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The Effects of the Boundary Shapes on the Structural-acoustic Coupled System
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ABSTRACT

If a wall separates the bounded and unbounded spaces, then the wall’s role in transporting the acoustic
characteristics of the two spaces is not well defined. In this paper, we attempted to see how the acoustic characteristics
of two spaces are really affected by the spatial characteristics of the wall. In order to understand coupling mechanism,
we choose a finite space and a semi-infinite space separated by the flexible or rigid wall and an opening. A volume
interaction can be occurred in structure boundary and a pressure interaction can be happened in the opening boundary.
For its simplicity, without loosing generality, we use rather simplified rectangle model instead of generally shaped
model. The source impedance is presented to the various types of boundaries. The distributions of pressure and active
intensity are also presented at the cavity- and structure-dominated modes. The resulting modification, shifts of modal
frequencies and changing of standing wave patterns to satisfy both coupled boundary conditions and governing

equations, are presented.
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Fig. 1 The typical examples of the coupling systems:
(a) bounded and unbounded spaces separated by
the wall; and (b) bounded and unbounded spaces
separated by the wall with the opening.
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Fig. 2 Various types of the coupled system.
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Fig. 3 The mathematical model of coupling system.
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Table 1. Modal frequencies of various uncoupled/coupled
cavity.

@ o © | @ @ | o
Pl - - - 160 50 110
Ti - 90 60 120
P2 - - - 300 170 380
T2 - 280 180 360
H - 250 270 - 270 280

C[L0] 1070 | 1130 | 1080 | 1080 | 1130 | 1080
C [0.1] 1320 | 1390 | 1390 | 1340 | 1410 | 1420
C[L1] 1700 - 1710 | 1710 - 1720
C[2.0] 2145 | 2180 | 2180 | 2150 | 2180 | 2190
C[2.1] 2515 | 2560 | 2380 | 2530 | 2570 | 2580
0.2 2640 | 2700 - 2650 | 2710 -

P : structure dominated mode at peak
T : structure dominated mode at trough
. C : cavity dominated mode

4. H : Helmholtz mode
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Fig. 6 Contour and vector plots of acoustic fields of
various coupled cavities at the second peak,
pressure and intensity are normalized by

f (P." 2\ and (P., )z> 12p,¢? respectively.

(a) closed cavity coupled with membrane; (b)
coupled cavity with partially membrane and
partially opening; (c) coupled cavity with 2
partially membranes and partially opening.
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Fig. 7 Contour and vector plots of acoustic fields of
various uncoupled /coupled cavities at the 1*
cavity dominated mode ([1, 0] mode).
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