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Abstract

The consequence of plastic strain on the hot deformation behaviour and grain size evolu-
tion in bainitic steel was investigated using Gleeble thermo-mechanical physical simulation
and finite element simulation. The model was validated by comparing the predictions with
the experimentally measured true stress-strain curves. The model allowed quantification of
the heterogeneity of plastic strain within the uniaxial hot compression test specimens under
the investigated conditions. The results reveal that increasing plastic strain enhances dis-
location density, promoting the nucleation of recrystallized grains. The recrystallized grain
size decreases with higher strain due to enhanced grain boundary migration and subdivision
of grains, reaching a saturation grain size at large plastic strains. This behaviour is modelled
using an Avrami-type equation, which incorporates the fraction of recrystallized grains. The
maximum plastic strain was mainly observed at the centre of the sample and the minimum
occurred in the so-called dead zones close to the platen. The inhomogeneous distributions
of plastic strain resulted in an inhomogeneous final microstructure, i.e., inhomogeneous dis-
tribution of recrystallization, constituent fraction, and average grain size.
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