
  

 

 
36  International Journal for Modern Trends in Science and Technology 

 

 

As per UGC guidelines an electronic bar code is provided to seure your paper  

International Journal for Modern Trends in Science and Technology, 8(04):36-44,  2022 
Copyright © 2022 International Journal for Modern Trends in Science and Technology  

ISSN: 2455-3778 online 

DOI: https://doi.org/10.46501/IJMTST0804009 

Available online at: http://www.ijmtst.com/vol8issue03.html 
 

 
 

Finite Element Analysis of Composite Laminates with 

Central Cut-Outs 

 
Nakka Shyam Kumar1 | Dr.Kandukuri Vasantha Kumar2  
 
1PG Scholar, Dept. of Mechanical Engineering, JNTUH College of Engineering Jagtial, Telangana, India 
2Assistant Professor and HOD, Dept. of Mechanical Engineering, JNTUH College of Engineering Jagtial, Telangana, India 
*Corresponding Author Email ID: nskmechshyamsundhar@gmail.com 

 

To Cite this Article 

Nakka Shyam Kumar and Dr.Kandukuri Vasantha Kumar. Finite Element Analysis of Composite Laminates with 

Central Cut-Outs. International Journal for Modern Trends in Science and Technology 2022, 8(04), pp. 36-44. 

https://doi.org/10.46501/IJMTST0804009 

 

Article Info 

Received: 02 March 2022; Accepted: 28 March 2022; Published: 03 April 2022. 
 

 
 

  Due to its high strength-to-weight ratio and stiffness-to-weight ratio, composite materials find a wide range of applications, 

particularly in weight-sensitive structures such as aircraft and spacecraft. Holes are given for ventilation, transportation, and 

maintenance, among other things. The existence of holes may change the type of plate vibration. As a result, it's critical to 

investigate the vibration of laminated composite plates with holes. The impact of many elements, such as boundary condition, 

aspect ratio, hole size, number of layers, fiber orientation, and so on, must also be considered for a safe and stable structure 

design. 

 An orthotropic plate with symmetric fiber orientation was used in this work. The qualities of the material were changed. The 

natural frequencies were calculated for various boundary conditions, layer count, hole size, aspect ratio, and fiber orientation. 

The impact of these variables on the nature of vibration is investigated and discussed. The natural frequencies of a 

square-laminated composite plate with holes of various geometries – circular, square, triangular, and hexagonal – were also 

calculated and compared. Natural frequencies are calculated using ANSYS. 

 

KEYWORDS: composite materials, laminated composite plate,natural frequencies, ANSYS. 

 
 

1. INTRODUCTION 

 On a macroscopic scale, composite materials are 

structural materials created by combining two or more 

separate ingredients. They have better strength, stiffness, 

weight, corrosion resistance, wear resistance, fatigue life, 

and other properties. Due to their excellent 

strength-to-weight and stiffness-to-weight ratios, 

composite materials are commonly used in 

weight-sensitive structures like aircraft and space 

vehicles. The reinforcing phase and the matrix phase are 

the two phases of a composite. Reinforcing phase 

materials include fibers, particles, or flakes that are 

embedded in the matrix phase. Metal, ceramic, or 

polymer can be used as the reinforcing and matrix 

materials. Composite materials' properties are 

determined by their ingredients, shape, and phase 

distributions. Plywood and reinforced concrete are 

examples of composite materials that have been used for 

a long time. Composite materials might be fibrous, 

laminated, or particle in nature. Composites are a 

solution for structural difficulties such as crack avoidance 

for designers and engineers. 

 Laminated fiber-reinforced composites are a hybrid 

composite type that combines fibrous composites with 

ABSTRACT 

https://doi.org/10.46501/IJMTST0804009
http://www.ijmtst.com/vol8issue02.html
https://doi.org/10.46501/IJMTST0804009
https://doi.org/10.46501/IJMTST0804009
http://www.ijmtst.com/vol7issue11.html


  

 

 
37  International Journal for Modern Trends in Science and Technology 

 

 

lamination processes. Each layer here is made up of 

fiber-reinforced materials. Each lamina's fibers are 

positioned in such a way that they provide the desired 

strength and stiffness in all directions. The main 

advantage of fiber reinforced composite materials is that 

suitable lamination processes can achieve strength and 

stiffness in a given direction, as per design specifications. 

Polaris missile shells, fiber glass boat hulls, aircraft wing 

panels and body sections, tennis rackets, golf club shafts, 

and other laminated fiber-reinforced composites are 

examples. 

IMPORTANCE OF PRESENT STUDY : 

Automobiles, aircraft, and space vehicles all make 

substantial use of laminated plates with cut-outs. Plates 

have holes of various shapes, such as circular, square, 

rectangular, and elliptical. They are used for a variety of 

purposes, including weight reduction, changing resonant 

frequency, inspection, maintenance, venting, and 

attachment to other components, as well as allowing 

wires to pass through. It is required at the bottom plate to 

allow liquid to pass through liquid holding structures. 

During their service lives, these structures are subjected 

to undesired vibration, deflection, and rotation. The 

presence of cut-outs complicates the study and design of 

such structures. The free vibration of laminated 

composite plates with a single cut-out is the subject of 

this research. Structures with cut-outs may lose strength 

and stiffness. It also has an effect on a composite 

structure's vibrational activity. As a result, the presence 

of cut-outs in composite structures is an important factor 

during composite structure structural design. 

 
Fig 1.1Composite material classification 

In the civil, aeronautical, and automotive industries, 

cut-out is used in practically every structural part. 

Cut-outs are used in aero plane components to reduce 

weight, lay fuel and electrical lines, and so on. Cut-outs 

in the construction are created for doors and windows. 

Cut-outs are provided at the bottom of a water-retaining 

structure to allow liquid to pass through. Ventilation also 

necessitates the use of cutouts. Plates with cut-outs have 

different dynamics than plates with no cut-outs. 

Designers sometimes utilise cut-outs of various shapes 

and sizes to alter the natural periodicity of structures in 

order to make them safe. Vibration causes most buildings 

to fail, including beams, columns, and plates. As a result, 

designers and researchers have been concerned about the 

vibration analysis of laminated composite plates with 

cut-outs. 

 

Fig.1.2.Reinforcement-based classification of composites 

 

2.LITERATURE REVIE : 

 1.Atwal and Ali (1980) developed a method for free 

vibration analysis of plates with square and rectangular 

cutouts under basic supported end conditions based on 

Rayleigh's concept. 

2.Anisotropic rectangular composite plates were studied 

by Reddy (1982). He investigated the effects of various 

aspect ratios, side-to-thickness ratios, and side of plate to 

cut-out side ratios on natural frequency. 

3.The large amplitude vibration of anisotropic 

rectangular laminated composite plates was studied by 

Reddy J.N. [7] He also experimented with different 

side-to-thickness ratios, aspect ratios, and plate side to 

cut-out side ratios to see how vibrations changed. 
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4.Lee et al. [8] explored simply supported orthotropic 

rectangular composite plates with centre rectangular 

cut-outs and double square cut-outs. He predicted the 

natural frequencies, basic modes, and selected higher 

modes of the composite plates using the Rayleigh 

principle. 

5.Based on third order shear deformation theory, Lee and 

Chung (2010) created a finite element delamination 

model for a composite shell with a centrally positioned 

hole. He also looked at how the position of delamination, 

the number of layers, and the size of delamination 

affected the natural frequency of composite shell panels. 

6.Sivakumar et al. [14] looked at the free vibration of 

laminated composite plates with significant oscillations 

and cut-outs. They employed the Ritz finite element 

model to achieve findings for plates with cut-outs of 

various geometries in the large amplitude range, 

including circular, square, rectangle, and elliptical. 

7.Bhardwaj et al. (2015) investigated the effect of several 

parameters on the vibration behavior of a laminated 

structure with a triangle form cut-out, including the 

number of layers, fiber orientation, cutout size, aspect 

ratio, and distance between cut-outs. For comparing the 

experimental results, an ANSYS parametric design 

language (APDL) code is used to create a finite element 

model. They came to the conclusion that the plate's end 

circumstances had a significant impact on the plate's 

dynamics response with cut-outs. 

 

3.MATHEMATICAL MODELLING: 

The Finite Element Method is a mathematical technique 

used to solve ordinary and partial differential equations. 

It can tackle difficult issues that can be stated in 

differential equations form because it is a numerical 

instrument. In terms of solving practical design 

challenges, the applications of FEM are unlimited. 

The Finite Element Method is based on the concept of 

constructing a complex entity out of basic components or 

splitting a complex object into smaller, more manageable 

bits. The use of this simple concept can be found in both 

ordinary life and engineering. With a simple example, 

such as measuring the area of a circle, the idea of FEA can 

be explained. 

3.1. The Principal Steps Involved in FEA: 

The structure under investigation is mathematically 

segmented into a mesh of finite-sized, simple-shaped 

pieces. Simple polynomial shape functions and nodal 

displacements are thought to determine the variation of 

displacement inside each element. In terms of the 

unknown nodal displacements, equations for strains and 

stresses are constructed. The equilibrium equations are 

then constructed in a matrix form that may be easily 

programmed and computed on a computer. The nodal 

displacements are determined by solving the matrix 

stiffness equation after applying the necessary boundary 

conditions. Elements stresses and strains may be 

determined after the nodal displacements are known. 

3.2. Basic FEA Steps 

• Domain Discretization  

• Boundary Conditions application 

• Assembling the system equations 

 • Solving the system equations  

• Post-processing the results 

3.3. Finite Element Software (Ansys) Basic Steps:The FE 

procedure is roughly classified as follows: 

 Pre –processing 

 Processing  

 Post processing 

 

Fig 3.1 Finite Element Software Fundamentals 

3.4Governing Differential Equations: 

As indicated in Figure 1, the differential equations of 

motion are generated by obtaining a differential element 

of the panel. This diagram depicts an element with 

internal forces such as membrane forces Nx, Ny, and 

Nxy, shearing forces (Qx and Qy), and moment 

resultants (Mx, My, and Mxy). The governing differential 

equations of equilibrium for a shear deformable doubly 

curved panel subjected to external in-plane loading are 

(Chandra shekhara [5], Sahu, and Dutta) [7]: 
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The external loading in the X and Y directions is 

represented by Nx 0 and Ny0 correspondinglyradii of 

curvature in the x and y directions, as well as the radius 

of twist, are represented by the constants Rx, Ry, and 

Rxy. 

 

 

Fig.3.2 a shell panel's element 

 
Where n denotes the number of layers in a laminated 

composite panel and (k denotes the mass density of the 

kth layer from the mid-plane. 

Only flat plates have been examined in this investigation. 

As a result, Rx, Ry, and Rxy are all zero. 

Constitutive Relations: 

The composite panel is assumed to be made up of 

composite laminates, often in thin layers. Each lamina's 

fibers (e.g., graphite, boron, glass) are supposed to be 

parallel and continuous, and are embedded in a matrix 

material (e.g. epoxy resin). On a macroscopic scale, each 

layer can be considered homogeneous and orthotropic. 

As shown in figure 3.2, the laminated fiber reinforced 

shell is expected to be made up of a number of thin 

laminates. The primary material axes are denoted by 1 

and 2, and the elasticity moduli of a lamina along these 

directions are denoted by EXX and EYY, respectively. 

The stress-strain relationship is defined as 

 
 

Fig.3.3: Laminated shell element displaying primary axes 

and laminate directions 

Where 

 

The elastic constant matrix on The axis corresponding to 

the fibre direction is given by 
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If the main and minor Poisson's ratios are v12 and 21, 

respectively, then the reciprocal relation yields the 

well-known expression. 

 

The on-axis elastic constant matrix yields the off-axis 

elastic constant matrix as follows:  

 

The transformation matrix is denoted by the letter 'T.' The 

elastic stiffness coefficients are calculated after trans 

formation.

 

For stresses, integration through the thickness h yields 

the forces and moment resultants. 

 
Where x and y represent normal stresses in the X and Y 

directions, while xy, xz, and yz represent shear stresses in 

the xy, xz, and yz planes, respectively. 

 
Fig 4.1 Meshed square composite plate geometry 

The constitutive relation for the initial plane stress 

analysis is when only in-plane deformation is considered. 
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4.MODELLING USING ANSYS: 

ANSYS is a general-purpose Finite Element Analysis 

(FEA) software that may be used to solve a wide range of 

solid and structural mechanics problems in geometrically 

complex areas. ANSYS 13.0 is used to model the plate, 

compute natural frequencies, and visualise distorted 

shapes in this study 

 
Fig.4.2 Plate with central circular cut-out 

Fig.4.3.Meshed Plate with Circular Cutout 

 

5. RESULTS AND DISCUSSIONS: 

The free vibration properties of square and rectangular 

laminated composite plates with cut-outs have been 

investigated. The plate is assumed to be orthotropic and 

symmetric with respect to the mid-plane to simplify the 

analysis. The effect of hole size, aspect ratio, layer count, 

and fiber orientation on natural vibration frequencies is 

investigated. The analysis begins with a single circular 

hole in the middle, and then expands to include holes of 

various shapes in the center. The studies were carried out 

using the ANSYS finite element programme, as 

previously stated. 

 

 

5.1.CONVERGENCEAND  VALIDATION  STUDY: 

In this section, the convergence study for free vibration 

analysis of laminated composite plates without and with 

holes for determining mesh size was performed, and the 

findings were compared with the published literature 

acquired using various numerical methods. 

5.1.1 Analysis of the vibrations of a laminated 

composite plate without a hole : 

A square cross ply (0°/90°/0°) plate with a simple support 

is studied. The plate has a 1 m side. For two different 

side-to-thickness ratios, a/h =10 and a/h =100, the natural 

frequencies are calculated. The mesh divisions are 

changed from 4 x 4 to converge the values. Finally, the 

findings are compared to those obtained by Liu at el. 

Material Properties: 

 
 

Table1: Convergence analysis of laminated composite plates with a/h 

=10. 

Mesh 

Division 

4x4 8x8 12x12 Result 

Liu et al. 

[17] 

Mode1 11.343 11.289 11.289 11.455 

Mode2 18.035 17.762 17.856 18.333 

Mode3 31.182 30.286 30.198 31.141 

 

Table2: Convergence analysis of laminated composite plate with a/h = 

100. 

Mesh 

Division 

4x4 8x8 12x12 Result Liu 

et al. [17] 

Mode1 15.138 15.129 15.141 15.127 

Mode2 23.199 22.789 22.755 22.658 

Mode3 43.786 40.324 40.123 39.644 

As a result, the mesh-divisions are set to 12x12. 

The results obtained before are found to be consistent 

with those obtained by Liu et al [17]. Table 3 presents a 

comparison of the outcomes. The analysis was carried 

out by Liu et al[17] using the radial point interpolation 

method (RPIM). As shown in Table 3, the findings 

obtained using the current ANSYS formulation are very 

similar to those r eported by Liu et al. 
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Table3: Normalized frequency comparison for 

laminated composite plate without hole. 

 

 

index 

Mode 1 Mode 2 Mode 3 

 

Present

study 

RPIM 

Liuetal. 

[17] 

 

Presents

tudy 

RPIM 

Liuetal. 

[17] 

 

Presents

tudy 

RPIM 

Liuetal. 

[17] 

 

a/h=10 

 

 

11.289 

 

11.455 

 

17.856 

 

18.333 

 

30.198 

 

31.141 

 

a/h=100 

 

 

15.141 

 

15.127 

 

22.755 

 

22.658 

 

40.123 

 

39.644 

5.1.2. laminated composite plate with hole: 

The natural frequencies of a laminated composite plate 

with a central circular cut-out were similarly calculated, 

and the results were found to be quite similar to those 

obtained by Ramakrishna et al [11]. Table 4 summarises 

the findings. The plate's size and material qualities are as 

follows 

Dimensions: 

22.86 cm side, 

23.876 m thickness 

hole  dia/side = 0.1 

 
Fig,5.1 Mode Shape of a plate with out cut-out. 

 

Fig.5.2.Mode Shape of a plate with circular cut-out 

 

5.2 Effect of Boundary conditions : 

The study of a laminated cross ply square plate 

(0°/90°/0°) with three different boundary conditions is 

described below. 

1. Simple support for all edges (SSSS) 

2. All edges are clamped (CCCC) 

3. Plate cantilever (CFFF) 

Table5: For three different boundary conditions, the 

first five natural frequencies (Hz) for a square cross-ply 

(0°/90°/0°) with central circular hole. 

The natural frequency of vibration for CCCC plate is 

maximum, while it is lowest for CFFF plate, as shown in 

the table above. Plates with no support show 

intermediate results.  

 
(a) SSSS  

Figure 5.1 shows the variance in natural frequencies as a 

function of boundary conditions. 

 
(b) CCCC 

 

(c) CFFF 

5.2.3 Effect of Hole-shape : 

The natural frequencies of vibration for a square cross ply 

(0°/90°/0°) with various hole shapes – circular, square, 

triangular, hexagonal – are determined in this section. 
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The side of the hole, D, has a fixed ratio with the side of 

the square plate in all circumstances, i.e. D /a = 0.2.  

 
Fig.5.6 Mode shape of plate with Rectangular Cut-Out. 

The first five natural frequencies for solid plate and plate 

with various forms of cuts are shown in the table below 

 
Fig.5.7.Mode shape of plate with Square Cut-out 

 
(a)                      (b)                                (c) 

Fig.5.8 Circular holed plate deformation with a) CCCC, 

b) CCSS, and c) SCCS boundary conditions with [90°/ 

45°/ 0°/ 45°/ 90°] fiber orientation. 

 
(a)                 (b)                                  (c) 

Fig.5.9.Rectangular holed plate deformation with a) 

CCCC, b) CCSS, and c) SCCS boundary conditions with 

[90°/ 45°/ 0°/ 45°/ 90°] fiber orientation 

 

 
(a)                          (b)                               (c) 

Fig.5.10.Square holed plate deformation with a) CCCC, b) 

CCSS, and c) SCCS boundary conditions with [90°/ 45°/ 

0°/ 45°/ 90°] fiber orientation 

 
(a)                            (b)                          (c) 

Fig.5.11 deformation of square cutout plate with fiber 

[0°/90°] orientation in a) CCCC, b) CCSS, c) SCCS 

boundary conditions 

 
(a)                           (b)                             (c) 

Fig.5.12. Deformation of rectangular cutout plate with 

fiber [0°/90°] orientation in a) CCCC, b) CCSS, c) SCCS 

boundary conditions. 

 
(a)                     (b)                      (c) 

Fig.5.13.Deformation of circular cutout plate with fiber 

[0°/90°] orientation in a) CCCC, b) CCSS, c) SCCS 

boundary conditions   

 

5.2.5.Effect of Aspect Ratio : 

The aspect ratio varies between 1 and 2. The plate's width 

is set at b=0.5 m, while the length is variable. As a result, 

the diameter of the hole is adjusted in each case to satisfy 
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D/a =0.2. Below are the first five natural frequencies for 

aspect ratios 1, 1.5, and 2. 

Table 6: The first five natural frequencies for SSSS 

cross ply (0°/90°/0°) with different aspect ratios 

 

 

 

 

 

 

The above table shows that the aspect ratio has little 

effect on the first mode when compared to the other 

modes. The inherent frequencies of higher modes 

diminish as the aspect ratio increases. The influence of 

aspect ratio on natural vibration frequencies is depicted 

in the graph below. 

5.2.6 Effect of fiber orientation : 

Table 7: The first five natural frequencies (Hz) for the 

SSSS square plate with a central circular hole for various 

fiber orientations 

The first five natural frequencies are calculated in this 

section for various fibre orientations ranging from 

(15°/15°/15°/15°) to (60°/60°/60°/60°). Natural frequency 

values for the first five modes are shown in the table 

below. 

 The fundamental frequency of vibration increases as 

the angle of orientation of fibres increases, as seen in the 

table above 

6. CONCLUSION: 

 As a result, the free vibration of a laminated 

composite plate is investigated for various boundary 

conditions, layer counts, hole sizes, aspect ratios, 

fiber orientations, and hole shapes. 

 Regardless of the boundary conditions used, the 

frequencies of the laminated composite plate 

increased as the number of layers increased. 

 Due to its reduced stiffness, the frequency of a plate 

with cutout is lower than that of a solid plate, and 

the plate with cutout is found to be sensitive to 

boundary conditions applied. When all of the plate's 

outer edges were clamped, the plate showed the 

highest frequencies. The cantilever plate produced 

the lowest frequencies. 

 As the length of the plate was increased, the values 

of natural frequencies were found to decrease for all 

modes. 

 Four different cutout shapes–circular, square, 

triangular, and hexagonal–were considered and 

compared to a solid plate. The plate with a 

triangular cutout had higher frequencies than the 

others, while the plate with a circular cutout had the 

lowest frequencies. 

 

Conflict of interest statement 

Authors declare that they do not have any conflict of 

interest. 

 

REFERENCES 

[1] Composite Materials: Design and Application, Second Edition, 

Daniel Gay, Suong V. Hoa. 

[2] Syed Altaf Hussain, V. Pandurangadu, K. Palani Kumar Vibration 

analysis of Laminated Composite Plates with Holes, International 

Journal of Engineering Sciences & Research Technology 3.7 

(2014):229-234 

[3] Reddy J.N. (1982): “Large amplitude flexural vibration of layered 

composites plates with cutouts”, Journal of Sound and Vibration, 

83(1), 1-10 

[4] Jhung M.J., Choi Y.H., Ryu Y.H.(2009) “Free vibration analysis of 

circular plate with eccentric hole submerged in fluid”, Nuclear 

Engineering and Technology. 

[5]  Mechanics of Laminated Composite plates and shells, Second 

Edition, J.N. Reddy 

[6] Udar R.S., Datta P.K. “Parametric combination resonance 

instability characteristics of laminated composite curved panels 

with circular cut-out subjected to non-uniform loading with 

damping” International Journal of Mechanical Sciences,49 

(2007):317–334. 

[7] Lee H.P. Lim S.P. and Chow S.T. (1987): “Free Vibration of 

Composite Plates with Rectangular Cutouts”, Composite 

Structures 8, 63-81. 

[8] Ramakrishna S., Rao K. M., Rao N.S.(1992) “Free vibration analysis 

of laminates with circular cut-out by hybrid-stress finite element”, 

Composite Structures 8, 63-81 

[9] Sahu S.K., Datta P.K.(2003) “Dynamic stability of laminated 

composite curved panels with cut-outs”, Journal of Engineering 

Mechanics, ASCE, 129(11), 1245-1253 

Aspect 

Ratio 

Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 

a/b =1 27.29 81.34 82.63 134.67 176.90 

a/b=2 21.34 33.81 54.65 63.87 84.42 

a/b=3 21.54 24.42 39.73 46.03 64.54 

Fiber orientation 1ST 

MODE 

2 MODE  3 MODE 4 MODE 5  

MODE 

(15°/−15°/−15°/15°) 42.98 112.87 116.83 172.15 221.66 

(30°/−30°/−30°/30°) 46.54 137.18 133.78 215.23 224.55 

(45°/−45°/−45°/45°) 51.84 146.57 140.33 219.31 234.58 

(60°/−60°/−60°/60°) 59.32 126.72 142.46 222.34 237.01 


