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Abstract: The 3D structures based on the principle of compression-induced buckling possess significant poten-
tial in micro-electro-mechanical systems and other engineering applications. Accurately predicting their dynamic
response is one of the key challenges in enabling their widespread practical use. The total energy of a “+”-
shaped 3D buckling structure is first evaluated with the energy method. Then, the nonlinear vibration governing
equation was derived through the Lagrangian formulation and numerically solved with the precise symplectic in-
tegration method. Numerical analysis shows that, the symplectic precise integration method can effectively pre-
serve the Hamiltonian energy of dynamical systems over long-term integration. Its numerical solutions remain

stable over time, providing an efficient tool for analyzing the dynamic behaviors of such 3D buckling systems.
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The vibration responses of 3D buckling structures are significantly dependent on structural parameters. The

findings contribute to the dynamic optimization design of 3D buckling structures.
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Fig. 1 The transformation process of the “+” -shaped structure from a 2D configuration to a 3D buckling structure
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Fig. 2 Application of the “+” -shaped structure in the reconfiguration of multistable 3D ferromagnetic structures
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Fig. 4  Simulation results of the 4th-order Runge-Kutta method and the refined symplectic integration method
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