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Study on High Torque Density Design of Self-Magnetized Motor
with Field Poles Excited by Space Harmonics
Masahiro Aoyama (Shizuoka University, Suzuki Motor Corporation), Toshihiko Noguchi (Shizuoka University)

This paper describes a study on a high-torque-density synchronous motor in which space harmonics power is utilized for field

magnetization instead of permanent magnets. Use of small permanent magnets for magnetic shielding in a conventional model

makes it possible to raise the torque density because electromagnetic force in a circumferential direction can effectively be

increased. Consequently, the permanent magnet volume of the proposed model is reduced by 81.4 %, compared with the

benchmark IPM motor.
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Fig. 3. Rotor winding connection diagram.
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Table 1. Specifications of 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 Ak

Winding resistance 32.1 mQ / phase

Number of coil-turn 48

Winding connection 6 parallel

Remanence of magnets 1.25T (@ 293K)

Coercivity of magnets (H) 1989 kA/m (@ 293K)

Thickness of core steel plate 0.35 mm
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Fig. 4. Positive induced current characteristics of conventional.
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Fig. 5. Torque characteristics of benchmark and conventional.
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Fig. 6. Magnetic flux density distribution and flux lines.
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Fig. 11. Current phase fS-torque characteristics

of benchmark at 1000 r/min.
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Fig. 12. Current phase S-torque characteristics

of improved model at 1000 r/min.

18.6%THV, HELT 7T —AMLEZELTE TS,

(4-3) p-THE X 1112 1000 r/min, B KEFHTON
VIV — 2 OBWRAE L) ML OFRERL, K121
BRETNVOEFHIREBROBRE T, XUFv—71F—
Wer72 IPMSM D728, YT 7 XA M <7 Ry b b
NI D2OD MY BRI L, BIRAAEAHK 30 deg T
KK MVIBRELND, —J, WRETNVIE, VIR
ARV E~TFy b bAZICMA, BEER A bV
b o723 250 Mo G/ NT 5, K12 XY, Bih
KEMA SV d SHSES U EEML TWE, BIRAL
FHAYKT 90 deg 725 100 deg I Tl K & 722, D72, b
/L2 1% 1000 t/min RRIXEEFRALAH 23K 60 deg THRR &7 5.

X 13 (2% B £ /10> 1000 t/min & 2000 r/min (2351 5
KEBFReOBEFRMARE MV 7 OfRE R, WiEER#EE T
DOXIBAMERBIC L DHMAREETY T 2y N vy
WCENELDZ L, SOLOFRBIZEDI T XA RV
JEEREAT D ERREEIC LTI Ry PRV LY
FOH A NN D BT REIT—EE 2D, —77, HEIRE
fa hv7i, 31ETHLIRR-EB0, BEREOBE 2
2729, K14 1R XD ICEEREE O E & HICERA
MV ZITEINT 5, LR -T, A MV BRRRERD
BIRALAHIL, BRA ML ZIKTFEL TEA L THNDH Z &R
ERTE %, 22T, E—ZEHEEEDOHME & & I8N

III- 164

W
S

|
80 /E//I '/ ( L]
pd .

= — |

=

-20 |—| —=— Magnet

—4&— Reluctance

—#— E-coil (1000 r/min)
—+— E-coil (2000 r/min)
—e— Total (1000 r/min)
—o—‘ Total‘ (200()|r/min)

Torque (Nm)

o

-40

-60

-80 I

0 10 20 30 40 50 60 70 8 9 100 110
Current phase (deg)

13 &RBE7/L® 1000r/min & 2000r/min (231 5
B- NIV B
Fig. 13. Current phase S-torque characteristics

of improved model at 1000 r/min and 2000 r/min.
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