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Abstract Using the magnet gear, it is possible to transmit power without mechanical contact. As the drive shaft in
a magnet gear-based speed reducer system is isolated from the drive shaft, the system is a two-inertia resonance
system that should cope with an external load with the limited air-gap stiffness. On the other hand, the drive shaft
or low-speed side is controlled only by the torque of the drive shaft through an air-gap, and the excessive oscillation
or the slip can then be generated because of an abrupt disturbance that is different from the general mechanical gear
system. Therefore, the disturbance loaded at the low speed side should be measured or estimated, and considered in
the control of the driving shaft. This paper proposes a novel full-state feedback controller with a reduced-order
observer for the speed reducer system using a magnet gear with a unified harmonic modulator. The control method
was verified by simulation and experiment. To estimate the load at the low speed side, a novel observer was designed,
in which the new state variable is introduced and the new state equation is formulated. Using a full-state feedback
controller including the observer, the test result against disturbance was compared with two D.O.F PI speed
controllers. The pole slip was compensated within relatively a short time, and the simulation result about the estimated
variable shows a similar tendency to the test result. The test results showed that the magnet gear-based reducer can
be applied to an accurate servo system.
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Table 1. Specifications of the magnet gear used in the
simulation and the test setup

Spec. Values
Material NdFeB35
PM layer of high| Pole pairs 3

speed side Inner, Outer radius
Height

Material

20mm, 32mm

60mm
NdFeB35
22

38mm, 50mm

PM layer of low | Pole pairs

speed side

Inner, Outer radius
Height
Radial thickness

Open ratio

60mm

4mm
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Fig. 5. Torque diagram of the test setup of the magnet
gear-based system shown in Fig. 1
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Fig. 6. Block diagram of the magnet gear-based speed
reducer system given in Fig. 5
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