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Vibration Suppression of Time Delay in Rotor-Magnetic Bearing Nonlinear System”

Zhang Guorong Wang Xikui Zou Hansen Zhang Yong Xi Guang'

(School of Mathematics and Statistics, North China University of Water Resources and Electric Power, Zhengzhou 450045, China)

Abstract Active magnetic bearing (AMB) has the characteristics of no contact with the rotor and can be
applied to active control. It is more and more used in the support and vibration reduction of high-speed
rotating machinery. In order to study the vibration suppression of the time delay in the rotor-magnetic
bearing system, the nonlinear vibration equation of the rotor supported by the eight-pole legs magnetic
bearing is derived based on the primary resonance. The method of multiple scales is applied to obtain the
approximate solution of the vibration equation and the stability of the solution is also analyzed by Lya-
punov principle. The ‘vibration suppression area’ of the time delay is defined as the range in which the
stable vibration amplitude is less than the amplitude when the time delay is zero. The study found that
proportional gain has a greater impact on the ‘vibration suppression area’ of the time delay relative to
derivative gain by the time delay-amplitude curves at different proportional gains and derivative gains.
The same time delay cannot guarantee suppressing vibration at all speeds, and if the time delay is not se-
lected properly, it will cause system instability. By calculating the eccentricity-amplitude curves, it is
found that the time delay control can effectively reduce the amplitude due to rotor unbalance and elimi-
nate the nonlinear phenomena such as multiple values and jumping, and the system stability increases.

Numerical simulations verify the correctness of the analytical results.
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Fig.1 Schematic diagram of rotor-active magnetic bearing system
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(The solid line represents the stable solution, the dash line represents the unstable solution)
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(Red dots indicate numerical simulation solutions)
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