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A Study on the Acoustical and Vibrational Characteristics of a Passenger Car (1)
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Abstract

Recently, many papers have been reported on the noise reduction of vehicle compartment and
most of them were based on the numerical simulation using general purpose finit element analysis
program such as MSC/NASTRAN. The results of the analyses, however, show large error
compared with those of experiment. And the error has turned out to be due to the inaccuracy of
vehicle structural modal data, which was inevitable to some degree because of the complexity of
vehicle structures. This study proposes a practical method, in which interior noise is explicitly
described by vehicle structural and acoustic modal parameters and modal coupling coefficients,
and also, structural modal data by modal testing are used in the noise simulation to enhance the
reliability of the analysis. By this method, it becomes possible to identify the role of structural and
acoustic modal parameters in vehicle interior noise, while the general purpose FEM packages
cannot explain explicitly how the modal data contribute to the noise spectrum. This is very
important since, in most cases, it is very difficult to model accurately vehicle structure and
excitation condition in the frequency range of interior noise problem, therefore, the usefulness of

the numerical noise response is largely limited.
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Table 1 Acoustic normal frequencies of rectangular

Fig. 1
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Fig. 2 Rectangular hard cavity (2m x 1.2m)

cavity[Hz]
Mode Model 1 Model 2 Theory
{1,0,0) 84.67 85.02 85.00
0,1,0) 142.87 141.80 141.67
(1, 1,0) 165. 44 165.28 165.21
(2,0,0) 171.97 170.30 170.00
(2,1,00 223.08 221.36 221.29
(3,0,0) 263.12 256.93 255.00
0,2,0) 296.59 286.46 283.33
(3,1,0) 299.41 292.86 291.71
(1,2,0) 308.87 298.52 295.81
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b) Vehicle compartment model 'z
Fig. 3 Vehicle compartment cavity model
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Fig. 4 Acoustic finite element model of compart-
ment
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Fig. 5 Acoustic modes by FEM
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Fig. 7 Pressure spectrum in vehicle compartment
model
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Table 2 Strucural modes by modal testing

Mode No. Frequency [Hz] Mode Shape
1 64.1 Side wall, Roof (G, A)
2 67.4 Side Wall(L)
3 73.3 Front/Rear window, Roof(G, S)
4 98.8 Rear Roof (L)
5 102.0 Side Wall(L, S)
6 120.7 Floor, Window, Roof (G, S)
7 129.6 Front floor, Back panel(L)
8 140.8 Side wall, Roof(L)
9 144.0 Roof (L)
10 151.2 Front window (L)
11 156.0 Rear floor (L)
12 161.2 Front floor, Roof (G, A)
13 169.2 Front floor(L, A)
14 173.1 Front floor(L, S)
15 179.1 Rear floor, Rear Roof (G)
16 181.0 Rear Roof(L)
17 183.6 Rear Roof, Rear window (L)
18 186.5 Side wall(L, S)
19 198.4 Back panel (L)
20 205.4 Back panel (L)
21 235.9 Floor, Roof (G, S)
22 244.0 Front floor (G, S)
23 273.0 Front floor(G, A)
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Fig. 10 Experimental set-up for the measurement
of structural-acoustic FRF of compart-
ment model
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Table 3 Acoustic-structural coupling coefficients C;; C,' E05
Structural 1 2 3 4 5 6 7
Acoustic 64.1Hz 73.3Hz 120.7Hz 161.2Hz 179.1Hz 235.9Hz 244.0Hz
0(0.0Hz) .0 -22.0 —39.5 .0 —6.9 37.7 28.51.2
.0 —-10.4 -6.9 .0 0.6 1.7
1(172.7) 0 —-16.9 87.0 0 11.9 54.7 —4.5
.0 1.8 —14.0 .0 13.3 5.4 —0.4
2(250.0) —-63.3 0 0 36.4 0 .0 0
2.8 0 0 -2.5 .0 .0 .0
3(300.2) .0 20.8 -0.6 .0 10.3 28.8 24.7
.0 -0.6 0.02 .0 —0.5 —2.1 —-2.1
4(303.8) —48.2 .0 0 34.9 .0 .0 .0
1.4 .0 .0 —1.3 0 0 .0
5(335.1) .0 73.2 —17.8 .0 —1.0 —-31.9 4.3
.0 1.7 0.5 0 0.03 1.4 —-0.2
6(390.7) 41.7 .0 .0 —-1.6 .0 .0 .0
—-0.7 .0 .0 0.03 .0 .0 0
7(432.6) .0 —38.2 105.5 .0 —-5.8 —61.4 —-11.2
0 0.5 —-1.6 .0 0.1 1.2 0.2
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