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Sizing Design Sensitivity Analysis and Optimization
of Radiated Noise from a Thin-body

Jeawon Lee and Semyung Wang

ABSTRACT

There are many industrial applications including thin-body structures such as fins. For the numerical modeling
of radiation of sound from thin bodies, the conventional boundary element method (BEM) using the Helmholtz
integral equation fails to yield a reliable solution. Therefore, many researchers have tried to solve the thin-body
acoustic problems. In the area of the design sensitivity analysis (DSA) and optimization methods, however, there
has been just a few study reported. Especially for the thin-body acoustics, however, no further study in the DSA
and optimization fields has been reported. In this research, the normal derivative integral equation is adopted as an
analysis formulation in the thin-body acoustics, and then used for the sizing DSA and optimization. Since the
gradient-based method is used for the optimization, it is important to have accurate gradients (design sersitivities)
of the objective function and constraints with respect to the design variables. The DSA formulations arz derived
through chain-ruled derivatives using the finite element method (FEM) and BEM by using the direct differentiation
and continuum variation concepts. The proposed approaches are implemented and validated using a numerical

example.
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Figure 1. Flow chart of the global acoustic sizing design

sensitivity analysis and the optimization procedures
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Figure 2. Simple model of a cantilever plate with a hole

and its acoustic analysis results

(* - field points, 4—W - exciting force)
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Figure 3.Contour plots of the global acoustic sizing
DSA for the plate
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Table 1. Sensitivity verification for the element 25 and 49 of the plate model

Design | Perturb. Accuracy
W(d +5d) Y(d -o6d) AY * y .
variable [%] (w/aw) (%]

1 189.44 176.87 2095 40.3
Elem. 25 5194.8

0.1 184.31 181.27 5067 97.5

1 166.53 203.01 -6080 40.0
Elem. 49 . -15220.5

0.1 179.74 189.17 -15717 103.2

* \p = Y(d+6d)-¥(d~5d) central finite difference and W' is an analytical sensitivity resuls
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Table 2. Initial design and optimum design of the plate
Objective | Constraint (sound pressure) [dB] Design Variable
(mass) 60 Hz | 62 Hz | 64 Hz (thickness)
Initial Design 0.1065 779 99.2 76.5 0.3
Optimum Design 0.1022 64.5 66.2 68.2 0.23~0.32
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Figure 5. Thickness of the initial design and the

optimum design
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