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ABSTRACT

Performance evaluation of advanced piezoelectric composite actuator is conducted with its application of structural
vibration control. Characteristics of MFC (macro fiber composite) actuator are investigated by comparing traditional
piezoceramic patch actuator. Finite element modeling is used to obtain equations of motion and boundary effects of smart hull
structure with MFC actuator. Dynamic characteristics of the smart hull structure are studied through modal analysis and
experimental investigation. LQG control algorithm is employed to investigate active damping of hull structure. It is observed
that vibration of hull structure is suppressed effectively by the MFC actuators.
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Fig. 1 Schematic diagram of active fiber composite(z)
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Fig. 2 Schematic diagram of macro fiber composite @2
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Fig. 3 Electric field distribution for interdigitated electrode



(a) actual model of MFC actuator

2

(b) equivalent model
Fig. 4 Equivalent MFC interdigitated electrode model

Fig. 5 Free-strain of MFC actuator
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Table 1. Material properties of the MFC, PZT and Aluminum
[poling direction : 3, () calculated values]

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

%1 /g0 916 C/m? %33 /g0 830 C/m?
day -2100e-10 C/N das 4600e-10 C/N

P 7750 kg/m®
PZT 5H
CE 12.6e10 N/m? CEy 11.7e10 N/m?
CEu 2.3e10 N/m? CE6 2.35e10 N/m?

€511 leg 1700 C/m? €533/ 1470 C/m?

day -274e-10 C/N das 593e-10 C/N
P) 7500 kg/m®

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

Piezoelectric Actuator

0.6m

0.0003m
v
I
I ! /‘
0.05m| 0.05m

Aluminum Beam

vV
0.015m

Fig. 6 Schematic diagram of piezoelectric beam
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(a) MFC (b) PZT
Fig. 7 Deformation of piezoelectric beam

(a) MFC (b) PZT
Fig. 8 Deformation of piezoelectric plate
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Fig. 9 Schematic of the end-capped hull structure with surface
bonded MFC actuators
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Fig. 10 Geometry of the end-capped hull structure with surface
bonded MFC actuators
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Table 2. Natural frequencies of the end-capped hull structure
with and without MFC actuator: FEA

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

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

Mode FEA [Hz] Experiment [Hz]
(3,1) 469 474
4,1) 535 578
2,1) 749 696
(5,1) 781 848
4,2) 1010 1006

(@) (3,1) mode (b) (4,1) mode
Fig. 11 Fundamental mode shapes of hull structure with
surface-bonded MFC actuators
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Fig. 12 Comparison of natural frequency with and without
MFC actuators by experiment
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