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Fig.2 True stress-true strain curves of forged Ti6242s alloy
under different deformation temperatures and strain rates:

(a) 950 C, (b) 970 C, (c) 990 C, and (d) 1010 C
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Fig.3 BP neural network structure of constitutive equation
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Fig.4 Training performance curves of ANN constitutive model
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Table 1 Expression of coefficients InA, , n, Q and true strain (¢) and coefficient of determination (R?)
Coefficient Expression R?
InA 97.45-70.72¢+832-91.07¢3+36.62¢* 0.990
o 0.01-0.056+0.44¢2-1.77%+4.07*-5.5¢°+4.365-1.79¢7+0.31¢8 0.991
n 4.36-24.166+268.05:2-1506.2963+4719.415*-8815.16£5+10022.6265-6793.1367+2521.27:8-394.27¢° 0.987
Q 1034.95-733.25:+848.81£2-938.65:%+380.05¢* 0.990
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Fig.7 Comparison of flow stress predicted by constitutive equations and experimental value at different temperatures: (a) 950 C,
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High-precision Constitutive Model of Ti6242s Alloy Hot Deformation
Based on Artificial Neural Network

Lei Jinwen 2, Xue Xiangyi*, Zhang Siyuan °, Ren Yong?, Wang Kaixuan %, Xin Shewei®, Li Qian®
(1. Northwestern Polytechnical University, Xi’an 710129, China)
(2. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(3. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The forged Ti6242s titanium alloy was subjected to a thermal compression simulation experiment with 75% deformation at
950~1010 °C and a strain rate of 0.01~10 s™ by Gleeble-3800. Based on the true stress-true strain curve obtained from the experiment, the
artificial neural network (ANN) and Arrhenius equation were used to establish the constitutive model of Ti6242s alloy, and its thermal
deformation behavior was studied. The results show that the flow stress rapidly rises to the peak stress after the deformation begins, and
then the hardening and softening reach a dynamic balance. After the true strain reaches 0.6, the work hardening gradually dominates, and
the hardening amplitude increases with the increase of the strain rate. The average relative error (AARE) of the artificial neural network
predicted value of the constitutive model is 2.25%, and the coefficient of determination (R?) is 0.999 06; the AARE of the predicted value
of the Arrhenius equation constitutive model is 14.40%, R? is 0.954 68, and the accuracy fluctuates greatly within the parameter range. The
accuracy of the ANN constitutive model is much higher than that of the Arrhenius constitutive model, and it is consistent in the entire
parameter range; the ANN constitutive model has good generalization ability, and it still has high accuracy in predicting flow stress outside
the range of experimental parameters.
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