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Fig.1 Schematic diagram TC4 titanium alloy specimen for high-

temperature tensile testing
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Fig.2 True stress-true strain curves of TC4 titanium alloy at the temperature of 973 K (a), 1023 K (b), 1073 K (c), and 1123 K (d)
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Table 1 Sixth-order polynomial coefficients for a, n,, 0, and In4,

Order a, b, c, d,
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n=3 2104050  -8.12x10° -1.45%10° 1.06x10°
n=2 13.3044 5.95%10° 1.45%10° =792.1926
n=1 -0.4389 -217.5054  -7.07x10°  -233.6773
n=0 0.01020 6.6423 4.17%10° 36.6633
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Table 3 Parameter settings of sparrow search algorithm

Parameter Value

Maximum iterations 1000
Population size 50
Proportion of producers to the population size 0.2
Proportion of perceivers to the population size 0.2
Safety threshold 0.8
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Table 5 Comparison of AARE and R values of constitutive models in temperature range of 973-1123 K and strain rate range of 0.01-1s™

Model
Value Arrhenius Optimized Arrhenius Modified Johnson-Cook Optimized modified Johnson-Cook
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Research on High-Precision Thermoplastic Phenomenological Constitutive
Models of TC4 Titanium Alloy

Qi Chang', Niu Yazhe', Chen Xiaolan’, Wang Nan’, Yang Shu', Pei Lianzheng'
(1. School of Mechanical Engineering, Dalian University of Technology, Dalian 116023, China)
(2. Beijing Institute of Electronic System Engineering, Beijing 100854, China)

Abstract: To accurately predict the thermoforming process of TC4 titanium alloy, the high-temperature rheological behavior of TC4 titanium
alloy was investigated, and a high-precision thermoforming phenomenological constitutive model was developed. Firstly, high-temperature tensile
tests of TC4 titanium alloy were conducted at 973—-1123 K with strain rates of 0.01-1 s™'. Based on the experimental data, two constitutive models
were established: an Arrhenius constitutive model with strain compensation and a modified Johnson-Cook constitutive model. Sparrow search
algorithm (SSA) was employed to optimize the model parameters. Finally, the predictive abilities of the phenomenological constitutive models for
TC4 titanium alloy were assessed using statistical analysis. The results indicate that the Arrhenius constitutive model achieves relatively high
predictive accuracy despite limited experimental data. However, it has a restricted parameter optimization space. In contrast, the modified Johnson-
Cook constitutive with lower predictive accuracy, offers a larger parameter optimization space. The SSA-optimized modified Johnson-Cook
constitutive model provides a good fit with experimental results, serving as a solid foundation for high-precision numerical simulations of TC4
titanium alloy thermoforming.

Key words: titanium alloy; constitutive model; sparrow search algorithm; thermoplastic deformation; high-temperature tensile test
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