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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 piezoceramic 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 censidering 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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Fig 1. Configuration of the proposed hull structure
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Table 1. Material properties

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

MFC : Smart Materials (poling direction : 1)
E, 30.34 GPa E; 15.86 GPa
Vi 0.31 v 0.16
G, 5.52 GPa p 7750 kg/m’
dyy -210 pC/N dun 460 pC/N
€1 /50 830 C/m’ £/t 916 C/m’
Aluminum Plate
Young’s 3 . 3
modulus 6.8¢10 N/m Density 2698 kg/m
Poisson ratio 0.32
Water
. 3 Speed of
Density 1000 kg/m sound 1500 m/s
Actuator

I Exciter

280mm

Piezoslectric actuator

500mm

| J
|

Fig. 2. Geometry of the end-capped hull structure with
surface bonded MFC actuators
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Fig. 3. Finite Element Mesh Configuration
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Fig. 4 Fundamental mode shapes of hull structure with
MFC actuators
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Fig. 5 Experimental setup for modal test
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Table 3. Natural frequencies of the end-capped hull
structure in underwater environment

Mode FEA [Hz] Experiment [Hz]
Ist 193.7 208
2nd 215.9 251
3rd 235.6 268
dth 3517 381
40
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@ 20
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2
3 0
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T
2 .20k
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.40 A : N s N
¢ 100 200 300 400 500 600
Frequency (Hz)
Fig. 6 Frequency response of hull structure in

underwater
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=]

Voltage (V)

Voitage (V)

Voltage (V)

as 10 5 20" 40 as 10 15
Tire(s) Time(s)
Fig. 8 Control response and input voltage under 381 Hz
excitation
8 "y
s Sensor 1 Actuator 1
- 4 100,
g L
S 4 100 !
Sensor Actuator 2|
g 4 100}
g o o S
ig 4 00
> ol
Sensar Achuator 3
S 4] 100
g, ¢ F': S
§ 4; -100) |
[ 05 10 15 20 00 05 10 15 20
Tire (s) Tire (s}

Fig. 9 Control response and input voltage under 577 Hz
excitation

-470-



‘Distance from hull - 1m

0.0 05 1.0 15 20

Time (s)
Fig. 10 Radiated sound reduction under 382 Hz
excitation

Distance from huil: 1rm]

Voltage (V)

1.0 1.8 29
Tirme (s}

Radiated sound reduction under 268 Hz
excitation

Fig. 11

5. 2 B

Wie] MFC 2HE 77} Rabsio) Qla, ¥ie] ¢
A £F il 7289 54 548 #4383 4
% ZM HEg 2@ MFC 57 A% 2y
ngste] rerd MFC 8 24RwWe FASY
HOtE hull PREY SERAHAS AL &
#Ql ANSYS & o3t FEdm ¥ R
4 Ads g8 F3 84 syor de vz
& AFsAT ull +2EY 5% A% A
shed LQG Aol dnElEe HEsdd. Zi@«a_
PHE vtz ARy A% Ao AF
08 £ YUt £F mll FEEY 5F ¥
Aolg gk TERE MY A% Uik AFHE
o, olz U FF PA g #A EFE
By £ Ak MFC #FE7E 9¥4E AR
, BEVIY 23 X MAA FEvie ¢
2 2E Aol A% ¥l g A7 As

W
x

J

_9..3"403:

mo 2 Hdo v i1y X_‘. o

H agoint & 8]F 2 4 ofg Al
A g2 A8 d7e A4 9 oyolch

ol oot A g
'M §oglahed 4w

sl

(1) Crawley, E. F. and de Luis, J, 1987, “Use of
Piezoelectric Actuators as Elements of Intelligent Structures”,
AlAA Journal, Vol.25, pp.1373~1385.

(2) Chopra, L, 2002, “Review of State aof art of Smart
Structures and Integrated Systems”, ATAA Journal, Vol.40,
pp.2145~2187.

(3) Shin, H. C. and Choi, S. B., 1996, “Vibration Control of a
Very Flexible Robot Arm via Piezoactuators”, Transactions of
the Korean Society for Noise and Vibration Engineering, Vol.6,
No.2, pp.187~196.

(4) Kwak, M. K., 1995, *“*Active Vibration Control of Smart
Structures Using Piezoelectric Materials”, Journal of KSNVE,
Vol.5, No.3, pp.292~302.

(5) Kim, H, S, 2005, “Smart Structures Featuring
Piezoelectric Materials ; State of the Art”, Journal of KSNVE,
Vol.13, No.t, pp.33~42.

(6) Kim, H. S., Chattopadhyay, A., and Nam, C., 2002,
“Implementation of a Coupled Thermo-Piezoelectric-
Mechanical Model in the LQG Controller Design for Smart
Composite Shell”, Journal of Intelligent Material Systems and
Structures, Vol.13, pp.713~724.

(7) Wilkie, W. K., Bryant, R. G, High, J. W,, Fox, R. L,,
Hellbaur, R, F, Jalink, A, Little, B. D. and Mirick, P. H., 2000,
“Low-cost Piezocomposite Actuator for Structural Control
Applications”, Proceedings of Seventh SPIE Intemational
Symposium on Smart Structures and Materials, Newport Beach,
CA, March 549, 2000, pp.329-~334.

(8) Wilkie, W., High, J. and Bockman, 1, 2002, “Reliability
Testing of NASA Piezocomposite Actuators”, ACTUATOR
2002, pp.270~273.

(9) Williams, R. B., Schultz, M. R., Hyer, M. W,, Inman, D. J.
and Wilkie W. K., 2004, “Nonlinear Tensile and Shear
Behavior of Macro Fiber Composite Actuators”, Journal of
Composite Materials, Vol.38, No, 10, pp.855-870.

{10) Sodano, H. A, Park, G. and Inman, D. J,, 2004, “An
Investigation into the Performance of Macro-fiber Composites
for Sensing and Structural Vibration Applications”, Mechanical
Systems and Signal Processing, Vol.18, pp.683~697.

(11) Sohn, J. W,, Kim, H. S., Choi, S. B., 2005, *Active
Vibration Control of Smart Hull Structure Using MFC
Actuators”, Transaction of the KSNVE, Vol.15, No.12,
pp.1408~1415.

{12) Sohn, 1. W, Kim, H. 8, Choi, S. B., 2006, “Dynamic
Modeling and Vibration Control of Smart Hull Structure”,
Transaction of the KSNVE, Vol.16, No.8, pp.840~847.

(13) Sohn, C. Y., Kim, K. 8., Byun, H. I, 2001, “A study on
the Vibration Characteristics of 3-Dimension Submerged
Vehicle in Consideration of Fluid-Structure Interaction”,
Transaction of the KSOE, Vol.15, No.1, pp.19~25.

-471-



