SPC—13—070
MD-13-012

Zef R 2 e r X =R T 5
LT 7 — A7 —F%—X @A 25 d e

T ERT (T, A XS4,

Ba FZ (FFHF)

Adjustable Speed Drive Characteristics on Rare-Earth Free Motor
with Field Poles Excited by Space Harmonics

Masahiro Aoyama*(Shizuoka University, Suzuki Motor Corporation),
Toshihiko Noguchi (Shizuoka University)

This paper describes a synchronous motor in which space harmonics power is utilized for field magnetization

instead of permanent magnets. The stator has a concentrated winding structure, and the rotor has two sorts of

windings, i.e., an induction pole winding that retrieves mainly the third space harmonics and an E-coil pole

winding for field magnetization. Both of the coils are connected via diode rectifying circuits. The current

phase to torque characteristics and the adjustable speed drive characteristics of the proposed motor were

studied by means of FEM based magnetic field analysis.
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Fig. 1. Cross section diagram of proposed motor.
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Table 1. Specifications of proposed motor.
Number of poles 12
Number of slots 18
Stator outer diameter 200 mm
Rotor diameter 138.6 mm
Axial length of core 54 mm
Air gap length 0.7 mm
Maximum current 273 Apx

Stator winding resistance 32.1 mQ / phase

Number of coil-turn 48
Winding connection 6 parallel
I-pole winding resistance 72.4 mQ
E-pole winding resistance 161.3 mQ
Thickness of core steel plate 0.35 mm

T-eoil (p/2)  T-coil (2) T-coil (1)

Diode Diode

T-coil (1} Teoil 2y IT-coil (p/2)

E-cail (p/2)  E-coil {2) E-coil (1)

E-coil (1) E-cail (2)  E-coil (p/2)

B2 o—2 BRI

Fig. 2. Rotor winding connection diagram.
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Fig. 3. Perspective configuration of rotor winding
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Fig. 4. Magnetic flux density distribution and flux lines.

(¢) Magnetic flux vector of 3 space harmonics at rotor

position-A.

(d) Magnetic flux vector of 34 space harmonics at rotor
position-B.
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Fig. 5. Magnetic flux vector of 3rd space harmonics at

rotor-position.

VRSN S T EMA TR T DR (E-coll iz, LT,
E-pole) @ 2 SOREHLTW5D, 2 ICIRRE—HF D1
— ZEMFERR AL, 3 I — X ERFERR ORI %
R, X2 OFEIMNITEBOFES LR L TRY, pldiBHE
BHLTHD, 2 VR T X D e e — 2 BRI R
WL 7o TEY, Ipole ICHEINT-FHEEBER NS LV %L
DREEIREH/D N TEDL LRI TVWD, &
7o, BAF— FOFETHAEART 57O REFIRRE ST

2/6



40

. T O
30 & 20 go Pt 30 go ?g S
: AR Y
% $% 3
20 g
? f%;
15 & 3
2L
Z o
B
=4
T
w Y
-25 "
0l inguceg currentgpnsltl.ve)) ’
nduced current (negative
-35 H —o—Field current V U v —I vl vl U
-40 [ [ [ [

0 1200 240 360 480 600 720 840 960 1080 1200 1320 1440
Electric angle (deg)

6 AN & BRI

Fig. 6. Induced current and field current characteristics.
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Fig. 7. Salient pole model of proposed motor.
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Fig. 8. Rotor position dependency of mutual inductance.

(c) 180 deg (electric).
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Fig. 9. Rotor position dependency of stator self-inductance.

(d) 270 deg (electric).
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Fig. 10. Rotor position dependency of I-pole self-inductance.
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