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Effect of Strain Rate on Hot Deformation Behavior of TA11 Titanium Alloys
Wang Jie, Zheng Biju
(School of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: To obtain the hot deformation processing parameters of Ti-8Al-1Mo-1V (TA11) alloy, high-temperature
compression tests were conducted on a Gleeble-3500 thermal simulator at 1247 K, and the effects of strain rate
(0.05~20 s™') on the microstructure and flow stress were studied. The results show that the hot deformation flow stress
of TA1l titanium alloy is affected by multiple mechanisms, including work hardening, dynamic recovery, and
recrystallization. At a low strain rate of 0.05 s™', the flow stress curve shows a steady-state stage, indicating that the
material can maintain relatively stable deformation behavior under these conditions. However, the flow stress increases
significantly with rising strain rate, particularly at the high value of 20 s™. In addition, a constitutive equation relating
strain rate and flow stress is established for TA11 titanium alloy.
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Table | Main chemical composition of TA11 titanium alloy ingot

Al v Mo Fe C N o Ti
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Fig.1 Microstructure of TA11 titanium alloy ingot

——=
s A
S =
S =
= =
A
!

. 3

5| =

= S|

z = >

2] —

5 =l = -

2 2| = |z

= = = ~ P~ —

— — B (=) = o
=l - ~ = = A= =
ol g = 2> x
' a8 g &9 g
Q ! Q. ]

e =

1 1 1
30 40 50 60 70 80 90
260/(%)

K2 TALl $k& &85 XRD i K
Fig.2 XRD pattern of TA11 titanium alloy ingot
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Fig.3 Specimen photos before and after compression and

schematic diagram of sampling location
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Fig.4 Stress-strain curves of TA11 titanium alloy at

different strain rates
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Fig.5 Cross-sectional morphology of TA11 titanium

alloy specimen
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Fig.6 Microstructures of different regions in cross-section of compressed specimen: (a) “dead zone”;

(b) concentration region of strain; (c) moderate deformation zone
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Fig.7 Optical microstructures of TA11 titanium alloy after deformation at different strain rates: (a) 0.05s™"; (b) 0.5s; (c) 5s™'; (d) 20 5™
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Fig.8 SEM microstructures of TA11 titanium alloy after deformation at different strain rates:

(2) 0.05s; (6)0.5s;(c)5s";(d)20 s
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Fig.9 Morphologies of recrystallized a-Ti and S-Ti

23 RENNWAWFRE

T IRNEE TALL KRGS BT ML, ik
B R0 FEAE AR L i g 22 v Re, i T AR T R
R . AR T7 RE AL R H B B e A e AR A 1) B
F1-R A K v £ 2. Arrhenius 7R C A2 H T4
RN AR T R AR AN AR N 2 TR o R U A,
52 AR S FE N B §E W 19 A2 TEAT 9 Al A BLR 45 5
AR -

Z=&exp [gj QP
RT
&=Ao"exp (— QJ 2
RT
&=Aexp (fo) exp (— gj (3)
RT
&=Asinh (ao)" exp (— 2) (4)
RT

1. Z A Zener-Hollomon Z¥1; & AR HZ, s,
R NSMHER, 8314 T-mol "K' T N4XHEEE, K

5.4
1247 K

5.2 F

5.0 F

In (¢/MPa)

4.8
4.6

4.4

4.2 1 s 1 " 1 L 1 s 1 s 1 L 1

Iné

O NAZIEILEE, 604.1 kI/mol™; o NIEE N /7,
MPa; nv m+ av A IMEVEEL a=p/m. &K (2) |
(3) WL E, o A4 2

1 . 1
In(o)= — In(¢) - — In (4) + % (5)
LI Q2
o= 5 In(£) 3 In (4) + RT (6)

NAE TR AR AR T FE SRR, TR AR AN [
HRAE (o) BALEMEIHE R BLe=0.6 B, M
JE A 50 1R B ) — A% it 2 rh i B2 R AR R AN [R] B AR
R (&) X NAIEER S (o), RN (5) F1k (6) s
AL PE R4 T SRAFREER Um A 1/B, B A3 5%
NS R m AN 4.416 777, BAE N 0.034 602 MPa™, it
B a=p/m=7.8342x10" MPa’'.

Vg W AF S g A BE ) AR T AR N (5D AT
(6) , 13 RNEAE RS AN AR Z KRR, WE
10 fion. MRAEE 10 8, wr LA e AH R 34
AT S A T AT R 4 560 T 7 VAN

1247 K

200
180

160 | -

o/ MPa

140 -
120

80

60 1 L 1 L 1 s 1 L 1 s 1 s 1

Inég

K10 TATT SR B AR 32 55 Ve (B 7 2 (8] 55 &

Fig.10 Relationship between strain rate and peak stress of TA11 titanium alloy: (a) Ing-Ino; (b) Ing-o
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