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Mechanism and experimental verification of weak signal enhancement

via vibrational resonance in bistable cantilever beams

Zhang Yunxiang, Chen Yanmao, Liu Qixian
School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518107, China

Abstract: This paper constructs a magnetic coupling cantilever beam system with bistable
characteristics, and conducts a systematic study on its vibration resonance properties from both
theoretical analysis and experiment. Firstly, a nonlinear dynamic model of the bistable cantilever beam
system is established, and the analytical expression of the system's low-frequency response is derived
using the fast-slow variable separation method. This theoretically reveals the intrinsic mechanism by
which the high-frequency excitation modulates the slow variable to equivalent natural frequency and
induces vibration resonance. Subsequently, a magnetic coupling bistable cantilever beam experimental
platform is built, and experimental research is carried out under dual-frequency excitation conditions.
The experimental results clearly observe the vibration resonance phenomenon, and its variation pattern
is in good consistency with the theoretical analysis results. This paper validates the realizability of
vibration resonance in macroscopic structures from the mechanical experiment perspective, and
provides a practical research idea for weak signal amplification and detection based on the nonlinear
dynamic mechanism.
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Fig.1 Schematic diagram of the bistable

cantilever beam
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Fig. 2 Theoretical and numerical results of

the vibrational resonance
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