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Stacking sequence optimization of free-form FRP shells based on
the multi-island genetic algorithm

XIAO Zhi, SAN Bingbing
(College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract: An approach to maximize the fundamental frequency of free-form FRP shells using the multi-
island genetic algorithm is proposed in this paper. The geometry of free-form FRP shells is generated
by the NURBS technique. The creation of structural finite element model and the calculation of the
fundamental frequency are carried out by ANSYS. The multi-island genetic algorithm is embedded in
Isight and stacking sequence of the free-form FRP shell is optimized by using Isight to integrate ANSYS.
Finally, three free-form FRP shells with the positive, negative, positive and negative Gaussian surface
are optimized to obtain the optimum stacking sequence. The numerical examples show that the proposed
method for stacking sequence optimization of free-form FRP shells is accurate and effective.
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Fig.2 Fiber ply angles of FRP shell
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Tab.2 Parameters of the multi-island genetic algorithm
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Tab.3 Control point coordinates of positive Gaussian
free-form FRP shell

Pl AR/ m Rl ApdR / m
Pl 0, 0, 0) P6 0.8, 1.6, 0)
P2 (0, 0.8, 0) P7 (1.6, 0, 0)
P3 0, 1.6, 0) P8 (1.6, 0.8, 0)
P4 (0.8, 0, 0) P9 (1.6, 1.6, 0)

PS5 (0.8, 0.8, 0.4)
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Fig.3 Control point grid of positive Gaussian free-form FRP shell
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Tab.4 Control point coordinates of negative Gaussian

free-form shell

il AR / m il AspR /m
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P2 (0, 0.8, 0.6) P7 (1.6, 0, 0)
P3 0, 1.6, 0) P8 (1.6, 0.8, 0.6)
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Fig.6 Negative Gaussian free-form shell
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Fig.7 Convergence process of negative Gaussian free-form shell
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Tab.5 Control point coordinates of positive and

negative Gaussian free-form shell

RIS AebrR /m I ApR / m
Pl (-0.8, -0.6, 0) P9 0, 04, 0)
P2 (-1, 0, 0.2) P10 0.4, -0.5, 0)
P3 (-0.8, 0.6, 0) P11 0.5, 0, 0.4)
P4 (-04, -0.5, 0)  PI2 (0.4, 0.5, 0)
P5 (-0.5, 0, 0.4) P13 (0.8, -0.6, 0)
P6 (-0.4, 0.5, 0) Pl4 (1, 0, 0.2)
P7 (0, -0.4, 0) P15 (0.8, 0.6, 0)
P8 (0, 0, 0.1)
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