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Abstract

The high-temperature deformation mechanisms of a a+p titanium alloy (Ti-6Al-4V), near-c titanium alloy (Ti-6.85Al-
1.6V) and a single-phase o, titanium alloy (Ti-7.0Al-1.5V) were deduced within the framework of inelastic-deformation
theory. For this purpose, load relaxation tests were conducted on three alloys at temperatures ranging from 750 to 950°C.
The stress-versus-strain rate curves of both alloys were well fitted with inelastic-deformation equations based on grain
matrix deformation and grain-boundary sliding. The constitutive analysis revealed that the grain-boundary sliding
resistance is higher in the near-o alloy than in the two-phase a+fB alloy due to the difficulties in relaxing stress
concentrations at the triple-junction region in the near-a alloy. In addition, the internal-strength parameter (c*) of the
near-o. alloy was much higher than that of the a+f alloy, thus implying that dislocation emission/ slip transfer at o/a
boundaries is more difficult than at a/§ boundaries.
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Fig. 1 An internal variable model for describing the
high temperature deformation: (a) rheological
model and (b) topological model
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v" Jump frequency

Q: Activation energy for dislocation glide
0. " Conjugate reference strain rate of o*
G: Internal shear modulus
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Table 1 Chemical composition of Ti-alloys used in

this work

Fig. 2 Optical micrographs of as-received (a) Ti-
7.0Al1-1.5V (b) Ti-6.85Al-1.6V, and (c) Ti-6Al-
4V program alloys

Table 2 Temperature dependence of the grain size
and volume fraction of the alpha phase in
Ti-6A1-4V, Ti-6.85A1-1.6V, and Ti-7.0Al-
1.5V alloys

Alloys

Temp.
()

Ti-6A1-4V | Ti-6.85Al1-1.6V

a vol. fraction| a vol. fraction
(grain size) (grain size)

Ti-7.0Al-1.5V

a vol. fraction
(grain size)

Chemical composition (in wt. percent)

Alloy
Al { V | Fe| O| N | C|H

Ti-6Al-4V | 6.19 | 405 | 0.19 | 0.12 | 0.01 | 0.02 | 0.004

Ti-6.85Al-

6.85 1.6 | 0.13 | 0.17 | 0.01 | 0.03 | 0.008
1.6V
Ti-7.0Al-

7.0 1.5 [<0.01] 0.15 - - -
1.5V

750 71% 96% 100%
(13um) (14pm) (33um)

815 63% 96% 100%
(13um) (15um) (33pm)

000 45% 93% 100%
(12pm) (15pm) (33pum)
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Table 3 Estimated Hall-Petch constant (&) at a
- specific temperature

Temp. (T)| 300 500 | 650 750 815 900 950

0.446 | 0.282 | 0.167 | 0.096 | 0.029 | 0.024 | 0.021
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Fig. 3 Stress-versus-strain-rate data for; (a)Ti-7.0Al-
1.5V, (b)Ti-6.85A1-1.6V, and (¢)Ti-6Al-4V alloy
obtained from load-relaxation tests at various
temperatures

Table 4 Variation of strain rate sensitivity and stress
with microstructure at 815, 10 /sec

Temperature = 815 C, strain rate =10"/sec

Alloy sensiiir::?yra:/ealue Stress (MPa)
Ti-7.0Al-1.5V 0.33 55
Ti-6.85Al-1.6V 0.37 28

Ti-6A1-4V 0.45 14
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Fig. 4 Comparison of measured stress-versus-strain-rate data from load-relaxation tests on Ti-alloys (m) and fitted

. curves based on the internal-variable meodel; in (a, b, ¢) Ti-6Al-4V, (d, e, f) Ti-6.85A1-1.6V, and (g, h, i) Ti-
7.0A1-1.5V
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Table 5 Constitutive parameters for and Ti-6Al-
4V, Ti-6.85A1-1.6V, and Ti-7.0Al-1.5V alloy
determined from load-relaxation tests

Grain-Matrix- Grain-Boundary -
Temp.
Alloy Deformation

Sliding
(T)

* . ok .
log 64 |logal p |logZylog€o M,

750 | 2,72 | -2.23 10.15] 098 | -6.34 | 0.5

815 | 2.57 | -1.71 |0.15| 0.61 | -6.23 | 0.5
6AI-4V|

900 | 2.23 | -1.53 |0.15| 0.14 | -6.11 | 0.5

Ti- | 750 | 2.85 | -2.32 |0.15| - - -

6.85Al) 815 | 2.80 | -1.71 10.15| 1.16 | -5.79 | 0.5

-L.6V | 900 | 2.63 | -1.49 [0.15]| 0.68 | -5.95 | 0.5

Ti- | 750 | 2.88 | -2.52 |0.12| - - -

7.0Al-| 815 | 2.85 | -1.60 |0.12| 1.08 | -6.51 | 0.5

1.5V | 900 | 2.63 | -0.99 |0.12| 0.86 | -5.66 | 0.5
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Table 6 Comparison of calculated and experimental
internal strength parameter (¢*) at a-o and
a-f boundary

2 Ti-6.85A1-1.6V 2 @4 Ti-7.0A1-1.5V &a9 12 ¥ A%

Experimental Calculated (MPa)

Temp.

() ¥ way /
IOgG*avg, /&-u fot-B lOgc*(u-u) IOgG*(u-p) "
O (wp)

2.72 0.40 | 0.60 )
750 2.85 096 | 0.04 2.87 2.58 1.9
2.88 1.00 | 0.00

2.57 0.10 | 0.90
815 2.80 096 | 0.04 2.83 2.53 2.0
2.85 1.00 | 0.00
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Table 7 Calculated friction stress parameter (Z,) at
o-o and o-f boundary

Temp. Experimental Calculated (MPa)

( C ) IOng avg. f:x-a f;t»ﬁ Zg (o) Zg (a-Py Zg (o-a) / Zg (e-
B)

4.07 0.10 | 0.90
815 | 1445 | 096 | 0.04 | 15.7 2.7 5.8
16.38 | 1.00 | 0.00

Ti-6Al-4V

Fig. S Macrograph of fractured tension specimens

tested at 815°C and an initial strain rate of
10741
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