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This paper focuses on the investigation of non-contact shape and vibration control of flexible 
structures via surface bonded photostrictive actuators. Firstly, a novel opto-electromechanical 
solid shell element is developed for accurate analysis of the multiphysics’ effects with optical-
electric-mechanical-thermal coupling. Secondly, based on the genetic algorithm and finite 
element analysis, a general method of non-contact shape control for beam by using PLZT 
photostrictive actuator is presented. Lastly, photostrictive films are numerically analyzed to 
evaluate their use as wireless actuators for future remote vibration control of structures. Now 
available experimental data and analytical solutions have been used to verify the present finite 
element results and the simulation in this study demonstrates that the use of photostrictive 
actuators can provide good controllability of structural vibration and shape.  
 

1. Modeling of active control 
1.1 Wireless vibration control  
In the present study, two photostrictive laminae are, respectively, placed on the top and 
bottom surfaces of the structure and act as actuators. Thus, by flashing alternating pulses of 
light sources on either side of the structure, both positive and negative control actions can be 
generated for vibration control. In view of this, the dynamic equation of the structure can be 
expressed as: 
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1.2 Non-contact shape control 
In static structural shape control, the objective is to obtain the light intensities applied onto the 
photo- actuators that can actuate the structure to a shape that best matches the desired one. To 
do this, we need to employ the relationship between the applied light intensity and the 
response of the actuated structure, which can be established by the finite element formulation 
described in the previous section. 
For the shape control problems, the objective function can be defined as the shape errors to 
minimize the difference between the desired structural shape wd and the actuated shape wc, 
which is 
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where the vector  is the vector including design variables of light intensity 
factors, wd(.) and wc(.) is respectively the desired and actual deformation, i = 1, 2, . . . , q1 is 
used to represent the number of sample points. 
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An iteration procedure combining genetic algorithm and finite element simulation can be 
developed to solve Eq. (11) to determine the optimal light intensity. 

2. Numerical Examples 
Consider that ten identical photostrictive patches are bonded to one of the surfaces of a 
cantilever beam. To achieve a shape that best match the desired shape, the optimal control 
light intensities for all actuators are calculated using the procedure described in the previous 
section. The actuated shape of the host beam by these optimal light intensities is depicted in 
Fig. 1, in which the desired shape is also plotted for comparison. This figure shows that the 
actuated shape matches well with the desired one. 

0 0.02 0.04 0.06 0.08 0.1

-1

0

1

2

3
x 10

-5

Beam span/(m)

Tr
an

sv
er

se
 d

isp
la

ce
m

en
t/(

m
)

 

 
desired shape
achieved shape

 
Figure.1 The desired and actuated beam shapes 

3. Conclusion 
In this paper, a novel opto-electro mechanical finite element formulation is developed for 
mechanical analysis and distributed noncontact vibration control of beam, plate and shell with 
segmented optical photostrictive actuators. Furthermore, based on the genetic algorithm and 
finite element analysis, a general method of non-contact shape control for the beam by using 
PLZT photostrictive actuator is presented. Unlike the available analytical solution, the present 
procedure can be used to model the wireless active control of any isotropic or composite beam, 
plate and shell structures with various boundary conditions. The simulation in this study 
demonstrates that the present formulation is very reliable, accurate and also computationally 
efficient and the use of photostrictive actuators can provide good controllability of the 
structure.  

REFERENCES 
[1] Shih HR, Tzou HS and Saypuri M. Structural vibration control using spatially configured 

opto-electromechanical actuators. Journal of Sound and Vibration 284: 361-378, 2005  
[2] Zhen Luo, Quantian Luo, Liyong Tong, et al. Shape morphing of laminated composite 

structures with photostrictive actuators via topology optimization. Composite Structures, 
93: 406–418, 2011 

 2


	Shi-jie Zheng1*,    Xiao-fei Zhang1,     Hong-tao Wang2,   Shu-yang LI1  

