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ABSTRACT

In this research, control of vibration in multilayered cylindrical panel with piezoelectric patch, under
dynamic load is investigated. The finite element method is used to solve the dynamic equations of the
structure, which is based on first-order shear deformation theory, and equivalent single layer models
with different rotations for the substrate and the piezoelectric patch is developed. The governing
equations are obtained by using the Hamilton’s principle of virtual work, are discretized over the mid-
plane, by using eight node shell element, leading into the matrix system of equations. The maximum
controllability criterion is used for finding the optimal size and location of piezo-patch. According to the
used control law, the applied voltage on the piezo-patch is proportional to the radial velocity component
at the point, where the sensor is installed. In order to evaluate the performance of the formulation and
finite element model, the natural frequencies obtained for the substrate laminated panel are compared
with those in the literature. Then, having the dynamics of the optimal system, the frequency response
for open and closed loop controls are studied. Finally, the effect of controller gain values and
dimensions of panel and patch on the time response and damping rate of vibrations are illustrated.

Keyvwords:

Laminated composite cylindrical panel
Piezoelectric actuator patch

Finite Element

Vibration control
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Table 1 Non-dimensional fundamental frequencies for shell A, B

A[0°790°/90%0°]  B[90%/0°/0°/90°] SN Y

ol [19] Syl [19] o h/L,
0.0630  0.0625 0.0615 0.0609 30°
0.0648 0.0646 0.0599  0.0591 60° 0.1
0.0681 0.0678 0.0597  0.0589 90°
0.1770  0.1740  0.1744  0.1706 30°
0.1728  0.1708 0.1637  0.1588 60° 0.2
0.1692  0.1686  0.1525  0.1472 90°
0.2985 0.2933 02985 02890  30°
0.2862  0.2837 0.2793  0.2682 60° 0.3
02706 02741 02576 0.2455 90°

I/ R

0.0806  0.0792 0.0718 0.0707 0.1
0.1779 0.1751 0.1564 0.1506  360° 0.2
0.2665 0.2727 02487  0.2363 0.3
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Table 2 Non-dimensional natural frequencies for closed shell C

[0%90°0°]  C-F S-S o> L/R, R/
[20] 00988 0.1779 =&
Ko 2 5
il 00952 0.1746 &=
[21] 04899 09257 v,
3 1 5 20
ol 04835 09084

[7]eolinl 0 50 S 28 g5 s0le polys 3 Jgum
Table 3 Electro-mechanical properties of piezoelectric material [7]

, GPa (oY slacol

Gy Cp CGg Gy Gy G Gy G5 G
326 43 4.3 7.2 7.8 72 105 129 1.29
CP S oSlg s slocoli 107CH NP5 250 (g0 ol (s

en €31 €32 €5 €24 M1 Mz N33 kg/m?
158 -676 -6.76 123 123 73 8.1 8.1 3640
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Fig. 11 Effect of applied static electric load to optimal patch on radial
displacement distribution along x
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Fig. 12 Effect of applied static electro-mechanical load to optimal patch
on radial displacement distribution along x
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Fig. 8 Frequency response for open and closed loop optimal patch to

harmonic unit pressure, at (L, /2, h/2), panel C
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Fig. 9 Frequency response for open and closed loop optimal patch to
harmonic vertical edge force, at (L, @/2, h/2), panel C
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Fig. 10 Effect of patch on radial displacement distribution along x,
unit static pressure, open loop
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