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Study on Dynamic Constitutive Relation of 42CrMo Steel Based on Johnson-Cook Model

LU Yesen, ZHU Zhiwu, XIE Qijun
(School of Mechanics and Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: 42CrMo steel, as the main raw material of the high-speed train axles, withstands complex loading conditions
in the high-speed train. Whereas axle is an essential component, in addition to considering the normal design loads, the
effect of the impact load need to be considered more specifically. In order to study the dynamic mechanical properties and
stress-strain relationship of steel axle, the quasi-static and dynamic compression of 42CrMo steel were tested. Seven experi-
ments at strain rates ranging from 107 s” to 5000s™ show thermal softening exists without rate-dependent plastic behavior.
Because of the high impact speed, the plastic deformation is carried out with no heat, then the temperature rises by accumu-
lating. And a new constitutive model which includes thermal softening effect based on the J-C constitutive model has been
proposed to describe the dynamic mechanical behavior of 42CrMo steel. They are in good agreement with the experimental
data, which show that the new constitutive model can describe the mechanical behavior of 42CrMo steel at various strain rates
very well.

Key words: 42CrMo steel ; Split-Hopkinson pressure bar; thermal softening; Johnson-Cook model



