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Air Spring Combination Buffering and Moving Coil Automatic Centering
Technology for High-Speed Stable Driving

Zhu Yu
Shanghai Hanhai Testing Technology Co., Ltd. Shanghai 200433

Abstract : The smoothness and reliability of high—-speed drive systems are core technical requirements in the
field of high—end equipment, where their buffering performance and actuator concentricity directly
determine the quality of system dynamic response. To address the insufficient impact suppression of
traditional buffer devices in high—speed drive scenarios and the tendency of voice coil actuators to
suffer eccentric wear, an integrated technology combining air spring composite buffering and voice
coil automatic concentricity is proposed. First, the nonlinear stiffness characteristics of air springs and
the failure mechanism caused by voice coil eccentricity are analyzed, and a mechanical model of
the composite buffer system is constructed to clarify the parameter matching relationship between air
springs and auxiliary buffer components; subsequently, a voice coil automatic concentricity mechanism
based on magnetorheological effect is designed, achieving real-time compensation of eccentricity
through magnetic field gradient regulation. Simulation analysis is combined to verify the effectiveness
of the composite buffer system in improving stability under impact loads and the ability of the automatic
concentricity mechanism to suppress eccentric errors. The research results show that this integrated
technology can effectively reduce the peak acceleration during high—speed drive by more than 30%,
control the voice coil eccentricity within 0.02 mm, and provide key technical support for the design of
high—speed smooth drive systems.
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