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Fig.1 Schematic diagram of d5, piezoelectric effect
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Table 1  Piezoelectric cantilevered beam material properties
Parameters Actuator Sensor Beam
(PZT-5A) (PZT-5A)  (Steel)
Young's modulus( GPa) 63 63 200
Poisson’s ratio 0.3 0.3 0.33
Electric modulus (m/V) 171e-12 171e-12 0
Length ( mm) 17.5 17.5 260
Width( mm) 17.5 17.5 13
Thickness( mm) 0.3 0.3 0.5
Density( kg/m>) 7650 7650 7850
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Fig.6 The relative positions of the piezoelectric slices at the

first two orders free vibration
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Table 2 Piezoelectric plate material properties

%10 Firstorder [ = - = — - Without %10 Second order| - - — - Without
b1 Layout 1 Layout 1
I Layout 2 Layout 2
€5 ‘w‘l“ ] V“",:‘yﬁ,' \ Layout3| E Layout 3
= VIR R Layout4 | o Layout 4
3 g Layout5| S Layout 5
£ TR =
£o &
3 o
2 2
§ s
@ &
8 3 -2
&5 “, <
et
4
0 1 2 3 4 0 0.5 1 1.5 2 25
Time (s) Time (s)

7 — O RE A R A s IRCR [
Fig.7 Vibration attenuation effect at each position of the

first two orders free vibration

ZiaE6(2) 7(24) 8(Z&) LA, —Fr

. Young's Density Poisson’s Size
Material ; .
modulus (Pa)  (kg/m’) ratio (mm)
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windmill-type energy harvesting device using piezoelectric

ACTIVE CONTROL OF PIEZOELECTRIC STRUCTURES AND
OPTIMAL PLACEMENT OF PIEZOELECTRIC ACTUATORS "
Tao Hongfei Cui Sheng’
( Department of Aeronautics and Astronautics, Fudan University, Shanghai 200433, China)
Abstract

The active vibration control of piezoelectric beam and plate structures was studied. The coupling
dynamic equations of a piezoelectric cantilevered beam and a rectangular piezoelectric plate under the Kirchhoff
assumption were established, respectively. The independent modal-space control method was used to achieve the
active vibration control of the first two modes of the piezoelectric structures. In order to improve the vibration sup-
pression effect of the active control, the influence of the layout of a piezoelectric actuator on the beam was ana-
lyzed through numerical simulations, and the optimal layout of the piezoelectric actuator adhered to the cantile-
vered beam was obtained. Finally, the feasibility and effectiveness of piezoelectric actuators for response control of

cantilevered beams under free vibration and modal resonance were verified by experiments.
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Received 18 May 2018, revised 22 June 2018.

1 Corresponding author E-mail ; shcui@fudan.edu.cn



