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Study on Rotor Rectifier Circuit of Permanent-Magnet-Free Magnetic Geared Motor for HEV Application
Masahiro Aoyama (Shizuoka University / SUZUKI Motor Corporation), Yoshihisa Kubota™ (SUZUKI Motor Corporation)
Toshihiko Noguchi, Yuto Motohashi (Shizuoka University)

This paper describes a rare-earth-free magnetic geared motor in which magnetic flux variation in differencial frequency

between stator rotating magnetic field and rotor rotation speed. The differencial frequency magnetic flux is effectively utilized

for field magnetization instead of rare-earth permanent magnets with diode rectifier wound-field rotor. The operation principle

of self-excitation and diode rectifier circuit technique of rotor winding are discussed through the magnetic field analysis. The

effects of the output torque performance with respect to the rotor magnetomotive force balance between the induction coil

exclusively used for induced voltage generation and the field coil for field magnetization are clarified by magnetic field analysis

and mathematical approach. Consequently, it has been confirmed that magnetic decoupling between induction coil and field

coil can be improved the torque per rotor current and torque ripple characteristics.
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Fig. 1. Cross section of proposed motor.
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Table 1. Specifications of motor.

Number of stator poles 8
Number of rotor poles 16
Number of modulator poles 12
Stator outer diameter 120 mm
Rotor diameter 61.2 mm
Axial length of core 49.5 mm
Air gap length 0.7 mm
Maximum current 150 A

Armature winding resistance 15.1 mQ / phase

Number of armature coil-turn 8

Winding connection 4 series - 2 parallel

Number of I-coil turn 10
Number of F-coil turn 11
I-coil resistance 79 mQ / pole
F-coil resistance 47 mQ / pole
Thickness of iron core steel plate 0.3 mm (30DH)
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Fig. 2. Rotor winding connection using full-bridge rectifier.
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Fig. 3. Magnetic flux density and its harmonic contents of

solid inner-rotor without modulator.
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Fig. 4. Magnetic flux density and its harmonic contents of

solid inner-rotor with modulator.
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(b) Induced voltage in induction coil I-1, I-2, I-3, I-4 and
field coil F-1, F-2, F-3, F-4.
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Fig. 5. Induced voltage with opened rotor windings and FE

analysis condition.
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(a) Rotor windings connection.
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(b) Rotor currents.
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(c) Torque characteristics.
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Fig. 7. Torque characteristics and rotor current waveforms

under stator 400Hz and rotor 200Hz.
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(a) Rotor windings connection.
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(b) Rotor currents.
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(c) Torque characteristics.
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Fig. 8. FEA results of full-bridge rectifier with common

mode of induction coil in forward direction and field coil.
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(a) Rotor windings connection.
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(b) Rotor currents.
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Fig. 9. FEA results of full-bridge rectifier with phase

difference 90 deg between induction coil and field coil.
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(d) Rotor currents.

10
.._MM
o™
z
§0€§£%§fVKfmﬂuﬁ¢xﬁ¢W¢x
B 5
%WMW

-10

—o— WF-rotor
[—— Stator recation
-15 .
0.000 0.001 0.002 0.003 0.004 0.005
Time (s)

(b) Torque characteristics.
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Fig. 10. FEA results of decoupling full-bridge rectifier.
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12 600 ————
o —=—I-coil
o ..
10 & 500 (—*—F-coil
NS | —~—Totl LT \x\
£ g 400 7 >
& &
2 ° A
Z 230
& : T T
S 200
1 5
< 100} (/
2 e
0 ]

2 4 6 8 10 12 14 16 18 2 2 4 6 8 10 12 14 16 18 20
Number of I-coil turn Number of I-coil turn

(a) Modulator torque with respect (b) Magnetomotive force with
to number of I-coil turn. respect to number of I-coil turn.
12 I-coil # — > HITH T 2+ by L AEES)

Fig. 12.  Modulator torque and magnetomotive force with respect

to number of I-coil turn.
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