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Abstract. A finite element study is made for the analysis of effect of fibre orientation on natural frequency (ω) for different 
mode shape in the simply supported and fixed rectangular fibrous composite plates with central circular hole. Study is 
carried out for three different D/A ratios (where D is hole diameter and A is plate width) to analysis the variation of natural 
frequency with respect to D/A ratio. The analytical treatment of such type of problem is very difficult; hence, finite element 
method is adopted for whole analysis. The finite element formulation is carried out in ANSYS package. The work is most 
appreciated in aerospace and marine industry where the study will provide the guidelines technique to designer for laminate 
configuration as per their requirements. 

Introduction 
 

The fibrous and laminated composite plates with central circular hole have found widespread applications in 
various fields of engineering such as aerospace, marine, automobile and mechanical. For the design of such 
composite plates, accurate knowledge of stress and vibration is required. In order to cater the wide 
applications of such plates, dynamic analysis especially, knowledge of vibration characteristics become 
important to improve upon the reliability of their design. An exhaustive literature review on vibration of 
plates has been given by Leissa [1] in his monograph. The conventional Navier and Levy type solution 
methods [2, 3] can be extended to orthotropic plates having either all edges simply supported or two opposite 
edges simply supported. Rayleigh-Ritz method, one of the well-known methods is widely used to provide 
approximate solutions to natural frequencies of orthotropic plates [4-6]. Shastry and Raj [7] have analyzed 
the effect of fiber orientation for a unidirectional composite laminate with FEM by assuming a plane stress 
problem under in plane static loading. Jain and Mittal [8] have studied a laminated plate with central hole 
upon the effect of fiber orientation on SCF under transverse loading. The hole is treated as a virtual plate in 
which the mass density and the Young’s modulus are set to zero in this study. Literature on vibration 
analysis shows that the natural frequencies are affected by the presence of defects in the form of cracks or 
holes. In this article a study of rectangular fibrous composite plate with central hole upon the effect of fiber 
orientation on natural frequency is made. The analytical treatment for such type of problem is very difficult 
and hence the finite element method adopt for whole analysis. Fig. 1 shows the basic model of the problem.  

 
Figure 1: A fibrous plate with central hole 

 
Result and Discussion 

 
The numerical results are presented for solid and hollow plates for different D/A ratios with different 
boundary condition .The material for the composite plate is taken as Boron Epoxy. The natural frequencies 
are calculated for different modes. It has been also seen that the natural frequency is most sensitive to 
material properties and directly depend on the ratio of Ex/Ey and Ex/Gxy. This work will find its application in 
design, marine and aircraft industries. 
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