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Fig.1 Original microstructure of TA32 titanium alloy: (a) OM image, (b) EBSD image, (c) grain size distribution, and (d) EDS spectrum
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Fig.2 True stress-true strain curves of TA32 titanium alloy at different temperatures and initial strain rates: (a) 880 °C, (b) 900 C, (c) 920 C,
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Table 1 Elongation (%) of TA32 titanium alloy under

different deformation conditions

glst 880 C 900 C 920 C 940 C
5x10™ 610 654 882 894
1x1073 585 676 774 769
5x10°° 322 331 331 949
1x10? 328 309 352 662
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Table 2 Strain rate sensitivity exponent (m) of TA32 titanium alloy under different deformation conditions

900 C 1x107%s™

5x10* s 1x107°s™ 5x10° s 1x10? s 880 C 900 C 920 C 940 C
0.1 0.30 0.43 0.57 0.56 0.42 0.43 0.32 0.70
0.2 0.35 0.39 0.52 0.59 0.40 0.39 0.29 0.62
0.3 0.37 0.38 0.48 0.57 0.37 0.38 0.27 0.56
0.4 0.34 0.35 0.47 0.56 0.34 0.35 0.26 0.53
0.5 0.34 0.33 0.44 0.54 0.30 0.33 0.23 0.48
0.6 0.33 0.31 0.40 0.50 0.26 0.31 0.20 0.42
0.7 0.23 0.27 0.38 0.44 0.21 0.27 0.17 0.42
0.8 0.29 0.25 0.32 0.41 0.17 0.25 0.12 0.36
0.9 0.26 0.22 0.27 0.36 0.10 0.22 0.07 0.32
1.0 0.17 0.16 0.23 0.30 0.05 0.16 0.02 0.28
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Fig.6 Microstructures of TA32 titanium alloy at different deformation positions under temperature of 940 ‘C and initial strain rate of
1x10%s™: (a) grip, (b) middle, and (c) near fracture
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Fig.8 Fracture morphologies of TA32 titanium alloy at different initial strain rates and temperature of 880 °C: (a) 5x10° s,

(b) 1x10° s, and (c) 5x10* s
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Fig.9 Structure of BP neural network
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Fig.10 Comparison and error between predicted values (points) of constitutive model and experimental results (curves): (a) 880 C,

(b) 900 °C, (c) 920 °C, and (d) 940 °C; (e, ) correlation between predicted and experimental values; (g, h) error between

predicted and experimental values
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Superplastic Deformation Behavior and Constitutive Model of TA32 Titanium Alloy

Liu Yang“?, Li Zhigiang®, Zhao Bing®, Yang Tao'** Sun Chaoyang***
(1. School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)
(2. Beijing Key Laboratory of Lightweight Metal Forming, University of Science and Technology Beijing, Beijing 100083, China)
(3. AVIC Manufacturing Technology Institute, Beijing 100024, China)
(4. Shunde Graduate School, University of Science and Technology Beijing, Foshan 528000, China)

Abstract: The mechanical behavior and microstructure evolution of TA32 titanium alloy during superplastic deformation were investigated
by uniaxial tensile tests at different temperatures (880~940 <C) and initial strain rates (5x10™~1x102 s*). The modified Johnson-Cook
constitutive model and BP neural network constitutive model were established. The results indicate that the flow stress and elongation of
TA32 titanium alloy are sensitive to temperature and strain rate. The strain rate sensitivity exponent decreases with the increase of strain
and increases with the increase of temperature. Increase of temperature and deformation degree promotes the « to 4 phase transformation
and the grain growth of the two phases. Decrease of strain rate moderately increases the grain size of the two phases. The morphology of g
phase grains changes significantly with the change of deformation conditions, while « phase grains remains equiaxed. The superplastic
fracture mode of TA32 titanium alloy is microporous aggregation fracture caused by the growth and coalesce of cavities. The prediction
accuracy of BP neural network constitutive model is higher than that of modified Johnson-Cook constitutive model under large scale
deformation condition.

Key words: TA32 titanium alloy; superplasticity; microstructure; constitutive model
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