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Abstract. This work addresses the challenge of concurrently optimising the topology and anisotropy 
of variable-stiffness composite structures from additive manufacturing technology. The proposed 
approach is based on a multi-scale two-level optimisation strategy [1], which relies on non-uniform 
rational basis spline (NURBS) entities [2], the polar formalism [3] and the density-based method [4]. 
NURBS entities are used to describe both the topology and the distribution of the material parameters 
(i.e. the polar parameters) as well as the thickness of the structure across the design domain. These 
entities allow the proper definition of the topological boundaries, the reduction of the number of 
design variables and ensure the continuity of the design variable fields and so the manufacturability 
of the optimised designs. A laminate-level failure criterion [5] is used to account for the strength 
properties and failure mechanisms of the structure. Different problem formulations are tested. The 
first one deals with the maximisation of the minimum load factor which the structure can support 
without experiencing failure subject to a volume constraint. The second one deals with the 
minimisation of the volume subject to a constraint on the maximum failure index. A gradient-based 
optimisation algorithm suited for large-size problems is employed to carry out the solution search. 
The mathematical expression of the gradient of the objective and constraint functions are derived and 
computed by taking advantage of NURBS local support property and of the adjoint method. A large 
campaign of numerical tests is conducted to investigate the effect of the following factors on the 
optimised solutions: 1) parameter of the aggregation function (p-norm) used to assess the failure 
load/index, 2) parameter of the qp-approach [6] used to penalise the laminate-level failure criterion, 
3) the optimisation strategy: concurrent vs. sequential, 4) the parameter of the heavy-side function to 
obtain clear black-and-white designs, 5) the integer parameters (i.e., number of control points and 
degrees) of the NURBS entity. An example of the optimised solutions is illustrated in Figure 1 
(concurrent optimisation) and Figure 2 (sequential optimisation). Further results will be presented 
during the speech. 
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Figure 1: Example of optimised solution obtained with the concurrent approach: a) topological descriptor, b) first 
anisotropy modulus, c), second anisotropy modulus, d) polar angle [deg] 
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Figure 2: Example of optimised solution obtained with sequential approach: a) topological descriptor, b) first 
anisotropy modulus, c) second anisotropy modulus d) polar angle [deg] 
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