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ABSTRACT

In this work, active control algorithm is adopted to reduce delamination effects of the damaged
composite structure and control performance with MFC actuator is numerically evaluated. Finite ele-
ment model for the damaged composite structure with piezoelectric actuator is established based on
improved layerwise theory. In order to achieve high control performance, MFC actuator, which has
increased actuating force, is considered as a piezoelectric actuator. Mode shapes and corresponding
natural frequencies for the damaged smart composite structure are studied. After design and im-
plementation of active controller, dynamic characteristics of the damaged smart composite structure
are investigated.
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Table 1 Material properties
Carbon cyanate
Young’s Young’s
modulus E; 380 GPa modulus E, 16.6 GPa
Shear . 3
modulus Guo 4.2 GPa Density » 1800 kg/m
Poisson ratio 031 Poisson ratio 0.42
Viz Vo
MFC(poling direction: 1)
Young’s Young’s
modulus E; 30GPa | odulus E, | 1586GPa
Shear . 3
modulus Gy 5.52 GPa Density 2 7750 kg/m
Poisson ratio 031 Poisson ratio 016
Vi2 Vo
Piezoelectric Piezoelectric
constant dyy | 400PCN | ontant dy, -170pCIN
Permittivity Permittivity
enlég 0.31 £ 1&g 0.16
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[0/90]4s Table 2 Change of the natural frequencies
carbon cyanate MFC Mode Healthy Delaminated
Table 1 1st 40.5 Hz 39.2 Hz
2nd 125.3 Hz 113.8 Hz
3rd 251.3 Hz 247.1 Hz
4th 432.9 Hz 406.8 Hz
(i=1,2". (@)
1 (10).
Md,, +Cd,, + K, dy +Kyydy =Fy ()
2
(x,y,2) .
. dy . dg
Ut (x.y, 2,) =g + A (2)s + B (2)w M C
. . ON-1 K
+Cl (@)W + D WH(z-1z;) ug
j=1 K¢U -
U3 (XY, 2.8) =up + A (2)¢5 + B3 (D)W Ky e
o N1 () F
+Cl(@wW) + Y uiH(z-1)) ' ’ v
j=1 Fy : . MFC
US(x,y, 2,t) =w(x, y,1) « ) das
N-1 . Table 1 dyq
+ Y W (xy.HH(z-z)
=t 0
uk ,Ug ’ uk Fig. 1
k k
up Uz w
oo (healthy structure)
, b (delaminated structure)
X, Y .
o, o, w Fig. 2
' . Table 2

Zj
H(z-2j)  heaviside unit step function
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Fig. 7 Frequency response: from first to fourth mode
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Fig. 8 Control input histories
Table 3 Recovery of the natural frequencies
Mode Healthy Delaminated Controlled
1st 40.5Hz 39.2Hz 40.5Hz
2nd 125.3 Hz 113.8 Hz 113.8 Hz ’
3rd 251.3 Hz 247.1 Hz 251.3 Hz
4th 4329 Hz 406.8 Hz 406.8 Hz

Fig. 7
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