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Abstract

A nonlinear interval perturbation hybrid node-based smoothed finite element method
(NIPH- NS/FEM) using triangular elements is proposed to study the physical response of
LRAMs with uncertainty parameters. The employment of triangular elements is useful to
capture the complicated boundary in the earlier design stage. The numerical results have
clearly indicated that standard FEM using linear triangular elements suffers from the
volumetric locking severely for incompressible rubber, which gives very wrong solutions in
the analysis of physical response of LRAMSs. With selective integration approach, the
hybrid NS/FEM has balanced the smoothed stiffness and mass very well. Based on the
theoretical analysis and numerical results conducted in this work, it is confirmed that the
volumetric locking issue in the LRAMSs has been alleviated successfully in the hybrid
NS/FEM model using simple triangular element. In addition, the uncertainty model with
the interval parameters has been established in this work. It is found that the Poisson’s ratio
of the incompressible rubber v is very sensitive to the band gap of LRAMSs with ternary
structure. The numerical results have strongly confirmed that the NIPH-NS/FEM is able to
predict the upper and lower bounds solutions of mechanical response of LRAMs. The
implementation of NIPH-NS/FEM in the simulation of LRAMSs is very straightforward,
which offers a great help in the design of LRAMs for additive manufacturing to suppress
the noise and vibration of engineering structure. It is expected that the proposed algorithm
developed in this work can be extended to analyze more complicated cases of
metamaterials with uncertainty parameters.
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