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Nonlinear wave propagation and pulse mitigation in 2D granular chains

WANG Chaoke, ZHOU Zhenjiang, CHENG Xiangle, D. Michael McFarland, LU Huancai
(Key Laboratory of Special Equipment Manufacturing and Advanced Processing Technology of
Ministry of Education, Zhejiang University of Technology, Hangzhou 310014 )
Abstract

Ordered granular media have important research value in fields such as shock and vibration mitigation, and
shock energy trapping and absorption. In this paper, Hertzian contact theory is used to establish a mathematical
model of two two-dimensional (2D) granular chains, and the nonlinear wave propagation characteristics, energy
transfer, and reduction of transmitted force in two impulsively excited systems are investigated. The two-dimension-
al homogeneous granular chain includes embedded coupling beads, leading to energy exchange and eventual equi-
partition of energy between the directly excited chain and the absorbing chain. Strong energy scattering occurs in
the vicinity of the point of application of the impulsive load, and mixed nonlinear waves are excited, involving cou-
pled longitudinal propagatory solitary waves of near-zero frequency and higher-frequency transverse oscillatory shear
waves. Compared with that found in the one-dimensional homogeneous granular chain, the transmitted force peak at
the end of the two-dimensional granular chains is substantially reduced. By changing the mass ratio between parti-
cles and introducing light beads into the two-dimensional homogeneous granular chain to form a non-homogeneous
structure, the longitudinally propagating solitary waves are reflected at the light-heavy interface, and energy is tem-
porarily spatially confined in the light beads. This results in a series of low-amplitude pulse waves being released to
the end of the granular chain with different wave speeds and time delays, leading to a further reduction of peak
transmitted force.

Key words: nonlinear dynamics, Hertzian contact, granular media, two-dimensional (2D) non-homogeneous

granular chain, mixed solitary-shear wave, transmitted force
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