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Decoupling Control Based on Linear/Nonlinear
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Degrees of Freedom HMB
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The hybrid magnetic bearing (HMB) is an electromagnetic device which supports the rotor without mechan-
ical contact by using the attractive electromagnetic force and permanent magnet force. Compared with the
conventional bearings, the HMB possesses several advantages such as no friction, no lubrication and sealing,
high speed, high precision, long service life. Thus, the HMB has a broad prospect of application in the mod-
ern rotating machinery, including high-speed machine tool spindle, nuclear energy, flywheel energy storage
system, and so on. As the most key part of the HMB system, the controller not only determines the rotor
levitation performance, but also directly affects the key indexes of the HMB such as the turning precision of
the rotor and bearing capacity. Thus, the design of the controller is particularly important in the design of
the HMB system. Active disturbance rejection control (ADRC) is not dependent on the accurate mathematical
model of the controlled object, and has characteristics such as high precision, low overshoot, fast convergence
speed, and etc. To realize the high precision nonlinear decoupling control of the HMB, a linear/nonlinear ac-
tive disturbance rejection switching control (SADRC) is proposed in this paper. Firstly, the basic structure of
the HMB is introduced in detail, and the mathematical model of the suspension forces is developed by utilizing
the equivalent magnetic circuit method. Secondly, a control strategy based on the SADRC is proposed. Then,
the PID and SADRC model are designed and compared, and the simulation results show that the decoupling
effect of the SADRC is better than that of the PID control. Finally, an experimental setup of HMB is built, and
the feasibility and effectiveness of the proposed decoupling control strategy is validated with the results of
the experiments.
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