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aligns the close-packed (1 120), directions along SD, the
(1010), directions along the SPN, and the close-packed
{0001}, basal planes along the radial direction, perpen-
dicular to both the SD and SPN. The pole figures in Fig-
ure 2(b) reflect this local orientation of the texture. The
rotations (¢, @, ¢,) required to bring the pole figures
into this frame of reference are (—13°,36°,68°) and
(—2°,—35°,10°) for the regions ahead of the tool and be-
hind the tool, respectively. These rotations reflect the
consistent 35° tilt imposed by the tapered tool. The
resultant texture is directly comparable to the B/B
fce texture reported in aluminum friction stir welds
[3,6,10-12], in which the close-packed (110}, directions
are aligned along SD and the close-packed {111},
planes are aligned along the radial direction, perpendic-
ular to both the SD and SPN.

The predominant deformation during FSW, particu-
larly in regions close to the tool, is expected to be simple
shear, as confirmed in previous FSW studies of alumi-
num alloys [3,4,6,10-12,21]. In bcc metals, simple shear
deformation produces partial fibers belonging to
{hki}(111) and {1 10}(uvw) types, as revealed by exper-
imental and modeling studies of torsion deformation
textures [22-24]. The texture components of these simple
shear textures are shown in the {110}, pole figure, Fig-
ure 3(a). Superimposing these {110}, . shear orienta-
tions on the {0001}, pole figure from the deposited
weld (shown at the bottom of Fig. 2(b)) shows an excel-
lent agreement between the observed texture and the
D,(112)[111] bce texture components, as shown in
Figure 3(b). This excellent agreement between the exper-
imental {0001}, = texture and the predicted {110},
shear texture is not unexpected since the Burgers OR
aligns these close-packed planes in a parallel orientation.
The observed hcp o texture thus appears to be inherited
directly from the D,(112)[111] shear texture of the
high-temperature bcc B phase.

In one of the first studies of texture in titanium fric-
tion stir welds, Reynolds et al. [16] studied friction stir
welds of a p-titanium alloy and observed excellent
agreement between the observed shear texture in the
weld nugget and the shear textures reported by Rollett
and Wright [25] for bec tantalum. However, Reynolds
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Figure 3. (a) Schematic {110}, . pole figure (in stereographic projec-
tion) showing the main texture component orientations and fibers
associated with simple shear deformation of bcec metals (after Li et al.
[28]). (b) Superposition of the {110}, . simple shear texture compo-
nents on the {0001}, pole figure of the deposited weld (rotated into
the shear reference frame) from Figure 2(b).

et al. used a rather significant rotation (30°) about ND
to bring their observed shear textures into alignment
with the bee tantalum shear texture. The texture of the
present Ti-5111 friction stir weld requires a similar
(~ 35°) rotation to align the hcp o texture of this weld
with the bcc tantalum shear texture, suggesting that
the same D,(112)[111] texture was produced in both fric-
tion stir welds. Indeed, superposition of the textures ob-
served by Reynolds et al. [16] (without the 30° rotation
about ND to align with the Rollett and Wright data)
onto the present Ti-5111 texture, Figure 4, demonstrates
that the p-titanium texture nearly matches (within
~10°) both the current data and the calculated
Dy(112)[111] shear texture. (The {1120},  texture
components without a corresponding {111}, . compo-
nent in Fig. 4 are the result of an increased multiplicity
of the hcp orientations.) These results suggest that there
may be a misorientation between the Rollett and Wright
bee tantalum texture and the actual shear frame of ref-
erence while confirming that the texture observed after
friction stir welding of p-titanium is the same
D,(112)[111] shear texture observed in the present
Ti-5111 friction stir weld.

A recent study by Mironov et al. [26] examined the
texture that develops in friction stir welds of an o + B-
titanium alloy, Ti-6Al-4V. This study concluded that
the retained B phase exhibited a J(110)[112] shear tex-
ture, presumably developed from {110}(111) slip. It is
not clear why the texture produced in these friction stir
welds differs from the D,(112)[111] shear texture ob-
served in both the p-titanium and Ti-5111 welds,
although Mironov et al. recognized that their conclu-
sions were based on a “very limited number of orienta-
tion measurements” from the retained  phase.

Mironov et al. [27] also examined the texture that
develops during friction stir processing of pure iron. In
that study, they consistently observed a D,(112)[111]
simple shear texture from several locations within the stir
zone, similar to the shear textures observed in both the p-
titanium and the present Ti-5111 friction stir welds. This
D,(112)[111] shear texture is also the most commonly
observed texture component that results from equal chan-
nel angular extrusion of bce iron [28,29].
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Figure 4. {110}, and {111}, pole figures displaying the positions
of the peaks observed in the weld nugget of a B-titanium friction stir
weld (starred) [16] superimposed on the o textures observed in the
present study ({0001}, and {1120}, pole figures of the deposited
weld from Figure 2(b)).
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Beausir et al. [30] have recently studied the ideal crys-
tallographic textures that develop during simple shear
deformation of hep crystals. One of these hcp shear tex-
ture components, the P; component, matches very well
with both the central (and strongest) component in the
{0001}, pole figure and the texture components
around the peripheries of the {1010}, and
{1120}, pole figures, all of which are also contained
in the bcc Dy(112)[111] shear texture. The elevated
strength of these specific texture components suggests
that this hcp P, shear component may also contribute
to the observed texture, although the multiplicity of ori-
entations in the {0001},  pole figure confirms the prev-
alence of the bee D,(1 125[1 11] shear texture.

In conclusion, friction stir welds in the near-o-tita-
nium alloy, Ti-5111, have been examined by electron
backscatter diffraction. The high temperatures and
extensive shear deformation adjacent to the tool gener-
ate a microstructure of fine o laths within equiaxed
prior-B grains. The resultant texture closely matches
that of a D,(112)[111] bee simple shear texture that
was transformed to hcp according to the Burgers orien-
tation relationship, aligning the {110}, .. and {0001}, ,
planes parallel to each other. This indicates that the
material is deformed above the B transus during welding
and that the o texture is inherited directly from a simple
shear texture of the high-temperature f phase. While
this texture differs from that reported in friction stir
welds in Ti-6Al1-4V, it is similar to those produced dur-
ing friction stir welding of a B-titanium alloy, friction
stir processing of pure iron, and equal channel angular
extrusion of bcc iron. However, the strength of some
of the observed D,(112)[111] texture components indi-
cate that an hcp P, shear texture component may also
contribute to the observed texture.
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