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Abstract- Composite materials are made from the combination 
of two or more materials with different chemical and physical 
properties, which when combined give a new material with 
enhanced material properties. Our study is concerned with the 
analysis of free vibration of rectangular plate with circular 
cut-out. We study the effects of aspect/size ratio, thickness 
ratio, and angle of the laminate, number of laminates, 
material properties and different boundary conditions. 
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I. INTRODUCTION 
 
 A composite material is defined as a material which 
is composed of two or more materials at a microscopic scale 
and chemically distinct face. So, a composite material is 
heterogeneous at a microscopic scale but statistically 
homogeneous at macroscopic scale. The materials which form 
the composite are also called as constituents or constituent 
materials. The constituent materials of a composite have 
significantly different properties. Further, it should be noted 
that the properties of the composite formed may not be 
obtained from these constituents.  However, a combination of 
two or more materials with significant properties will not 
suffice to be called as a composite material. Composite 
material are mainly used in sstructural, construction, medical, 
house-hold, industrial, transportation, electrical; electronics, 
etc. Metals are the most commonly used materials in these 
applications. 

 
II. LITERATURE REVIEW 

 
S. Liu [1] studied a vibration analysis of composite 

laminated plates. D. Ngo-Cong et al [2] studied the free 
vibration analysis of laminated plates based on FSDT using 
one- dimensional IRBFN method.. Mohamed-Ouejdi Belarbi 
et al [3] uses a layer wise finite element formulation on the 
free vibration analysis of laminated composite and sandwich 
plates. T. Kant and K. Swaminathan [4] present the analytical 
solutions for free vibration of laminated composite and 
sandwich plates based on a higher order refined theory. 

Avadesh Kumar Sharma and N. D. Mittal [5] studied the free 
vibration analysis of laminated composite plates with 
elastically restrained edges using FEM. Harsh Kumar 
Bhardwaj et al [6] studied the free vibration analysis of 
laminated composite plates with skew cutouts based on FSDT. 
Pushpendra Kumar Sharma and Jyoti Vimal [7] studied the 
vibration analysis of laminated composite plates using FEM. 
 

III. MATERIAL PROPERTIES 
 
Shell 181 elements is used for the analytical analysis 

of rectangular plate with circular hole. Following material 
properties are considered in the analysis: 

 
E₁₁/E₂₂= 25, ν₁₂= 0.25, G₁₂=G₁₃= 0.5E₂₂, G₂₃=0.2E₂₂ 

 

 
Fig. Geometry of SHELL 181 

 
Non-dimensional frequency is given by 
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IV. RESULT AND DISCUSSION 
 

Table1. Convergence study of non-dimensional frequencies 
for a cross-ply laminate, (a/b=1, h/b=0.01) for CCFF boundary 

condition for different mesh size (M×N) 

 
 
a) Rectangular Plates with Circular Hole 
 

Table2. Variation of first ten natural frequencies with size 
ratio (a/b=1.5, 2, 2.5, 3) for a cross-ply laminate having 

circular cut-out at the centre,(r/b=0.1, h/b=0.01) for fully 
clamped boundary condition 

 
 

From table 2 it is clear that natural frequencies of a 
rectangular plate with circular cut-out at the centre decreases 
with size ratio of plate except for first mode. 

 
Table3. Variation of first ten natural frequency parameters 

( ) with angle of ply (Ө= 30˚, 45˚, 60˚, 90˚) for 
an angle-ply laminate having size ratio a/b= 1.5 with circular 

cut-out at the centre,(r/b=0.1, h/b=0.01) for fully clamped 
boundary condition 

 
 

As seen from table 3 natural frequencies for first 10 
modes of a rectangular plate with circular cut-out at the centre 
has a non-uniform variation. 

 
Table4. Variation of first ten natural frequencies with different 
boundary conditions (CCCC, SSSS, CSCS, CFCF) for a cross-
ply laminate having size ratio a/b= 1.5 with circular cut-out at 

the centre,(r/b=0.1, h/b=0.01) 

 
 
As seen from table 4 the values of natural frequency is 
maximum for fully clamped condition and minimum for all 
sides simply supported conditions. 
 

Table5. Variation of first ten natural frequencies with 
thickness ratio (h/b=0.01, 0.05, 0.1, 0.5) for a cross-ply 

laminate having size ratio a/b= 1.5 with circular cut-out at the 
centre,(r/b=0.1) for fully clamped boundary condition 

 
 

Table 5 shows the variation of first 10 natural 
frequencies of rectangular plate with circular cut-out with 
thickness. Natural frequency first decreases with thickness and 
then increases and again decreases. 
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Table6. Variation of first ten natural frequencies with material 
properties (E₁₁/E₂₂= 10, 15, 20, 25) for a cross-ply laminate 

having size ratio a/b= 1.5 with circular cut-out at the 
centre,(r/b=0.1, h/b=0.01) for fully clamped boundary 

condition 

 
 

As shown in table 6 natural frequencies of 
rectangular plate with circular cut-out for first 10 modes of 
vibration increases with material property. 
 

Table7. Variation of first ten natural frequencies with no. of 
layers (n= 3, 5, 7, 9) for a cross-ply laminate having size ratio 
a//b= 1.5 with circular cut-out at the centre,(r/b=0.1, h/b=0.01) 

for fully clamped boundary condition 

 
 

As seen from table 7 the natural frequencies for a 
rectangular plate with circular cut-out for first 10 modes 
increases with increase in number of laminates of the plate. 

 
V. CONCLUSIONS 

 
Following conclusions derived from the analytical analysis of 
rectangular plate with circular cut-out: 
 

 Natural frequencies for first 10 modes of vibration 
for a rectangular plate with circular cut-out increases 
with angle of ply. 

 Natural frequencies for first 10 modes of vibration 
for a rectangular plate with circular cut-out increases 
with material properties of plate. 

 Natural frequencies for first 10 modes of vibration 
for a rectangular plate with circular cut-out increases 
with number of laminate in the plate. 

 Natural frequencies for first 10 modes of vibration 
for a rectangular plate with circular cut-out decreases 
with aspect/ size ratio. 

 Natural frequencies for first 10 modes of vibration 
for a rectangular plate with circular cut-out increases 
with thickness ratio of the plate. 

 Natural frequencies for first 10 modes of vibration 
for a rectangular plate with circular cut-out are 
maximum for fully clamped condition and minimum 
for all sides simply supported condition. 
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