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Adjustable Speed Drive Performance of
Permanent-Magnet-Free Magnetic Geared Motor under HEV Drive Mode
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 caused by the 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 magnetic circuit design and the mechanical design of a downsized prototype are presented for the

purpose of principle verification. The adjustable speed drive performance under the HEV drive mode with engine speed and

torque control is investigated by the FEM analysis. Consequently, it has been indicated that the output torque performance can

be improve by controlling the differencial frequency without sacrificing the total efficiency.
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(a) Conventional magnetic geared motor. (b) HEV system.
Fig. 1. Cross section of conventional magnetic geared motor and

HEV system application.
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Fig. 2. Collinear chart of magnetic geared motor for HEV system.
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Fig. 3. Cross section of proposed permanent-magnet-free magnetic

geared motor.
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Fig. 4. Rotor winding connection using full-bridge rectifier.
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Table 1. Specifications of prototype motor.

Number of stator poles 8
Number of WF-rotor poles 16
Number of modulator poles 12

Stator outer diameter 120 mm
Rotor diameter 61.2 mm
Axial length of core 49.5 mm
Air gap length 0.7 mm
Maximum current 150 A

Armature winding resistance 15.1 mQ / phase

Number of armature coil-turn 8

Winding connection 4 series - 2 parallel

Number of I-coil turn 10
Number of F-coil turn 11
I-coil resistance 79 mQ / pole
F-coil resistance 47 mQ / pole
Thickness of iron core steel plate 0.3 mm (30DH)
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Fig. 6. Collinear chart with respect to engine speed and stator excitation frequency.
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Fig. 7. Modulator speed-torque characteristics with respect to
engine speed.
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Fig. 9. Modulator speed-WF-rotor output power characteristics
with respect to engine speed.

DOIFFNRT & S lc= v Y EEEEEE % 0 r/min 7> 5 5000
r/min F CTOHiFH T 1000 r/min = L IZ[EEIZL, AT —HFfih
W SR P de % A o X /e & & O 1 lmiE E — A7 1 oL
ZRMEER 7 IR T, BRRKATHRD, v— X 5EWo 4 ihE
PrFRFEUE L U CEMA MV N K & 72 D BN O 54
TAT — X R E I S% CW H o5 CCW 7R & TA kX
H, BHFTZNHITHRH L LEOHERETHD, B,
JMAG-Designer (ver. 14) % W CEMAMITIC T I 2L
—varLlifRchsr, RKLY, HBRKOEGZR D A
T — X AR & v — & A O [R5 5 B s = v
VU EHRIEEIC Lo TR2 5, ﬁ%@%ﬁiWFm~&’
WEEENDNBEELR VD, REsERIT5 2 2:75>

X PTEMA NV BNEKE R D EIRALAE TR EI 55

ML BB bb, KIS l7ame%—%iﬁﬁ@~

T7a—lZOWTERT, WFr—%, A7 —%@ 3 BRIy
it L CHeRRT %, X8 MBI 10 ISP T RERHE Iz x5

[ 1I-103]

7

6

5 /
Y
4 / —=— 0 r/min
—o— 1000 t/min
1 —4&— 2000 r/min

—o— 3000 r/min

2 | 44000 r/min
; —— 5000 r/min

Modulator output power (kW)

0 1000 2000 3000 4000 5000
Modulator speed (r/min)

Fig. 8. Modulator speed-modulator output power characteristics
with respect to engine speed.
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Fig. 10. Modulator speed-stator output power characteristics
with respect to engine speed.
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Fig. 11. HEV Drive mode with respect to stator excitation frequency and engine speed.
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Fig. 12. Maximum modulator torque control characteristics.
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Fig. 13.  Output power characteristics under maximum torque control.
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