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A Non-Linear Control of a Magnetic Levitation System
without Current Feedback Based on Passivity

Toshimi SHIMIZU*? and Minoru SASAKI

*2 Department of Mechanical and Systems Engineering, Gifu University,
1-1 Yanagido, Gifu-shi, Gifu, 501-1193 Japan

This paper presents a non-linear control of a magnetic levitation system without current
feedback based on passivity of a system. The magnetic levitation system is essentially non-linear.
However, most researchers are modeled it as a linear system. If the object is far from the equilibrium
point, a linear controller cannot compensate large gap between the magnetic coil and the object
levitation. Some applications such as magnetic levitation conveyance system require large levitation
gap control. In such cases, the linear controller sometimes makes the system unstable. In this paper,
a non-linear controller based on passivity is introduced. The magnetic levitation system is
decomposed into two subsystems, electrical subsystem and mechanical subsystem. The non-linear
controller is designed for each subsystem. Controller for the electrical subsystem is designed by using
kinematic-energy-shaping and PID controller is used for the mechanical subsystem. The asymptotic
stability of the closed-loop system is proved by Lyapunov stability theory. The derived controller
needs position and velocity feedback but not current feedback. Numerical simulation and experimen-
tal results show the validity of the proposed non-linear controller.
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Fig. 1 Magnetic levitation system.
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Fig. 2 Decomposed magnetic levitation system.
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Fig. 3 Block diagram.
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Fig. 4 Desired trajectory.
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Fig. 6 Simulation result.
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Fig. 7 Experimental result.
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