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Derivation of torque equation for magnetic-geared motors considering magnetic
interaction and application to small-scale electric vehicles

Nakamura, Kenji

13,100,000

500N m
83N m/L

S00N m

The magnetic-geared motors, which integrate a permanent magnet (PM) motor
with a magnetic gear, are suitable for small and flat structures and can achieve high torque at low
speeds. Thus, it is expected to be applied to in-wheel drive electric vehicles. In this study, a
torque equation that takes into account the magnetic interaction between the PM motor and the
magnetic gear is derived to clarify the drive method that can improve torque and efficiency.
Moreover, analytical design and prototype tests of a large-scale 500 N-m class magnetic-geared motor

for application to small-scale electric vehicles are conducted. Torque density of 83 N-m/L was
achieved by the prototype magnetic-geared motor.
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1
Diameter 380 mm
Axial length 50 mm
Output torque 500 N-m
Input current 130 Arms
Current density 10 A/mm?
Max. line voltage 334V
[Diameter mm 380
IAxial length mm 50
ILSR yoke radial length mm 26
ILSR magnets radial length mm 6
PP radial length mm 11
PP ratio 0.44
[HSR magnets radial length mm 13

[Embedding depth of HSR magnets

(PP side / Stator side) mm |3.0/1.0

Shaft diameter mm 100
[Each air gap length mm 1.0
INo. of Pole pair of HSR magnets 3
INo. of Pole pieces 28
INo. of Pole pair of LSR magnets 25
Gear ratio 8.33
INo. of slots 9
Winding diameter mm 1.0
INo. of turns per slot (No. of parallel)| turns | 9(18)
Winding space factor % 474
[Permanent magnet material N40SH

[ron core material 35H300
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