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Proposal of In-wheel type Magnetic-Geared SR Motor for Compact EV
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Magnetic-geared motors and direct-drive permanent magnet motors have attracted attention as in-wheel motors
for electric vehicles (EVs) since they have the advantage of high torque density. However, these motors have the
problem that it is difficult to achieve the wide speed-torque characteristics required for EVs. This paper proposes a
novel magnetic-geared motor that consists of a flux-modulated type magnetic gear and a switched reluctance (SR)
motor, which has the wide speed-torque characteristics in nature.
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Fig. 1 Basic configurations of magnetic-geared SR motor.
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Fig.2 Compact EV equipped with In-wheel SR motors.

Table 1 Target values of magnetic-geared SR motor.

Battery voltage (V) 48
Max. Current (Apmys) 30
Diameter (mm) 222
Stack length (mm) 51
No. of phase 4
No. of stator pole 16
No. of rotor pole 20
Max. torque (N-m) 100

Max. rotational speed (rpm) 500

Outside diameter (mm) 157
Inside diameter  (mm) 123.8
Stack length (mm) 51
Air gap length  (mm) 0.35
No. of stator poles 20
No. of rotor poles 16
Winding diameter (mm) 1.4(2-para)
No. of turns/pole 30
Winding space factor (%) 65.3
Core material 35A300

Fig. 3 Specifications of SR motor part.
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Fig. 4 Calculated torque versus speed characteristics of SR
motor part.
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Fig. 5 Torque versus speed curves converted from Fig. 4 by a
gear ratio of approximately 6 to 10.
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Table 2 Configurations and dimensions of permanent magnets
and PP.

Gear ratio 9.67, 9.5 94 933 929 925

No. of pole pair 3 4 5 ) 7 8

HSR magnets [=5 00 ess (mm) 33 300 30 30 20 25
PP No. of poles 32 42 52 02 72 82
Thickness (mm) 8.0 7.5 6.0 5.0) 3.5 3.5

No. of pole pair 29 38| 47 56 05 74

LSR magnets [=5 00 s (mm) 23 300 40 40 33 35

74 mm const.
HSR pole pair=4

74 mm const.

HSR pole pair=8
Fig. 6 Sectional view of magnetic gear part.
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Fig. 7 Calculated maximum torque of each HSR pole pair.
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Fig. 8 Calculated iron loss of each HSR pole pair.
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Fig. 9 Calculated eddy current loss in magnets of each HSR
pole pair.
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Fig. 10 Calculated efficiency of each HSR pole pair.
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Fig. 12 Calculated torque characteristics of SR motor part
with HSR magnets.

Fig. 13 Contour diagrams of flux density when maximum
current inputs.
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Di "
Diameter Imm l 222
Stack length [mm | 51
Magnetic gear part
HSR pole pair 8
INo. of PPs 82
ILSR pole pair 74
Gear ratio 9.25
Each air gap length  jmm 1.0 X2
Weight of magnets kg 1.23
SR motor part
INo. of phase 4
INo. of poles 20
INo. of slots 16
IAir gap length imm 0.35
INo. of turns per slot _[turns 30
\Winding diameter  jmm 1.6
|Winding space factor [%o 63.8
Phase resistance hm 0.042
Material
Permanent magnet I N40SH
Electrical steel sheets l 10JNEX900

Fig. 14 Specifications of proposed magnetic-geared SR motor.

IDiameter mm 222
Stack length Imm 51
INo. of phase 3
. [No. of poles 16 | 32
. [No. of slots 18 [ 30
| [Air gap length mm 1.0
INo. of turns per slot _|turns | 25 I 20
i Winding diameter mm 2.0
—= A\ /  [Winding space factor [% 60
7 IPhase resistance hm | 0.039 ] 0.14
S/ Weight of magnets kg | 1.29 [ 1.31
3 Permanent magnet N40SH
‘\\ —] Electrical steel sheets 10JNEX900

Fig. 15 Specifications of direct-drive type PM motors for
comparison.
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Fig. 16 Comparison of current density versus torque
characteristics.
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Fig. 17 Comparison of rotational speed versus torque
characteristics.
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Fig. 18 Calculated loss of proposed magnetic-geared SR motor.
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Fig. 19 Calculated efficiency of proposed magnetic-geared SR
motor.
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DRERIMFONZ. Lo, $BRET—X Vil EV ~ZERk &
VDRI N — ML 7 RSB CE 5 Z L B b 7e o T,

At SRRSO, R —X OBt
BRaAT O TRETHD.

WEE Ao —# %, JSPS BWFE JP21J10759,
JP21HO01302 & WAL K% AIE BLEKRZEBE 7 0 7T A2 LD
B Z 2 3T o7, Z IS O E AR T S.
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