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Active Vibration Control of Underwater Hull Structure
Using Macro-Fiber Composite Actuators

I R
Oh-Cheol Kwon, Jung Woo Sohn and Seung-Bok Choi

(2008 102 99 A< ; 2008 119 109 AAgHR)

Key Words : Hull Structure(8 —3%), Piezoelectric Composite Actuator(Fd 534 2}57]), Finite
Element Modeling(f-3+ &4 B9 ]), Vibration Control(¥& #]©]), Underwater Experiment(>
)

ABSTRACT

Structural vibration and noise are hot issues in underwater vehicles such as submarines for their
survivability. Therefore, active vibration and noise control of submarine, which can be modeled as hull
structure, have been conducted by the use of piezoelectric materials. Traditional piezoelectric materials are
too brittle and not suitable to curved geometry such as hull structures. Therefore, advanced anisotropic
piezocomposite actuator named as Macro-Fiber Composite(MFC), which can provide great flexibility, large
induced strain and directional actuating force is adopted for this research. In this study, dynamic model of
the smart hull structure is established and active vibration control performance of the smart hull structure
is evaluated using optimally placed MFC. Actuating performance of MFC is evaluated by finite element
analysis and dynamic modeling of the smart hull structure is derived by finite element method considering
underwater condition. In order to suppress the vibration of hull structure, Linear Quadratic Gaussian(LQG)
algorithm is adopted. After then active vibration control performance of the proposed smart hull structure
is evaluated with computer simulation and experimental investigation in underwater. Structural vibration of

the hull structure is decreased effectively by applying proper control voltages to the MFC actuators.
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Table 1 Material properties

MFC : Smart materials(poling direction : 1)

Ei 30.34 GPa Es 15.86 GPa
Vio 0.31 Vo1 0.16
G 5.52 GPa o0 7750 kg/m®
a1 -210 pC/N a3 460 pC/N
el 830 C/m2 Sxleg 916 C/m’
Aluminum plate
Young’s 2 - 3
modulus 6.8e10 N/m Density 2698 kg/m
Poisson
ratio 0.32
Water
Density 1000 kg/m® | Speed of sound 1500 m/s
Actuator Exciter
imm

280mm

500mm

/Omm 70mm

'| MFC Actuator

Fig.2 Geometry of the end-capped hull structure
with surface bonded MFC actuators
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Fig. 3 Finite element mesh configuration

Table 2 Natural frequencies of the end-capped hull
structure in air and in underwater envi-
ronment (FEA)

Mode In the air [Hz] Underwater [Hz]
Ist 587.4 193.7

2nd 617.5 2159

3rd 802.8 235.6

4th 830.7 351.7

—
T

_ .\-“ :

(b) 2nd mode

/\

+
|
{

./

(¢) 3rd mode

d
N
(d) 4th mode

Fig. 4 Fundamental mode shapes of hull structure
with MFC actuators
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23S 7k

High Voltage Amplifier

FFT Analyzer

Smart Hull Structure

Fig. 5 Experimental setup for modal test

Table 3 Natural frequencies of the end-capped hull
structure in underwater environment

Mode FEA [Hz] Experiment [Hz]
Ist 193.7 208
2nd 2159 251
3rd 235.6 268
4th 351.7 381
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Fig. 8 Control response and input voltage under 381
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Fig. 9 Control response and input voltage under 577
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