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Torque Performance Improvement of Self-Excited Permanent-Magnet-Free-Synchronous
Motor with Rotor Auxiliary Poles Utilizing Space Harmonics

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

(201546 A 30 H521F, 201548 H 31 HFH2AY)

In this paper, a synchronous motor is described 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
winding, i.e., an induction pole (I-pole) winding that primarily retrieves the second space harmonic and an excitation
pole (E-pole) winding for the field magnetization. The two coils are connected via a center-tapped full-bridge diode
rectifying circuit. The effects of the rotor electromangetomotive force distribution on the d- and g-axis are theoretically
discussed. Then, the effect of the auxiliary poles is experimentally verified using a prototype motor in terms of the
adjustable speed drive characteristics and the efficiency map. In addition, it is experimentally clarified that the rotor
self-inductance and the rotor winding resistance significantly affect the conduction period of the rotor induced current.
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Fig.1. Main magnetic flux path and leakage magnetic
flux path.

2. RETDE—20OMHEWIC & B 1ERENE

(2-1) REY 2 BHXERFRTREE— 2 DiEE

BETLE-FII=MI8 20y bEATLERERT —
yE, RBOEBREET S0 -5 EFALTVE, B—%
I A VIE Fig. 2(a) 1R & 9 12 o il IR & flise £ &
THFGRENZELEEL a4 (LT, I-pole) &, dii
FAEER SRR S CHFERBEN 2L S0 0EMA
TS a4 (LT, E-pole) @ 2 DI Ve k
T 5, O— ¥ ZEMEICEF% T E-pole # L& L, I-pole %
O — & eI e L CRET 5 2 & T, &R 22 M
EIRM AR AL F—HE L THRBEETER T 5 9, fifikid Y
FIAR ORI ERESIA (B H 85 30DH) TZEMmER 53 1
LC 274 EIRIRICILD 1 5T 2, Fig. 2(b) 12336
FeHl (R F=—2) Tl d#ERERE O & % Rk

ANVF—FE LTFHHL TV LT, BETLE—
513 Fig. 2(2) 1R T & 9 ISR L 72iE L 5 2

ET, FEMILOBRT A E RS difie qifficEET 5%
I AR R R 2 AR I i = A L F =R e L TR %
WA REDSH A @, F7- |-pole & E-pole D1 — ¥ i
2SS A FERE N (—fl& L CERMAAMA 0deg % X
) &, Fig. 31 RT &9 Az 5, Fig.3 @ I-coil &
E-coil @& & it Fig.2(a) L FLTH Y, FXOEER
AL A & — FEsme TICHRE L L7z & Z DOBRHIR
WERTH D, bbb, Fig.2lIRT LAY — Nk
WOFAF—FEY 22— )Vx O CEBEERREERT 5
ZET, RRBLLOU—F I VICEELFERED R
WA NLF—HE LTUEHTAZ LN TE S,

(2-2) #WRICLZFEESTIEINHR 54— V&R
B E, 17— DR & FERI DR 2* 1-coil %
E-coil 128589 5 2 & CTHEREAHET B HHICED
(o ZOFERBNIFAF— FIZL o TR SN, KR
ELTHEROZAL 2 W A & 9 B Eit & 55T L 72 1E AN
NG ETHRENITER S NG, BRTEIICESEL TN
ZEME DY 1-coil % E-coil (2863855 2 & TREIHE
AL, U—% AL VOATCA ¥ ¥ 7 5 A L&KL (01—
¥ DEFMRER) (& o THRTE 52BN CHEERI
Nb, TIZTIE, ZHERHEI T —F I A IVITHEET S Z
ETCRETHEBENE OV EBRPMNTEET HIRES
DONAHBIR % BB HT 5, 9, Fig.412RT L9 %

170

Diode

ViNWiN
VAVA

M\
L
I-coil (1)

(Common cathode)

T\,

E-coil (2) I-coil (2)

AAAAAD
AAAMAAAD]

Auxiliary
pole

A
z
&
.g:
<

L E-coil (1)
pole

N S

«—axis «-axis

(a) Proposed model (with auxiliary poles)

NN fzi::l:oncathode)
VRIS
I-coil (1) T ot @
E-coil (1 4‘32
N — S

f-aﬂs ¢1-axis

(b) Benchmark model (without auxiliary poles)

Fig.2. Rotor winding connection diagram.
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Fig.4. Benchmark model of half-bridge diode rectifier.
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Table 1. Motor parameters.
L . . Full-bridge without Full-bridge with
Description Unit Half-bridge auxiliary poles (A.P.) auxiliary poles (A.P.)
Vya \% 20 9.60 13.8
Vg A% 0 0 -1.80
L mH 10 5 5.6
R Q 1.75 1.75 1.64
N r/min 500
o rad/s 314.2
VA Q 3.60 2.35 241
1% deg 60.9 41.9 47.2
N; (I-coil) Turn 85 53
177
Nk (E-coil) Turn 92 122
F (fundamenal frequency) Hz 50
50 I I I I I I I I =0 (—0— Vv (generated by d-axis harmonic flux
20 O Vra (generated by d-axis harmonic flux) 40 fomm R 00T CUTTENT
P Rotor current —_ A Vi (BEMF)
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Fig.5. Calculated results by mathematical model.
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Fig.8. Mechanical configuration of motor.

Table 2.  Specifications of prototype motor.

Description Benchmark Proposed
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 armature magnetomotive force

1661.7 AT (60 5)

Stator winding resistance

10.5 mQ / phase

Number of stator coil-turn 30 T/tooth
Stator winding connection 6 parallel
Number of I-pole coil-turn 85 53
Number of E-pole coil turn 92 122
I-coil resistance 0.85 Q / coil 0.46 Q/ coil
E-coil resistance 0.90 Q/ coil 1.18 Q/ coil
Thickness of iron core steel plate 0.30 mm (30DH)
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Fig.17. Electromagnet torque and field current under 620 AmsT.
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Fig.19. Motor efficiency in regenerating.
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