T. Magn. Soc. Jpn. (Special Issues)., 8, 69-73 (2019)
<Paper>

BIZEBBRHA VR4 — LR VY—FE—2DEHZEIL

Efficiency Improvement of In-Wheel Magnetic-Geared Motor
for Walking Support Machines
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A magnetic-geared motor that an electric motor and a magnetic gear are magnetically combined has come to
attract attention recently. In previous papers, several magnetic-geared motors were presented, and the feasibility and
usefulness were demonstrated. However, the efficiencies of those prototype motors are not enough high. In this paper,
efficiency improvement of a magnetic-geared motor is investigated from the view point of increasing torque and
reducing losses. A prototype motor is designed by using three-dimensional finite element method (3D-FEM). The test
results indicate that the efficiency is improved and that the prototype motor can be applied to walking support

machines.
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Fig. 1  Basic configuration of a flux-modulated-type
magnetic gear.
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Fig. 2 Basic configuration of a magnetic-geared motor.
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Fig.4 Torque characteristics in each slot type.
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Fig. 5 Cogging torque behavior in each slot type.
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Fig.6 Comparison of iron losses in each core material.
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Fig. 7 Comparison of torque characteristics in each core
material.
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Fig. 8 Inner rotor structure of magnetic-geared motors.
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Fig. 9 Eddy current losses in each rotor structure.
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Inner rotor speed 3162.5 rpm
Outer rotor speed 550 rpm
Number of turns/pole 59 turns
Winding space factor 46.1%

Gap length 1.0 mm X 3
Core material 6.5%Si-Fe

Magnet material Sintered Nd-Fe-B

Fig. 10 Specifications of the improved magnetic-geared motor.
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Fig. 11 Comparison of calculated torque characteristics of
the previous and proposed magnetic-geared motors.
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Fig. 12 Comparison of calculated loss characteristics of the
previous and proposed magnetic-geared motors.
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Fig. 13 Comparison of calculated efficiency characteristics of
the previous and proposed magnetic-geared motors.
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Fig. 15 Torque characteristics of the trial magnetic-geared
motor.
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Fig. 16 Efficiency characteristics of the trial magnetic-
geared motor.
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Fig. 17 Loss characteristics of the trial magnetic-geared
motor.
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Table 1 Running resistance parameter

Rolling resistance coefficient | u, 0.011
Total weight M 108 | kg
Gravity acceleration g 9.8 | m/s?
Angle of slope 0 0,255 | deg
Air resistance coefficient Cq 1
Air density p 1.204 | kg/m3
Front projection A 04 | m?
Vehicle speed v 0~6 | km/h
Inertia weight M, 8.64 | kg
Vehicle acceleration a 0.1 | m/s?
Wheel radius T 0.165 | m
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Fig. 18 Evaluation results of applicability for the
walking support machines.
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