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I. INTRODUCTION 
 

Plates are straight, flat and non-curved surface 

structures whose thickness is slight compared to their 

other dimensions. Generally plates are subjected to 

load conditions that cause deflections transverse to 

the plate. Geometrically they are bound either by 

straight or curved lines. Plates have free, simply 

supported or fixed boundary conditions.  

 

The static or dynamic loads carried by plates are 

predominantly perpendicular to the plate surface. The 

load carrying action of plates resembles that of beams 

or cables to a certain extent. Hence plates can be 

approximated by a grid work of beams or by a 

network of cables, depending on the flexural rigidity 

of the structures. Plates are of wide use in engineering 

industry. Many structures such as ships and containers 

require complete enclosure of plates without use of 

additional covering which consequently saves the 

material and labor.  

 

Composite materials are formed by combining two or 

more materials together to form an overall structure 

that is better in physical or chemical properties than 

the sum of the individual components. Composite 

materials are generally used for building, bridges and 

many engineering fields such as aerospace, aviation, 

chemical and nuclear  

 

 

 

 

 

 

 

 

 

 

engineering. Thus, the basic advantage with fibre 

reinforced composite materials is that the strength 

and stiffness in a specific direction, as per design 

requirements, can be achieved by proper lamination 

techniques. Examples of laminated fibre-reinforced 

composites include Polaris missile cases, fiberglass 

boat hulls, aircraft wing panels and body sections, 

tennis rackets, golf club shafts etc.  

 

Laminated plates with cut-outs are extensively used in 

automobiles, aircraft, and space vehicles. Holes of 

different shapes- circular, square, rectangular, elliptical 

are used in plates. They serve the purpose of weight 

reduction, altering resonant frequency, inspection, 

maintenance, venting, and attachment to other units, 

for the cables to pass through and so on. It is needed 

at the bottom plate for passage of liquid in liquid 

retaining structures. These structures are subjected to 

undesirable vibration, deflection and rotation during 

their service life.  

Literature Survey 

 

Avadesh K. Sharma and N.D. Mittal (2010) have 

done a review on stress and vibration analysis of 

composite plates. There review was devoted on the 

Abstract- A laminate composite material consists of several layers comprising a composite mixture of 

fibres and matrix. Laminated plates used in structures are often subjected to dynamic loads. This needs 

the study of vibrational characteristics of these plates. Composite structures may sometimes provide with 

holes for the purpose of assembling the components, for passing the cables, for inspection and 

maintenance etc. The presence of holes may alter the nature of vibration of the plates. It is, therefore, 

important to analyse the vibration of laminated composite plates with central holes of different shape. 

Also, the effect of various parameters, e.g. boundary condition, aspect ratio, hole-size, number of layers, 

fibre orientation etc. needs to be analysed for a safe and stable design of structures. In this investigation a 

review on free vibration analysis of a composite plate is presented. 
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free vibration and dynamic analysis, buckling analysis 

and failure analysis on composite laminated plates. 

Itishree Mishra & Shishir Kumar Sahu (2012) 

performed and experimental works to investigate the 

free vibration of woven fiber Glass/Epoxy composite 

plates in free-free boundary conditions. The 

specimens of woven glass fiber and epoxy matrix 

composite plates are manufactured by the hand-layup 

technique. Elastic parameters of the plate are also 

determined experimentally by tensile testing of 

specimens using Instron 1195.  

 

An experimental investigation is carried out using 

modal analysis technique with Fast Fourier Transform 

Analyzer, PULSE lab shop, impact hammer and contact 

accelerometer to obtain the Frequency Response 

Functions. Also, this experiment is used to validate the 

results obtained from the FEM numerical analysis 

based on a first order shear deformation theory. The 

effects of different geometrical parameters including 

number of layers, aspect ratio, and fiber orientation of 

woven fiber composite plates are studied in free-free 

boundary conditions in details. This study may 

provide valuable information for researchers and 

engineers in design applications. 

 

Kanak Kalita et. al. (2013) investigated the problem 

of reduction of principal stresses by placing symmetric 

auxiliary holes around the central square cutout in an 

orthotropic plate is studied. Small auxiliary holes are 

preferred for the study since it would involve removal 

of minimal area from the orthotropic plate. Effect of 

the distance of the auxiliary holes from the central 

cutout on stress mitigation is studied. Since analytical 

treatment of this kind of problem is difficult, a popular 

finite element package ANSYS is used for the analysis. 

Results for orthotropic plates with all edges fixed are 

presented here in graphical form. 

 

Pushpendra k. kushwaha and jyoti vimal (2014) 

investigated the vibrational analysis of laminated 

composite plates is analysed using finite element 

method. In this paper Numerical results have been 

computed for the effect of number of layers, thickness 

ratio of plate, different boundary conditions, different 

aspect ratio, and different angle of fibre orientation of 

laminated composite plate. The analysis for 

rectangular plate is carried out for thickness (h/b= 

0.001, 0.01, 0.05, 0.1, and 0.2) and different aspect 

ratios (a/b=1, 1.5, 2, and 2.5). The problem of free 

vibration analysis of composite square plates having 

(3, 5, 7, and 9) lamina layers (angle ply and cross ply) 

is also considered. The non-dimensional fundamental 

frequency of vibration is found to increase with 

increase of angle of fibre orientation and number of 

layers but non-dimensional fundamental frequency 

decrease with increase in size ratio and thickness to 

width ratio. The natural frequencies and mode shapes 

are compared for different boundary condition. 

Comparisons are made with the result for thin and 

thick composite laminated plate. 

 

Deepanshu Bhatt, Yogesh Mishra and Dr. P.K. 

Sharma (2014) present an experimental study of the 

Model analysis of Centre circular laminated composite 

plate with circular cutout. The Various sizes of 

centrally located square plate/skew plate with circular 

cutouts are considered in order to examine the effect 

of cutout size and boundary condition on the 

fundamental natural frequency of the square graphite 

epoxy laminate. The Natural frequencies of the finite 

element (FE) were analyzed by the ANSYS software, 

which was found by analysis. 

 

Song Xiang et. al. (2015) the analysis of various 

higher-order shear deformation theories for the free 

vibration of laminated composite plates is presented. 

A Navier-type analytical method was used to solve the 

governing differential equations. Natural frequencies 

of simply supported laminated composite plates are 

calculated and their present results are compared with 

the available published results. 

 

K. Maithry, B D V Chandra Mohan Rao (2015) 

investigated the dynamic response of laminated 

composite plates to excitations, varying arbitrarily 

with time. Rectangular laminated plates fixed along 

the edges with holes at different positions are 

investigated by maintaining the same length / height 

ratio and hole area ratio for different fiber 

orientations. The modelling and dynamic analysis of 

the laminated plates has been carried out using 

ANSYS 13.0 software. The most robust fiber 

orientation with respect to various response 

parameters is suggested. 

 

Pushparaj Pingulkar and Suresha B. (2016) 

investigated the natural frequencies and mode shapes 

of a number of cantilever glass fiber reinforced 

polymer composites (GFRPCs) and carbon fiber 

reinforced polymer composites (CFRPCs) are 

numerically obtained using the commercial finite 

element analysis software (ANSYS). The laminates 

under study include 8 ply cantilevered plates having a 
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plate aspect ratio of 2 and fiber volume fractions of 

0.3, 0.4, 0.5, and 0.6. The finite element analysis 

procedure is described. The natural frequencies and 

mode shapes calculated using ANSYS are first 

validated with the results obtained from previous 

literature. The agreement between the two results is 

found to be excellent. The effect of change in the 

matrix material, hybridization, and laminate stacking 

sequence on the natural frequencies and mode 

shapes are also investigated. It is found that 

hybridization and orientation of the outermost layer 

has more significant influence on the natural 

frequencies of the laminated composite plates 

compared to fiber volume fraction and change in the 

matrix material. 

 

K. Sai Vivek (2016) studied the free vibration of skew 

laminated composite plates with circular cutout is 

investigated by using finite element method based on 

a first order shear deformation theory with the help of 

ANSYS 14.5 – a commercial finite element program. 

The analysis was carried out by using eight noded 

isoparametric shell element. Simply supported and 

clamped boundary conditions are considered. The 

results are presented for 15º and 30º skew laminated 

composite plates with circular cutout. The effects of 

number of plies, boundary conditions, side to 

thickness ratios and skew angles on free vibration 

behaviour of cross-ply and angle-ply plates are 

discussed. 

 

Beena S, Aiswarya S (2016) studied the dynamic 

analysis of laminated carbon composite and find out 

the best shape of the holes. The ANSYS software is 

used for analysing the plates. 

 

C.Srinivasan et. al. (2016) presents the vibrational 

characteristics of composite material that is formed by 

a jute fiber reinforced epoxy matrix composite. An 

experimental model analysis was conducted on the 

composite material with cantilever beam structure to 

get the natural frequency, damping and mode shape. 

The experimental work is disbursed completely 

different for various layers of configuration by exciting 

the composite beam with different excitation 

frequencies by software model read package. The 

obtained mode shape reveals the deformation pattern 

of the structure like its natural frequency. Additionally 

the finite element modeling and analysis was 

disbursed by using ANSYS workbench for finding the 

natural frequencies and mode shapes of the finite 

element model of jute fiber reinforced epoxy matrix 

composite. Finally the finite part model of jute fiber 

reinforced epoxy matrix composite is valid with the 

obtained experimental results. 

 

Madhusudan Reddy K et. al. (2016) studied the 

Vibration characteristics of jute fabric reinforced 

hybrid polymer matrix composites. These fibers are 

reinforced in The Hybrid polymer resin of combination 

of 15% Cashew Nut Shell Liquid (CNSL) and polyester 

resin. An experimental modal test has been conducted 

on samples to get the natural frequency, damping 

and mode shape. Experimental values have been 

verified with the computational numerical model 

developed by using FEM package ANSYS and the 

natural frequency of jute fabric hybrid polymer matrix 

composite is determined under fixed condition.  

 

Bilel Aidi et. al. (2017) have done an experimental 

vibration analyses are carried out using an optically-

based vibration measurement tool to extract the 

frequency response functions and to measure the 

natural frequencies. Numerical and analytical natural 

frequency values are then compared with those 

obtained through experimental vibrational tests, and 

the accuracy of each finite element (FE) and analytical 

model type is assessed. It is shown that the natural 

frequencies obtained using the analytical and FE 

models are within 8% of the experimentally 

determined values.  

 

R. N. Mokal et. al. (2017) studied a variationally 

consistent polynomial shear deformation theory is 

presented for the free vibration of thick isotropic 

square and rectangular plate. In this displacement 

based theory, the in-plane displacement field use 

parabolic function in terms of thickness coordinate to 

include the shear deformation effect. Governing 

equations and boundary conditions of the theory are 

obtained using the principle of virtual work. Results of 

frequency are obtained from free vibration of simply 

supported isotropic square and rectangular plates and 

compared with those of other refined theories and 

frequencies from exact theory. 

 

B. Vishnuchaitanya et. al. (2017) studied the effects 

of the variations of behaviour for different shape of 

holes by maintaining same length/height ratio and 

hole area ratio are studied. Scope of this project is to 

find out the best location of the holes. The ANSYS 

software is used for analysing the plates under 

different boundary conditions and different 

orientation of laminate. Eight-noded Shell99 is used 



Mukesh Kumar Mandal. International Journal of Science, Engineering and Technology, 2020, 8:4  

Page 4 of 5 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

throughout the analysis which is a linear element. Two 

different boundary conditions are considered those 

are CFFF (clamped free free free) and CFCF-(clamped 

free clamped free) conditions and length to height 

ratio considered are 50 and 200.The hole area ratio is 

maintained as constant throughout the analysis as 

0.04.Two different layers of laminate is considered 

those are 4 no’s and 8 no’s having six different 

orientations each. The influence of the thickness 

parameter is inherent at higher modes of vibration. In 

this report we study the dynamic behaviour of various 

laminates with different holes. 

 

CONCLUSION 
 

Laminated composite structures are being 

increasingly used in aerospace, automotive, marine, 

and civil areas. This is primarily due to their large 

values of specific strength and stiffness and the 

advantage that their properties can be tailored to 

meet practical requirements. The composite structures 

may sometimes be provided with different types of 

holes for the purpose of assembling the components 

inside the structure, for passing the cables and control 

mechanisms, for inspection, maintenance etc. The 

stresses and deformations of steep gradient are 

induced around these cut outs. The influence of the 

thickness parameter is inherent at higher modes of 

vibration. Depreciation of the internal mechanism of 

composite plates are dependent on their own 

frequencies, estimating the specific characteristics is 

also difficult because of the non-isotropy of the 

materials. 
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