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High temperature deformation behavior of
TC4 titanium alloy and its flows stress model

LUO lJiao, LI Miao-quan, LI Hong, YU Wei-xin

(School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The effect of processing parameters on deformation behavior of TC4 titanium alloy were investigated by using
compression tests. The experiments were carried out in a Thermermaster-Z simulator at deformation temperatures
of 1 093— 1 303 K, strain rates of 0.001-10.0 s, and height direction reduction of 60%. The results show that the flow
stress of TC4 titanium alloy increases quickly with the strain and reaches a peak, then decreases to a steady value. The
steady and peak stress significantly decreases with the increase of deformation temperature and decrease of strain rate,
and the strain rate and the deformation temperature would also affect the critical value of strain to reach the steady flow
of TC4 titanium alloy during high temperature deformation. The flow stress model of TC4 titanium alloy during high
temperature deformation was established by using the regression method. The average relative difference between the
calculated and experimental flow stress is 6.25%. The flow stress model can efficiently predict the deformation behavior
of TC4 titanium alloy during high temperature deformation.
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TC4 1 TC4
TC4 Table 1 Chemical compositions of TC4 titanium alloy (mass
TC4 fraction, %)
6.500 0 42500 0.0400 0.020 0
N O H Ti
0.0150 0.160 0 0.001 8 Bal.
1
TC4 90 mm +=1.0
1
1023 K 90 min —
TC4 (K) 1093 1123 1143 1163 1183 1203 1223
1263 K 1233 1243 1253 1263 1273 1283 1293
Thermermaster—Z 1 303 (/s) 0.001 0.01 0.1 1.0 10.0
d 8 mm 60%
> 12 mm 7.6 mm
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Fig.1 Typical flow stress curves of TC4 titanium alloy during high temperature deformation: (a) 1 163 K; (b) 1 203 K; (¢) 1 273 K;
(d)1303K
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Fig.2 Steady stress and peak stress curves of TC4 titanium
alloy during high temperature deformation: (a) Steady stress
(¢ = 0.6); (b) Peak stress
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Fig.3 Variations of flow stress with strain rate (¢ = 0.6): (a) Two phase fields; (b) Single phase field
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Fig.4 Variations of flow stress with deformation temperature (¢ = 0.6): (a) Two phase fields; (b) Single phase field
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Table 2 Constants of TC4 titanium alloy in Eqn. (6)
Phase By B, By/10°*
(a+p) —49.804 7 1.6152 ~15.00
B -7.775 8 0.718 8 -9.27
i Phase By/10°° ByJ10°?
o=f(&T) f(e) (2) : :
(a+B) 43379 -105.5
fe) 3 B ~4.104 7 ~68.6
TC4
&7 éexp(-2) = Ay 3 4
RT
m
TC4
3)
mo=-0h g @y My, @) 6
n n RT n 6
Z-H 4)
In 0=A+BIn Z+Cln ¢ 5)
6.25% TC4
- exp(2 TC4
Z =¢cexp(—— TC4
p( 2 T) 0
B (at+p) 267.36
677.37kJ/mol A B C
TC4 5
[17]
In 0=By+B,In Z+B,(In Z)*+Bs(In Z)*+B4ln ¢ (6) 1) TC4

BO B1 Bz B3 B4
(6)
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Fig.6 Comparision of calculated with experimental flow stress of TC4 titanium alloy: (a) 1 183 K; (a) 1 243 K; (a) 1 283 K;
(a) 1303K
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