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A Study on Sound Radiation from Isofropic Plates Stiffened
by Symmetrical Reinforced Beams

Taek-Hyun Kim, Taek-Yul Oh and Jong-Tye Kim

f 1

| Abstract |

The determination of sound pressure radiated from peoriodic plate structures is fundamental in
the estimation of noise levels in aircraft fuselages and ship hull structures. As a robust approach to
this problem, here a very general and comprehensive analytical model for predicting the sound
radiated by a vibrating plate stiffened by periodically spaced orthogonal symmetric beams subjected
to a sinusoidally time varying point load is developed. The plate is assumed to be infinite in extent,
and the beams are considered to exert both line force and moment reactions on it. Structural
damping is included in both plate and beam materials. A space harmonic series representation of
the spatial variables is used in conjunction with the Fourier transform to find the sound pressure
in terms of harmonic coefficients. From this theoretical model. the sound pressure levels on axis in
a semi-infinite fluid (water) bounded by the plate with the variation in the loactions of an external
time harmonic point force on the plate can be calculated efficiently using three numerical tools such
as the Gauss-Jordan method, the LU decomposition method and the IMSL numerical package.

Keywords : Line Force(d 3). Line Moment(¥ 2®E) Sound Radiation(€8}). Sound Pressure
Level (2#4), Space Harmonic Coefficient(2728141%)
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Fig.7 SPL vs. Frequency with the variation in
the distance along the diagonal line(0.3m)

Distance(m)

Fig.8 SPL vs. Frequency with the variation in
the distance along the diagonal line{0.4m)

olE agdlA wlole] & sl2Ulo] &3] Z&E
sheldel Aa7t 71 w3, Ak waAEdA b g
& ¢ F AT £ 5Y2PY slFo] Ao AL
A (least deflec- tion)& ZAAte] wmxPdolA 24
< ¢ F UMY 223 HFHE vlole] FA4er o

Aol met 3 Aagke A Fule .

offft mo bt dlo mjo

5.4 B

2 A7dlMEe 474 AAE Rl o8 BE sk 5
R b i o g i R S
S ndslg. AHE Ee oA ARy o
g Zton| Het Hateld Aelg 0.2m, 0.3m,

k5]

Q
=2
hoy
8

_49_

0.4mQl 374 BAE AMgaigith. AAGAA B
SUA(SPLIT Foe] BAZ NG 2HE sokar
ges 2o,

A, Bel A, ohdel 27, wAel P4,
A4, 39 94 5 uolss 22
& SPPE ASS A 4 Gl en

o

o
T OXRT

2ol Zrtgelnzl A WA 93y
Fagol A wAEE

Cx, yiEel B 7HHo| gomg zzte WAS F
G F ZHEASF M., Np S 27 A=

=

4. wjele] 7hEH Fd dtFo] A4 o dudy
H37h 7P w3, B mayelA 7Hg A v
weth

F 7

961 ZHSE ¥ e TH Ae L
ELERDELE S BEY

. Mead, D. J.,
Periodically Supported by Infinite Beams”, J.

“Free Wave Propagation in

Sound & Vib., Vol.11, No.2, pp.181~197,
1970.
2. Mead, D. T. and Mallik, A. K.. “An

Approximate Theory for the Sound Radiated
from a Periodic Line-Supported Plate”, J.
Sound & Vib., Vol. 61, No. 3, pp.315~326,
1978.
Rumerman, M. L., “Vibration and Wave
Propagation in Ribbed Plates”, J. of Acoustics
Soc. Am., Vol. 57, No. 2, pp. 370~373. 1974.
. Greenspon, J. E.Sound Radiation from and
Orthotropic Plate Supported by a Double Set
of Stiffeners”, J. G. Engineering Research
Associate, Baltimore, MD. Report No.0-75-1,
1975.
. Mace. B. R.. "Sound Radiation from a Plate



2ed - odd - A

Reinforced by Two Sets of Parallel Stiffeners’,
J. Sound & Vib., Vol. 71, No.3. pp. 435441,
1980. '

. Mace, B. R.. TPeriodically  Stiffened
Fluid-Loaded Plates(1)’, J. Sound & Vib.,
Vol. 73, No.4, pp.473~486. 1980.

. Mace, B. R.. “Sound Radiation form
Fluid-Loaded Orthogonally Stiffened Plates,”
J. Sound & Vib., Vol. 79, No. 3, pp. 439~
452, 1981.

_Seybert. A. F. and Tsui, Y. K., "The
Radiation Efficiency of Mass-Loaded, Slender,
Baffled Beams”, J. Sound & Vib.. Vol.120,
No.3, pp.487~498, 1988.

_50_

9. Hawwa, M. A. and Nayfeh, A. H.. "Acoustic
Radiation from Multi-Span Baffled Panels”, J.
of Applied Mechanics, Trans ASME, Vol.119,
pp.80~84, 1997.

10, Fuller. C. R.. "Active Control of Sound
Transmission/Radiation from Elastic Plates by
Vibration Inputs 1", J. Sound & Vib., Vol.136,
No.1l, pp.1~15, 1990.

11. Metealf, V. L., Fuller, C. R., Silcox. R. J.
and Brown, D. E.. “Active Control of Sound
Transmission/Radiation from Elastic Plates by
Vibration Inputs 1I”, J. Sound & Vib., Vol.153.
No.3. pp.387~402, 1992.



