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ABSTRACT*
Durability is an important requirement in mechanical components, and consequently high cycle
fatigue is a significant failure mode that must be taken into account in their design. Most of the
existing topology optimization methods for structural design use a global structural response as
an objective or a constraint, such as compliance or natural frequencies. Other structural criteria
such as displacements are local, but are usually confined to one or a few locations in the
structure. More recently, several research groups have developed methodologies that are able to
incorporate stress constraints, where the constraint is applied in large portions or all of the
structure. These methods are important predecessors of the work presented here, in that they: a)
introduce ways to enforce local constraints in the entire design space; b) address the problem of
stress singularity (which is also relevant in this work since in the proposed method fatigue is a
function of the stresses); and c) highlight the importance of using consistent sensitivities due to
the high nonlinearity of the problem. Specifically, the method herein proposed is a continuation of
the work in [1], which has been used with success at Caterpillar for large scale stress-based
topology optimization problems.
In this paper we develop a method for topology optimization of continua with regards to high cycle
fatigue. The fatigue is calculated using a signed von Mises stress (cf. for example, [2]). Although
signed von Mises fatigue does not correlate as well to experimental data as other fatigue
algorithms that use principal stresses (or strains) and that track the plane of maximum damage, it
greatly simplifies the sensitivity analysis. Stress ranges at any location are counted using the
algorithm in [3]. The damage for stress ranges of different magnitude is accumulated linearly via
Miner’s rule. The Morrow correction is used to account for the effect of mean stresses. In order
to approximate the maximum damage in the structure, a p-norm is employed. We show that an
adequate scaling of this norm is critical for a convergent behavior of the optimization algorithm.
Consistent sensitivities are obtained via the adjoint method. The Solid Isotropic Material
Penalization is used for the topology optimization. We show examples that demonstrate the
methodology, including an industrial-size example that demonstrates the efficiency of the
proposed method.
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