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Study on Proper Arrangement of Damping Material 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, 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 minimize
CLF23 at one frequency band. As a result of optimization, the sound pressure level was reduced
by minimizing the value of CLF23 in the target frequency band.
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Subject to g({xj})— <0 (3b)
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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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(a) Magnitude results of original plate.
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(b) Magnitude results of original plate with rubber.

Fig.2 Comparison between the analytical and the experimental
results of FRF.

Fig.3 Target-plate structure for optimization: points marked
“M” are rigid-body points for large-mass method.
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Fig.4 Iteration history for the objective function CLF23 in the 400
Hz band.
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Fig.5 Comparison between the initial values and optimum
values of the CLF23.

Fig.6 Test-plate structure: points marked “I" ” are structure

modified location.

Tablel Comparison between the initial values and optimum
values of natural frequencies for the partial model.

unit Hz
Order Original Optimus

31 359.8 359.2
32 369.5 362.7
33 371.1 367.2
34 402.5 396.5
35 405.2 405.0
36 419.5 410.2
37 427.9 4225
38 427.9 423.8
39 440.9 436.4
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(a) original 36th (b) optimus 36th

(c) original 38th (d) optimus 38th

Fig.7 Comparison of vibration mode shapes at 400 Hz band.
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Fig.8 Comparison between the initial values and optimum
values of the sound pressure level.
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Fig.9 Comparison between the initial values and optimum
values of the average vibration energy.

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

unit dB

Hz Original Optimus
80 83.4 77.1
100 85.6 77.0
125 54.2 64.4
160 78.1 78.6
200 94.2 80.3
250 57.6 63.4
315 63.9 62.6
400 62.4 57.4
500 75.6 76.8
630 74.7 73.5
800 76.4 79.4
Over all 95.3 86.5
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