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INTEGRATED LAYOUT AND TOPOLOGY OPTIMIZATION DESIGN OF
PIEZOELECTRIC SMART STRUCTURE IN ACCURATE SHAPE CONTROL Y

Wu Mangiao Zhu Jihorg Yang Kaike Zhang Weihong
(International Joint Research Center on Design and Additive Manufacture of Aerospace Materials and Structures
Northwestern Polytechnical Universityj'an 710072 ,China)

Abstract Smart structures are those equipped with sensors/actuators made of smart materials, which have the capabilit
to control structure movement in such a way that makes the design more efficient. However, due to systematic complexit
and multidisciplinary objectives, the optimization design of such structures in accurate shape control becomes very chal
lenging. This paper proposes an integrated layout and topology optimization design method for accurate shape control c
smart structures with surface bonded piezoelectric actuators. The multi-point constraints (MPC) method is used to sim:
ulate the bonding connections between movable piezoelectric actuators and host supporting structures. A new weighte
shape error function based on desired deflections of observation points is defined to fulfill accurate shape control of piezo
electric smart structure. Through the proposed method, the optimal position and orientation of each piezoelectric actuato
as well as the topology configuration of host supporting structure are founded, which significantly improves the systematic
actuating and morphing performance of piezoelectric smart structures. Further studies on the relationships of structure
stiffness with shape morphing constraint and volume fraction constraint are carried out, and distortions of load carrying
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pathin optimized designs are illustrated. With several numerical results, the proposed integrated optimization method is
proved to be an efficient way to decrease the error between computed and desired surface and achieve the accurate sh
control of piezoelectric smart structures.

Key words integrated optimization desigmiezoelectric smart structur@ccurate shape contrahulti-point constraint
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Fig. 3 MPC connections to simulate bonding between piezoelectric

actuators and host structure
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Table 3 Different optimized design due tdfdrent original

layouts

No. Original layouts Optimized designs

C=5.13mJ, E.=1.76 mm?> C=1.77 mJ, E,=9.60x107 mm?

C=5.14mJ, E,=1.62mm?>C=1.72ml, E,=9.16x10" mm>?

C=3.65mJ, E,=1.71 mm?*C=1.77 mJ,

E.=9.08x107 mm?

C=451mJ), E,=1.92mm?>C=1.78 mJ, E,=9.38x10" mm?
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