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This paper presents a two-level optimisation strategy for the design of postbuckling perfor-
mance of orthotropic Variable Angle Tow (VAT) composite using lamination parameters
as design variables. For the postbuckling analysis [2], a semi-analytical formulation based
on a mixed variational approach is developed using the Rayleigh-Ritz method [1]. The
non-linear algebraic equations are solved by use of a perturbation technique. The ob-
jective function for the optimisation of postbuckling behaviour of composite plates is to
minimise either the maximum normal displacement or the end-shortening strain in the
loading direction. In the first level, the variation of lamination parameters over the plan-
form of VAT plates is represented in the form of B-splines. A gradient-based algorithm
(GCMMA) is used to determine the optimal distribution of lamination parameters. In the
second level, the target distributions of lamination parameters are converted into realistic
VAT layups using a genetic algorithm. The thickness variation is also taken into account
in the optimisation process as an additional design factor to further improve the postbuck-
ling performance of VAT plates. Finally, numerical examples are studied and compared
with the optimal solutions obtained by a direct genetic algorithm approach. The robust-
ness and computational efficiency of the proposed methodology for the optimal design of
postbuckled VAT laminates are demonstrated.

The optimal layups which give minimum end-shortening strain or the maximum transverse
displacement may be different when the level of axial compressive load Nx0 is changed.
The value of axial load Nx0 is fixed to be twice of the critical buckling load (2Niso) of
an equivalent quasi-isotropic laminate. The optimal variations (7 × 7 control points) of
the four lamination parameters of VAT plate that gives minimum end-shortening strain
εx are plotted in Fig. 1.

The postbuckling equilibrium paths for the optimised constant stiffness and VAT lami-
nates are compared and illustrated in Fig. 2. The layup [±45/06]s gives the minimum
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end-shortening strain among the constant stiffness laminates. VAT #1 is the optimal
design using a direct GA approach [2], and VAT #2 is the optimal design using lamina-
tion parameters. The numerical results demonstrate the robustness and computational
efficiency of the proposed optimisation methodology for the postbuckling design of VAT
plates.

Figure 1: Optimal lamination parameter distribution of a square VAT plate that gives minimum end-
shortening strain under a given uniaxial compressive loading (Nx0 = 2N iso

x ), 7 × 7 control points of
B-splines
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Figure 2: Normalised axial loads Nx = N iso
x versus normalised axial strain.
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