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Investigation of the internal resonances of a beam with a local bistable nonlinear energy
sink
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Abstract

In this article, the nonlinear vibrations and internal resonance of a simply supported beam with a locally attached
bistable nonlinear energy sink (NES) have been studied. This study focuses on the effects of internal resonance
on the dynamic behavior of beams and how vibrations can be controlled by an NES. Bistable nonlinear energy
sinks are increasingly utilized due to their higher efficiency compared to monostable nonlinear energy sinks. A
key area of interest in such problems is the internal resonances, where the energy transferred from the beam to
the nonlinear energy sink is substantial. To address this, the system's equations of motion were derived and made
dimensionless and discretized using Galerkin’s method. The method of multiple scales (MMS) was then applied
to investigate the primary and 3:1 internal resonance. The findings indicate that the frequency response curves
are highly sensitive to slight changes in NES parameters, particularly damping. However, the nonlinear energy
sink's softening behavior in the frequency domain, as opposed to the beam's behavior, means that physical
limitations due to nonlinear energy sink mass displacement can adversely impact its efficiency. Additionally, the
use of NES in beams can significantly improve dynamic stability and extend the service life of structures. The
findings of this study can contribute to more optimal design and effective utilization of NES in engineering
applications.

Keywords: Targeted energy transfer; Galerkin’s method; Bistable nonlinear energy sink; Internal resonance.
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