
Author’s Accepted Manuscript

Wave propagation in locally resonant cylindrically
curved metamaterial panels

A. Nateghi, L. Van Belle, C. Claeys, E. Deckers,
B. Pluymers, W. Desmet

PII: S0020-7403(16)30115-1
DOI: http://dx.doi.org/10.1016/j.ijmecsci.2016.07.003
Reference: MS3340

To appear in: International Journal of Mechanical Sciences

Received date: 29 January 2016
Revised date: 15 June 2016
Accepted date: 3 July 2016

Cite this article as: A. Nateghi, L. Van Belle, C. Claeys, E. Deckers, B.
Pluymers and W. Desmet, Wave propagation in locally resonant cylindrically
curved metamaterial panels, International Journal of Mechanical Sciences,
http://dx.doi.org/10.1016/j.ijmecsci.2016.07.003

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

www.elsevier.com/locate/ijmecsci

http://www.elsevier.com/locate/ijmecsci
http://dx.doi.org/10.1016/j.ijmecsci.2016.07.003
http://dx.doi.org/10.1016/j.ijmecsci.2016.07.003


Wave propagation in locally resonant cylindrically curved 

metamaterial panels 

A. Nateghi
*
, L. Van Belle, C. Claeys, E. Deckers, B. Pluymers, W. Desmet 

Dept. of Mechanical Engineering, PMA division – member of Flanders Make, KU Leuven. Celestijnenlaan 300, 
box 2420, 3001 Heverlee, Belgium 

*
Corresponding author. Tel.: +32 16 37 28 54. E-mail address: alireza.nateghi@kuleuven.be 

 

Abstract 

Combining lightweight characteristics with favourable noise and vibration behaviour, locally resonant metamaterials with 

vibro-acoustic stopband behaviour are gaining increasingly more attention. In view of applicability of metamaterials, this 

paper investigates the effects of curvature on stopband behaviour. Through derivation of curved unit cell models, dispersion 

curves for cylindrically curved infinite periodic structures are derived. The effect of curvature on metamaterials is 

investigated through both an academic example of an infinite cylindrically curved panel with added spring-mass systems and 

a realizable curved panel with resonant structures. It is shown that, whenever pure flexural motion exists in the host 

structure, the stopband mechanism can be applied to achieve flexural stopbands. 
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1. Introduction 

In recent years, increasingly restrictive emission regulations forced the transportation industry to look at 

lightweight design to increase fuel efficiency of their vehicles. However, since generally structures with low 

mass and high stiffness suffer from unfavourable noise, vibration and harshness (NVH) behaviour, this leads to 

vehicles with possibly poor NVH behaviour. Therefore, considering the increasing awareness regarding the 

negative impact of unwanted noise on human health , post-treatment of lightweight vehicles seems to be a 

necessity. Albeit, only the example of automotive is given, these two often contradictory criteria of favourable 

NVH behaviour and lightweight design, hold for various sectors of industry and ask for new and innovative 

solutions which should be kept as simple, cheap and easy to apply as possible. 

As one of these innovative and efficient lightweight NVH solutions, vibro-acoustic metamaterials are 

becoming of more interest. Metamaterials have shown a promising potential in efficiently insulating noise and 

vibration in a host structure, at least in targeted frequency ranges. These targeted frequency ranges are 

commonly referred to as stopbands and they are defined as zones in frequency in which no free wave 

propagation can occur. It has been shown that metamaterials can be designed to have multiple stopbands . The 

stopband phenomenon in metamaterials is the result of resonances of resonant cells distributed on a 

subwavelength scale (i.e. on a scale smaller than the governing wavelength in the host structure at the frequency 
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