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Abstract

The thermo-elastoplastic analysis considering the phase transformation has been widely used to
predict the residual stress and distortion going with the heat treatment. In the heat treatment
simulation, transformation plasticity should be treated implicitly, because which is considered to
have relevance to current stress field. Furthermore, complex mechanical response caused by
temperature change and phase transformation often leads to stress reversals, which possibly requires
kinematic hardening models in the heat treatment simulation. However, few previous studies
consider both fully-implicit formulation and kinematic hardening model in the thermo-elastoplasitic
analysis including transformation plasticity. In this paper, therefore, thermo-elastoplastic
constitutive relations considering the transformation plasticity and kinematic hardening are
formulated with the return mapping algorithm, and heat treatment simulations of the steel cylinder
are performed based on the proposed formulation. The calculated residual stresses show good
agreement with the XRD measurements, and the capability of the fully implicit stress integration
with the kinematic hardening model is demonstrated.
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