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Abstract

Crack initiation in low cycle fatigue (LCF) condition belongs to one of the crucial issues
of several automotive components since it could lead to a severe and sudden failure. In
this work, cyclic behaviour and fatigue crack initiation in dual phase (DP) steel grade 590
were characterized by means of experiments and micromechanics FE framework. First,
strain-controlled tension-compression tests were performed for obtaining the stress-strain
responses of examined steel up to the saturation state. Subsequently, representative
volume element (RVE) simulations on the microstructure level under cyclic load were
correspondingly carried out, in which material parameters of Chaboche kinematic
hardening model were determined for each individual phases. In addition, RVE
simulations coupled with damage model based on the accumulated inelastic hysteresis
energy were conducted in order to describe crack onset mechanism in the microstructure.
The damage parameters were calibrated with experimentally identified strain-life curves
for the crack initiation. Effects of pre-straining on crack occurrence of steel under LCF
regime were also studied. It was found that micro-cracks basically emerged in ferrite and
continuously propagated through the ferritic region and interfaces between ferrite and
martensite during the cyclic load. The observed crack development and resulting number
of cycle could be well predicted by the introduced modelling approach. Nevertheless, the
studied method was applied to the suspension part to investigate crack initiation. Its
predicted results could be used as a basic guidance for engineering design.
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