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Abstract. In this work, a new topology optimisation (TO) method [1] is presented for designing structures made 

of materials with frequency-dependent properties, like viscoelastic polymers often used in additive manufacturing 

processes, considering design requirements related to the structure eigenfrequencies. The presented work is the 

first of two parts: the first one deals with undamped dynamic problems, while the second one will consider the 

damped case. 

The frequency-dependent behaviour of viscoelastic materials adds a nonlinearity into the modal analysis, which 

must be solved through a dedicated solver for non-linear eigenvalue problems. To this purpose, a new solver 

combining Newton-Raphson and Lanczos algorithms to solve the non-linear modal analysis is developed in 

ANSYS APDL environment and its effectiveness is validated against experimental results obtained on a 

benchmark structure taken from the literature [2]. The proposed design approach is based on 1) the above solver 

to deal with non-linear modal analyses, 2) a density-based TO algorithm reformulated in the framework of non-

uniform rational basis spline (NURBS) entities to obtain CAD-compatible solutions [1], and 3) fractional 

derivatives-based models to account for the frequency-dependent behaviour of the bulk material [3]. It is 

noteworthy that, in the literature, the frequency-dependent material properties are often not taken into account, but 

as it can be seen in Fig. 1, the final optimised geometry is not the same when considering such a dependency. 

 
Fig 1. Optimized topology comparison for a) frequency-dependent and b) frequency-independent formulations of the same reference 

material. 
The solutions illustrated in Fig. 1 are obtained by solving the following problem: maximisation of the first 

eigenfrequency of the structure subject to a constraint on the volume of the solid phase. In this background, suited 

penalisation schemes [4] are introduced for the mass and stiffness matrices to converge towards a clear black-and-

white design and to account for typical issues of TO problems involving modal analysis, such as spurious modes 

handling and mode switching phenomenon. 

It is noteworthy that material models based on fractional derivatives allow reducing the number of parameters 

required to accurately capture the material frequency-dependent behaviour over a broad frequency range. Other 

material models based on Prony series are considered as well [5] and the associated results will be presented during 

the speech. 

The effectiveness of the NURBS-density-based TO method proposed in this work is tested on both 2D and 3D 
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benchmark problems taken form the literature. A large campaign of sensitivity analyses has been conducted to 

investigate the influence of multiple factors on the optimised solution, including: the integer parameters of the 

NURBS entities, different viscoelastic frequency-dependent material laws, and the boundary conditions of the 

optimised structures.  
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