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Table 1

TC21 $kEEHLER S

Chemical composition of TC21 titanium alloy (/%)

Si Ni Mo

Nb

Al Sn Ti

0.084 1.56 0.0071 2.86

1.97

6.44 2.06 Bal.
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Fig.l Schematic diagram of hot compression process
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Fig.2 Undeformed initial microstructure of TC21 titanium
alloy at 980 ‘C: (a) OM microstructure and (b) initial

grain structure obtained by CA simulation
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True stress-strain curves of TC21 titanium alloy at different temperatures: (a) 0.01 s', (b) 0.1 s7!, (¢) 1 s°!, and (d) 10 s
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Table 2 Material parameters of TC21 titanium alloy!?2!

Parameter Value
Qact/kJ ‘mol-! 153
b/x101"m 2.86
G/MPa 20 500
0Dy/*x10717 m3-s°! 5.4
G/ (°) 15
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R/J-(K-mol)"! 8.314
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Fig.7 Microstructures (a-c) and predicted results (d-f) of TC21 alloy at 950 C (a, d), 980 C (b, e), and 1010 C (c, f)
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Fig.8 Microstructures (a-b) and predicted results (c-d) of TC21 alloy at strain rates of 0.1 s! (a, ¢) and 0.01 s°! (b, d)
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Table 3 Experimental and predicted results of grain size under different deformation conditions (pm)

Deformation condition

Experimental Predicted
Temperature/ C Strain rate/s™!
950 - 210 223
980 - 172 184
1010 - 152 160
- 0.1 158 162

- 0.01 96 99
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Fig.9 Simulation results of cellular automata under different deformation conditions: (a) 7=950 C, £=0.1s";

(b) T=950 C, £=0.01s"'; (c) 7=980 'C, £=0.01 s

5 % &

1) BH5 7 TC21 K& & MREHEZTRAT N, K
B TC21 5K & 4 1 UL AL I 7 Bl A2 T T FE I8 AIG R R A8
T A TG OK .

2) BOL T TC21 BKA & pHAH X B4 45 b 3
775 T A A

Xoex =0 (£<¢,)

X =1 —exp[—0.1236(ﬁ)1'432} (¢=¢.)
&
p

g, =3.2334x107 201"

N TC21 Bk < Bl 25 PR 45 ff B it 1 37 77 ik .
3) M FH ) 2 1) 0 I B 3l ILASE 2R 0 A [] 28 T L R
Je B AR TR AR g foR RSP REAT TR, B8AE T %
A TR P A i 1
4)fr B A& A AR > B AR R IR B R R
B, T 55 A2 5 A R S B

&% Tk

[1] Fu Yanyan(f} ##), Song Yueqing(%% H %), Hui Songxiao
(¥ B%) et al. Chinese Journal of Rare Metals(¥i B 4=
J&)[J], 2006(6): 850

[2] Jin Hexi(< A1 %), Wei Kexiang(% 50 ), Li Jianming( 2
W) et al. The Chinese Journal of Nonferrous Metals(H
E A &4 8 %M1, 2015, 25(2): 280

[3] Zhao Yongqing(# 7K K ), Ge Peng( & MY). Journal of
Aeronautical Materials(JIi 2= # kL = 3R)[1], 2014(4): 51

[4] Shan Debin(¥ %4 ), Shi Ke(% #}), Xu Wenchen (45 X )
et al. Rare Metal Materials and Engineering(¥i H 4 J& #4
RS TRE)[I], 2009, 38(4): 632

[5] Zhan Mei(& #¥), Lei Yudong( & 1% 7% ), Zheng Zebang(#h

References

P FR). China Mechanical Engineering("F E ML L F2)[J],
2020(22): 2663

[6] Lu Yu(/# ¥i), Zhang Liwen( 7K 37 3C), Deng Xiaohu(X§ /)
J&) et al. Acta Metallurgica Sinica( % J& % % )[J], 2008,
44(3): 292

[7] Chu Zhibing(#E & ££), Zhang Duo(3k %), Jiang Lianyun
(YL 1Z) et al. Rare Metal Materials and Engineering(¥i
&R RS TR)I], 2018, 47(3): 884

[8] Li Wei(Z* f4), Chu Zhibing(% & &), Wang Huanzhu(F
N ER) et al. Rare Metal Materials and Engineering(¥#i
B MRS TFE)[I], 2020, 49 (12): 4088

[9] Han Dong( ¥ # ), Zhao Yongqing( #& 7k FK ), Zeng
Weidong( T %4 ) et al. Rare Metal Materials and
Engineering( i i 4 J& # ¥t 5 L & )[J], 2021, 50(10):
3437

[10] Afshari E, Serajzadeh S. Journal of Materials Engineering
and Performance[J], 2012, 21(8): 1553

[11] Wang Zhe(E %), Wang Xinnan(E ¥ ¥ ), Shang Guoqiang
(W E 38) et al. Rare Metal Materials and Engineering (¥
HEBMES T[], 2018, 47(3): 810

[12] Chen X M, Lin Y C, Wen D X et al. Materials and
Design[J], 2014, 57: 568

[12] Sellars C M, Whiteman J A. Metal Science[J], 1979, 13
(3-4): 187

[13] Mecking H, Kocks U F. Acta Metallurgica[l], 1981, 29
(11): 1865

[14] Li H W, Sun X X, Yang H. International Journal of
Plasticity[J], 2016, 87: 154

[15] Kurtz R J, Abe K, Chernov V M et al. Journal of Nuclear
Materials[J], 2004, 329-333: 47

[16] Roberts W, Ahlblom B. Acta Metallurgica[J], 1978, 26(5):
801



« 3146 » WA & EAM kLS TR 552 4

[17] Yang Jieren(# #) N\), Zhang Liteng(iK 37 ), Gao Zitong Engineering A[J], 2015, 642: 187
(71T J¥) et al. Rare Metal Materials and Engineering (¥ [20] Sheikh-Ali A D. Scripta Materialia[J], 2007, 56(12):
BB RS T[], 2021, 50(2): 699 1043

[18] Bai X M, Zhang Y, Tonks M R. Acta Materialia[J], 2015, [21] Ding R, Guo Z X. Computation Materials Science[]],
85: 95 2002, 23(1-4): 2009

[19] Ning Y Q, Wang T, Fu M W et al. Materials Science and

Cellular Automata Simulation of Dynamic Recrystallization Behavior of TC21
Titanium Alloy

Sun Yue, Sun Yong, Yang Yong, Yuan Chao, Ling Yunhan
(Beijing Research Institute of Mechanical & Electrical Technology Co., Ltd, CAM, Beijing 100083, China)

Abstract: In order to study the effect of different deformation parameters of thermal processing on the microstructure of TC21
titanium alloy during plastic forming, isothermal constant strain rate thermal compression experiments were performed on the
thermal simulation testing machine, and the thermal deformation behavior of TC21 titanium alloy under different deformation
conditions was studied. Based on the microstructure evolution of TC21 titanium alloy during thermal compression, a cellular
automata was established by the derivation of dislocation density model, recrystallization nucleation and grain growth model of
TC21 titanium alloy. Based on the cellular automaton model, the dynamic recrystallization behavior TC21 titanium alloy during
deformation in the f single-phase region was simulated and verified. The results show that the flow stress of the alloy increases
with the decrease in temperature and the increase in strain rate; according to the analysis of cellular automata simulation results,
the dynamic recrystallization volume fraction of the alloy is positively proportional to the deformtion temperature and inversely
proportional to the strain rate.
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