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Abstract: Hot compression experiments were conducted on a large-scale 4Cr5SMo2V die-casting die steel using a
Gleeble 3800 thermal simulation testing machine. The deformation parameters were set as follows: deformation tempera-
tures ranging from 1 000 ‘C to 1 200 C, the strain rates were 0. 01 s™', 0. 1 s™', 157", 10 s™' respectively, and a reduction
of 50%. The results show that both temperature and strain rate have significant effects on the flow stress; specifically, the
flow stress decreases with increasing temperature and increases with increasing strain rate. A high-temperature flow consti-
tutive model for the large-scale 4Cr5Mo2V die-casting die steel was derived based on the hyperbolic-sine modified Arrhe-
nius equation, and the thermal deformation activation energy was determined to be 387.273  kJ/mol. A strain-
compensated constitutive equation was further developed to enhance the model accuracy. The linear correlation coefficient
(R?) between the predicted and experimental values was found to be 0. 976, confirming that the strain-compensated consti-
tutive equation possesses high precision and reliability. Based on the established processing maps, the optimal hot-
working window was identified as 1 030 ‘C—1 200 °C with strain rates below 0. 060 s~'. Microstructural analysis revealed
that at low temperatures and high strain rates, the microstructure exhibits chain-like, incompletely recrystallized features.
Dynamic recrystallization is a thermally activated process; increasing the deformation temperature promotes uniform
equiaxed grains, but excessively high temperatures lead to grain coarsening. These findings provide a theoretical basis for
optimizing the forging process of large 4Cr5Mo2V die-casting molds.
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Fig. 2 Experimental design: (a) hot deformation process parameters, (b) deformation temperature and strain rate
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Fig. 10  Optical microstructures of 4CrSMo2V steel under different deformation conditions : (a) 1000 °C, 0.01s™"; (b) 1000 C,
10s™; (¢) 1200 °C, 0.01s™; (d) 1200 °C, 10s™
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