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Table 1 Element content of TC4 titanium alloy (/%)
Al \% Si Fe C N 0] Ti
6.3 4.2 0.02 0.06 0.01 0.01 0.14 Bal.
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K1 48 TCA &M IR 4G AL
Fig.1 Primary microstructure of fine-grain TC4 alloy: (a, b) edge, (c, d) 1/2R, and (e, f) center; (g) IPF color code (AD represents CVCE

extrusion direction, RD represents radial direction and TD represents tangential direction)
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Fig.3 Schematic diagram of continuous variable cross-section

recycled extrusion process
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Table 2 Experimental parameters of thermal simulation

compression of fine-grain TC4 alloy

Parameter Value
TIC 750, 800, 850, 900, 950
st 0.001, 0.01,0.1, 1
€ 0.1,0.2,0.3,0.4,0.5, 0.6

2 HERS5MH

2.1 ENH-ENTHZ
%+ CVCE #iI| % P14 & TC4 %k & 4 #F 750~950 C,
DR AR T 2 0.001~1 s AR T I 4 BE 3 AR THE 1E J5 1Y
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Fig.4 True stress-true strain curves of fine-grain TC4 alloys: (a) £=0.001s"
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Table 3 Critical values & under different conditions

T/IC glst op/MPa € £c
0.001 163.708 0.0291 0.024153
0.01 278.82 0.0368 0.030544
70 0.1 370.476 0.0489 0.040587
1 425.79 0.0653 0.054199
0.001 106.04 0.0241 0.020003
0.01 202.95 0.0287 0.023821
800 0.1 313.76 0.0382 0.031706
1 356.88 0.0511 0.042413
0.001 48.31 0.0225 0.018675
0.01 140.91 0.0268 0.022244
850 0.1 235.61 0.0363 0.030129
1 287.22 0.0484 0.040172
0.001 23.63 0.0193 0.016019
0.01 83.29 0.0248 0.020584
900 0.1 164.898 0.0329 0.027307
1 209.011 0.0399 0.033117
0.001 17.561 0.0176 0.014608
0.01 38.435 0.0229 0.019007
90 0.1 80.566 0.02853 0.02368
1 112.545 0.0348 0.028884
&p =cné™ exp(Q / RT) (3)
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Fig.5 Linear regression analysis of peak strain equation:
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Fig.6 Changes of critical strain value with temperature and
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Fig.8 Equivalent strain at strain rate of 0.1 s* and temperature
of 900 C and different strains: (a) ¢=0.4, (b) ¢=0.5, and
(c) =0.6
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Fig.9 Xoprxcloud chart of fine-grain TC4 alloy: (a) 800 C, £=0.1 s™
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Fig.10 Microstructures (a~c), IPF diagram (d~f) and Xprx (g~i) of fine-grain TC4 alloy under different deformation hot conditions: (a, d,
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Dynamic Recrystallization Behavior and Numerical Simulation of Fine Grain TC4
Titanium Alloy

Liu Yingying®, Li Jiayi!, Guo Wenhu', Zhang Junyan®, Zhai Jiangbo?
(1. School of Metallurgical Engineering, Xi’an University of Architecture &Technology, Xi’an 710055, China)
(2. Shaanxi Hong Yuan Aviation Forging Company Ltd, Xianyang 713800, China)

Abstract: The dynamic recrystallization (DRX) behavior of fine-grain TC4 titanium alloy prepared by continuous variable cross-section
recycled extrusion during hot working was investigated by combining experiment and finite element simulation. The critical strain and
DRX dynamic models of fine-grain TC4 titanium alloy were established based on the true stress-strain curves obtained by the experiment.
The material properties were defined based on the DRX models, and the thermal compression process was simulated by DEFORM-3D
software. The results show that the DRX behavior of fine grain TC4 is significantly affected by thermal compression processing
parameters. The volume fraction of dynamic recrystallization (Xprx) and the grain size are increased with increasing deformation
temperature and decreasing strain rate. The equivalent strain and range of the deformation zone are increased simultaneously with
increasing strain. The correlation between the experimental value and the simulated value of Xprx is 0.9762, which indicates the high
accuracy of the established model.

Key words: continuous variable cross-section recycled extrusion; fine grain TC4 titanium alloy; finite element simulation; critical strain

model; dynamic recrystallization model
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