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1

Table 1 Material properties of base and piezoelectric patch

Value
Parameter
Base Piezoelectric patch
L/mm 1 140 18
W /mm 900 10
H/mm 2 01
E/GPa 207 63
o/ (kg +m™*) 7 870 7 650
“ 0. 292 0. 30
€310 €32 —17. 209
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Fig 1 Simple supported plate finite element model
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Table 2 Energy efficiency of each mode (y=0)

Mode Ej.Abre/ %0 Ejs/% EjNew/ %
1 47. 964 2 48, 477 7 48 648 0
2 48 408 8 48 686 8 48, 864 8
3 47, 466 7 47, 887 4 48 870 1
4 48 619 3 49, 016 7 49, 785 6
5 48 222 3 48 316 7 49, 310 9
6 50. 350 9 50. 813 2 32. 913 3
7 1. 1116 2. 5359 2. 747 6
8 25. 000 7 23516 9 20. 195 5
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Fig 2 Histogram of energy efficiency of each mode (y=0)
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Table 3 Energy efficiency of each mode (y=1) ° 4
Mode Ej oAb/ % E;j s/ % Ejnew/% ’ 4 5 ° 4
1 47. 285 9 48 284 6 52927 9 s 5
2 36. 735 1 35,972 1 53194 2 R
3 40. 029 9 43, 809 4 44, 294 8
4 43,953 0 44, 549 6 46. 344 8 ’ °
5 42. 852 2 43. 705 2 45. 545 9 4
6 23446 1 150510 13631 4 Table 4 Viscosity damping of each mode
7 18, 480 1 13,545 2 4. 658 7 — :
8 20. 363 8 15. 074 3 14, 691 9 Mode Viscosity damping ¢
Uncontrolled  J Aprel J Bru JNew
60 r 1 0. 640 1 4. 574 3 5 2410 7. 058 1
: E 2 2. 964 4 10. 112 1 10. 179 5 15. 663 4
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Fig 4 Curves of active vibration before and after control



499

Displacement/m

Fig 5

[1]

(2]

[3]

[4]

(5]

0.010

0.006 py

0.002 ¢

=-0.002 |

=0.006 | *

=0.010
0

Comparison of displacement under vibration control

D )

2)

3) s

Arbel A. Controllability measures and actuator placement
in oscillatory systems. International Journal of Control,
1981, 33(3): 565-574.
Bruant 1, Gallimard L, Nikoukar S. Optimal piezoelectric
actuator and sensor location for active vibration control,
using genetic algorithm. Journal of Sound and Vibration,
2010, 329(10): 1615-1635.
Bruant 1, Proslier L. Optimal location of actuators and
sensors in active vibration control. Journal of Intelligent
Material Systems and Structures, 2005, 16(3); 197-206.
LuY G, Wei YD, Lu C Y, et al. Optimal configuration
of sensors and actuators for vibration control of cantilever
plate. Acta Armamentarii, 2006, 27(1):88-92. (in Chi-
nese)

, . . /

, 2006, 27(1) . 88-92.

Jha A K, Inman D J. Optimal sizes and placements of pie-

(6]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[16]

zoelectric actuators and sensors for an inflated torus. Jour-
nal of Intelligent Material Systems and Structures, 2003,
14(9): 563-576.
Wang W Y., Wei Y J, Wang C, et al. Optimal investiga-
tion of sensor/actuator placement for piezoelectric smart
structure. Journal of Astronautics, 2007, 28(4): 1025-
1029. (in Chinese)
’ . ) . //
, 2007, 28(4): 1025-1029.
Peng FJ, Ng A, Hu Y R. Actuator placement optimiza-
tion and adaptive vibration control of plate smart struc-
tures. Journal of Intelligent Material Systems and Struc-
tures, 2005, 16(3): 263-271.
Han J H, Lee I. Optimal placement of piezoelectric sen-
sors and actuators for vibration control of a composite
plate using genetic algorithms. Smart Materials and Struc-
tures, 1999, 8(2). 257-267.
Zhu D L, Yu J. Active vibration control of piezoelectric
smart cantilever beam. Journal of Hehai University Chan-
gzhou, 2005, 19(4) . 1-4. (in Chinese)
, 2005, 19(4) . 1-4.

Sun D C, Zhang H H, Wu H X, et al. Optimal placement
and sizing of piezo actuators and experiment in vibration
control of smart beams. Chinese Space Science and Tech-
nology, 1999(6) :46-52. (in Chinese)

, 1999(6): 46—
52.
Qiu Z C, Zhang X M, Wu H X, et al. Optimal placement
and active vibration control for piezoelectric smart flexible
cantilever plate. Journal of Sound and Vibration, 2007,
301(3-5): 521-543.
Yang Y, Jin Z, Soh C K. Integrated optimal design of vi-
bration control system for smart beams using genetic algo-
rithms. Journal of Sound and Vibration, 2005, 282(3-5) :
1293-1307.
Hac A, Liu L. Sensor and actuator location in motion con-
Journal of Sound and Vibra—
tion, 1993, 167(2): 239-261.
Roy T, Chakraborty D.

trol of flexible structures.

Optimal vibration control of
smart fiber reinforced composite shell structures using im-
proved genetic algorithm. Journal of Sound and Vibration,
2009, 319(1) . 15-40.

Liu W, Hou Z, Demetriou M A. A computational scheme
for the optimal sensor/actuator placement of flexible
structures using spatial H2 measures. Mechanical Systems
and Signal Processing, 2006, 20(4); 881-895.

Yan T H, Mou Q C, Wang J Y. Optimal position and

feedback gains of collocated sensor/PZT actuator. Journal



500 Mar. 25 2012 Vol. 33 No. 3

of Vibration Engineering, 1999, 12(4): 570-576. (in Chi-
nese) s s o : o
s s . / Tel: 010-82338215
, 1999, 12(4) . 570~ E-mail: wang jun@buaa. edu. cn
576.

Investigation of Piezoelectric Actuator Optimal Configuration for
Structural Vibration Control
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Abstract: This paper presents an investigation of the optimal placement of piezoelectric actuators for the active vibration
control of smart structures. Base on the state space equation and the controllability Grammian matrix, a new optimal target is
set by the energy efficiency of the input energy. A finite element analysis (FEA) is employed to analyze the configuration of
piezoelectric actuators, and then the FEA is combined with the genetic algorithm (GA) for optimal computation. The place-
ments of actuators are defined with binary coding. A piezoelectric plate is simulated to attest the new optimal method and

prove its superiority as compared with several other optimal methods.
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