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Experimental Study for Optimal Vibration Control
of Composite Plates Using Integrated System Identification

Keun-Ho Rew*, Jae-Hung Han" and In Lee”

ABSTRACT

The present paper treats experimental investigation for optimal vibration control of composite
plates with a bonded piezo filin sensor and a piezo ceramic actuator. The plant parameters(A, B,
C), and the Kalman filter gain(Ky) are obtained experimentally using ARMAX with modal trunca-
tion method. Based on these parameters, linear quadratic Gaussian(LQG) controller is applied to
rectangular and wing-shaped composite plates using DSP board. Butterworth filter is used to pre-
vent spillover phenomenon, and to smoothen the control signal. The experiments show that the
vibration levels of three modes are reduced significantly.
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Table 2. Material properties
. HFG | Fuji AMP
Properties
GrEp | C-82 | LDT,2-028K
E,(GPa) Young's 130 59 -
EAGPa) modulus 10.0 59 -
Gi(GPa) shear 485 2 -
Gi(GPa) modulus 3.29 21 -
Viz Poison's ratio | 0.31 0.34 -
plkg/m’) density 1480 | 7400 1780
Fig. 1. Configuration of specimen du(pCN) | piezoelectric | — | —260 3
du(pC/N) | strainconstant |  — ~260 -
Table 1. Specification of specimen(dimension: [mm]) g4(x10"m/C) | piezoelectric - ~87 216
Specimen| Lh,Th | Layer | DxA DxS LxA Lx§ 2(x107'm'/C) | stress constant | — -8.7 -339
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Table 3. System parameters of PLATE1

Table 4. System parameters of WING1

PLATEI s NEERYA " —e [
09551 0®3 0 0 0 0 o T
02903 09551 0 0 0 0 I q\/’// ~ \*\/[[ \4/// \\\/-/j
0 0 02430 09631 0 0 £ o - /
0 0 09631 02430 0 0 o M AL ——
0 0 0 0 -0.1916 094% T e T
0 0 0 0 09496  -0.1916 {a) 1st mode excitation
00214 -0.0275 00052 0.0083 00150 -0.008
04760 04614 01558 0.5036 0.1005  0.3827 5 Mo h
T 01883 05864 01636 00154 00665 15188 ! [ [’\ [} Lz e
. 14343 (13583 35884 10.1639 46300 79837 i g ’)‘
T100 500 500 | T 30msec] T {025 msec } HVIRY YR

4
f
VoY
r T 2
Tim e {sec]

WING2

0.2330 0 0 0 0
0.9705 0 0 0 0

0 02311 09709 0 0

0 09709 0.2311 0 0

0 0 0 06274  0.7729

0 0 0 -07729 06274
-0.0004 0.0045  0.0057 00078 -0.0045
0.4408 -0.0150 -02449 03387 0.1336
27717 08957 07920 0.5075  0.7138
0.9906 16,0398  4.0304

0.8 3.0 msec | Ty 0.25 msec

WINGI (b) 2nd mode excitation
709788 02002 0 0 0 0
02002 09788 0 0 0 0 5

0 06006 07971 0 0 i

0 07971 06006 0 0 :

0 0 0 02065 09753 !

0 0 0 09753 02065 f
00081 00155 00218 -00864 -0.0097 Tim e Gac )
01192 00650 -0.0867 00527 00727 (c) 3rd mode excitation o
S6785 24903 00802 17034 26827 Fig. 4. Time domain control result of WING1 under sinusoidal
10102 36147 60524 -4.0049 -5.0291 excitation

15 15 FH [ 20msec |7 [0.2mse
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(b) FRF near the 6th mode

Fig. 5. Effect of the low pass filter order on the residual modes
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