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Abstract

Due to the complex dynamic behaviors of nonlinear structural systems, the traditional
numerical methods may fail to meet the satisfied accuracy and convergence in numerical
analysis. In this paper the first-order Taylor series approximation is used to linearize the
nonlinear motion equation at a specific time step, and then the linearized motion equation can
be solved by the discrete state-space method to obtain the dynamic response of nonlinear
system at the next time step. For some highly nonlinear systems, the first-order Taylor series
approximation would be difficult to carry out. Therefore, the finite difference scheme can also
be applied in this paper to simplifying the computational algorithms. In contrast to other
numerical integration methods, this technique can not only improve the accuracy and
convergence, but also enhance the computational efficiency. The benchmark tests of a
structure attached with track-mass damper subjected to extreme transient loadings are
investigated to verify the effectiveness of present method on the geometric nonlinear system.
Compared with the traditional discrete state-space method, this method is more accurate and
has better convergence; As compared with the Runge-Kutta method, this method is more
efficient. According to the simulation results, the numerical integration method proposed in
this study can rapidly and accurately calculate the response of highly nonlinear dynamical
systems.

Keywords: Nonlinear dynamical systems, Numerical integration, First-order approximation,
Track-mass damper, Structural control
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