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Abstract. Fabric membrane, a typical composite material, itdely applied in building structures, agricultufatilities,
packaging engineering, and aeronautical engineegiiog However, it may fail subject to large-amydi¢ vibration induced
by impact due to its lightweight and small stiffagegoperties. Herein, the nonlinear damped vibnatiba pretensioned
rectangular orthotropic membrane structure undgraich loading is studied by analytical, numericatl axperimental
methods. The governing equation is derived baseati@non Karman large deflection theory, and thadital solution is
obtained by the Bubnov-Galerkin method and the é®dnBogolubov-Mitropolsky (KBM) perturbation methoklleanwhile,
the numerical and experimental analysis are camigdor validation of analytical model and goodesgment is achieved.
Furthermore, parametric study is also performefinm the sensitivity of the design parameters t tibration response.
The results obtained in the paper lay solid fouodafor the vibration control and dynamic desigroahotropic membrane
structures.
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1. Introduction

Orthotropic membrane is used in a wide variety mieeering applications spanning from aerospace
and civil structure to biomechanical device becafsés tunable stiffness and light weightj. However, such
composite structure is very sensitive to imgactik)aand thus is easy to induce large vibration uindpact
loading which may lead to structural failur€€). The objective of this paper is to investigate tromlinear
vibration of orthotropic membrane under impact, ehhinay result in significant consequences for gafesign.

Membrane analyses have a rich history. In the geeath century, the researchers laid the physical
foundation and provided initial mathematical totds deal with the vibration problems. By the eiginitbe
Century, vibration mechanics had gained indepereléoen physics, and the most important achieverisettie
formation of linear vibration theory; in 1829, Psis solved the linear free vibration problem ohthiembrane
(Chen and Liu, 1997. More generally, however, the vibration of the rbeame is considered nonlinear;
therefore, the nonlinear vibration problem of meamsr has been extensively studied. Nagaya (18%8)
investigated the vibration problem of an arbitrahgped membrane by Fourier expansion and Laplaesftrm
method. This provides the basis for the other ipthlestudies on the vibration and dynamic resporges
membrane structures. Thereafter, Qian (1982¥studied the vibration of rectangular, circular asitiptical
membrane with unequal tension in two directions ahtained the approximate solution of the free afilon
frequency of the membrane. Yuan and Zhang (1893} explored the large deflection and free vibration
problem of membrane by the finite element methotinefs. York et al. (1999)* extended the material-point
method (MPM) and exhibited significant improvemenrer existing methods in handling membrane problems
Ersoy H. et al. (2009)"' developed a method of discrete singular convahutivinvestigate the free vibration of
circular and annular membranes with varying densityich showed well agreement with the analyticad a
numerical results of other researchers. The naalimidrations of nano-sized membranes withoutahtgnsion
were studied using analytical and finite elementhme by Bao et al. (2004§!, and then thanalytical solution
of free vibration of annular membrane was obtaibgd.in et al. (2008)*". Zheng and Liu et al. (2089,
2010", 2013 2" considered the geometric nonlinearity of membrame studied the vibration problem of
orthotropic membranes by large deflection theorsl perturbation methods. Chucheepsakul et al. (2689)
provided an alternative approach for large deftectinalysis of the orthotropic membranes subjegtawitation,
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