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Nonlinear Dynamic Analysis using Petrov-Galerkin Natural Element Method

Hong-Woo Lee and Jin-Rae Cho
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Abstract

According to our previous study, it is confirmed that the Petrov-Galerkin natural element method (PG-

NEM) completely resolves the numerical integration inaccuracy in the conventional Bubnov-Galerkin natural

element method (BG-NEM). This paper is an extension of PG-NEM to two-dimensional nonlinear dynamic

problem. For the analysis, a constant average acceleration method and a linearized total Lagrangian

formulation is introduced with the PG-NEM. At every time step, the grid points are updated and the shape
functions are reproduced from the relocated nodal distribution. This process enables the PG-NEM to provide

more accurate and robust approximations. The representative numerical experiments performed by the test

Fortran program, and the numerical results confirmed that the PG-NEM effectively and accurately

approximates the nonlinear dynamic problem.
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2. Natural Neighbor Interpolation Function

2.1 Natural neighbor interpolation
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® nodes
O Voronoi vertices

convex hull
%)

Fig. 2 Geometric definition of Voronoi polygon.

2.2 Petrov-Galerkin concepts
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Fig. 3 Supports of shape functions in PG-NEM.

3. Nonlinear Dynamic Problem
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3.2 Linearization of weak form
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3.3 Discretization of weak form
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4. Numerical Examples
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Fig. 4 Models for beam vibration
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