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Table 1 Chemical composition of as received TC4 alloy (/%)
Al V Fe C N O H Ti
5.9 3.9 011 001 0.02 010 0.001 Bal.
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Fig.1 Microstructure of the Ti-6Al-4V alloy used in this study
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Fig.2 Macro photos of the specimens: (a) before deformation;
(b) 800 ‘C/10s™; (c) 850 ‘C/10s™; (d) 850°C/0.01 s™;
(e) 900 ‘C/0.015s"
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Fig.3 Flow stress-strain curves at different strain rates and

temperatures : (a) 850 'C and (b) 0.01 s
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Fig.4 Flow softening degree of TC4 titanium alloy (op—00.65)
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Fig.5 Microstructures of the specimens at the strain of 0.7: (a, b) 800 °C/10s?, (c) 850 °C/0.01s™ and (d) 900 °C/0.01s™
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temperatures and the strain of 0.1
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Fig.11 Experimental and calculated flow stresses of the TC4 alloy

50 %.01 S’l

0.0108 .
0.0106 gth order polynomial fit
0.0104 | rR?=0.9897
0.0102
s 0.0100
0.0098
0.0096
0.0094
0.0092
0.0090

QD

01 02 03 04 05 06 07

460 = Q

4401 R’=0.9968
420+
400+
3801

360

4th order polynomial fit

01 02 03 04 05 06 07

&

PR REVEERA TN TCA Bh & S VARTE R RIS -

4.05
400+ " "
3.95f
3.90f
= 3.85f
3.801
375}
3.70f
3.65

R°=0.9947

4th order polynomial fit

0.1 0.2

03 04 05 06 0.7

46 -

< 42¢

In

40}

= InA d
4th order polynomial fit

R°=0.9947

0.1 0.2

K10 MREEHS RASHIOC R

Fig.10 Variations in constitutive parameters as a function of strain: (a) «, (b) n, (c) Q, and (d) InA

M&.om S

0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8
True Strain

03 04 05 06 07

&

at various temperatures and various strain rates: (a) 850 ‘C
and (b) 900 C

300
g
250+ o
=
8200}
k7l o &'
21501 . oD
s 100
BT P
% 50l A o Data point
o Best linear fit
- 0
0 50 100 150 200 250 300
Experimental Flow Stress/MPa
K12 sl BiiiE 5 g E Xy b
Fig.12 Comparisons between the experimental and the calculated
flow stresses of TC4 alloy
3 &

1) BEASTEIRIEREAR, NASHE R IR, TCA ER & i)
T PACTE LI K . BN T 22 B i sl e AN
R o AHIOSERlAL SRS o FERTR . Ry B AR R



+ 1326 -

Wit @A RS TR

46 %

(800~850 C. 1~10s™) ZFJHT, Jishiiit B2
WA R); fEmlE. KN ASEZ (900~950 C.
0.001~0.1 s W, FBHHAEEE AR o HIHZE5H1L 5]
L .

2) 31T 5| NRAR ) TC4 k& 4 Arrhenius A 5
T2, R RERAT HI TR 800~950 ‘C A 0.001~10 s ¥l

WIIREIN 17; 7E 800, 850 ‘CAHI10 st 44T, HiA-F
K437 4.2%, 1E 900, 950 CH10.1 st 44T,
BRSP4 0% 2500 4.3%, 1F il (900 F1950 C) &
AR (108 &N, BALRZERA.

3) £ 800~950 ‘C Al 0.001~10 s*JuHEI A, TC4 4k&
ST BGE RN 403 kd/mol, 135 37 AR 3 R AU
B4 0.26.

Sk
[1] Bruschi S, Poggio S, Quadrini F et al. Materials Letters[J], 2004,
58: 3622

References

[2] Seshacharyulu T, Medeiros S C, Morgan J T et al. Materials
Science and Engineering A[J], 2000, 279: 289

[3] Xiong Aiming(#&5Z 1), Chen Shenghui(B4 %), Huang Weichao
(BE4E#8) et al. Rare Metal Materials and Engineering (7 4 /&
#HELHS TRE)[J], 2003, 32(6): 447

[4] Chen Huigin([ £ %%), Lin Haozhuan(#R31-4%), Guo Lin(3F &) et
al. Journal of Materials Engineering(#4 %} _L#£)[J], 2007, 1: 60

[5] Semiatin S L, Bieler T R. Acta Materialia[J], 2001, 49: 3565

[6] Kim J H, Semiatin S L, Lee C S. Acta Materialia[J], 2003, 51(18):
5613

[7] Ma X, Zeng W D, Sun Y et al. Materials Science and Engineering
A[J], 2012, 538: 182
[8] Porntadawit J, Uthaisangsuk V, Choungthong P. Materials Science
and Engineering A[J], 2014, 599: 212
[9] Verlinden B, Driver J, Samajdar | et al. Thermo-Mechanical
Processing of Metallic Materials, 1st Ed[M]. Amsterdam: Elsevier,
2007
[10] Liao S-C, Duffy J. J Mech Phys Solids[J], 1998,46: 2201
[11] Yang Y, Wang B F. Materials Letters[J], 2006, 60: 2198
[12] Zhang Jing, Tan Chengwen, Ren Yu et al. Transactions of
Nonferrous Metals Society of China[J], 2011, 21: 2396
[13] Cai J, Li F G, Liu T Y et al. Materials and Design[J], 2011, 32:
1144
[14] Rezaei Ashtiani H R, Parsa M H, Bisadi H. Materials Science
and Engineering A[J], 2012, 545: 61
[15] Zou D N, Wu K, Han Y et al. Materials and Design[J], 2013, 31:
3599
[16] Wu H Y, Yang J C, Zhu F J et al. Materials Science and
Engineering A[J], 2013, 574: 17
[17] Liu Jinhao(x1l4:%%), Liu Jiansheng(X|4), Xiong Yunsen(fEiz
#%) et al. Rare Metal Materials and Engineering (7 <& £kl
5 IFE)[J], 2013, 42(8): 1674
[18] McQueen H J, Ryan N D. Materials Science and Engineering
A[J], 2002, 322: 43
[19] Sellars C M, Mc Tegart W J. Acta Metal[J], 1966, 14(9): 1136

Flow Softening Behavior and Constitutive Equation
of TC4 Titanium Alloy during Hot Deformation

Xu Yong*?, Yang Xiangjie*, He Yi*, Du Danni*
(1. Nanchang University, Nanchang 330031, China)

(2. Nanchang Hangkong University, Nanchang 330063, China)

Abstract: Hot compression tests were conducted on TC4 titanium alloy at different temperatures in a range of 800~950 <C and at different strain

rates in the range of 0.001~10 s™. Flow softening behavior of this alloy was investigated. Results show that the flow softening degree increases

with the increasing strain rate and the decreasing temperature. Meanwhile, softening is mainly attributed to flow instability at temperatures of 800

and 850 T, strain rates of 1 and 10 s™*. Conversely, softening is dominated by globularization of lamellar alpha at temperatures of 900 and 950 <C,

strain rates of 0.001, 0.01 and 0.1 s™. In addition, the effect of strain is incorporated in the Arrhenius equation by considering the effects of strain

on material constants including «, n, A and Q. The calculated flow stresses are compared with the experimental results. It is indicated that this

model gives precise estimation for the flow stress, especially at 800~850 <€ and 10 s, 900~950 < and 0.1 s™. The average deformation activation

energy is about 403 kJ/mol and the average strain rate sensitivity exponent of TC4 alloy is 0.26.

Key words: TC4 titanium alloy; flow softening; constitutive equation; hot working
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