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Structural design against fatigue failure is typically a comprehensive exercise. This is particu-
larly the case for laminated composite structures due to the added complexity associated with
their multi-directional behavior, resulting in material- and load-dependent failure modes. In fa-
tigue analysis, these factors materialize as a non-linear relationship between reversals to failure
and mean stress, load sequence effects as well as stiffness and strength degradation that also
have to be taken into account.
To minimize the material use in composite structures, it is desirable to apply structural opti-
mization. In this work, a methodology for gradient-based high-cycle fatigue optimization of
general laminated composite structures is presented. An efficient approach for fatigue topol-
ogy optimization was demonstrated in [1] by the use of an aggregation function to reduce the
amount of fatigue damage measures from local finite element quantities to a single global mea-
sure. This is utilized with the adjoint method to efficiently compute gradients by solving only
an extra set of linear equations where the factored stiffness matrix is reused. This same ap-
proach is adopted for solving the present problem. Parametrization of the structure is done by
Discrete Material and Thickness Optimization (DMTO) approach [2], such that an optimized
combination of material, fiber orientation, layup sequence, and layer thickness is sought.
The fatigue analysis approach used in this work is typically employed in the wind turbine in-
dustry for blade design, see e.g. [3]. Offset is taken in variable amplitude loading, which is
quantified by Rainflow counting yielding a set of scaling factors for determining amplitude and
mean stress. Proportional loading is assumed, meaning the computationally expensive Rain-
flow counting only has to be performed once during the optimization. A constant life diagram
approach is used to calculate an equivalent stress from the amplitude and mean components,
taking into account mean stress of various magnitudes by interpolating between their respective
SN curves. Reversals to failure are then computed from the SN curves, which are constructed
using a data-fitted power law. Damages are then summed using cumulative methods such as
linear and non-linear Palmgren-Miner sum. A number of structural optimization examples in-
cluding fatigue constraints will demonstrate the potential of this approach.
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