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Preliminary Study of Permanent-Magnet-Free Electromagnetic Coupling Dual-axis Motor for HEV Application
Masahiro Aoyama™, Kazukiyo Nakajima (SUZUKI Motor Corporation), Toshihiko Noguchi (Shizuoka University)

This paper describes a permanent magnet-free electromagnetic coupling dual-axis motor. The outer rotor is a wound-field type

with a diode rectifier circuit for self-excitation by space harmonics, and the inner rotor is a wound type induction rotor with

three-phase Y-connected windings. The outer rotor is magnetically designed with high saliency to pass the armature magnetic

flux for the induction rotor, and it can improve the magnetic coupling coefficient between the inner rotor and the outer rotor.

The inner rotor windings are mechanically shorted or opened. The mechanical structure for induction rotor winding connection

selector is composed of a spring and a conductor. The induction rotor winding connection selector can short the induction

winding connection in rotating by centrifugal force caused the conductor, and can open its winding connection in stopping. The

operation principle of proposed motor is discussed. In addition, the drive performances are clarified by magnetic field analysis.
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(a) Double layer-PM type.

(b) Single layer-PM type.

Fig. 1. Cross section of double layer and single layer PM
type electromagnetic coupling dual-axis motor.
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(b) Single layer-PM type.

Fig. 2. Current phase-vs.-torque characteristics with respect
to IM-rotor speed for PM-rotor 1000 r/min.
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(a) Double layer-PM type.

(b) Single layer-PM type.

Fig. 3. Magnetic flux density and vectors under MTPA point

of PM-rotor.
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(a) Benchmark HEV system. (b) Proposed HEV system.

Fig. 4. HEV system applied electromagnetic coupling
dual-axis motor.
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(a) Collinear chart. (b) IM-rotor winding connection device.

Fig. 5. Mechanical configuration of IM-rotor winding
connection device and collinear chart of proposed motor.
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(a) Proposed motor.

Fig. 6. Proposed dual-axis motor.
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(c) IM-rotor winding pattern.

(d) IM-rotor winding connection.

Fig. 7. Proposed motor and its IM-rotor winding connection.
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(a) Magnetic flux density and vectors. (b) Second space harmonic density

and vectors.
Fig. 8. Proposed motor and second space harmonic vectors
for field magnetization.

4 With rotor winding opened (8= -70 deg)
—#— With rotor winding opened (5= 0 deg)
—&— With rectifier circuit (WF 3000 r/min, £=-70 deg)
—0— With rectifier circuit (WF 3000 r/min, = 0 deg)
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(a) Gap magnetic flux density between WF-rotor and IM-rotor.
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(b) Gap magnetic flux density with respect to current phase.

Fig. 9. Air-gap magnetic flux density between IM-rotor and
WE-rotor with respect to armature current phase.
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(c) WF-rotor 3000 r/min with WF-rotor (d) WF-rotor 3000 r/min with WF-rotor
winding rectified, IM-rotor 0 r/min with  winding rectified, IM-rotor 0 r/min with
IM-rotor winding opened, f= -70 deg. IM-rotor winding opened, f= 40 deg.

Fig. 10. Magnetic flux density.
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Fig. 11. HEV drive mode with proposed dual-axis motor.
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Table I.  Specifications of prototype.

Number of WF-rotor poles 8
Number of IM-rotor slots 48
Number of stator slots 12
Motor core outer diameter 120 mm
Air-gap lengths Stator - WF-rotor 0.6 mm
WE-rotor - IM-rotor 0.4 mm
Axial length of core 49.5 mm
Maximum 750 AT (60 s)
magnetomotiveforce
Number of stator coil-turn 20
Armature Winding 4 parallel
connection
Number of WF-rotor 61
induction coil-turn
WE-rotor _mductlon coil 0.47 O Jeoil
resistance
Number of WF-rotor field 37
coil-turn
WF-rotqr field coil 0.29 O /coil
resistance
Number of IM-rotor coil
14
turn
IM-rotor coil resistance 0.15 Q/ coil
Core material 30DH (Nippon steel)
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(b) With WF-rotor winding rectified.

Fig. 12. Current phase-vs.-torque characteristics with respect
to WF-rotor rotation speed.
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Fig. 13. Adjustable speed drive characteristics with respect
to IM-rotor rotation speed increase in current phase -40 deg.
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Fig. 14. Current phase-vs.-torque characteristics compared
with HEV drive mode and EV drive mode in proposed HEV
system.
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Fig. 15.  Current phase-vs.-torque characteristics of
benchmark double layer-PM type without permanent magnet
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(b) High speed.
Fig. 16.  Magnetic flux density with respect to WF-rotor

(a) Low speed.

speed and IM-rotor speed increase.
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(b) Wound-field rotor.
Fig. 17.  Rotor configuration of prototype.

(@) Rotor assembly.
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