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Abstract

To investigate the affection of lumped mass and spring on the vibration power flow of
cross-stiffened plate experiencing bending vibration, structural intensity analysis is done
using the modal analysis based on assumed mode method. The numerical analysis is
carried out varying the mass and spring constant and their attached positions. The results
show that both the spring and the mass may cause to large variation of not only vibratory
displacement but also vibratory power flow patterns in case of little change of natural
frequencies, and the attachments near to excitation location can effectively reduce the
magnitude of maximum structural intensity.
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1.6m

(a) Cross—stiffened plate

(b) Cross-stiffened plate (c) Cross—stiffened plate
with lumped with lumped
attachements(position | ) attachements(position 1)

Fig. 1 Plates adopted for the structural intensity analysis

Table 1 Material properties, exciting

force  magnitude,

point  damping

impedance and lumped attachments

Young's modulus 2.1% 101N/ m?
Mass density 7800 kg/m®
Poisson's ratio 0.3
Modal loss factor 0.001
Exciting Magnitude | 100N
force Position | (0.3m, 0.4m)
Damping Magnitude | 50N-s/m
impedance | position | (2.0m, 1.2m)
Lurmped Position | | (0.6m, 1.2m)
attachments | pogition Il | (0.8m, 0.4m)
42 NRISHS
IRANSHEN UHA JSTE 7x, v, 1)
FH X0 AHHEEXIKIYS DG

7(x, y,0)=A,,. (1) sin X
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Table 2 Natural frequencies of the
cross—stiffened plate with and without
lumped attachments at positionl[unit: Hz]

Cross-stiffened plate with
Cross-stiffened lumped attachments

M
odel PR RN | W, W,=2.0

AMMT | FEMT | AMMY [ FEM? | AMMP | FEM?

1 |46.951146.520| 46.956 46.741[ 7.604 | 7.544

46.965 {46.891| 48.685 |48.359| 46.956 | 46.741

49.993 149.624 54.206 |53.926| 48.689 | 48.363

56.421|56.189| 76.366 |76.096| 54.219 | 53.940

s W N

79.692 [79.556| 90.334 189.208) 76.432 | 76.166

1) AMM: Assumed mode method
2) FEM: Finite element method
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Fig. 2 Variation of natural frequencies of the
cross—stiffened plate by the magnitude
change of attached spring and mass
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Position | (0.6m, 1.2m)
Position Il (0.8m, 0.4m)
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Mode 1
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1(;E6 N 13E8 N 10?510 " 10E12
ks [N/m] )
(a) Lumped spring

0.0  10E4

Position | (0.6m, 1.2m)
Position H (0.8m, 0.4m)

Jdll rrex

Mode 1 .. Mode 2 ' Mode3
-0.5 ¥ T T v
0.0 04 0.8 1.2 1.6 2.0
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(b) Lumped mass

Fig. 4 Maximum vibratory displacement of
the cross-stiffened plate with lumped
attachments
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(b) Lumped mass

Fig. 5 Maximum

time—~averaged structural

intensity of the cross—stiffened plate with

lumped attachments
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Position [ (0.6m, 1.2m}
Paosition Il (0.8m, 0.4m)

dll v [rom]

0.0 4

Case | Case ll Case Il
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(a) Lumped spring

20
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Case | Case || + Case |l
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{b) Lumped mass

Fig. 10 Maximum vibratory displacement of
the cross-stiffened plate with lumped

attachments
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