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Design Optimization of Structure-born Noise of Automobile

S. M. Wang*, K. K. Choi**, H. T. Kulkarni***

ABSTRACT

Continuum element sensitivity analysis (CONTESA) and system optimization (SYSOPT) for Noise,

Vibration, and Harshness (NVH) have been developed and applied to automobile structures for sizing,

topology, and configuration design using Mindlin plate and Timoshenko beam theories.

The topology

optimization has been developed using the density approach, sequential linear programming, and the

adjoint variable method.

CONTESA has been tested using various vehicle models.

Optimized

vehicles using CONTESA and SYSOPT are manufactured to validate the simulation-based design

methodology.
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Table 1. Design sensitivity of sound pressure level with respect to

section properties of beam using direct frequency method

Response Change of Amplitude

Frequgncy Perturbation CFD Prediction 1 Agreement %

Amplitude

Rear Sound 1% -3.360E+2

40Hz 0.1% -3.350E+2 -3.354E+2 100.1%
1.0127E+4 0.01% -3.350E+2
Rear Sound 1% 6.720E+1
72Hz 0.1% 6.700E+1 6.559E+1 100.9%
4.2342E+3 0.01% 6.500E+1
Table 2. Design sensitivity of sound pressure level with respect to
thickness of shell using direct frequency method
Response Change of Amplitude
Frequency Perturbation CFD Prediction 1 Agreement % | Prediction2 | Agreement %
Amplitude
[+)
Rear Sound 1% 2.450E+1 98.8% 106.2%
40Hz 0.1% 2.500E+1 2.420E+1 96.8% 2.603E+1
1.0127E+4 0.01% 0 o 104.1%
Rear Sound 1% -7.946E+2 100.2% 70.6%
72Hz 0.1% -1.020E+2 -1.021E+3 o -7.341E+2 o

4.2342E+3 0.01% -1.020E+3 100.1% 72.0%
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Table 3. Design sensitivity of displacement of a simplified vehicle

with respect to shape and configuration change ( z=1.4684 at node 3 )

Design Change Perturbation CFD Prediction Agreement
Shape 1% 5.72E-5 5.61E-5 98.1%
Configuration 1% -2.42E-5 -2.42E-5 103.0%
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Fig. 1 Shape and configuration design change of a simplified vehicle
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