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Experimental Verification of Radial-Air-Gap-Type Permanent-Magnet-Free Synchronous
Motor Utilizing Space Harmonics with Auxiliary Poles

Masahiro Aoyama***¥, Member, Toshihiko Noguchi*, Member

(201542 21 H%AF, 20154F4 5 HH521f)

This paper describes a synchronous motor in which space harmonic power is utilized for the field magnetization
instead of permanent magnets. The stator has a concentrated winding structure, and the rotor has two different types
of windings, i.e., an induction pole (I-pole) winding that primarily retrieves the second space harmonic and an exci-
tation pole (E-pole) winding for the field magnetization. The two coils are connected via a center-tapped full-bridge
diode-rectifying circuit. The adjustable-speed drive characteristics and efficiency map are experimentally verified with
a prototype motor. In addition, it is experimentally clarified that the field magnet function of the self-excited elec-
tromagnet pole has passive variableness with respect to the armature current, the rotation speed, the phase angle, and
the time harmonics superimposed on the phase current. Furthermore, the drive performance of the proposed motor is
studied by comparing the torque and efficiency characteristics.
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Table 1. Specifications of prototype motor.

Number of poles 12
Number of slots 18
Stator outer diameter 200 mm
Rotor diameter 138.6 mm
Axial length of core 108 mm
Air gap length 0.7 mm
Maximum current 332.3 Apms (60 8)

Stator winding resistance 10.5 mQ / phase

Number of stator coil-turn 30 T/pole
Stator winding connection 6 parallel
Number of I-pole coil-turn 53
Number of E-pole coil turn 122
I-coil resistance 0.46 Q / coil
E-coil resistance 1.18 Q/ coil
Thickness of iron core steel plate 0.30 mm (30DH)

Induced (forward) ZETQS Diode
Field (Common cathode)

Oscilloscope

Brushes

Induced (reverse) ! Slip-rings

/

.
E-coil (1) I-coil (1) E-coil (2) I-coil (2)
: 1=z
> 4E
> >
: Auxiliary : Auxiliary
pole pole
11N } S

«-axis Tq-axis
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Fig.19. Torque characteristics with respect to armature magnetomotive force under adjustable speed drive.
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(c) Electromagnet torque and field current under 1025 ArmsT.

Fig.20. Electromagnet torque and field current characteristics with respect to armature magnetomotive force

under adjustable speed drive.
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