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Stability analysis and verification for

bearingless magnetic levitation system with disturbance rejection
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Abstract: Although the PID control strategy is widely adopted in the bearingless magnetic levitation system, it is
impossible to realize high performance in the levitation control due to the influences of disturbance to the levitation forces
and the parameters perturbation, etc. To deal with this problem, we develop a novel bearingless levitation system by adding
an extended state observer (ESO) to obverse the comprehensive disturbances, making the system able to compensate the
disturbances in real-time. The mathematical model of the ESO is built based on the operating principle, and its stability is
analyzed. On this basis, the principle of the parameter selection and the stable region of the parameters for the levitation
control system are considered theoretically, thus a complete control scheme for the bearingless magnetic levitation system
is presented. Additionally, the principle of the parameter adjustment in the nonlinear extended state observer is improved
by considering the physical meanings of those parameters. Simulation verifies the significant contribution of the ESO to the
disturbance rejection in the bearingless levitation system, and validates the proposed scheme for its parameters adjustment.
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Fig. 1 Bearingless levitation system with ESO
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Fig. 4 Model of the PID levitation system
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