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A Numerical Model of an Edge-clamped Rectangular Plate Based
on a Mode Method to Predict Acoustic Radiation Characteristics
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ABSTRACT

A numerical model based on a mode method coupling beams and a rectangular plate is proposed
to estimate radiation characteristics of an edge-clamped rectangular plate. The radiation efficiency and
radiation power in the audio frequency range including the critical frequency can be predicted. The
proposed model is rather simple and straightforward and gives reliable results comparing to the pre-
vious studies. The estimated radiation characteristics are compared to those of the pinned condition
plates and also to those based on the formulaec proposed by Maidanik. The radiation efficiency of
the clamped plate seems a little higher than that of the pinned plate in the frequency range of cor-
ner and edge modes. It is explicitly shown that the power as well as efficiency at high frequencies

is not influenced by these edge boundary conditions.
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Table 1 Material properties and dimensions of the
rectangular plate shown in Fig. 1(77=0.01)
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105 3 ‘10
Mass density (kg/m~) of beam
Fig. 2 Convergence of natural frequencies of the
clamped plate when beam mass density is
changed(51.5 Hz, 942.2 Hz, 12834.0 Hz)
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Fig. 3 Displacement(real part) of the plate due to the
excitation on the center point. 51.5 Hz(upper)
and 116.1 Hz(lower).
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Fig. 7 Radiation efficiency of the plate(excitation at
the center point of the plate, 77=0.01). Thick
solid line, clamped condition; thin solidline,
pinned condition; dashedline, simple formulae
of Maidanik

5t

TLZSSHI =28/ 214 A43,

H o 2RY 39 At 153 oA ¢
3] dXA|etH, 53] Maidanik®] A A= o]
Toll A AR Ale] Adel Z ARAFHE S

Atk 29 FY wE=¢} BAE] FIZ(corner
mode, edge mode) RN SHE 27| WAla &
o] ¢ 3dB & Ao dejA 9lon®, o] e
AT ol Z Yrhln &S & F 9tk e
A, o] A7} Berrye] Aol wls] A Fu4 A

(S )

oA & dXt= AIE Hole AS & 4 st
gk, o] dATto] gt 2709] WAl EoA A W
A I A7} Maidanik®] 23} 24 VERdT] o]
SEAA] Hge] digk AEE
aLzkskeleh

>
rlo
o

ol Uekd
o g o] F7hz

Frequency (Hz)

Fig. 8 Radiation efficiency of the pinnedplate(?7
=0.01). Thick solidline, averaged for all pos-
sible excitation points; thin solidline, ex-
citation at the center point of the plate; da-

shedline, simple formulae of Maidanik.

30+

Sound Power Level, dB (Ref. 1.

20 L L L
10' 10° 10° 10
Frequency (Hz)
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solid line, clamped condition; thin solidline,
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