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Abstract

The combined characteristics of periodic and locally resonant features in meta-
material structures, or meta-structures, give rise to unique wave propagation
characteristics such as relatively low and wide band gaps. These meta-structures
have a fixed geometry and thus a fixed behavior, however applications that re-
quire structural vibration mitigation such as spacecraft and automotive compo-
nents have variable vibration mitigation requirements over a range of operation
and external conditions. In this paper, we propose a method to thermally tune
the band gaps of composite meta-structures, which combine a periodic lattice
and locally-resonant inclusions, through changes in temperature of the struc-
ture. The concept primarily takes advantage of the different moduli of the two
materials in the meta-structure that have drastically different temperature de-
pendences, to preferentially tune the modulus of the lattice material compared
to the resonant inclusion. We introduce an additional concept, termed thermal
partitioning, to partially or fully open and close band gaps by locally control-
ling the temperature within the meta-structure. We demonstrate these results
numerically with finite element simulations.
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1. Introduction

Noise and vibrations create damaging conditions for structural components10

in spacecraft, aircraft, and vehicles, and can be a source of user discomfort
and dissatisfaction. Typical strategies to mitigate noise and vibrations involve
adding damping materials/treatments or active noise/vibration control devices
a priori, which add mass to and increases the cost of the structure. An alter-
native is to redesign structural components as mechanical meta-structures, to15

embed the vibration mitigation properties directly into the component. These
mechanical meta-structures are structured material that use meso-scale compo-
nents to control wave propagation and vibration transmission. They incorporate
concepts from phononic crystals and metamaterials to generate acoustic or elas-
tic band gaps, or frequencies that cannot propagate [1–3]. Meta-structures are20

Preprint submitted to Journal of Sound and Vibration August 22, 2018



Download English Version:

https://daneshyari.com/en/article/11012569

Download Persian Version:

https://daneshyari.com/article/11012569

Daneshyari.com

https://daneshyari.com/en/article/11012569
https://daneshyari.com/article/11012569
https://daneshyari.com

