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ABSTRACT

The power flow analysis (PFA) has been performed to analyze the vibration of coupled plates
excited by a point force in an arbitrary direction. The point force generates the out-of-plane vibration
associated with flexural waves and the in-plane vibration associated with longitudinal and shear
waves. The energy governing equation for each type of waves was introduced and solved to predict
the vibrational energy density and intensity generated by the out-of-plane and in-plane components
of the point force in an arbitrary direction. The wave transmission approach was used to consider the
mode conversion at the jint of the coupled plates. Numerical results for vibrational energy density
and intensity on the coupled plates were presented. Comparison of the results by PFA with exact
results showed that PFA can be an effective tool to predict the spatial variation of the vibrational
energy and intensity on the coupled plates at high frequencies.
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Fig. 1 Coupled plate excited by a point force in
an arbitrary direction
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Fig. 14 Energy density distribution on a coupled . i o
plate excited by an out-of-plane point- Fig. 16 Energy density distribution on a coupled

force component at f=5000 Hz and plate excited by an in-plane point-force

7=0.0l. (a) PFA solution and (b) component at f=5000 Hz and »=0.01.
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by an out-of-plane point-force component y= 2'5 m 10 the. coupled plate excited
at f=5000 Hz and 7=0.01 by an in-plane point-force component at

' f=5000 Hz and 7=0.01.

190 /3= 22 ES S =2F/A LA A63, 20019



98 Wy YY) ¢ @

4 Be A5 HAEFHNY

y=2.5 mE W JIENEE 9AAM Il
T EE A E g ZARE ¥waEta ok e
SEHNAE g3t AFe} AYNE vudeE AT
7 %] oflet dF AHAAN FFE LAt
Y S & F Utk BE FugedA
7=0.05°1 & A (Fig. 6~13)% »=0.01°1 o
3 A (Fig. 14~17)& vlw3dty B2WH, &4 AF
ol Eol522ZH 7H ANHOEHE FFAdA
Hagol FAES ¢ 4 Ut

B Ao M AREENE Fort BAY YiE
AAF7t AAHAE FYEEH Pl 93 Ao A
oot ZaddEe AE ¢ st dYEESAY
Me 99 #9E 53 "9 dHHEAE odsiy
Axeta, AARAAHNA FYFFAFE A3 9
3l TolE sEdgyel 7t Hus £F3 Hw
2 7HEla gk Aoz Fagrh 3 0
#7t FNErE G F2EY AF 5L F
T2EY EAH sgAG. 8B g Fa5r St
AU R E4AF7E SErE a3y
o o Axe] FFTrt FrteA "ok B =
Ale Fopel WREHANYR] ko) wisld M j
Az AFYS A7) Y3td, I 5
b & 9472 2% & 9 °2 2AsYh & 42

Hr

D

X

Zteol g BAE FXEE (128 #31E¢ 5 A
o a2 Y 2 94 Hie) A 2He @
FAAE LT dUAE AT HHe A &
AR ZA 220 XA, AT EHAE F

Q4 Hpe) FAWe 2R
Z2A%

“

SEEE RS
AZARE TS Bek & AN B YA
2 2 AAZA BAQel dEH GEAA E
AFAAE 2e 2AE A4 Bk olHB
Hge 2FAE GG WREAASTE 2 B
4oz 489 + Ao

rr jo o o

4.4 &

¥ odTeAE ool gare 2 A7) o
sl HasE A4 BB AFE AN Hakel
S EgAAES Hgsas Bl AFL WA
L guseh Ay AEL BAAAE Fue Wod
g Teisted, 2 A5 HPs AUAANLRAL
SRS AR S Far) sl

FEFUESHI=2//A 11 4E

NG st 7t gbgol dEeHe dHIAHE
ey, A4 H AAZRE A 49071 e
AAZAL et £F AAAHAA TG
FEEY FFHEE L st dEAdy
olgatitt. olEd sAEFHA WEE A
3, HEgeEM AHgel e e Hu AR
of osted zhzh At AN B AF UL
=9 AF QdAHE 37+ FEE TG £
AEAE ot AJEENA Yol o ZAlel o} ]
i poae

o

HASFAPE o9 Ao FYEE Fois)
AU WREHASTH 245 Z7kEd, ok 2a
Bue) 540 92 WHel% 92 AMoIN FER
#g Fesen Agu] diele dydn. wa
dHo R go| yelsl w9l AY AEe e
A A9, DA JANNE Bl HE 3
s ejste} 2 BYYRE AYSSHNUE g
st Ay Hael AF oA WA T B

g &vHoE 428 = ok 2t Wy A
Reol of AFe) A FYF By HFo| u¢-

2 F3bol Slate WS Wk 1T e
AeeldE Wel W B 0 el 9% A5E
MEskE A Wl 7Y el e Gesgs
o) % Ase) BRIt HuHoz s
B oA HES T A% AYBEANYL
2355 JReIH AFsHE A4TBe] T A
WA AT AUA BESE AF el He A=E
557 Astel Kl AgE £ dodd A
Aok B3 27 Gold AFSs BEd 9B
2y 7ol A9, HABEANY 480 B @
F7b olRoATkA, Y FEES TFAS AF &
W3 A5 AWAE TRAQ FEE dZoE 7
MOZ ¥8E & A Aotk

¥

57

(1) Zienkiewicz, O.C., 1977, The Finite Element

A 65, 20014/191



H A A

A2¥A-FH e

Method, 3rd ed. McGraw-Hill, London S.A.
Hambiric.
(2) Lyon, RH, 1975, Statistical Analysis of

Dynamic Systems: Theory and Applications, MIT
Press.

(3) Belov, V.D.. Rybak, S.A. and Tartakovskii,
B.D., 1977, “Propagation of Vibrational Energy in
Absorbing Structures”, J. Soviet Physics Acoustics,
Vol. 23, No. 2, pp. 115~119.

(4) Nefske, D.J., and Sung, S.H. 1989, "Power
Flow Finite Element Analysis of Dynamic Systems
: Basic Theory and Application to Beams”, Trans.
of ASME, J. Vib, Acoustics, Stress and Reliability
in Design, Vol. 111, pp. 94~100,

(5) Cho, PE., and Bernhard, R.J,
Simple Method for
Distributions  in

1993, "A
predicting Energy Flow
Structures”,  4th
International Congress on Intensity Techniques, pp.
347~354.

(6) Bouthier, OM., and Bernhard, R.J. 1992,

Frame

“Models of Space-Averaged Energetics of Plates”,
ATAA 1., Vol 30, No. 3, pp. 616~623.

(7) Bouthier, O.M., and Bernhard, R.J., 1995,
“Simple Models of the Energetics of Transversely
Vibrating Plates”, J. Sound & Vibration, Vol. 182,
No. 1, pp. 149~164.

(8) A"d, AR, FHE, 1999, "HH WA
o] HYBEHY", FF2FAFTTEE FATEN3I
=&4. pp. 503~511.

(9) W=d, 1999, "4 8 B ¥ A8 1xE
of Z%E FAZZHA", ALY e MAE=E

(10) Cremer, L., Heckl, M. and EE. Ungar,
1973, “Structure Borne Sound”, Springer-Verlag,

(1) AP, 28F AAS A2E. 19%, "SEA
2

2 AE A4, FFLLAVE

(12) HA%, 2001, ") W& H7AGo) oo
B 2Y72EY AF HYSENY" SARGT o
CRIEREES

192 /32422 S3sts| =R /A 11 A A6E, 20019



