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NEW METHODFOR THE COUPLEDSTRUCTURE-ACOUSTIC SYSTEM

For the coupled structure-acoustic system, the matrix equation is asymmetric. MacNeal 
proposed a method to expend the matrix twice size to solve the problem. But some problems 
occur, when using this method: increasing of computation time an illness, difficulties to get the 
sensitivity etc. The proposed new method will solve these problems.

Matrix equation of
Coupled structure- acoustic

Establish the new formula of mode
Superposition technique by right
and left eigenvectors

Lemma1:

The right, left eigenproblem often has the
Real eigenvalues and eigenvectors

Lemma 2:

The left eigenvectors can be induced by
The right eigenvectors

Lemma 3:

The orthogonal condition using only right
eigenvectors

Lemma 4:

The normalization to mass using only
Right eigenvector
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STEP 3: 

Fig. 1-2 The former analysis method for coupled structural-acoustic system
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Proposed

method

SuperElement

(NASTRAN)

(Hz) 100-600 0-600

1 40 70

2 40 70

3 17 28

4 34 56

5 47 98

6 23 56

7 49 85

8 49 85

9 85 139

1104 1104

1488 1791

354 704

1



CPU ( )

(NASTRAN)

FEM 8 8

CMS 141 89

301 1044

34 52

484 1193

. CPU 
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: 50Hz ï400Hz

ɤc = 90Hz

4 ï(b): 100Hz



DMAP MSC/NASTRAN 

100Hz-600Hz MSC/NASTRAN 

0Hz-600Hz 

Fig.2 shows the FEM model

Table 1 shows the number of degrees of freedom

Fig.3 shows the frequency response function

Table 2 shows the comparison of CPU time



CPU time (sec) Proposed 

method

SuperElement

(NASTRAN)

Generation of the coeficient matrices

With respect to physical coordinate

8 8

Reduction of Degree of freedom of all 

structural components using CMS
141 89

Eigenvalue analysis of (reduced ) structure 301 1044

Solving (reduced) equation and recovering 

data
34 52

Total 484 1193

Acoustic:
728 nodes
557 elements

Structure:
3638 nodes
5391 elements

(a) FEM Model

(a) Sound pressure distribution

Fig. 4 Finite element mesh 
and sound pressure distribution 
in the vehicle cabin (f=100Hz)

Table 2. Comparison of CPU time



SUBSTRUCTURE SYNTHESIS METHOD


