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Short-term creep constitutive relation and
stress relaxation behavior of Ti6Al4V alloy at high temperature

DU Shun-yao, CHEN Ming-he, XIE Lan-sheng, ZHANG Cheng-xiang

(College of Mechanical and Electrical Engineering,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The stress relaxation tests of Ti6Al4V alloy were conducted at different temperatures (650, 700 and 750 C),
initial stresses (100 and 150 MPa), pre-strains (3.97% and 15.87%). The stress relaxation behavior of Ti6Al4V alloy and
influence of different factors at high temperature were discussed. Based on the experimental data of stress relaxation, the
relationship between short-term creep strain rate and stress was deduced. Then, the short-term creep constitutive equation
of Ti6Al4V alloy at high temperature was obtained by fitting the creep strain rate—stress curves. The short-term creep
constitutive relation at high temperature was used to simulate the stress relaxation behavior of Ti6Al4V alloy by
integrating the relation into finite element software ABAQUS. The results show that the stress relaxation of Ti6Al14V
alloy can be divided into two stages: At the first stage, the stress relaxation rate is very fast and the residual stress reduces
sharply, which lasts 250 s, While at the second stage, the stress relaxation rate is relatively slow and the residual stress
tends to the limit after 2000 s. Temperature has significant influence on the stress relaxation of Ti6Al4V alloy. The rise of
temperature can accelerate the stress relaxation rate, and the higher the temperature is, the smaller the stress relaxation
limit is. Stress relaxation limit increases with the increase of initial stress and pre-strain which have small effect on the
stress relaxation behavior. The simulated results and the experimental stress relaxation curves are with a high degree of
similarity, which validates the dependability of the short-term creep constitutive relation at high temperature.
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Table 1 Chemical composition of Ti6Al4V alloy (mass

fraction, %)
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Fig. 1 Size of specimen (unit: mm)
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Fig. 2 True stress relaxation curves of Ti6Al4V alloy at

different temperatures: (a) 650 ‘C; (b) 700 ‘C; (¢) 750 C
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Fig. 5 Stress relaxation curves of Ti6Al4V alloy at different
temperatures and pre-strains: (a) 650 C; (b) 700 C; (¢) 750 'C
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Table 2  Stress relaxation equation parameters of Ti6Al4V alloy sheet under different conditions

Temperature/'C Initial state 0./MPa B/MPa C/MPa 71/MPa 7,/MPa
£=3.97% 6.64 10.02 84.91 760.69 63.04
£0=15.87% 5.12 12.53 173.23 1410.93 61.39
00 =100 MPa 7.60 6.37 83.16 1180.82 78.35
=150 MPa 13.23 747 123.98 1181.61 61.69
£=3.97% 3.04 17.92 111.46 199.96 30.31
£0=15.87% 3.80 17.85 203.25 228.03 20.73
0 =100 MPa 2.16 8.98 86.53 882.85 35.39
0=150 MPa 7.88 35.73 106.38 117.53 18.70
£5=3.97% 2.48 10.29 294.47 210.26 12.64
£0=15.87% 2.20 14.20 129.28 244.76 34.23
720 =100 MPa 2.29 22.56 75.16 64.62 9.07
=150 MPa 3.34 16.89 129.81 94.70 8.27
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Fig. 8 Short-term creep strain rate—stress curves of Ti6Al4V
alloy at different temperatures: (a) 650 C; (b) 700 C;
() 750 C
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Table 3 Material constants of short-term creep constitutive

equations at high temperature

Temperature/ Al D,/ Dyl Ouitical
C (MPa s (MPa sy ! MPa
650 1.18X 107 3.36 0.55 —22.94 60
700 431X107* 2.64 0.60 -18.25 60
750 538X107% 2.47 0.72 —31.88 60
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