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Effect of Deformation Reduction on the Microstructure, Texture and
Mechanical Properties of Forged Ti-6A1-4V
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Abstract: The microstructure of commonly used forged Ti-6Al-4V mainly includes equiaxed, lamellar and bimodal
structures. These structures and corresponding microstructure characteristics, such as grain size distribution, have a major
impact on the tensile and fatigue properties of Ti-6Al-4V. However, there are few studies on the correlation between
microstructure and mechanical properties under actual processing conditions(e.g., nonisothermal conditions and nonconstant
strain rates). Based on this, the effect of nominal reduction during forging on the microstructures, tensile and fatigue
properties of Ti-6Al-4V has been investigated in this paper. The microstructure of the initial material is a combination of
equiaxed and lamellar o phases. With further deformation and annealing, the volume fraction of globular primary o
increases by approximately 20% as the nominal reduction increases from 10% to 50%. More notably, the ultimate tensile
strength and yield strength increase by ~50 MPa with the ductility remaining constant, which is attributed to the increase in
the globular o phase volume fraction and decreasing alignment of the « phase basal planes with the tensile direction. The
fatigue strength also increases with more nominal reductions. The significance of these observations is discussed in terms of
the effect of an increased volume fraction of globular primary o on the bimodal microstructure after forging and annealing
in Ti-6Al-4V.
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Fig.1 Pictures of the thermo-mechanical processing
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Fig.2 Schematic of mechanical testing samples sectioned from
the forged pancakes. (The forging direction Z and radial 2.1
direction R of the billet were labelled) 3
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Fig.3 Representative optical micrographs of as-received Ti-6Al-4V at low and high magnifications
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4 Ti-6Al-4V
Fig.4 Optical micrographs taken from different magnification of forged and mill annealed Ti-6Al-4V with different reduction at the
longitudinal plane
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Fig.5 Equivalent diameters and aspect ratios of o grains, and volume fractions of primary and globular primary o of the Ti-6Al1-4V
alloys under different conditions (the globular primary « phase refers to the primary o with aspect ratio smaller than 3:1, and volume
fraction of globular primary a phase is calculated as the fraction of which among all the primary o)
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Fig.6 (0002) pole figures of the ‘ZR’ planes from the calculated ODFs from XRD texture analysis for as-received pre-form billet,
P10, P30 and P50, with the forging axis and radial axis marked in the coordinate. The pole figures have been rotated 90° around X axis
to conveniently demonstrate the orientation of (0002) plane, which makes the Z axis (perpendicular with the X and Y axis) same as
forging axis

7
Fig.7 Inverse pole figures of P10, P30 and P50 from the gripping sections of tensile bars. The tensile loading axis, which is along the
radial direction of forged sample, is perpendicular to the orientation maps

8 a , ( 71 )
Fig.8 Pole figures of a phase in P10, P30 and P50 from the gripping of tensile bars. The tensile loading axis, which is along the radial
direction of forged samples, is perpendicular to the orientation maps (parallel with the Z1 direction on the orientation map)
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9 a TEM , a
Fig.9 Grain orientation spread (GOS) of the o phase in different samples calculated from EBSD results indicating the similarity of the
residual strain in all the three samples. TEM images of P10 and P50 showing the dominant presence of a-type dislocations
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Fig.10 Tensile properties (with standard deviation as the error bars) and fatigue performance (S-N curves) of P10, P30 and P50
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Fig.11 The fracture surfaces of the tensile failed samples from P10, P30 and P50
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