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Abstract—In this paper, the specific sound Transmission Loss 

(TL) of the Laminated Composite Plate (LCP) with different material 
properties in each layer is investigated. The numerical method to 
obtain the TL of the LCP is proposed by using elastic plate theory. The 
transfer matrix approach is novelty presented for computational 
efficiency in solving the numerous layers of dynamic stiffness matrix 
(D-matrix) of the LCP. Besides the numerical simulations for 
calculating the TL of the LCP, the material properties inverse method 
is presented for the design of a laminated composite plate analogous to 
a metallic plate with a specified TL. As a result, it demonstrates that 
the proposed computational algorithm exhibits high efficiency with a 
small number of iterations for achieving the goal. This method can be 
effectively employed to design and develop tailor-made materials for 
various applications. 
 

Keywords—Sound transmission loss, laminated composite plate, 
transfer matrix approach, inverse problem, elastic plate theory, 
material properties. 

I. INTRODUCTION 

HE sound transmission characteristics [1] of a multi-layer 
composite plate (LCP) can be observed by investigating 

the level of sound absorption, reflection, and transmission of 
the composite plate, which is related the material proprieties of 
the various layers of composite plate. The sound transmission 
phenomena can be obtained from several numerical analytic 
methods through the analysis of the wave propagation and the 
sound radiation of the plate. The wave characteristics of wave 
propagation in an infinite plate by using classical thin plate and 
Timoshenko-Mindlin plate theory [2], [3] have investigated by 
many of researchers [4]-[6]. Moreover, the computation of the 
finite anisotropic plate is complicated for classifying the wave 
type in a finite anisotropic plate [7]-[10] which is not as simple 
as that in an infinite isotropic plate. Many of exact and 
analytical numerical methods have been described and 
developed from elasticity theory and applied for isotropic 
laminated plates [11]. Applying the method of dynamic 
stiffness matrix for analyzing the wave propagation in different 
layer media in acoustic field, [12] gave the theoretical 
descriptions of wave propagation and sound radiation from 
layered composite plate. The dynamic stiffness of a multi-layer 
composite plate can be obtained by assembling the dynamic 
stiffness matrices from all of individual layers, which is 

 
Yu T. Tsai is with the Bachelor's Program in Precision System Design, Feng 

Chia University, No. 100, Wenhwa Rd., Seatwen Taichung, Taiwan 40724, 
R.O.C. (e-mail: ytrich@mail.fcu.edu.tw) 

Jin H. Huang is with the Department of Mechanical and Computer-Aided 
Engineering, Feng Chia University, No. 100, Wenhwa Rd., Seatwen Taichung, 
Taiwan 40724, R.O.C. (corresponding author to provide phone: 
+886-24517250; e-mail: jhhuang@fcu.edu.tw). 

expressed as a frequency-dependent matrix equation with the 
spectral displacements and spectral tractions on the layer 
surfaces. In the light of the simplicity of the dynamic stiffness 
method, the present work yields this method to analyze the 
level of sound transmission phenomena of the multi-layer 
composite plate. Although determining the dynamic stiffness 
matrix of a composite plate, the level of TL coefficient can be 
obtained by calculating the surface displacement and surface 
stress of the composite plate. On the other hand, [13] applied 
the classical method of a transfer matrix to study the 
transmission of elastic waves through a stratified solid medium. 
The transfer matrix method is based on the relationship 
between the pressure and bulk flow of two ends of a sound 
propagating route, which has been expressed by a suitable 
matrix and has been considered as an inherent and invariant 
property of a material of an acoustic structure. Most of the 
acoustical properties of the material in an acoustic structure can 
be obtained, provided the transfer matrix for a material is 
known. Additionally, leveraging the continuity of sound 
pressure and sound velocity, the matrices of individual 
laminates can be joined together into a single matrix for 
predicting the acoustical properties of multilayer acoustic 
material. 

The purpose of this study is to obtain compatible material 
combinations for achieving the desired TL for the composite 
plate. The TL has significantly contributed to the evaluation of 
the efficiency of sound attenuation in numerous acoustic 
applications, including the creation of porous materials and 
sound absorption walls. In most cases, it is possible to construct 
a sound attenuation panel from different composite materials 
with differing acoustical attributes. A prevalent issue in 
utilizing a composite material is the difficulty of estimating the 
overall TL when the materials are laminated. The specific TL 
can be assessed from the measured incident, reflected, and 
transmitted waves of the plate or obtained by theoretical 
calculations. The effective use of materials should be clearly 
evaluated, and the feasibility of these materials for a compatible 
TL response should be determined. 

II. METHODS 

A. Direct Problem 

The sound transmission through plate involves sound waves 
in air on both sides of plate and elastic waves through solid, 
involving simultaneous conversion at fluid-solid interface. The 
stress-displacement relation can be given as 
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for LCP, the D-matrix as given in (1) is employed by 
combining individual D-matrices. As a representative example, 
D-matrix for double layer LCP can be written as: 
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consequently, the D-matrix of n-layers system can be as 
follows: 
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Now the D-matrix from (3) can be used for computation of the 
LCP by treating it as a single-layer composite plate. In (3), let 
M be the inverse of dynamic stiffness D, i.e., M = D-1. Then, 

( 1) ( 1)/ 1 / (4, 4)n n
zz w   M and (1) ( 1)/ (2, 4) / (4, 4)nw w  M M . 

Referring to the acoustic wave [1], incident, reflected, and 

transmitted waves are given by 1 ( ) ( )ni z H i kx tAe e    ,
1 ( ) ( )ni z H i kx tBe e    , and 1 ( ) ( )ni z H i kx tCe e    , respectively with 
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This leads to incident and reflected wave as given: 
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Also, the transmission wave can be derived as (1) /C w i  . 

Above equation can be used to calculate the acoustic 
transmission in a variety of plate. Then, the sound transmission, 
reflection, and absorption can be obtained by: 

 2 2
Sound absorption (dB): 1010 log (1 / / )B A C A   (8) 

 
TL calculation was proposed to analyze the sound 

transmissions from the laminated composite plate. In general, if 
the values of D and ( 1)n

zz
  of a composite plate are available, 

then the theoretical method can be used to solve the surface 
displacements u = [u(1), u(n+1), w(1), w(n+1)]T. Thus, the 
transmitted/incident wave ratio ( , )T    can be determined 

easily. However, if the surface displacement vector u is known, 
then the solution of the material properties in matrix D can be 
treated as an optimization problem. 

B. Optimization 

In the previous section, TL calculation was proposed to 
analyze the sound transmissions from the laminated composite 
plate. In general, if the values of D and ( 1)n

zz
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plate are available, then the theoretical method can be used to 
solve the surface displacements u = [u(1), u(n+1), w(1), w(n+1)]T. 
Thus, the transmitted/incident wave ratio ( , )T    can be 

determined easily. However, if the surface displacement vector 
u is known, then the solution of the material properties in 
matrix D can be treated as an inverse problem. 

To solve the inverse problem, first, an objective function J 
must be defined through the estimated and measured values of 
the surface displacements. Considering that is only dependent 
on w(1) and w(n+1) in the z-axis, u(1) and u(n+1) can be neglected. 
Therefore, the problem can be regarded as an optimization 
problem of the material properties involving the determination 
of the desired TL. 
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To solve the optimization problem, first, an objective 

function J must be defined through the estimated and measured 
values of the surface displacements. Considering that ( , )T    

is only dependent on w(1) and w(n+1) in the z-axis, u(1) and u(n+1) 

can be neglected. Therefore, the problem can be regarded to use 
an optimization method for determining the material properties 
involving the determination of the desired TL. 

III. NUMERICAL SIMULATION AND RESULTS 

In this section, the ability of the proposed optimization 
method to obtain the material properties of a composite plate to 
a reasonable solution is evaluated. The purpose of the designed 
optimization case is to find another feasible and efficiency 
composite material plate to replace the thick aluminum plate. 
The estimated composite material plate should have the same 
TL results of the thick aluminum plate. From the chosen of 
initial guesses for desire materials properties, the TL curves can 
be calculated. 

The calculation method of sound transmission of the 
multi-layer composite plate as shown in Fig. 1 is described in 
above section. The case shows in Fig. 2 to explore the TL of the 
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composite plate by object values. As an illustrated example to 
show how our method can cope with the optimization problem, 
a case of a 0.6 cm thin plate is illustrated. Table I lists the initial 
guesses and optimal values of the material properties for a 
2-layers composite plate. Fig. 3 shows that the optimization TL 
obtained by our method is matched with the objective TL. Fig. 
4 shows that the optimization curve calculated by our estimated 
materials property is matched the objective curve. Fig. 5 shows 
that this computational algorithm also exhibited high efficiency 
with a small number of iterations for achieving the goal. Thus, 
the proposed optimization method has high potential for 
designing a composite material plate with reference to the solid 
plate. 

 
TABLE I 

THE LIST OF OBJECT VALUES, INITIAL GUESSES AND OPTIMAL VALUES 

items 
Object values 

(1-layer) 
Initial guesses 

(2-layers) 
Optimal values 

(2-layers) 
E (Pa) 6E9 1.6E9 7E9 3E9 2E9 

h (cm) 3 1.3 0.3 2.5 1.27 

ν 0.4 0.80 0.40 0.4 0.28 

Ρ (kg/m3) 600 800 200 300 93 

 

 

Fig. 1 The illustration of the multilayer composite plate 
 

 

Fig. 2 Sound Absorption level of the objected LCP 
 

 

Fig. 3 Sound Absorption level of the LCP from optimization 

 

Fig. 4 Comparison of the transmission values for incident angles θ = 
10∘ 

 

 

Fig. 5 Comparison of the convergence of the objective function for the 
result as shown in Fig. 4 

IV. CONCLUSION 

The work has demonstrated successful use of conjugate 
gradient optimization method for material properties 
estimation. Over a given range of frequencies, it is 
demonstrated that the optimal solution and the object yielded 
very similar results. The theoretical approach has found to be 
computationally efficient owing to use of small number of 
iterations during parameter optimization. Specifically, the dip 
in the response (coincidence frequency) or the reduction in the 
transmission loss of at the resonance is concluded to depend on 
the angle of incident. The design of laminated composite plate 
analogous to metallic plate with the specified transmission loss 
has established that this approach can be effectively employed 
for design and development of tailor made material for varied 
applications. 
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