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High Temperature Constitutive Model and Hot Processing M ap
of 316LN Stainless Steel

REN Jie, LIU Cheng-zhi, ZHANG Li, DU Xiao-jian, CHENG Sheng-wei, LIU Yan-lian

(School of Mechanical Engineering, North University of China, Taiyuan 030051, China)

ABSTRACT: The work aimsto study the deformation behavior of 316LN steel at high temperature, determine the best working
interval and optimize the process parameters. The hot compression experiment of 316LN steel was carried out on the Gleeble
thermal simulation machine at the deformation temperature of 1 000-1 150 “C and the strain rate of 0.001-10 s™. According to
the experimental data, the flow stress curves at different deformation temperature and strain rate were drawn respectively. Based
on the traditional Arrhenius hyperbolic sinusoidal relationship, the improved constitutive model of 316LN steel was established
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by means of quintic polynomial fitting considering the effect of strain variables. Based on the dynamic material model and Pra-
sad plastic instability criterion, the energy dissipation map and flow instability map of the material were calculated, and the hot
processing map of 316LN steel was obtained by superposition of the two graphs. The results showed that the flow stress curve
presented atypical dynamic recrystallization characteristic, and with the increase of strain rate and deformation temperature, the
compressive stress of 316LN steel gradually decreased. The correlation coefficient between the predicted value and the experi-
mental value of the coupled strain variable was 0.988 8, which showed a high coincidence. Through the establishment of the hot
processing map and the comparison of metallographic structure, it was found that the dynamic recrystallization of 316LN steel
was more likely to occur in the zone with higher energy dissipation rate in the "safe zone". This indicates that the softening
mechanism is more favorable under the conditions of high deformation temperature and low strain rate. The improved con-
stitutive model has high accuracy and can accurately predict the flow stress of 316LN steel during the hot deformation proc-
ess. The optimal process range of 316LN steel is determined by the constructed hot processing map: The temperature is
1 035-1 065 °C, the strain rate is 0.001-0.03 s%, the temperatureis 1 100-1 150 C and the strain rate is 0.035-0.1 st
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