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Numerical analysis on the vibro-acoustic behaviour of the
complex shaped panels using the waveguide finite element

and boundary element method
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Table 2.1. Dimensions and material properties of a single strip plate.
Parameters Value Parameters Value

Young’s modulus, £ 7.1x10'° N/m? Width, [, 1 m
Poisson’s ratio, v 0.332 Density, p 2.7x10° kg/m®

Thickness, 4 6 mm Damping loss factor, 7 0.1
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Sound transmission loss
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Fig. 2.18. The sound transmission loss for the normal incidence (a) atn =1, 3, 5.
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Fig. 2.19. (a) The sound transmission loss for the oblique incidence and (b) the dispersion diagram.
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Fig. 2.20. The magnified diagram (a) between 0 Hz and 500 Hz and (b) between 2150 Hz and 2650 Hz.
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Fig. 2.21. The sound transmission loss for the oblique incidence.
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Post-process [KS — oM. ]&)(K) _ FS (K)

Fig. 3.1. Process for using WANDS.
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Fig. 3.2. Coordinates used to define a wave incident on the bottom plate (a) in 3D space and (b) in the

y-z plane.
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Fig. 4.1. The cross-sectional model with plate elements.
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Table 4.1. Difference(%) of cut-on frequency between numerical results and theoretical ones modeled

with plate elements.
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Table 5.1. Dimensions and material properties of the strip stiffened plate with a single stiffener.

Parameters Value Parameters Value
Young’s modulus, E 7.1x10"° N/m’ Width, /, 1 m
Poisson’s ratio, v 0.332 Density, p 2 7x103 kg/m3
Thickness of plate , 7 6 mm Damping loss factor, 7 0.1
Thickness of stiffener, 7 6 mm Height of stiffener, b, 0.1 m
0.2
~ 0.1
E
N0
0.1 ‘ ‘ ‘ . .
0 0.2 0.4 0.6 0.8 1
Y (m)

Fig. 5.1. The WFE modeling for the plates with a single stiffener with a height of 0.1 m.
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Fig. 5.5. The deformation shape of the plate with a single stiffener at (a) 204 Hz and (b) 370 Hz.
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Fig. 5.6. The dispersion diagram of antisymmetric modes of the plate with single stiffener.
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Fig. 5.15. The deformation shapes of cross-section of stiffened plate at (a) cut-on and (b) 40 rad/m.
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Fig. 5.17. The (a) point mobilites and (b) average mean-squared velocities of unstiffened, stiffened plate

with a single and three stiffeners.
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Fig. 5.19. The sound power for the plate with a single and three stiffeners at 700 Hz and 1396 Hz.
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Young’s
modulus (GPa)

ratio
0.3

Density  Poisson’s

(kg/m>)
2700

1500

(mm)
2.8
2.7
2.3
2.6
4.0

Thickness

Model
Top plate
Bottom plate
Vertical stiffeners
Oblique stiffeners

Table 7.1. Properties and dimensions of the extruded panel.
Rubber mat

Material
Rubber
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Fig. 7.8. (a) The dispersion diagram of the extruded panel in Fig. 7.6(b) replotted in linear scale and (b)
the magnified diagram between 700 Hz and 2 kHz. (The thin dashed and dash-dotted lines are
the same as in Fig. 7.6(b).)
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Fig. 7.45. Experimental setting for the sample extruded panel [34].

r.x

* P3

-P5
«P1 «P2

Fig. 7.46. The locations of five excitation points applied on the bottom plate.

Table 7.2. The coordinates of excitation points represented in Fig. 7.46. (The origin is at the top left-
hand corner of the plate.)

Excitation point x(m) Y (m)
P1 0.78 0.528
P2 1.10 0.528
P3 1.32 0.207
P4 0.78 0.635
P5 1.05 0.460
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Fig. 7.47. Comparison of point mobility obtained from numerical simulation and experiments [34] for

(a) strip excitations at P1 and (b) stiffener excitations at P4.
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Table 7.3. The resonance frequencies corresponding to the global wave modes [22].
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Fig. 7.48. Comparison of averaged mean-squared velocity obtained from numerical simulation and

experiments for (a) strip excitations at P1, P2 and P3 and (b) stiffener excitations at P4 and

PsS.
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Fig. 7.49. Comparison of the vibration level difference between the top and bottom plates obtained from
numerical simulation and experiments for (a) strip excitations at P1, P2 and P3 and (b)

stiffener excitations at P4 and P5.
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Fig. 7.50. Comparison of radiation efficiencies obtained from numerical simulation and experiments

for (a) strip excitations at P1, P2 and P3 and (b) stiffener excitations at P4 and P5.
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Fig. 7.51. The cross-section of the extruded panel mounted between two rooms.
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Fig. 8.12. The image plot of (a) the averaged mean-squared velocity and (b) sound power of Type 1
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Fig. 8.14. The image plot of (a) the averaged mean-squared velocity and (b) sound power of Type 3
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Abstract

Many large structures such as ships, offshore structures and railway vehicles are composed of
double plates with complex cross sections. In order to analyze the vibration and noise of such structures,
it is necessary to understand the vibro-acoustic behaviour of double plates with complex cross-sections
as basic elements. In this study, to mitigate the difficulty of analysis, a double plate with a complex
cross section is simplified to a waveguide structure with a constant cross-section in the longitudinal

direction.

In this study, the vibration and sound radiation of a strip plate (a plate having long length
compared to its width) are numerically analyzed. The waveguide finite element and boundary element
method which is effective for the vibration and noise analysis of waveguide structures with a constant
cross-sectional shape is used. Since the waveguide finite element / boundary element method analyzes
by modeling only two-dimensional cross sections, the size of the model to be handled is small and the
computation speed is high. First, numerical results of the radiation efficiency and sound transmission
loss of a simple strip plate are compared with the theoretical results. The vibro-acoustic behaviour of
single and double strip plates with the stiffeners are then discussed. In the case of the double strip plate,
an air layer exists between the upper plate and the lower plate, and the inner air layer affects the vibration
and sound radiation of the double strip plate. Therefore, the effects of the inner air cavity are examined

when the double strip plate are coupled with the inner air cavity.

In fact, large structures consist of panels that are much more complex than simple double panel
structures. Therefore, the complex shaped aluminium extruded panel used in the floor of the railway
vehicle is chosen as an example of the complex shaped extruded panels. The wave propagation
characteristics of the extruded panel are examined through the dispersion diagram. For mechanical
excitation, the characteristics of the radiation efficiency according to the point force of the two types
(strip excitation and stiffener excitation) are analyzed and the difference between the two types is
discussed in detail. In the case of acoustic excitation, the acoustic transmission characteristics are
examined. The validity of the numerical results is confirmed by comparing the numerical results with

those from the 1.5 m long finite plates.
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