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Research on active electromagnetic damping vibration control technology
for vertically mounted rotors with flexible supports

He Shaodong Tang Changliang  Xu Jingwen Song Jinhua Mu Mengliang
(Key Laboratory of Modern Measurement and Control Technology Ministry of Education, Beijing Information Science

and Technology University, Beijing 100192, China)

Abstract: In order to more effectively suppress the vibrations of the vertical rotor system, an electromagnetic damper
based on active electromagnetic force is proposed as a replacement for the traditional oil film damper, which relies on
viscous damping force for vibration reduction. The magnetic circuit structure is simulated and validated using finite
element analysis. Based on the dynamic model of the damper under the influence of electromagnetic force, a
corresponding PD control system is designed. A vertical rotor acceleration test rig was set up. in which both the
electromagnetic damper and the oil film damper were employed as the support structures for the system, respectively,
to perform vibration suppression tests and analysis. The experimental results demonstrate that the support
characteristics of the electromagnetic damper are dynamically adjustable and exhibit excellent vibration suppression
performance with appropriate control parameters, showing a 46. 49% reduction in amplitude compared to the oil film
damper. Moreover, after integrating a phase lead compensator into the PD controller, the rotor’s amplitude in the
critical region decreased by 15.78% , while the low-frequency vibration energy was reduced by 86%. The research
findings validate the feasibility and applicability of the electromagnetic damper for vibration suppression in vertical rotor
systems, while also identifying directions for future optimization.

Keywords: vertical rotor system;electromagnetic damper; PD controller;vibration damping test
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(b) Electromagnetic dampers
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Fig. 3 Magnetic flux density distribution map
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Fig.5 Magnetic force as a function of displacement
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Fig. 6 Schematic diagram of the damping body motion
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Fig. 10 Oil film damper installation structural diagram
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