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Analysis of Pole Ratio Effect of Magnetic Reducer
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Abstract In a concentric magnetic gear, which replaces the teeth of a mechanical gear with a permanent
magnet, the polar ratio of the magnet that determines the reduction ratio affects the behavior of the
magnetic gear dramatically. This study analyzed the density of transmission torque, the efficiency of
torque considering the solid loss, and the torque quality, including the cogging characteristics using
finite element analysis. When the pole number on the driving side was changed from two to five, it was
confirmed that there was an optimal pole ratio, in which the transmission torque was maximized.
Because eddy current generation density is proportional to the magnetic field, the transmission
efficiency also shows a similar tendency to the transmission torque density, and the efficiency is more
than 95% at a low gear ratio. The cogging characteristics due to the interaction of the permanent
magnets with the limited number of poles are inversely proportional to the least common multiple
between the number of magnets on the drive side and the number of modulator teeth. A test model was

built for the transmission torque evaluation.
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Fig. 4. Magnetic field at each air-gap by PM of the
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field shown in Fig. 4
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Table 1. Specification of MG used in FEM analysis

ITEM Specification
Size Inner/Outer radius, Length
Driver PM (19mm/31mm, 60mm)
Property NdFeB35
Modulator Size 32mm/36mm, 60mm
Property 50PN1300
Size 37mm/49mm, 60mm
Follower PM Property NdFeB35
Air-gap length 1mm
60
—A— —e—, —m—2pole
- - --0-,-- 3pole

Max torque(Nm)
&

A 53,
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Fig. 6. Maximum torque according to reduction ratio

for the magnetic gear whose driver pole varies
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Fig. 7. Differential magnetic field of the driver main
pole filtered through modulator
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