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Real world applications are exposed to various uncertainties. The load may vary in direction 

and absolute value, material parameters are scattering and the actual shape may differ from the 

intended one due to manufacturing tolerances. In deterministic design philosophy, safety factors 

are usually applied, to ensure structural integrity under worst-case conditions. This results in a 

high conservatism and is thus not optimal (see e.g. [1]). One way of reducing conservatism and 

considering uncertainties during optimization are robust topology optimization approaches. 

They estimate mean value and variance and seek to optimize a weighted sum of those two 

mentioned stochastic parameters. 

Accurate robust topology optimization approaches usually require a huge amount of numerical 

effort to determine stochastic parameters, due to necessary higher-order derivatives. Alternative 

approaches like the first-order second-moment method, require only low order derivatives and 

can be used to reduce the numerical effort significantly. Linear approximations are faster and 

simpler, but may suffer from poor accuracy in case of an underlying nonlinear function. Thus, 

depending on the choice of objective function and random parameters, this can even lead to 

very poor results [2]. 

In this work, the novel and simple reciprocal parameter substitution suggested by Kriegesmann 

and Lüdeker [3] is further developed, extended by a general gradient formulation and applied 

to common topology optimization test cases. For this, the required sensitivities are derived and 

a standard topology optimization setup is employed, based on a linear finite element model. 

Considered objective functions are displacements and compliance for which mean value and 

variance are estimated and minimized. As constraint, the classical volume fraction is chosen. 

The proposed approach is validated by Monte-Carlo simulations. Uncertain parameters 

considered are material stiffness, load and geometry, where the first parameter is represented 

by the Young’s Modulus and for the latter the actual node position is varied. The results show 

that the new reciprocap approximation provides much more accurate approximations than the 

first-order approach at the same computational cost.  
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