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INTRODUCTION

The design of sound barriers is of utmost importance in several 
industries including automotive, aerospace and buildings. These 
barriers are typically made up of a decoupling layer sandwiched 
between a thin skin and a limp massive impervious layer classical­
ly known as a septum. As such, they may be considered as a dou­
ble wall system. The decoupling layer is usually made up from a 
porous-elastic material such as cellular (e.g. polyurethane foam) 
and fibrous (e.g. glass fibers) materials. In designing sound barriers 
for multiple engineering applications, the engineer must select the 
type and geometric configuration o f the barrier and decoupler mate­
rials to be used. This task necessitates a thorough understanding of 
the mechanisms governing the transmission loss o f such systems 
together with an accurate data bank o f the mechanical and acousti­
cal properties of these materials.

The paper discusses the optimization of the diffuse field transmis­
sion loss through double-wall sound barriers with porous linings. 
The studied sound barriers are made up from a porous decoupling 
material sandwiched between an elastic skin and a septum, figure 1. 
The wave approach is used to calculate the transmission loss o f the 
system [1,2],

where fm ;n and fmax are the lower and upper limits o f the fre­

quency band and T(9 , f) is the transmission coefficient, at fre­
quency f, for a plane wave o f incidence angle 0. Constraints are 
imposed on the weight o f the system, as well as upper and lower 
bounds on the design variables. The optimization problem reads:
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Where X represents the vector o f design variables, W represents the 
surface mass o f the system, W max represents a maximum specified 

weight, Cj represents the lower and upper bounds constraints on the 

design variables and Nc represents the number o f these constraints.

Two optimization algorithms are studied and compared. The first is 

based on the Matiab implementation o f the Sequential quadratic 

Programming algorithm [3], The second is based on an in-house 

implementation o f evolutionary algorithms. The design o f this lat­

ter algorithm is problem dependent and allows the search of the 

whole design space for the global minimum [4], Also, a combina­

tion o f both algorithms is investigated to combine the advantages of 

both algorithms: locating the desirable region o f the search space 

using the evolutionary algorithm and rapid convergence using the 

SQP algorithm in the reduced search space.

IM PLEM EN TA TION

Fig.l. Plate -  absorbent m aterial -  septum configuration.

O PTIM IZATIO N  AND O B JE C T IV E  FUN CTION  FO R M U ­
LATION

This study aims at optimizing the frequency band averaged diffuse 
field transmission loss o f the three layers system represented in fig­
ure 1 while imposing constraints on the weight and thickness of the 
system. Other variations on this objective include a combination 
minimum weight and transmission loss. However, in this latter 
case, both objectives are combined to form a single objective; no 
use of multi-objective algorithms is attempted. The band frequency 
averaged diffuse field transmission loss defined as:
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The above optimization problem is implemented by combining the 
optimization engine (MATLAB or in-house) to an acoustic-indica- 
tor engine for the transmission loss calculation. The high frequen­
cy module o f MNS/Nova is used for this part [5], It uses the wave 
approach, which is essentially based on the representation o f plane 
wave propagation in different media in term o f transfer matrices 

[1], This approach allows easily for multi-layers made up 
from a combination of elastic, porous-elastic and fluid lay­
ers. In a given layer, sound propagation is represented by a 
transfer matrix [T] such that V(Mj) = [T] V(M2 ), where Mj

and M2  are two points set close the forward and backward 

face of the layer, respectively, and where the components of 
the vector V(M) are the variables witch describe the acoustic 
field in a point M of the medium. The derivation of the trans­
fer matrices for solid, poro-elastic and fluid layers are 
detailed in [1,2], Using continuity equations at the different 
interfaces, and the impedance equations in the source and 
receiving domains (assumed semi-infinite), a global system 
of equation is formed and solved for the reflection and trans-

A b sorben t m aterial

S ep tum

Canadian Acoustics / Acoustique Canadienne Vol. 28 No. 3 (2000) - 96



m is s io n  c o e ff ic ie n ts .

RESULTS AND DISCUSSION

In the  first part o f  the paper the properties o f the plate and septum 

are fixed and the optim ization is lim ited to the properties o f the 

porous layer. The aim  is to tailor certain m aterial properties o f the 

porous layer (the flow resistivity) to achieve the desired m inim um  

noise condition. However, contrary to previous work, constraints 

are im posed on the dependent variables o f  the porous layer (char­

acteristic lengths) in  order to keep the optim ized solution realistic. 

Several types o f  problem s are studied. Firstly, to test the  used opti­

m ization approach, the porous layer is assum ed to be  fibrous and its 

flow resistivity is selected as the prim ary variable. Fibrous layers 

are classically m odeled as a  rigid fram e porous layer and an em pir­

ical m odel is used to link the prim ary variable to the secondary vari­

ables used to define the porous layer within B iot-A llard theory [1]:
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porous layer is sandwiched betw een the body sheet metal and a sep­

tum. Several optim ization strategies and problem s are studied and 

compared. The results discussed in this paper are preliminary. 

Detailed and more realistic results will be presented at the oral pres­

entation.
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where o  enotes the porosity, a ^  the tortuosity , A the viscous char­

acteristic length, A ’ the therm al characteristic length, R denotes the 

radius of the fibber, pm  the density of glass and p ] the density of 

the material.

Secondly, a  foam  layer is considered and once again the flow resis­

tivity is used as the prim ary variable. To define the dependent vari­

able, the viscous characteristic length is varied with the flow resis­

tivity so that the form  factor M is kept constant. The ratio between 

therm al and viscous characteristic lengths is fixed to 2.5. In such 

conditions, the intrinsic geom etry o f the skeleton is kept realistic. 

The o ther param eters are fixed and correspond to usual foam  prop­

erties: porosity F  =  0.98, a^  =  1.3 and skeleton density T2 =  33

Kg/m ^. Finally, for a given prescribed m axim um  total thickness 

and weight, the thickness and properties o f the foam  and septum 

layers are used as the prim ary variables.

In all the above optim ization problem s, tw o frequency regions are 

considered in the objective function definition, a low  frequency 

range B j that includes the double wall resonance frequency and a

m id to high frequency range

We consider as an exam ple the diffuse field transm ission loss o f  a 

typical three-layer system  m ade up from  a foam  layer sandwiched 

betw een a 0.92-m m  thin steel plate and an EVA barrier with surface 

density 2.43 kg/m^.

Figure 2 shows, in the case o f the m id-to high frequency range, that 

there exists an optim al value o f the flow resistivity fo r which the 

transm ission loss is m axim al. A detailed description, validation 

and interpretation o f such results will be  given at the oral presenta­

tion.

CONCLUSION

The paper investigates the transm ission loss optim ization o f classi­

cal configuration in the  autom otive industry w herein a decoupling
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Fig.2. Optimization in middle to high frequency range for the 
foam material case.
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