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Abstract: Conventional materials such as steel, aluminium etc. are used in industries because of their high strength and stiffness. 

But composite materials have taken their places because they are giving excellent strength and stiffness with low weight. Currently, 

many industries such as automobile, aerospace, trains, buildings are using sandwich materials to reduce noise level. These 

sandwich materials consist of sheets of conventional materials which are bonded by polymers, plastics to reduce vibration and 

noise. In this study, vibration and acoustic analysis of laminated composite plate are carried out experimentally. Carbon fibre 

reinforced polymer and glass fibre reinforced polymer plates are used to study low frequency vibration and their effect of 

surrounding air medium. Combined modes shapes are formed because of resonance of natural frequencies of the structure and 

acoustic cavity. These combined mode shapes generally occur in low frequency region and possesses both high-order displacement 

and high-order pressure amplitude. The effect of number of plies and ply angle are investigated on the natural frequency and the 

pressure amplitude. The finite element simulation model is developed to validate the results obtained from experiment. 
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                           I. INTRODUCTION 

 

Acoustics is the study of the sound waves including it 

generation, propagation, and effects. Acoustic or sound 

pressure is the difference between the average local 

pressure of medium and pressure within sound wave at 

same point and time. The sound is a travelling wave 

created by a vibrating object and propagated through a 

medium (gas, liquid, or solid) due to particle 

interactions. Thus, sound waves cannot travel through 

a vacuum. A sound wave propagates in the form of 

longitudinal waves comprising of successive 

compression and rarefaction of the elastic medium as 

shown in the Fig. 1 (courtesy:

 http://hyperphysics.phy-astr.gsu.edu). Sound 

pressure is nothing but pressure fluctuations about  

 

ambient atmospheric pressure. The entire acoustic 

spectrum can be divided into three sections: audio, 

ultrasonic, and infrasonic. In general, the range of 

acoustic wave is audible to human is in between 20 Hz 

to 20,000 Hz. The ultrasonic region consists high 

frequency waves i.e. greater than 20,000 Hz. 

Application of ultrasonic waves is in imaging 

technologies, sonography. Infrasonic has very 

frequency waves and they are used to geological study 

like earthquakes. Structural Acoustics is the study of the 

interaction of vibrating structures with adjacent fluid 

along with the accompanying radiated or scattered 
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sound. Nowadays Structural acoustics became an 

important field in almost every industry. Any structure 

which consist relative motion tends To vibrate from low 

frequency to high frequency. These vibrations produce 

pressure fluctuations in surrounding medium. In some 

cases, pressure fluctuations cause vibration in adjacent 

structures. 

These fluctuations are nothing but acoustic waves. 

Structures typically plates, shells, membranes under 

transient or oscillatory loads are the common sound 

source. Vibration characteristics of structure can 

significantly change because of a presence of a fluid 

medium. These effects can adversely affect the 

dynamics of a system can be studied. Especially for 

coupled analysis of systems interaction between fluid 

and structure also called as FSI is of great concern. 

Noise can be defined as disagreeable or undesired 

sound. Many industries like transportation, 

construction are involved in a continuous effort to 

optimize noise and vibration characteristics. 

The noise inside the vehicle compartment in mainly 

structural borne and it is low frequency generally less 

than 400 Hz. Internal sound field of the compartment is 

affected by the acoustic behavior of cavity, dynamics 

of surround structure and fluid-structure coupling. 

Resonant frequencies and acoustic mode shape 

primarily depend on the design of enclosed cavity. 

Sound and vibration are generally controlled by active 

and passive methods. In the active vibration control 

method, piezoelectric materials are used as sensors and 

actuators in flexible structures. Whereas, in the passive 

control method different materials used such as 

barriers, absorption materials, damping materials and 

vibration isolation.Barriers and absorption materials 

are used to attenuate sound which is already 

propagating in medium while damping materials and 

vibration isolation used to reduce structural borne 

vibrations subsequently reducing noise. For effective 

noise control, we can use different combinations of 

above materials. 

            

                     II. PREVIOUS WORK 

 

Schmauder et al. [2023] investigated mechanical 

behavior of ZrO2/NiCr 80 20 compositions FGMs are 

analyzed and compared with experimental results. And 

also found that new parameter matricity controls the 

stress level of composite, globally and also locally. 

analyzed time dependent heat conduction in no 

homogeneous FGMs. Laplace transforms technique is 

used to solve initial boundary value problem. Results 

obtained for finite strip and hollow cylinder having 

exponential variation of material properties. 

Shao et al. [2022] presented stress analysis of FG 

hollow circular cylinder in combined mechanical and 

thermal environment by considering linearly increasing 

temperature. Temperature dependent material 

properties are considered and solution for ordinary 

differential equations are solved by Laplace transforms 

technique. 

Farhatnia et al. [2021] presented stress distribution for 

composite beam having FGM in middle layer. 

Temperature dependent material properties are 

considered for uniform temperature gradient. Presented 

nonlinear analysis of FGMs in thermal environment by 

changing material variation parameter, aspect ratio, and 

boundary condition re analyzed with higher order 

displacement model. Nonlinear simultaneous equation 

is obtained by Navier’s method and equations are 

solved by Newton Raphson iterative method. 

Abotula et al. [2019] studied stress field for curving 

cracks in FGMs for thermo-mechanical loading. Using 

strain energy density criterion effect of curvature 

parameters,temperature gradients on crack growth 

directions, non- homogeneity values are found and 

discussed. Studied parametric study of FGM plate by 

varying volume fraction distribution and boundary 

conditions. Static analysis of FGM plate has studied 

bysigmoid law and compared with literature. 

Kruntcheva (2017) called these combined mode shapes 

as acoustic structural resonances and they possess both 

high order displacement and high order pressure 

amplitude. proposed the spectral formulation to 

evaluate radiated noise contributions of automotive  

 

body panels to interior sound pressure levels. He 

introduced a function called acoustic sensitivity which 

was the base of model. 

Ding and Chen (2016) put theoretical algorithm to 

compute interior noise contributed from a local 

structural panel of an elastic thin-walled cavity. This 

approach can be used to identify noise source in the 
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vehicle compartment. It is suitable for low-frequency 

range but it is not suitable for investigation where the 

maximal dimension of a local panel is larger than the 

minimal acoustical wavelength of a frequency range. 

Nefske, Wolf et al. (2015) did finite element 

formulation to compute acoustic modes and resonant 

frequencies of vehicle compartment. Identification of 

critical panels around the compartment and its noise 

level was done by forced vibration analysis. 

Kim, Lee et al. (2012) used the practical method to 

reduce noise in the vehicle passenger compartment. 

This method uses interior pressure in terms of modal 

parameters and structural acoustic modal coupling 

coefficients of vehicle body and compartment. 

Assaf and Guerich (2008) proposed the numerical 

prediction of noise transmission loss through 

sandwiched plate. Sandwiched plate made up of 

viscoelastic core sandwiched between two elastic faces 

and subjected to acoustic plane wave or diffuse sound 

field excitation. studied the sound transmission loss 

through viscoelastic sandwich panels into the 

rectangular enclosure. 

Song, Hwang et al. (2003) investigated structural 

vibration control for coupled acoustic system using 

modal testing, finite element method, piezoelectric 

material and robust LQG controller. The paper used 

structural vibration control instead of fully structural 

acoustic coupling control. The robust LQG controller 

can reduce interior noise as well as structural 

vibrations. 

Li and Zhao (2002) proposed the finite element 

formulation for modelling of the dynamic behavior of 

laminated plate incorporated with piezoelectric layers 

and viscoelastic layer based on FSDT. Investigated 

laminated composite plates using simple first order 

shear deformation theory which had only four unknown 

and had strong resemblance with classical plate theory. 

Yin et al. (2001) investigated acoustic radiation from  

 

laminated composite plate reinforced by doubly 

periodic parallel stiffeners. proposed analytical 

modeling technique to find out modal and structural 

acoustic behavior of locally activated SMA hybrid 

composite panel using Ritz method, classical laminated 

plate theory, and finite panel acoustic radiation theory. 

Chandra, Raja et al. (2014) presented analytical 

solutions for determining transmission loss and vibro-

acoustic response of FGM plate using simple 

FSDT.determined the loss factors at different frequency 

ranges for a sandwich plate. Studied vibro-acoustic 

characteristics of laminates composites by performing 

numerical solution using FEM and BEM. proposed 

finite element modeling to analyze vibro-acoustic 

response of sandwich plate under constrained layer 

damping treatment. 

 

                       III. METHODOLOGY 

 

The solution of a real life problem involving an 

arbitrary plate geometry and complicated loading and 

boundary conditions cannot be easily realized using 

analytical methods. A numerical analysis technique, 

especially finite element analysis method, is suited most 

to solve such problems. This chapter includes basics of 

acoustic waves, fundamental wave equation. Finite 

element formulation for uncoupled, coupled acoustic 

analysis investigated. Also simple first order shear 

deformation theory is studied for analysis of laminated 

composite plates. Used to approximate the displacement 

fields rotating shaft. 

 

 IV. CONCLUSIONS 

 

Vibration and acoustic analysis of CFRP and GFRP 

plates were carried out experimentally. The effect of ply 

orientation and number of layers on coupled vibro- 

acoustic behaviour of plates has been analysed for 

various combinations. Results obtain from experiments 

were validated with ANSYS results and found to be in 

excellent agreement. In the present work, it is found that 

combined modes shapes are formed because of 

resonance of natural frequencies of the structure and 

acoustic cavity. 
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