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Stability Analyses of Magnetic Levitation Tables Using Repulsions of
Permanent Magnets

Kee-Bong Choi’, Young Geun Cho™", Tadahiko Shinshi’™" and Akira Shimokohbe™"

ABSTRACT

This paper presents two actuators for levitation using repulsions of permanent magnet and two magnetic levitation

tables using the actuators. Here, one actuator for levitation consists of one fixed magnet and one moving magnet, and the
other actuator consists of two fixed magnets and one moving magnet. The moving part of the magnetic levitation table
contains the moving magnets. Repulsive forces caused by the permanent magnets are linearized, and then the equation of

motion of the moving part of the table is derived. Using the equation of motion, stability conditions of the moving part
are deduced. The stability conditions are analyzed for positional relations of the moving magnets and the minimum
number of active control required for stable system. As a result, in the each case of magnetic levitation tables, the

requirements for stabilization are expressed by the positional relations and the number of the active controls.

Key Words : Permanent magnet (% 7 %}4]), Repulsion (¥ 3), Virtual spring (71

(R7)5-4h), Stability condition (2HE Z7)
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Fig. 1 A type of levitation actuator using a pair of
permanent magnets
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Fig. 2 Virtual spring force with the translation of the
moving PM for A type of levitation actuator
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Fig. 3 B type of levitation actuator using a set of PMs
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Fig. 4 Virtual spring force with the translation of the
moving PM for B type of levitation actuator
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(b) B type of magnetic levitation table

Fig. 5 Configuration of magnetic levitation table
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Fig. 6 Forces acting on the moving part of magnetic
levitation table
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