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Structural Intensity Analysis of Stiffened Plate
Using Assumed Mode Method
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Abstract

Structural intensity of plates experiencing bending vibration is analytically evaluated using
the modal analysis based on assumed mode method. To evaluate the convergence of structural
intensity according to the number of superposition modes, the power obtained by structural
intensity integration over the closed curve containing the excitation source is compared with
the power injected into plates. The effect of power reduction due to the material internal loss
is evaluated using the intensity around a localized damping point. In addition, the dominant
component among internal forces in the power transfer by the bending vibration of plates and
the change of power flow due to stiffener are alsc investigated.
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Table 1 Material properties, exciting force
magnitude and point damping

impedance
Young’s modulus 21 X 104N/m?
Mass density 7800 kg/m*
Poisson’s ratio 03
Modal loss factor 0.001
Magnitud 100
Exciting force a?'m ude N
Position (03 m, 04 m)
Damping Magnitude | 50 N - s/m
impedance Position 2.0 m, 12 m)
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Table 2 Natural frequencies of the
unstiffened and the stiffened

Exciter
(xp,ye)

Fig.1 Plates adopted for the structural

intensity analysis

plates (unit: Hz)
; Stiffened plate
Mode Unilnffuc;ned - D -
4 AMM FEM
1 11.13 21.15 27.14
2 2141 3479 3463
3 3426 46.06 45,78
4 3854 .74 5568
5 4453 63.H 6354
6 61.66 72.89 7283
7 62.52 7297 7236
8 7279 88.33 87.79
9 83.07 %41 B2
10 864 11933 11864
11 BH 12479 124.49
12 100.20 12733 12556

N
-

AMM: Assumed mode method
FEM: Finite element method
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Table 3 Convergence of natural frequencies
in the stiffened plate according to
the number of superposition
modes (unit: Hz)

No. of superposition modes
5X5 110x10115X15|20%20|25% 25
27.224 | 27.166 | 27.153 | 27.151 | 27.150
56.238 | 55.852 | 55.766 | 55.753 | 55.744
73.646 | 73.128 | 73.009 | 72.989 | 72.974
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Fig.2 Vibratory response at exciting point
of stiffened plate without the
localized damping
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(b) Exciting frequency: 100Hz

Fig.4 Vibratory displacement of
stiffened plate
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Table 4 Convergence of time averaged
input power according to the
number of superposition modes
at the exciting point

(unit: Watt)

No. of Unstiffened plate | Stiffened plate
Supfnrgg:lsnon 50Hz 100Hz 50Hz 100Hz
(5X5)  |0.027267 4.916534 |0.041759| 0.041940
(10X10) |0.027368| 4.913895 |0.043023 | 0.028051
(15X 15)  [0.027400( 4.913472 10.043491{ 0.026411
(20X20) 10027406 4.913312 |0.043457 | 0.026114
(25X25)  0.027410| 4.913213 |0.043478| 0.025941 |
(30%30) {0.027413] 4.913154 |0.043463] 0.025017
(35X35)  ]0.027414] 4.913117 {0.043454| 0.025877
(40x40)  |0.027414 4.913097]0‘043452 0.02586?’
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Fig.5 Time averaged structural intensity
of the unstiffened plate at 50 Hz
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Fig.6 Time averaged structural intensity
of the unstiffened plate at 100 Hz
(No. of superposition modes: 25X
25)
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Fig.9 Estimated power using structural
intensity in the stiffened plate
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Fig.10 Magnitudes of mean shear force
and its corresponding mean
velocity in according to the
number of superposition modes
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stiffened plate (No. of
superposition modes: 25%25)
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