
A continuum model accounting for the effect of the

initial and evolving microstructure on the evolution

of dynamic recrystallization

H. Kooiker1,2, E.S. Perdahcioğlu2 and A.H. van den Boogaard2
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Abstract. Laser assisted forming is a process which is increasingly being adopted by the in-
dustry. Application of heat by a laser to austenitic stainless steel (ASS) sheet provides local
control over formability and strength of the material. The hot forming behavior of ASS is char-
acterized by significant dynamic recovery and dynamic recrystallization. These two processes
lead to a softening stress-strain response and have a significant impact on the microstructure
of the material. Most of the research performed on hot forming of ASS focuses on the dynamic
recrystallization and then specifically on the behavior of the annealed state, consisting of rel-
atively large equiaxed austenite grains. However, in industry it is common to use cold rolled
ASS sheet which is a mixture of austenite and martensite. Application of a laser heat treatment
to the cold rolled grades of ASS induces a so-called ‘reverse’ transformation of martensite to
austenite which, depending on the exact time-temperature combinations, leads to an austenite
grain size in the range of nano to micrometer. It is known from experiments that the effect
of initial grain size on dynamic recrystallization is significant, especially on the inital stages
of recrystallization. Therefore any continuum model capable of describing hot forming of cold
rolled ASS should include the effect of the initial grain size.

In this work a physically based continuum model for dynamic recrystallization is presented
which accounts for the effect of the initial grain size on the evolution of dynamic recrystallization.
It is shown that the initial grain size can be accounted for by incorporating its effect on the
availability of preferred nucleation sites, i.e. grain edges. The new model is compared to
experimental results and it is shown that the model predicts correctly predicts accelerated
recrystallization with decrease in grain size and that there is a weak dependence of the
dynamically recrystallized grain size on the initial grain size.


