Torque characteristics under 389 AT without zero-phase
flux at 1000 r/min, carrier frequency 2 kHz and i, = 0.
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