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Fig. 1 A piecewise linear system with multiple degrees of freedom
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An Efficient Numerical Method for Computing Dynamic
Responses of Periodic Piecewise Linear Systems

HE Dongdong, GAO Qiang, ZHONG Wanxie
(State Key Laboratory of Structural Analysis for Industrial Equipment
(Dalian University of Technology) ; Department of Engineering Mechanics,
Faculty of Vehicle Engineering and Mechawics, Dalian University of Technology,
Dalian, Liaoning 116024, P.R.China)
( Contributed by ZHONG Wanxie, M. AMM Editorial Board )

Abstract: An efficient method based on the parametric variational principle (PVP) was pro-
posed for computing the dynamic responses of periodic piecewise linear systems with multiple
gap-activated springs. Through description of gap-activated springs with the PVP, the complex
nonlinear dynamic problem was transformed to a standard linear complementary problem. This
method can avoid iterations and updating the stiffness matrix in the computing process and can
accurately determine the states of the gap-activated springs. Based on the periodicity of the sys-
tem and the precise integration method (PIM), an efficient numerical time-integration method
was developed to obtain the dynamic responses of the system. This method indicates that there
are a large number of identical elements and zero elements in the matrix exponents of a periodic
structure, and saves computation load and computer storage by avoiding repeated calculation
and storage of these elements. Numerical results validate the proposed method. The dynamic
behaviors of a 5-DOF piecewise linear system under harmonic excitations were analyzed, inclu-
ding the stable periodic motion, the quasi-periodic motion and the chaotic motion. In compari-
son with the Runge-Kutta method, the proposed method has satisfactory correctness and effi-

ciency.

Key words: piecewise linear system; dynamic response; parametric variational principle ; peri-
odicity; precise integration method
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