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Modal Analysis and Vibration Control of Smart Hull Structure
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ABSTRACT

Dynamic characteristics of smart hull structure are investigated and active vibration control performance is evaluated.
Dynamic model of smart hull structure with surface bonded Macro-fiber Composite (MFC) actuators is established by
analytical method. Equations of motion of the host hull structure are derived based on Donnell-Mushtari equilibrium equations
for a thin cylindrical shell. A general model for the interaction between hull structure and MFC actuator is included in the
dynamic model. Modal analysis is then conducted and mode shapes and corresponding natural frequencies are investigated.
After constructing of the optimal control algorithm, active vibration control performance of the proposed system is evaluated. It
has been shown that structural vibration can be reduced effectively with proper control input.
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Table 1. Material properties of the MFC and Aluminum
[poling direction : 3, () calculated values]

MFC
[ (1.95e10 N/m?) CEis (4.13e10 N/m?)
CEu (0.55e10 N/m?) Cs (0.60e10 N/m?)

11 /eo 916 C/m? %33 /g0 830 C/m?
da -2100e-10 C/N das 4600e-10 C/N

o 7750 kg/m®

Aluminum
E 6.8e10 N/m? P 2698 kg/m’
v 0.32

Fig. 1 Schematic of smart hull structure

2yl v EdS e Donnell-Mushtari =2
14 Romn FHHA A
o3k gol o] W,
9% UEhd 4 ok
ov 1au
v Evg =t -
ox R o6
o*w 1 6°w 2 0*w

o 4

o|s &

TTRZ007 T T Roxoo
A o]2e] o WA 7ol il o, = FAT &

Fig. 3 Notation and positive directions of stress in shell
coordinates
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(b) moment resultants
Fig. 4 Notation and positive direction of force and moment
resultants
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Table 2. Natural frequencies of the end-capped hull structure by
analytic method and FEA

Mode Analytic [Hz] FEA[Hz]
3,1) 481.45 477.53
4,1) 553.58 543.06
2,1) 767.88 759.89
(5,1) 799.31 790.57
4,2) 998.94 1012.8

8

@ (3.1) mde(481.45Hz) (b) (4,1) mode(553.58Hz)

(c) (2,1) mode(767.88Hz) (d) (4,2) mode(998.94Hz)
Fig. 6 Mode shapes and corresponding natural frequencies
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Fig. 7 System response under (3,1) mode excitation
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Fig. 8 Control input voltages under (3,1) mode excitation





