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Simulation of a metamaterial beam for
mechanical wave absorption

Lin Guo-Chang Sun Hong-Wei’ Tan Hui-Feng Du Xing-Wen
( Center for Composite Materials and Structures, Harbin Institute of Technology, Harbin 150001, China)
(Received 4 July 2010; revised manuscript received 8 September 2010 )

Abstract

In this paper, we present a metamaterial beam consisting of a uniform isotropic beam with many small mass-spring
systems serving as mechanical wave absorbers. Based on the analysis of two different mass-spring systems, negative
effective mass and negative effective stiffness are explained theoretically. The governing equations of a unit cell of a
metamaterial beam are derived using the Hamilton’ s principle. The mechanical wave absorbabilities of the following two
different finite metamaterial beams are analyzed by numerical simulation:one is the bean in which mass-spring systems
with linearly varying elastic coefficients are uniformly distributed, and the other is the bean in which four identical
absorber subgroups composed of spring-damper subsystems with linearly varying natural frequenciesare uniformly
distributed. The results reveal that the mechanical wave transmitted in the metamaterial beam is absorbed by resonating
with spring-mass absorbers, which verifies the effectivity of the proposed metamaterial beam on mechanical wave

absorption.

Keywords: metamaterial beam, negative effective mass, negative effective stiffness, mechanical wave
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