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Study on Structural Optimization for a Partial Structure with Coupling Loss

Factor as an Objective Function

KURODA Katsuhiko

Summary
A structural optimization method of subsystems to realize desired SEA parameters was proposed
by the authors in the past studies. This method is based on a combination of SEA and FEM
calculation, calculating repeatedly until satisfying the value of objective functions under
arbitrary constraints. As a result of applying the proposed method to a simple structure
consisting of two flat plates connected in an L shaped configuration, the design variable is taken
as the thickness of the FEM element, a subsystem structure with the desired value of the CLF or
power flow between subsystems for the one frequency band or multi frequency bands were
constructed. However, it is difficult to apply the optimal results to real machine structure
because of setting the thickness of the FEM element as the design variable. In this paper, the
method is also validated through numerical analyses, using a finite element method, of a
multiple plates partially composed of L shaped, after the sensitivity analysis for the sound
energy of the evaluation point due to the fluctuation of loss factors, the subsystem is grouped into
a plural elements for the extracted L shaped part, and the each grouped element is set as a
design variable, which should take a discrete value, the total mass is taken as a constraint
function in order to maximize CLF32 at one frequency band. As a result of optimization, the

sound pressure level was reduced by maximizing the value of CLF32 in the target frequency
band.

Keywords : (Statistical Energy Analysis, FEM, Shape Design, Vibration of Continuous System, Forced Vibration)
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FREHEEE D 1BV T, HilKBEER g({xPDHFIO L &
JEBEHAT R | (23 D HIWBI% CLR({x}) & B RIbT 545
A, UTDLHr127k5.

Ma\ximizeZ(CLFi ({xj })) (42)
Subject to g({xj})— o <0 (4b)
{xj}L g{xj}s{xj}u (j=1-n) (4c)

ZIT, XITRRFHEEETRL, gnadZHIRIBEE gD
FIRETHS.

3. AEROMABTFIRTOMRE

3.1 WRWEWERERE X117 7/ES 00016 m
D 4 BRERNORDMEFERE TR E L, 4 BROFEL
HHEXFTHD. 1 OERDOKEOZERIE, L
FIRER TN Y 7 N7 =7 Actran_2020.spl 12 X Dk
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Fig.1 Test-plate structure: points marked “X” is excitation
point and “@ is sound pressure evaluation point.
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Fig.2 Initial values for the sound pressure level.

Fig.3 SEA model including structural FEM and acoustic BEM
using VA-One for sensitivity analysis, “arrow” is excitation point
and “hat” is sound pressure evaluation point, blue line is
connection between structural subsystem and BEM fluid.
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Fig.4 Sensitivity results of sound energy at sound evaluation
location due to the fluctuation of coupling loss factors at 200Hz in
the one third octave band.
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Fig.5 Target-plate structure for optimization: points marked
“I” are rigid-body points for large-mass method.
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Tablel Comparison between the initial values and
optimum values of natural frequencies for the partial model.

unit Hz
Order | Original OPTIMUS
16 192.3 190.3
17 198.3 198.1
18 207.4 206.7
19 215.6 214.4
20 221.8 218.9

3.2 4 ERBETOEFEFERAOEE fificrLic
R RZE 4 BROBBME~R S EZRRICK 1 T
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Fig.6 Iteration history for the objective function CLF32 at 200 Hz
band.
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Fig.7 Comparison between the initial values and optimum
values of the CLF32.
Fig.8 Test-plate structure: points marked “/" > are structure

modified location.
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Fig.9 Comparison between the initial values and optimum
values of the sound pressure level.
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Fig.10 Comparison between the initial values and optimum
values of the normalized vibration energy of subsystem 2.

Table2 Comparison between the initial values and optimum
values of the sound pressure level.

unit dB
Hz Original OPTIMUS

80 71.2 67.2
100 73.2 70.0
125 54.8 63.5
160 81.8 77.6
200 83.6 77.4
250 52.5 63.4
315 69.5 63.2
400 57.6 59.0
500 78.0 70.9
630 75.1 69.0
800 84.4 77.3
Over all 89.0 83.2
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