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Strength and hardness prediction based on cooling rate

for hot forming high strength steel
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Abstract; This paper investigates the effect of partitioned cooling on the mechanical strength and hardness of
hot forming steel based on the flat tool cooling test. An exponential model of the mechanical strength-
hardness-cooling rate was established using the dimensional analysis method, and this model was validated to
be effective. By writing the user subroutine, this model was introduced into the prediction program in the self-
developed software KMAS HF platform to validate the hardness and strength prediction of U-shape hot
forming product. Results show that the model is reliable and applicable in predicting the mechanical properties
of hot forming products, which can be used to guide the optimization of hot forming process and the design of
hot forming tools.
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Fig. 1 Divided stage cooling tool
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Table 1 Chemical composition of low carbon

boron alloy 22MnB5( %)

C Si Mn P S Cr Ti B

0.24 0.27 1.14 0.015 0.001 0.17 0.036 0.003
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Table 2 Combinations of cooling rate under different

working conditions
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and global cooling rate V(750~200°C ) for

hot forming steel
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Table 3 Coefficients for cooling rate-mechanical strength-exponential index model

a B b ) a b ¢ d
3.1410  —2.2585 —1.2045 —0.3769 —0.1094 0.1339 3.3227 0.0911 —0.376
e 0 < 3 19 T ¢ 9
0. 3847 1.9379  —12.4378 —0.0863  0.3844 1.9553  —13.0659 4.0600  —0.0870
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Fig. 5 Program graph of prediction procedure
and FEM model
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Table 4 Comparison between tests and simulation results
for mechanical performance of U-shaped hot

forming parts
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