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Structural Intensity Analysis of Plate Structures

Using Modal Analysis

Sang-Min Jung*, Dae-Seung Cho**, Sa-Soo Kim**

ABSTRACT

Structural intensity of plates experiencing bending vibration is analytically evaluated
using the modal analysis based on the assumed mode method. In the analysis, material
internal loss and localized damping are considered. The power obtained by structural
intensity integration over the circle containing the excitation source is compared with the
power injected into plates to verify the accuracy of the presented method and to
evaluate the convergence of mode superposition. The intensity integration is carried out
varying the circle radius and the integral step to investigate their effects in case of the

power estimation using structural intensities.

In addition, the dominant component

among internal forces in the energy transfer by the bending vibration of a stiffened plate

is investigated.
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Table 1 Material properties, exciting force
magnitude and point damping impedance

Young's modulus 21 x 10MN/m?
Mass density 7800 kg/m®
Poisson'’s ratio 03
Modal loss factor 0.001
. Magnitude | 100 N
Exciting force Pos?:(])n (xp, yp)=(0.3 m, 0.4 m)
Damping Magnitude | 50 N - s/m
impedance Position (%4, y)=(2.0 m, 1.2 m)
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Table 2 Natural frequencies of the unstiffened
and the stiffened plates
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(a) Exciting frequency: 50Hz  (b) Exciting frequency: 100Hz
Fig. 2 Vibratory displacement of the
unstiffened plate

(a) Exciting frequency: 50Hz  (b) Exciting frequency: 100Hz

Fig. 3 Vibratory displacement of the
stiffened plate

(unit: Hz)
Mod Unstiffened Stiffened plate Table 3 Modal convergence of time averaged
ode plate AMM” FEM? input power
1 1113 2716 2718 (unit: Watt)
2 21.41 34.79 34.81 No. of Unstiffened plate | Stiffened plate
3 34.26 46.06 45.95 superposition
4 3854 55.75 55.74 modes 50Hz 100Hz 50Hz 100Hz
5 44.53 63.96 63.74 (5x5) 0.027267 | 4.916534 | 0.041759 | 0.041940
6 61.66 72.89 72.88 (10x10) | 0.027368 | 4913895 | 0.043023 | 0.028051
7 62.52 72.98 73.27 (15x15) 0.027400 | 4.913472 | 0.043491 | 0.026411
8 72.79 88.36 88.15
9 83.07 9542 932 (0x20) | 0.027406 | 4913312 | 0.043457 | 0.026114
10 85.64 119.38 119.38 (25x25) 0.027410 | 4.913213 | 0.043478 | 0.025941
11 93.34 124.80 124.92 (30x30) | 0.027413 | 4913154 | 0.043463 | 0.025917
12 10020 127.33 128.74 (35x35) | 0.027414 | 4913117 | 0.043454 | 0.025877
1) AMM: Assumed mode method (40x40) | 0.027414 | 4913097 | 0.043452 | 0.025862

2) FEM: Finite element method

- 322 -



323 £3%AeS ¢+ A £, BB 7
$ 5x5, ¥l 7% 50HzelA 15x15, 100Hz
4 o 25x259) FHRS4FE Agstd BEE
YR FULES 40x409 B35k 1% ol
o Folg uehde & + AUtk

4.3 HmD} BZinto] R=OIEIAE] 3| A
AFAdAEl s AN Fo A% 1A}
H2EgS T osg ol AFH AME

idth [m)

1 15 2
Length [m]

(a) No. of superposition modes: 5X5
(1 e =0.1422[W/m])

1 1.5
Length [m]

(b) No. of superposition modes: 15x15
( 1 ax = 0.2594[W/m])

5 2

Length (m1].
{c) No. of superposition modes: 25x25
( 1 ax =0.3371{W/m])

Fig. 4 Structural intensity in the stiffened plate
(Exciting frequency: 50 Hz)

A e ZRIEFNY == ZAIEHAH vw
3o o B FHEE=E ALY g8 o B
AFgM e FHEES & F%L& 12z
Hge] A 7|7 FTrE 50 Hzolx, £3HE
E2=7F 5%5, 1515, 25x25¢1 A $0] AEIHA
E] 3|4 ZA#E Fig. 49 Jehdich ojw, 1%EQ
HAE WE Y 327e Aoz Jehydoh

471 REARAE Y AR RE A
25y #9438 AzduvAe difEoc] HAAE
AR ZERAHPoR AGEHE ¢ F AL, FHE
=g wet JFAAAE Y 737 ZA7h AEgE
F Aok =3, AFAYA 3Fe FHEZ=SE
F7MNZA 42 &3 A JeElAT W) Wit
A 7t 2 FRZY YRe FHR=47) 15X
1521 Zfolx= AEstA velx 45E & F
b=

gH, 712F 47t 100 HzQl 3 %9 273w
AAHAIEE FHREF7 25%25¢0 F$-9 2
#vh-E Fig 5o Jehid. o2 RE, 7AFu4
100 HzolM+ 50 Hze] 7A$9+= €8 RAAE
Exsle ZRpHFoZ AgHE AZA s}
HAEE & 5 Uk

ALgstFo| 2L BN A9y, g7
EHE 2 BEZAE AHREE AFAWAE 7
AT E FQeuxl 2HE =47} 25x250)5L, 7)A
Fatrt 50HzQl 499 4 A AFAAAE
Z Fig. 691 YERATE o]2RE, AFAWAHE
g s Aol 7% A3, viEEANEY 9
& A&l 718 s & F Uk oyl BAA
HIMe SUEHE JE9 IFARAEI] A
HjHAg #AY 4 k.

20w Haddy AEae Ae Fg-g vl

1 1.5 2
Length [m]

Fig. 5 Structural intensity in the stiffened plate
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Fig. 6 Components of structural intensity in the
stiffened plate (Exciting frequency: 50 Hz)
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Fig. 8 Relative differences of the power obtained
by the intensity integration over the circle
containing the excitation point with
respect to the power injected into the
unstiffened plate (Circle radius: 0.2 m)
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