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Preliminary Experimental Verification of Pancake-Type Axial-Air-Gap Permanent-Magnet-Free
Synchronous Motor Utilizing Double Sided Space Harmonics
Masahiro Aoyama (Shizuoka University/SUZUKI Motor Corporation),
Toshihiko Noguchi, Ri Shigou (Shizuoka University)

This paper describes a pancake-type synchronous motor where the space harmonic power is effectively utilized for the field
magnetization instead of the permanent magnets. The pancake axial-air-gap structure, i.e., a single back-yoke-less stator with a
double-sided rotor configuration, can take great advantage to improve the mutual inductance which is indispensable for the
self-excitation of the field windings. The rotor coils, which are composed of two types, i.e., an induction coil for induced

electromotive force generation from the space harmonics, and a field coil for the field magnetization, are connected via a
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center-tapped full-bridge diode rectifying circuit. The adjustable speed drive characteristics are experimentally verified with a

prototype motor. In addition, it is experimentally clarified that the self-excited electromagnet pole has passive variableness of

the field magnet function with respect to the rotation speed and the phase angle.
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(c) Diode-rectified wound-field rotor and stator.

Fig. 1.  Mechanical configuration of proposed motor.
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Fig. 2.  Rotor winding connection using full-bridge rectifier.
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Fig. 3. Flat angle alpha windings.

Fig. 4. Third time harmonic vector and magnetic flux density.
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Fig. 5. FEA model.
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Fig. 6. Adjustable speed drive torque characteristics simulated by FEA.
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Fig. 7. Adjustable speed drive E-coil torque characteristics.
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Fig. 8. Field current with respect to rotation speed under 700 A, T.

(b) After rotor magnetization.

Fig. 9. Magnetic flux density and vectors for 1000 r/min.
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(a) Wound-field rotor with (b) Stator with stator cover.
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Fig. 10. Prototype machine.

Table I Specification of prototype machine.
Number of rotor poles 12
Number of stator slots 18

Motor core outer diameter 120 mm

Air gap length 0.7 mm

Axial length of core 34 mm
Maximum current 63.6 Arms
Number of stator coil-turn 11
Winding connection 6 series
Number of rotor induction coil 21
Number of rotor field coil 21

VR & A TR, IR ISR LTy v T
AIERHEREE A L TCWD EE R 5, X912 1000 r/min, #
KAMICTHRE L& X, BRICLY v—2 23 wbd 500
% OWGHFEE AR L WHBE~N Y MVRETRT, BC XK
Do—Z BT AT 0 — 2B X7 B R
BRI ARAT T 2 BRI EE T E D,

4. REROBE

X 10 | JRERRRGE A OFRIERE A 737, SMC = 7 IE AR
DAH R AT 1 W Z A 78 (4120, L20) 7580510
LTTHIYHL, —y PSR EZ - OIEN L%
fL7z, 3 IRT BRI Licafveze—XT 1 —AIT
WO, B2 0L ICkEBRLEZDL, H22E T/ (PPS)
BAZITOMERR ORI L BERE O LA M o7z, AT —
AOIXHIRENC X DB IRE OIK T 2Bk 2720, NI
B OT X 2 T ENE L T D, £ 1 ICRAIE
T—HOFEH LAY, BRHD SiC A 4 — Nidre—
LB SCS230AE2 (Vg=650V, I;=15 A/leg) T 5,

© 2015 IEE Japan



3-23

PR 27 SEFERE R HTIIR &

)
é ’/V—V
2 s '96’\‘:' N
g | N1\
SN
0 \Q\ b3 o= © 7/
\_4/
5

0 20 40 60 8 100 120 140 160 180
Current phase (deg)

(a) Adjustable speed drive torque characteristics (measured).
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(b) Adjustable speed drive E-coil torque characteristics.
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(c) Stator and rotor current waveforms for 500 r/min.

Fig. 11. Experimental test results.
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