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Repulsive Magnetic Bearing Using Motion Control of Permanent Magnets
(Stabilization in the Axial Direction)

Takeshi MIZUNO, Hideki SEKIGUCHI and Kenji ARAKI

A magnetic bearing system using forces of repulsion between permanent magnets is developed.
In the developed system, the radial motions of the rotor are passively supported by repulsive force.
The suspension system of such configuration is inherently unstable in the axial direction so that it is
stabilized by using motion control of the permanent magnets for passive radial suspension; these
magnets are driven by voice coil motors according the motion of the rotor in the axial direction. The
characteristics of the system are studied both theoretically and experimentally. The experimental
results demonstrated that the developed magnetic bearing can suspend a rotating mass without any

mechanical contact, and realize positioning control of the rotor in the axial direction.

Key Words: Magnetic Bearing, Motion Control, Actuator, Analog Control, Positioning, Perma-
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Fig.1 Stabilization using motion of the support
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Fig.2 Stabilization of the axial motion using the motion
control of magnets in a radially passive magnetic bearing
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Fig.4 A schematic drawing of the experimental instrument
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Fig.5 A photograph of the experimental instrument
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Fig.6 A photograph of the rotor

Table 1 Parameters of the experimental instrument

m, 0.353 kg
m, 0.340 kg
kp 723x10*N/m
Cp 152Ns/m
k 292x10°N/m
k, 9.80N/A
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Fig.7 Motion of the rotor at a rotational speed of 51 rpm
when PD controller is used
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Fig.8 Frequency responses of the rotor displacement to
disturbance input when PD control is applied.

(@) pq=264x10°A/m, p, =9.11As/m.
(b) ps=480x10°A/m, p, =911As/m.
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Fig.9 Frequency responses of the rotor displacement to
disturbance input when PD control is applied.
(@) py=264x103A/m, p, =221As/m.

(b py =264x10°A/m, p, =911As/m.
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Fig.10 Step response of the closed-loop system with I-PD

controller
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