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Prototype Design of Permanent-Magnet-Free Magnetic Geared Motor for HEV Application
Masahiro Aoyama (Shizuoka University/SUZUKI Motor Corporation), Yoshihisa Kubota (SUZUKI Motor Corporation),
Toshihiko Noguchi, Yuto Motohashi (Shizuoka University)

This paper describes a magnetic geared motor in which magnetic flux variation at a differencial frequency between the stator

rotating magnetic field and the rotor speed is effectively utilized for the field magnetization instead of the rare-earth permanent

magnets. The operation principle of the self-excitation with a diode rectifier incorporated by the rotor winding circuit is

discussed in the paper. A magnetic circuit design and a mechanical design of a downsized prototype were performed for the

purpose of principle verification. In addition, the adjustable speed drive characteristics of the proposed motor are investigated

by the FEM analysis.
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(a) Magnetic flux density and (b) Harmonic contents.
flux lines.
Fig. 1.  Magnetic flux density and its harmonic contents of

solid inner-rotor without magnetic flux modulator.

Magnetic flux density (T)

0.0 —
1234567 89101112131415161718
Harmonic order

(a) Magnetic flux density and (b) Harmonic contents.
flux lines.
Fig. 2. Magnetic flux density and its harmonic contents of

solid inner-rotor with magnetic flux modulator.

© 2015 IEE Japan



3-8

PR 27 SEFERE R HTIIR &

49.5 mm O/NUFEBRGE# A RIE L, ORI Ccr—2 %
HOBEES 5 Z &2 RiET 2. a7AROHIK, BEXR,
BeR V7 BREIRE[E] 2> O R E L 72 BT B O B E
(23 Apy/mm?®) DRMEND, B RAMRFOBK AT Z S/ L
TAT7T—FIL8 MR (41 &REL, MKEFEHMKF
TE—ZDR—LarEr—Ta OB IEo L SIS
BETHVO0, F7o, HEME ORI ML 2 IZQ)DILY

jo(l)(2)(3)o

Ppoy _Ppmwpm =P (1
P P

T =—3T =_35.T 2

s Pm m Ppm pm (2)

I T lIAT — Z EERAARE, o, TEHFHARE,

O 15 PM 01— 2 4RI, P 1E AT — 2 fiHik, P, 130T
DRI, Py ld PM B — 2R CTH Y, TIFAT — 2 K AE
AV, TIERF VY, T,/ EPM r—% MLT Th
%, LRROBMENL—BlE L TER oM P,=12 £ LT
X, P=4THDIND, P,=8Litd, ZOR—LarE
F—arEBRA LG — 2R 1 &K 2
WRT, £9, YUy Re—X2RNALESHEAT —H
IRV RET DX v v T REHRE Y 2 T AT L7 R
ZRLIORT, K1 LY Aey MERBICERT D8 11K
L 13 RZEM SR EN X v v THARICESE L TWDH AL
Y IESLIR ISV, RIS, DB AT—2 &V Y v Fr—
2 MNCERNF (P,=12) ZRNBLIZEEOEHFHTELE VY v
Ra—Z B OX v v TR B & TR T Lo R %
B 212739, M2 X0ERFONR—IT U AGMTEY A
T —H OIEARW IR DS BREH ST 8 Kk (P,—P,=8)
DOEEREEFR AL, 2O 8 RO EHEFER & 8 fRdd> PM & —
ZREH L CEEET 5, 7ol BREREY 16 1k (P,+
P,=16) LIATHNRIREIN/NE N2, —RIARKAOME
B L PM B — 2 2R S8 59, —J7, K2 THRATE
% L 9T 4RO EIHREE T (4 §BkE R T — & D FEAE [FIHRHEE )
o —X PR T DN, ZIUEPM v—% LR Lz
WSRO PM b —H 2 & o TILIMETRE 2 RIgICHN S5
FERK LD, BET DA A — RERAERABIEHER
X7 E—XE, ZOFEMEEROBIREEIC XV FHEE
BHEBTHEA A — NI L ARARBER A ZTEKT 5,
I XV IERDOBEAR T T & —F L RO EMEREE CHA
7V —bEFEBTDHLNTED,

(2:2) R—=)LarvER—T 3 >ORE  P=4 DA,
AT EEE L T FitOMAEbENRE LN,

(Py: P,y i P,) = (4:4:8), (4:6:10), (4:8:12)
FROMBEDEICTHERD PM v —Z 4 A 7 TRSIEE
HETEAT S TR A 3 ITRT, P, 4O RAT—H 1%
HiE L L, BP0 & 22RO bR TR AT 208 U
B vy & vV U T ADRENS 50 % (ZEk &
BROLRNE LVIREE) & L7z, K4t o (o

[ 11-98]

(@) Ps=4, Ppy=4,P,=8. (b) P;=4,Pp,=6,P,=10. (c) P;=4,Ppy=8,P,=12.

Fig. 3. Poles and slots combinations.
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(a) Torque characteristics under stator 100 Hz in CW-direction and WF-rotor

100 Hz in CCW-direction.
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Fig. 4. Torque delivery principle with respect to slot combinations.
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(a) Harmonic contents of magnetic flux density in air-gap.

(b) P,=4,P,,=6,P,=10. (©) P=4,P,,=8,P,=12.
Fig. 5. Harmonic contents of magnetic flux density in air-gap and

magnetic flux distribution in differencial frequency.
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(b) Induced voltage in induction coils I-1, I-2, I-3 and 1-4.
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(c) Induced voltage in induction coils I-5, I-6, I-7 and I-8.

Fig. 6. Proposed motor and induced voltage in each induction coil.
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Fig. 7. Rotor winding connection using full-bridge rectifier. Fig. 8.
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Fig. 10. Adjustable speed drive characteristics.
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Fig. 12. Mechanical configuration of modulator.
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Fig. 9. Collinear chart under constant-speed

drive of WF-rotor at 200 Hz.

Resolver (Modulator side)
l Resolver (WF-rotor side)
—(

Fig. 1. Mechanical configuration (cross section).

WE-Rotor(A5036)

Spacer(A5056) Bearing(NSK, 6802VV)

Bearing(NSK.6202VV)

Resolver mRV

¢

Balance plate(C2801)
Spacer(A5036)

Diode, Diode Holder

Fig. 13.

Mechanical configuration of WF-rotor.
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