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Abstract. The global bifurcations and multi-pulse chaotic motions of a bistable asymmetric laminated composite 
square panel under the foundation excitation are studied. Then, the energy-phase method is utilized to analyze the 
complex dynamics of the panel. The analytical results show that there exist Shilnikov type multi-pulse jumping 
orbits for the resonant case homoclinic to certain invariant sets in Hamiltonian perturbations which lead to chaos 
in the bistable panel system. The numerical results demonstrate that the Shilinikov multi-pulse jumping chaotic 
and small metastable chaotic vibrations coexist in the bistable asymmetric laminated composite square panel. It is 
found that the external excitation changes the complexity of the chaos, while the parameter excitation changes the 
type of the chaos. 
 

Introduction 
 

The composite structures with two different stable state equilibrium positions are called as the bistable 
composite structures, such as the asymmetrically laid laminated composite plates and panels [1] and anti-
symmetric laid laminated composite cylindrical and shallow shells [2]. The bistable asymmetric composite 
laminated panel has two stable-state vibrations located in the upper-mode or lower-mode around an unstable 
equilibrium position at the middle location, which are regarded as the upper-mode and lower-mode vibrations. 
Because of their excellent mechanical properties, the bistable asymmetric laminated composite square panels 
are being potentially used in aerospace [3], morphing structure [4], energy harvesting [5], electronic devices 
and other special fields [6]. 

 
Figure 1: Two-dimensional bifurcation diagrams for the bistable asymmetric laminated composite square panel 

From Figure 1, it is found that the periodic to chaotic vibrations alternately happen in the first-order mode of 
the bistable asymmetric composite laminated square panel. The occurrence of the chaotic vibrations are mainly 
concentrated on the intervals [0,5] and [50,60], as shown in Figure 1. The metastable chaos mainly occur in the 
intervals [10,50] and [60,100] for the first-order vibration mode. It is observed that there exist the periodic 
vibrations when the amplitudes of the parametric excitations are small in the first-order mode. We also know that 
the periodic and double excitation Shilinikov multi-pulse jumping chaotic vibrations occur alternately with the 
increase of the parametric excitations  . 
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