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Frequency Response Analysis of Input Torque for Magnetic Gears
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Flux-modulated-type magnetic gears have attractive features, such as torque transmission without
mechanical contact and a high torque density. However, most studies focus on steady-state characteristics, while the
frequency characteristics of torque transmission remain unclear. This paper discusses a frequency response analysis
for magnetic gears. The results reveal that the frequency characteristics exhibit a resonance frequency, and that torque
ripple is not transmitted to the output rotor in high-frequency regions. Moreover, this paper presents a formulation of
the frequency characteristics of magnetic gears by linearizing the relationship between the load angle and the
transmitted torque. The linearized frequency characteristics mostly correspond with the results from nonlinear

differential equations.
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Outside diameter (mm) 150
Inner air gap length (mm) 2
Outer air gap length (mm) 1
Stack length (mm) 25
Pole pairs of inner rotor pi, 3

Pole pairs of outer rotor po,; 31
Gear ratio G; 10.33

Fig. 1 Specifications of flux-modulated-type magnetic gear.
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Jin  Inertia of inner rotor (kg'm?) 0.025
Jout Inertia of outer rotor (kg'mz) 2.5
D Damping coefficient (N'm/(deg/s)) 2
Tmax Stall torque of magnetic gear (N'm) 20
6Gn Mech. angle of inner rotor (deg.) Variable
Gt Mech. angle of outer rotor (deg.) Variable

Fig. 2 Configuration of two-inertia system.
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Fig. 3 Waveform of input torque.
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Fig. 4 Comparison of load angle versus torque of inner rotor
characteristics.
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Fig. 5 Comparison of speed waveforms of inner rotor
between 2D-FEM and nonlinear differential equation.
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Fig. 6 Torque waveforms at various frequencies.
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Fig. 7 Frequency characteristics of torque ripple.
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Fig. 8 Linearization of load angle versus torque
characteristic.
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Fig. 9 Comparison of frequency characteristics obtained

from nonlinear differential equation and linear
approximation.
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Fig. 10 Time variation of load angle at each frequency.
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