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Torque Performance Improvement with Modified Rotor Winding Circuit of Wound-Field

Synchronous Motor Self-Excited by Space Harmonics

Masahiro Aoyama*’**a), Member, Toshihiko Noguchi*, Member

(20144E7 A 14 %A+, 201449 B 4 HFH-2A)

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

of permanent magnets. The stator has a concentrated winding structure, and the rotor has two different types of wind-

ings, i.e., an induction pole (I-pole) winding that primarily retrieves the second space harmonic, and an excitation pole

(E-pole) winding for field magnetization. The two coils are connected via a center-tapped full-bridge diode rectifying

circuit. The optimum placement of the I-pole on the rotor is mathematically discussed and is analytically determined

through FEM-based computer simulations. In addition, it is clarified that the E-pole torque increases owing to the

effect of auxiliary poles. Further, the advantages of auxiliary poles are studied, using the torque ripple characteristics.
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Diode

Winding on rotor

(a) Conventional self-excitation synchronous motor.
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(d) Rotor winding connection of proposed motor.

Fig.1. Cross section and rotor winding connection dia-
gram illustrated in segment model per pole.
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Fig.2.

Rotor winding connection using full-bridge rectifier.

(a) I-pole configuration.

(c) Cross section of rotor.

Fig.3. Mechanical configuration of rotor.

Table 1. Specifications of motor.
Number of rotor poles 12
Number of stator slots 18

Stator outer diameter 123 mm
Rotor diameter 82 mm
Axial length of core 34 mm
Air gap length 0.7 mm

Maximum current 185.3 Ap(45's)

Stator winding resistance 32.1 mQ/ phase

Number of coil-turn 8

Winding connection 6 series
Number of I-pole coil-turn 20
Number of E-pole coil turn 55

Thickness of iron core steel plate 0.35 mm (35A230)
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(a) Distributed winding. (b) Concentrated winding.

Fig.4. Magnetic flux density and flux lines.
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(a) Magnetic flux density waveforms.
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(b) Harmonic contents of magnetic flux density.

Fig.5. Magnetic flux density around air gap under no-load.
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(a) Twelfth time harmonic vector and flux lines of distributed
winding with solid rotor.

(b) Third time harmonic vector and flux lines of concentrated

winding with solid rotor.

Fig.6. Time harmonic flux density and flux lines.
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G=30 deg @ =60 deg

Fig.8. d-axis inductance constitution on different rotor
positions.
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(a) 4poles-3slots.

(b) 8poles-9slots. (c) 10poles-9slots.

Fig.9. Magnetic flux density and flux lines.
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Fig.10. Magnetic flux waveforms linking to rotor
salient pole of each slot combination.
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(b) With auxiliary-poles (proposed model).

Fig. 11. Third space harmonics vector and flux lines.

Fig.12. Cross section of benchmark model.
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(b) Current phase-torque characteristics under 185.3 Ap.

Fig.13. Current phase-torque characteristics of bench-
mark model.
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Fig. 14. Current phase-torque characteristics of pro-
posed model.
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Fig.15. Torque waveforms for 1000 r/min under MTPA
control.
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Fig.16. Rotor current characteristics of benchmark
model and proposed model for 1000 r/min under MTPA
control.
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(a) Cross section diagram.

Fig.17. Reference (10) model.

(b) Magnetic flux density.
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Fig.18. Rotor winding connection diagram of refer-
ence ' model.
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Fig.19. Field current waveforms of rotor for 1000 r/min
under MTPA control.
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Fig.20. Magnetic flux waveforms of rotor dg-axes for
1000 r/min under MTPA control.
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Fig.22. Field current waveforms of E-pole for 1000
r/min under MTPA control.
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Fig.23. Magnetic flux waveforms of rotor dg-axes in
steady state for 1000 r/min under MTPA control.
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