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The Effect of Microstructure on the Static and
Dynamic Deformation Behavior of Ti-6Al-4V Alloy

D. G. Lee, Y. H. Lee, S. H. Lee, S. M. Hur and C. S. Lee

Abstract
The effects of «-phase morphology on the static and dynamic deformation behavior of a Ti-6Al-4V
alloy was investigated in this study. Static tension test, static and dynamic torsion test, and hot
compression test were conducted on three microstructures of Ti-6Al-4V alloy, ie, equiaxed,
widmanstitten and bimodal microstructures. Fracture surfaces of all three microstructures represented
ductile fracture appearance, though the formation of adiabatic shear bands was noticed at dynamic torsion
test. The susceptibility of forming adiabatic shear bands was greatest in the equiaxed microstructure and

lowest in the bimodal microstructure, which was evidenced by hot compression test.
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Fig. 1 Schematic representation of heat treatments
; (a) Widmanstitten, (b) Equiaxed, (c) Bimodal
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Fig. 2 Optical photographs of (a) Widmanstitten, (b)
Equiaxed, (¢) Bimodal
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Table 1 Tensile Results of the Three Microstructures

, Yield [%grrlr;?l? Elongation
Microstructure Sg\%l)gagh strength (Pct)
(MPa)
Widmanstitten 829 897 12.7
Bimodal 1070 1134 107
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Fig. 3 Shear stress-strain curves obtained from static
torsion tests for three microstructures
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Fig. 4 Shear stress-strain curves obtained from dynamic
torsion tests for three microstructures

HYLE i ¥HE &5 FUl et 5L 89
& JEMRlen, di¥Ee Z$ Bimodal £&o] 713
2 FHU3HH(peak stress)S Yehhgien, WA
(softening) = EF 2o u]& uf-$- 2 Ho|th

800 - 750°C - 100/s

True Stress (MPa)

=== Widmanstatten

y T T d
0.0 0.2 0.4 0.8 0.8 10

True Strain

(@)

400 - 850°C - 100/s

True Stress (MPa)

—— Bimodal
~~~~~~ Equiaxed
ot Widmanstaiten

100

y ¥ y v ]
0.0 0.2 0.4 0.6 08 1.0
True Strain

(b

Fig. 5 Flow stress-strain curves obtained from hot
compression tests at (a)750TC, (b)850TC with
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Fig. 6 The shape of fractured specimen obtained from
hot compression tests of Equiaxed at 750°C, 10%s
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Fig. 7 SEM photographs of the deformed area of
fractured torsional specimens under dynamic
loading condition ; (a) Widmanstiitten, (b)
Equiaxed, (c) Bimodal
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Fig. 8 SEM photographs of the deformed area of
fractured torsional specimens under dynamic
loading condition ; (a) Widmanstatten, (b)
Equiaxed, (¢} Bimodal
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