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ABSTRACT

Dynamic modeling and active vibration control of smart hull structure using Macro Fiber Composite (MFC) actuator is
conducted. Finite element modeling is used to obtain equations of motion and boundary effects of smart hull structure. Modal
analysis is carried out to investigate the dynamic characteristics of the smart hull structure, and compared to the results of
experimental investigation. Negative velocity feedback control algorithm is employed to investigate active damping of hull
structure. It is observed that non-resonant vibration of hull structure is suppressed effectively by the MFC actuators.
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Fig. 1 Schematic diagram of macro fiber composite actuator D
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(a) electrodes of MFC actuator

(b) equivalent model
Fig. 2 Equivalent MFC interdigitated electrode model
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Fig. 3 Schematic of the end-capped hull structure with surface
bonded MFC actuators
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Fig. 5 Finite element mesh configuration
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(a) (1,3) mode (b) (1,4) mode
Fig. 6 Fundamental mode shapes of hull structure with surface-
bonded MFC actuators
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Fig. 7 Experimental setup for modal test
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Table 1. Material properties of the MFC and Aluminum

MFC : Smart Materials (poling direction : 1)

E, 30.34 GPa E; 15.86 GPa
Vi2 0.31 Va1 0.16
G 5.52GPa P 7750 kg/m?
d;, 210 pC/N ds; 460 pC/N
£ /e 830 C/m* £33 /80 916 C/m’
Aluminum Plate
l‘;‘;ﬁ%uss 6.8¢10N/m’ | Density 2698 kg/m’
Poisson ratio 0.32

Table 2. Natural frequencies of the end-capped hull structure
with and without MFC actuator: FEA

Mode w/o MFC [Hz} with MFC [Hz]
1,3) 477 469
(1,4) 541 535
(1,2) 759 749
(1,5) 787 781
2,4 1010 1010

Table 3. Natural frequencies of the end-capped smart hull
structure by FEA and experiment

Mode. FEA [Hz] Experiment [Hz)
(1,3) 469 ) 474
(1,4) 535 : 578
(1,2) 749 - 696
1,5 781 848
2,4 1010 1006
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Fig. 12 Experimental setup for vibration control
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Fig. 13 Experimental results of negative velocity feedback
control of structural vibration and input voltage history
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