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Introduction 

The FE-SEA method was developed to improve the 

prediction of structure borne noise in mid-frequency range.  

The approach use the modal global response calculated with 

finite elements and the exact calculation of coupling loss 

factor in the hybrid junctions product of the reciprocal 

energy interaction by a power input between a 

deterministical and statistical structures. The developed 

method is one important milestone for vibroacoustics 

prediction in the last years [1],[2],[3]. 

The prediction of the transmission of noise and vibration 
through practical structures of engineering interest, across a 

broad frequency range, presents a number of challenges to 

an analyst. At low frequencies, the response of a system is 

typically dominated by a small number of modes; standard 

analysis methods based on finite elements, boundary 

elements and infinite elements typically provide an accurate 

description of the response. At higher frequencies, such 

methods are not practical the number of degrees of freedom 

required to describe the response becomes intractable at 

higher frequencies. For example a typical automotive 

minivan has approximately 150,000 structural modes and 1 
million interior acoustic modes up 10 KHz frequency range. 

Despite recent advances in computational efficiency, current 

deterministic models are typically restricted to problems 

involving no more than a few thousand modes. The second, 

more fundamental problem, however, is that the higher order 

modes of a system tend to be particularly sensitive to small 

perturbations in the properties of the system. Small 

uncertainties in the geometry, material properties and 

boundary conditions of a system can lead to large 

uncertainties in the dynamic response. The most recent 

Hybrid-method development work has focused on an 

complementary derivation on a wave approach.  The 
derivation leads to similar equations as the modal approach, 

however, the resulting method has a number of advantages 

related to implementation of the method (in particular the 

method is more easily interfaced with existing FE 

processes).  In the wave approach to FEM/SEA, a system is 

discretized into a set of subsystems.  These subsystems may 

not necessarily represent physical regions of a system and 

may instead represent generalized coordinates used to 

describe the response of a system.  Certain subsystems are 

denoted as being SEA subsystems while the remainder are 

denoted as being deterministic subsystems.  The response of 
a given SEA subsystem is then further partitioned into a 

direct field component (that is assumed to be deterministic) 

and a reverberant field component (that is assumed to be 

statistical).  A set of deterministic equations are then written  

which describe: (i) the dynamic behavior of the deterministic 

subsystems and (ii) the direct fields of the SEA subsystems.   

These equations are quite general in form and can, for 

example, include dynamic stiffness matrices imported from  

external FE codes (or dynamic stiffness matrices of 

subsystems obtained from waveguide analysis, boundary 

elements, experimental measurements etc.).  These 

deterministic equations are then used to determine the power 

that is input to the direct fields of the various SEA 

subsystems when a given excitation is applied to the system.  

The excitations applied to the system consist of: (i) 

externally applied excitations (for example external spatially 

distributed forces or displacements) and (ii) the blocked 

forces associated with the reverberant fields of the various 

SEA subsystems.  If it is assumed that the reverberant fields 

of the various SEA subsystems are incoherent (when 

averaged across an ensemble) then it is possible to consider 

the excitation associated with each reverberant field 

separately. A set of coupling loss factors can then be 

obtained which indicate the power input to the direct field of 

the j’th SEA subsystem per unit energy contained in the 

reverberant field of the i’th SEA subsystem. A set  of  power 

balance equations are then written and solved to find the 

energies in the reverberant fields of the various SEA 

subsystems.  The total response of the system is then found 

by superimposing the deterministic and reverberant 

responses.   The approach is generic and represents the first 

logical generalization of the wave approach to SEA, 

extended to mid-frequencies. 

Picture 1: Characterisation of SEA /FEM/Hybrid FEM-
SEA models using the code VAone in vehicle components 
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