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ABSTRACT 

Sandwich composites are widely used in aerospace and automobile structure and panels for their excellent stiffness at very low 

weight. Composite materials exhibit a wide range of mechanical properties and a complex structural behavior. As compared to 

conventional materials fiber reinforced polymer composites (FRP) has interesting properties such as light weight, high specific 

strength and stiffness which make it attractive for many engineering applications such as racing shells, automobile structures, 

body panel, aerospace manufacturing, snowboards, furniture etc. A new finite element model for laminated plate structures with 

viscoelastic core and laminated orthotropic layers has been formulated using a mixed layer wise approach. Damping is an 

important aspect related to behavior of composite structures. Damping results in dissipation of energy by a vibration system. The 

dynamic problem is solved in the frequency domain. In order to obtain a frequency response which includes viscoelastic damping 

properties, the study is based on Isotropic plates, Laminated sandwich plate, Stiffened sandwich plate and Honeycomb cored 

sandwich plate in the frequency domain. Three materials are compared for the core: Aluminium (Al), Mild Steel (MS) and Fiber 

Reinforced Plastic (FRP). For the honeycomb core sandwich plate frequency is being obtained and results compared with the 

results of different damping ratios. All the work is to be done in ANSYS Software and Experimental Validation with the Fast 

Fourier Transform. 

 

Keywords— Composite Plates of Different Structures, ANSYS Software, Modal Analysis Using FFT Analyzer 

 

1. INTRODUCTION 

Composite structures, beams, plates and shells are common 

place in many sectors of the automotive and aircraft industries. 

Use of such structures is now being considered for naval 

applications because of the potential for improved strength to 

weight ratio and resistance to harsh environments. In this 

project work the prediction of natural frequencies is to be done 

on the laminated composite materials. As composite materials 

are widely used in many fields such as car body panel and 

structures so there is a need for accurate prediction of dynamic 

characteristics so that they can be designed against the failure 

due to various types of dynamic loads. In the past few years 

the problem of health monitoring and fault detection of 

structures is greater concern for the years. The changes can be 

considered as an indication of health of the structure. 

Subsequently, these methods of fault detection are based on 

the comparison of the vibrant response of the healthy structure 

with the active response of the deserted structure. The 

evaluation is carried out by some algorithm which employs the 

modal data of the healthy and deserted structure. Therefore, 

the fault detection problem is in need of the modal data for the 

healthy structure, the modal data for the deserted structure and 

the algorithm that uses these data provides information about 

the state of the structure. Each of these has its own aspects and 

problems that have effect on the results of the fault detection. 

Innovations in aircraft design, motor vehicle application and 

light-weight sandwich construction have formed the basis for 

the development of honeycomb structured panels. Their 
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advantage is low weight, good stiffness with great structural 

strength. Because of their anti-shock properties, honeycomb 

structures are used today as shock-absorbent layers both in 

automobile construction and in sports gear production. They 

are suited for design and structural applications as a result of 

their minimum ratio of weight to load-bearing capacity and 

bending strength. Additionally this composite material which 

generally consists of a honeycomb core and external facing 

plates can be adapted to individual requirements with regard to 

strength and choice of materials. And not least, the good 

properties of these materials are being increasingly valued. 

Due to the drawbacks of vibrations, it is important to eliminate 

or reduce the vibration i.e. provide damping for this purpose 

the vibration analysis is to be done. In analysis of vibration we 

can find out the response of vibration in the forms of natural 

frequencies and displacements. 

In this work area of vibration analysis wish to develop an 

efficient model correction approach for resonant systems that 

are obtained from modal analysis and approximate methods. 

Also the effect of damping in the resonant system which is 

assumed to be negligible in other approaches is included. So 

natural frequencies, amplitude of conventional materials and 

composite materials to be found out through experimentation 

and fem software to avoid resonance condition and the results 

are to be compared. 

 

2. LITERATURE  REVIEW 

K. K. Viswanathan, Kyung Su Kim, Hee Seung Koh, Jang 

Hyun Lee and Jae Beom Lee et al.[1] explained the free 

vibration of layered circular cylindrical shell with cross-ply 

walls including shear deformation theory by using spline 

method. The choice of this method was due to the possibility 

that a chain of lower order approximation could yield greater 

accuracy than a global higher order approximation and 

successfully tested the spline collocation method over a two 

point boundary value problem with a cubic spline. Collocation 

with these splines yielded a set of field equations which along 

with the boundary conditions reduce to a system of 

homogeneous simultaneous algebraic equations on the 

assumed spline coefficients. Then the problem was solved for 

a frequency parameter using an eigen solution technique, to 

obtain as many frequencies as required starting from the least. 

The mode shapes were constructed from the spline 

coefficients and were computed from the eigenvectors. 

Li Jun ,Li Xiaobin and Hua Hongxing et al.[2] presented 

comparison of  first-order shear deformation theory and the 

dynamic analysis of generally layered composite beams based 

on higher-order shear deformation theory. Formulated an 

exact dynamic stiffness matrix for a generally laminated beam 

based on third-order shear deformation theory which 

accounted for a parabolic variation of the transverse shear 

strain through beam thickness. An exact analytical method 

which is called the dynamic stiffness matrix method was used 

to determine the free vibration characteristics of generally 

layered composite beams. The numerical results were 

compared with the existing solutions whenever possible to 

demonstrate and validate the method. 

Walter Lacarbonara, Lars Fiedler and Fabrizio Vestroni et 

al.[3]explained general higher-order approach developement 

for the case of multi-layered laminates with arbitrary fiber 

orientation. Investigated lay-up geometries and span-to-

thickness ratios where thickness-wise variable shear 

elongations and deformations become truly important. The 

generalized higher-order modeling approach was presented for 

arbitrarily oriented multiple orthotropic layers along with the 

computational approach. The convergence properties of the 

adopted discretization scheme were also investigated. 

Exemplary results were obtained with the theory for reference 

cases and compared with 3D elasticity theory or other existing 

higher-order theories.  

K. Kantha Rao, K. Jayathirtha Rao, A.G. Sarwade and M. 

Sarath Chandra et al.[4] has done design and analysis of lifting 

surface of aerospace with honeycomb core. Lifting surfaces 

were essentially designed to take up bending loads due to lift. 

Bending stresses were found to be maximum at the top and 

bottom surfaces and low stresses at the middle. Honeycomb 

panel construction suits the requirement where top and bottom 

skin takes the bending load. Analysis was carried out for the 

specimen level using three point bending test for 

understanding the bending behavior of honeycomb sandwich 

panels. 

Sharayu U. Ratnaparkhi, S. S. Sarnobat et al.[5] introduced 

Glass/ Epoxy laminated composite plates which were 

manufactured and modal testing was done for free-free 

boundary condition by using Data Acquisition System. 
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Frequency Response Functions are obtained by FFT. 

Quantitative results were presented to show the effects of 

different parameters like aspect ratio and fibre orientation. In 

this hand layup, fabrication method was developed. 

Simulation was carried out using Ansys Software. DOE data, 

FRF results and simulation results were compared. Free-Free 

boundary condition was carried out for analysing the effect of 

factors such as no. of layers, fiber orientation angle and aspect 

ratio on the natural frequency. 

D. Biswas and M. C. Ray et al. [6] introduced geometrically 

nonlinear vibrations of rotating laminated composite beams 

using the vertically reinforced 1-3 PZC materials. The 

substrate beam was considered thin hence, Von-Karman type 

nonlinear strain–displacement relations and first order shear 

deformation theory (FSDT) were used to derive the coupled 

electromechanical nonlinear FE model. 

K Lavanya, P Vamsi Krishna, M M M Sarcar and H Ravi 

Sankar et al.[7] studied glass fibre composite fabrication in 0
0 

orientation and basic properties were evaluated experimentally.
 

Damping ratio was calculated using half-power band width
 

method from the FRF obtained in vibration test. Numerical
 

analysis was also carried out for the same specimens using 

finite
 
element analysis. Comparison of the numerical results 

by the experimental results for 0
0 

orientations were made to 

investigate
 
the accuracy of the finite element model. Further 

effect of fibre
 
orientation and viscoelastic material on damping 

ratio was
 
studied. 

Satish.N, Dr.P.V.Vijaya Kumar and Dr H.K.Shivanand et 

al.[8] summarized finite element models on damping 

treatment. Different fiber system and also study of the 

influence of boundary conditions on the modal damping of 

laminated composites was carried out. Classical modal testing 

of bi-woven laminates under various boundary conditions and 

analysis of the damping was carried out. Results obtained 

from both laminates were compared and it was observed that 

damping properties of graphite is more dominant than glass 

laminates. 

B.S.Ben, B.A.Ben, Adarsh K, K.A.Vikram and Ch.Ratnam et 

al.[9] introduced viscoelastic damping which appeared as the 

prioritizing mechanism in undamaged polymer composites 

vibrating at small amplitudes. An ultrasonic based hybrid 

method using combined frequency response and finite element 

was developed to measure the damping properties of 

composite material. Method employed combined finite 

element and frequency response for finding the damping 

characteristics of composite materials, which were used in 

high frequency applications. Tests were conducted with scan 

view plus software as virtual controller using ultrasonic pulse 

generator. The fiber reinforced composites have been 

characterized for damping parameters at low amplitudes and 

in a non-destructive mode. The dynamic mechanical analysis 

was carried out in high range frequency sweep mode using the 

hybrid method. 

S. P. Parida, R. R. Dash et al.[10] studied the effect of 

variation of fiber orientations and width on natural frequency 

for different boundary conditions of the beam. Mathematical 

modeling for free vibration analysis of Timoshenko composite 

beam was proposed. The problem for the analysis was defined 

and validation of FEA analysis done. Effect of different fiber 

orientation and geometric ratio for different boundary 

condition on natural frequency were investigated in a detail. 

The effect of geometric ratio on the natural frequency was 

studied and presented. It is found out that the natural 

frequency increases slowly with increase in geometric ratio 

upto a limit of GR = 0.111 and then tends to become constant 

irrespective of outer fiber orienations and boundary 

conditions. Here composite beams with ± (0˚,-0˚,-0˚) 

orientation were found to have highest value of natural 

frequency and ± (15˚,-30˚,-45˚) have lowest value of natural 

frequency for all of the configurations and boundary 

conditions. 

K. Senthil Kumar , I. Siva , P. Jeyaraj , J.T. Winowlin Jappes , 

S.C. Amico , N. Rajini et al. [11]  presented the study of fiber 

length and content on mechanical strength and dynamic 

characteristics of sisal fiber polyester composite (SFPC) and 

banana fiber polyester composite (BFPC) and its effects using 

impulse hammer technique. Correlation between their 

dynamic characteristics and mechanical properties was done 

with the help of interfacial observations based on microscopy 

analysis. Experimental investigation was carried out on free 

vibration characteristics of short sisal fiber (SFPC) and banana 

fiber (BFPC) polyester composites. Influence of fiber length 

and weight percentage on mechanical properties and free 

vibration characteristics were analyzed. Composite beam 

specimen was fabricated with random fiber orientations at 17 

MPa compression using compression molding machine. 
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Natural frequencies and associated modal damping value of 

the composite laminates were obtained by carrying out the 

experimental modal analysis. 

N. Vijaya Sai , P.Nanda Kishore ,CH. Prem Kumar et al.[12] 

objective of the work was to determine the damping factor and 

mode shapes for a cantilevered rectangular plate of hybrid 

sisal-bagasse fabric reinforced epoxy composite with fiber 

orientation [+90°/+45°/0°/-45°/-90°] using a Fast Fourier 

Technique (FFT) based spectrum analyzer. 

P. Ganesa and S. Thirumavalavan et al. [13] experimental 

study was carried out to investigate the factors measured for 

Kevlar 49 fiber reinforced mechanical properties 

experimentally such as tensile strength and composite. Kevlar 

fibres had high modulus of polypropylene/glass fiber 

composite materials stiffness and damping than glass and yet 

they costs prepared using compression and injection moulding 

lesser than graphite fibres. Results showed that the tensile 

strength decreased measured in the experiments described 

were important with the increasing of glass fiber loadings 

which were for successful design of dynamically loaded 

components attributed to the absence of adhesion between 

made of such a material. The resonance technique for 

polypropylene and electrical type glass (E-glass) were used for 

determining the stiffness and damping factors for the 

difference between polypropylene and the composite or 

composite structures. The resonance hydroxyl groups on the 

fiber surface. 

Tiangui Ye ,Guoyong Jin, Zhu Su and Xingzhao Jia et al.[14] 

studied the first-order shear deformation shell theory based on 

the general shell equations which employed to include the 

effects of rotary inertias and shear deformation. The rotation 

and displacement of the open shells, regardless of boundary 

conditions was invariantly expressed as Chebyshev 

polynomials of first kind in both directions. Thereby, all the 

Chebyshev expanded coefficients were treated equally and 

independently as the generalized coordinates and solved 

directly by using the Rayleigh–Ritz procedure. A good variety 

of numerical examples were presented for the free vibration of 

shallow and deep composite laminated cylindrical, spherical 

and conical panels with various geometric dimensions and 

lamination schemes. The accuracy and convergence of the 

present formulation were checked by a considerable number 

of convergence tests and comparisons. Different combinations 

of classical boundary conditions (e.g. completely free, shear-

diaphragm restrained, simply supported and clamped) and 

uniform elastic restraints as well as their combinations were 

considered in the investigation. Parametric studies were also 

undertaken, giving insight into the effects of elastic restraint 

parameter, fiber orientation, layer number, conical angle as 

well as subtended angle on the vibration frequencies of the 

composite open shells. 

Masaki Kameyama and Masahiro Arai et al.[15] explained the 

effect of laminate configuration on the damping characteristics 

which is investigated for symmetrically laminated plates. To 

examine the effect of laminate configuration, the concept of 

specific damping capacity was also introduced and the 

damping characteristics are represented on the lamination 

parameter plane, instead of using composite fiber orientation 

angle. The concept of lamination parameters and damped 

stiffness invariants are newly proposed. The laminate 

configurations for the symmetrically laminated plates with 

maximum damping subjected to the constraints on the natural 

frequencies are determined by using differential evalution in 

which lamination parameters are used as intermediate design 

variables, instead of ply fiber orientation angles and ply 

thicknesses. 

P. Aumjaud, J.E. Fieldsend, M.A. Boucher, K.E. Evans, C.W. 

Smith et al.[16] showed the location and orientation of DSLJ 

damper which is optimised using two different approaches on 

a honeycomb-cored sandwich plate; (i) a simple and quick 

parametric optimisation based on the strain distribution of the 

mode shape of each structure considered, and (ii) a complex 

and computationally demanding multi-objective evolutionary 

algorithm, namely the Adaptive Indicator-Based Evolutionary 

Algorithm (IBEA).The assessments of the efficacy of two 

different optimization approaches to this problem were 

parametric optimisation and the Adaptive Indicator-Based 

Evolutionary Algorithm (IBEA) which were also studied. 

Both approaches were used to increase the damping while 

minimising the additional mass of the damping inserts applied 

to the structure. 

Riccardo Vescovini, Chiara Bisagni et al.[17] discussed a 

procedure which can be used to evaluate the modal damping at 

panel level starting from the experimental characterization of 

the damping properties at ply level. Studied theory of beams 

or plates and the strain energy method to aircraft sub-
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component structures. The analysis procedure was developed 

for structures characterized by the of regions with different 

stacking sequences, as well as lay-ups with plies of different 

materials and thicknesses. Furthermore, the dynamic effects 

on the buckling of the structures has been investigated. 

Illustrated the evaluation of the specific damping capacities of 

the structure and direct transient analyses to investigate the 

effect of damping on the panel response to pulse loadings. 

P.Nagashankar, S. Balasivanandha Prabhu, R. Velmurugan et 

al.[18] studied the prediction of the dynamic characteristics of 

PPHC sandwich composites experimentally and theoretically 

results which have been compared. The paper has studied the 

effect of the different orientations of FRP skins and the 

different thicknesses of the skin and core on the transverse 

shear damping of the sandwich with the help of appropriate 

equations. The effect of different orientations of fiber and 

different thicknesses of the skins and polypropylene 

honeycomb core (PPHC) on the transverse shear damping of 

the sandwich using experimental and theoretical studies has 

been investigated. 

P. Malekzadeh .Y .Heydarpour et al.[19] presented the three-

dimensional static and free vibration analysis of multi-layered 

plates with FGCNTRC layers. Assumptions that the individual 

layers were composed of the aligned and straight SWCNTs 

which were graded in the thickness direction and isotropic 

matrix. The extended rule of mixture as a simple and 

convenient micromechanical model for prediction of the 

overall properties of the CNTRC materials was employed to 

estimate the effective material properties of the CNTRC layers. 

Types of CNTs distribution and volume fractions and also 

lamination scheme on the natural frequencies, stress 

components and displacement of the FG-CNTRC layered 

plates were investigated. 

Cheng Shen, Fengxian Xin and Tianjian Lu et al.[20] 

presented the layerwise shear deformable theory which was 

applied to model the vibration of the laminate composite base 

plate and utilized this theory to model the vibration of 

arbitrary thin-walled composite beam stiffeners. On the basis 

of the theoretical model, numerical investigations were 

conducted specially focusing on the influence of stiffeners 

spacing and stacking geometry on the vibro-acoustic property 

of the structure. 

M. Jaber, H. Schneeweiss, J. Bos, T. Melz et al.[21] Studied 

the modal loss factor of sandwich structures comprised of 

varying laminas with respect to their mass as well as to  the 

improvement of their noise, vibration, and harshness (NVH) 

performance. Multiple optimization algorithms were used to 

determine the most efficient laminate make-up for damping 

purposes, as well as the modal strain energy method to 

calculate strain energies stored and dissipated in the composite 

layers, and finally optimization algorithms to calculate the 

modal loss factor for the complete structure, which utilizes a 

dynamic response in terms of the undamped natural 

frequencies. A complex modulus approach was used to 

evaluate the viscoelastic material layers in the given frequency 

range due to the material experiencing dynamic loading. A 

comparison between the effectiveness of the different 

optimization algorithms was also carried out. 

Devesh Pratap Singh Yadav, Avadesh Kumar Sharma and 

Vaibhav Shivhare et al.[22] showed free vibration analyses of 

plates with different stiffeners location which are 

investigatedby finite element method. The first order shear 

deformation theory was used to study the effects of transverse 

shear deformation and rotary inertia. The main advantage of 

stiffeners was to increase the bending strength of plate with 

minimum material requirement which made the better 

performance of plate. A numerical tool Finite element method 

which is used to solve structural and solid mechanics problems 

can handle the complex restraints and loading conditions. So 

this paper utilized the finite element method to find the natural 

frequency of stiffened plates for different boundary conditions 

and to study the effect of skew angle, stiffener to thickness 

ratio of plate on the natural frequency. The result showed that 

the frequency of stiffener 1 is higher than the other three cases 

of stiffeners. Also observation was made that the non-

dimensional frequencies increased by increasing the stiffener 

to thickness ratio of plate and skew angle. 

 

3. CONCLUSIONS 

In this field of damping honeycomb structure has gained 

greater interest for its properties and specially for FRP 

material. As compared to other composite structures with 

different material the damping properties are good of 

honeycomb core sandwich structure acting as viscoelastic 

layer and has low amplitude and low natural frequency. 



        
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-3, ISSUE-1, JAN-2016                                   E-ISSN: 2349-7610 
 

VOLUME-3, ISSUE-1, JAN-2016                                                COPYRIGHT © 2016 IJREST, ALL RIGHT RESERVED                                                                                            26 

Honeycomb structure has good impact resistance as compared 

to other composite structure because it has good stiffness 

properties and load bearing capacity. The strength, reliability 

and energy absorption capacity has increased by the use of 

honeycomb core in the applications of automotive, aerospace 

panels and structures. The test to be done further for this 

structure evaluating the natural frequencies and amplitudes. 
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