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Effects of Temperature and Strain Rate
on Load—Displac;ement Curves of a g-Ti Alloy Ti-15V-3Cr-3Sn-3Al

Hideaki Moriya, Kotobu Nacai, Yoshikuni Kawase and Atsumasa Okapa

Synopsis : Load-displacement curves of a solution-treated 8 titanium alloy were investigated in the temperature range between
77 and 355K at the crosshead speed from 0.05 to 50mm/min (initial strain rate from 3.3X107% to 3.3X 1072 s77).

At higher temperature or lower crosshead speed, the alloy work-hardens gradually as it deforms and reaches the
plastic instability after showing some uniform elongation. On the other hand, at lower temperature or higher crosshead
speed, the alloy shows the plastic instability at the very initial stage of plastic deformation.

The above-mentioned results were discussed, based on the equation of plastic instability, de/de =o.

The flow stress increases remarkably with a decrease in test temperature or with an increase in strain rate. However,
the work-hardening rate little depends on strain and strain rate, and increases proportionally to the Young’s modulus

with a decrease in test temperature.

Thus, it is concluded that the plastic instability occurrs at the earlier stage of deformation as the temperature lowers

or the strain rate increases.
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Table 1. Chemical composition of the alloy tested (wt%).

N C Fe H Ti
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Sn
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A\ Cr
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Fig. 1. Microstructure of the as-quenched speci-
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Fig. 2. Round type tensile test piece.
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Fig. 3. Load-displacement curves at the various
temperatures at the crosshead speed of
5mm/min.
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Fig. 4. Load-displacement curves at the various
crosshead speeds at 293K.

Fig. 5. Microstructures of the ruptured specimens.
(2)181K, 5mm/min, uniformly deformed part.
(b)181K, 5mm/min, fracture edge {(necking

part.)
(©)77K, 0.5mm/min, uniformly deformed
part.
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Table 2. Transition of load-displacement curve by
test temperature and crosshead speed.

T Crosshead speed (mm/min)
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g 355 s s s s
g 293 s s c c
2
% 237 c c c c
= 181 c c c c

S:§ type curve shows the gradual work-hardening
until the maximum load point.

C:C type curve shows the maximum load point at the
first stage of deformation without the adequate
vork-hardening.
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Fig. 6. (a) Load-displacement curve in interrupted
tensile test (S type).

(b) Change of diameter at various stages of

interrupted tensile test in S type curve.
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Fig. 7. (a) Load-displacement curve in interrupted
tensile test (C type).
(b) Change of diameter at various stages of
interrupted tensile test in C type curve.
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Fig. 8. Stress-strain curves at the crosshead speed
of 50 and 0.5mm/min at 293K.
(solid line ; given from equation (1), broken
line ; given from equation (2)).
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Fig. 10. Relation between stress at 0.296 nominal
strain and work-hardening rate.
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