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Abstract. This work presents a method for the concurrent topology and anisotropy optimisation of 

variable-stiffness composite (VSC) structures [1], in the context of modal analysis. The approach relies 

on a density-based topology optimisation method [2] combined with non-uniform rational basis spline 

(NURBS) entities [3], and the polar formalism [4] to describe the local behaviour of the composite at 

the macroscopic scale. The use of NURBS entities allows reducing the number of design variables, 

ensure the continuity of polar parameters distributions and topological descriptor across the design 

domain, and enables the generation of CAD-compatible solutions, which facilitates post-processing 

operations. When dealing with optimisation problems including design requirements related to 

eigenfrequencies, two main numerical issues (related to the topology optimisation method based on 

the use of the pseudo-density field) must be considered: the presence of spurious modes and the mode 

switching phenomenon [5]. These issues are circumvented by using a dedicated penalisation scheme 

for the stiffness and mass matrix of the VSC structure and a dedicated algorithm to solve the eigenvalue 

problem. In this context, the design problem considered in this work consists in maximising the first 

eigenfrequency of the structure subject to a volume constraint. The proposed method is tested on two-

dimensional benchmarks taken from the literature. An example of the optimised design obtained on 

one of these benchmarks is shown in Fig. 1, wherein both the optimised topology and the corresponding 

distribution of polar parameters are illustrated. In addition, a sensitivity analysis is conducted to assess 

the influence of the NURBS parameters on the optimisation results. Further results will be presented 

during the speech. 

 

 

 
 (a)        (b)          (c)             (d) 

Figure 1: Example of an optimised solution (a) topological descriptor, (b) first anisotropy modulus, 

(c) second anisotropy modulus, (d) polar angle [deg] 
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