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Microstructure evolution and numerical simulation of TA15
titanium alloy during hot compressive deformation

TANG Ze, YANG He, SUN Zhi-chao, LI Zhi-yan, DUAN Hua

(College of Materials Science and Engineering, Northwestern Polytechniacal University, Xi'an 710072, China)

Abstract: Hot compressive deformation of TA15(Ti-6Al-2Zr-1Mo-1V) titanium alloy was carried out with the
hot-simulation machine of Gleeble—1500 over the range of deformation temperature from 860 “C to 1 100 ‘C, strain rate
from 0.001/s to 10/s, deformation from 15% to 75%. The results reveal that the volume fraction of primary a decreases
and the dynamic recrystallization is restrained along with increasing temperature, the primary o grain size increases a
little along with increasing strain rate in the temperature range from 860 ‘C to 980 “C. The main softening mechanism is
dynamic recovery , the microstructure is flat § grain and there is a little dynamic grain of indention on the grain boundary
from 1 040 C to 1 100 ‘C. The microstructure evolution model of primary a volume fraction, grain size and dynamic
recrystallization fraction of TA15 titanium alloy in (a+p) field is established based on quantitative metallurgical technique.
By combining the microstructure model with finite element method, the microstructure evolution is predicted during
isothermal compressive deformation. The average error is smaller than 13% by comparing the results of simulation and
experiment.
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Fig.1 Schematic diagram for hot compression
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Fig.2 True stress—strain curves of TA15 titanium alloy at
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Fig.3 True stress—strain curves of TA15 titanium alloy at

same temperatures and different strain rates: (a) 860 C;

(b) 920 C; (c) 1 040 °C
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Fig.4 Microstructures of hot deformation under different conditions: (a) Initial microstructure; (b) 860 ‘C, 0.001/s; (c) 920 C,

0.01/s; (d) 980 °C, 0.1/s; (¢) 1 040 °C, 10/s; (£) 1 100 °C, 1/s

3 TALS k&MU ELRELIER

—MNA, AR AR T B0 B S 8 HOROE REAH
W, BRI EBERANLE . AR
Arrhenius XU E 5% 5 R 28DV HHAS 2] TALS Bk &4A4E
(o+P) A X A FE PG BE A 578 KI/ mol, B HLAHIX (148
TS RE N 215 kI/mol. 1% 5 FE N

¢ = Alsinh (aap)"]exp(—%) (1)

12 VISR o MY EOMGE R 204 KJ/
mol, A M HUMIHEE A 166 kJ/ mol. {E(a+p)HAHIX,
AR AR WO B KK e T4 BOsaE A . PRIt T LA
i, EPHX WAL R LS A TS i o 32 ThidE B
A, AR TS e R T RO AE, BRItk
FH B3 AL LA AR 5

TALS BAA 4 RUBE 5 18 5 75 (at B AH X,
AR AR P PR P8 T LA AR R 30~50 C o WIHTAT
R, LE (@t PP o AHEAL LA AR TR 45 0 o0
DA AT 75 T S A B ) 2 S 1 o)
SEE TG T HA PG ST RE M Kopp B, ger T
(oc+B) W AT X S VE A A o AT 1) ko ST R P i
R BORRL, FEARAE I ) 22 SR B ST T R A o AR
T BB

R1 WL o MR RMRFR 3 5L

Table 1 Grain size and volume fraction of primary o phase

Deformation  Strain True Grain Volume
temperature/'C  rate/s ! strain size/um  fraction
0 0 8.71 0.713
10.000 0.163 7.43 0.655
1.000 0.357 8.55 0.591
860
0.100 0.598 7.33 0.593
0.010 0916 8.24 0.536
0.001 1.386 5.50 0.618
0 0 9.15 0.555
1.000 0.163 8.03 0.414
0.100 0.357 6.85 0.411
920
0.010 0.598 6.55 0.358
0.001 0.916 7.13 0.426
10.000 1.386 5.23 0.385
0 0 9.33 0.203
0.100 0.163 8.07 0.157
0.010 0.357 7.31 0.176
980
0.001 0.598 7.35 0.196
10.000 0.916 5.35 0.153
1.000 1.386 5.50 0.136
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Table 2 Parameters for model

Parameter Value Parameter Value
a 0.042 ay 1.502
a, 0.045 a 9.875
as 0.033 ap —0.037
a 2.14X107° apn -0.01
as -0.015 ap 1.97 X 10°
as 0.13 0 578 000
a; 0.83 o 152963
as 0.693
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Fig.6 Average grain size of primary a under different hot
deformation conditions (reduction 45%): (a) 920 ‘C, 10/s;
(b) 980 °C, 10/s
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