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Aims of the experiment and scientific background

The underlying aim of the work is to link variation in Friction Stir Welding (FSW) process parameters
with residual stress, mechanical properties and dynamic joint performance. Thus synchrotron diffraction
residual stress measurements was performed on a set of 5 by 270 mm long welds, made using on MTS
ISTIR platform in 3 mm Ti-6Al-4V plate using positional control, a tool rotational speed of 550 rpm and a
Lanthanated tungsten tool. Weld conditions are given in Table 1 as are the tensile properties of the welds
and the heat input. A backing plate of Haynes 230 alloy was employed to assist in producing sound welds
with easy release. These welding parameters produced almost defect-free welds, with only small root-
flaws present in all welds.

Table 1: Welding conditions for FSW Ti-6Al-4V

X-
Travel _ I(ZlfNr():e Heat _
speed Pitch Torque Z-force | Input UTsS Elongation

Name (mm/min) (mm/rev) (Nm) (kN) (kJ/mm) (MPa) | (%)

W5 165 0.30 32 1.2 9.1 0.67 1014 |8

w4 135 0.25 31 14 8.2 0.79 1010 |3

w3 105 0.19 28 11 6.9 0.92 1002 |5

w2 75 0.14 28 2 6.5 1.29 1029 |12

W1 45 0.82 28 2 5.5 2.15 1059 4
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Figure 1

Residual stresses were measured in the plates on beam line ID15A
at the ESRF, Grenoble. The beam line was operated in energy-
dispersive mode, with two detectors placed at 5° with respect to the
incoming beam. This ensures that the scattering vectors, i.e. the
directions in which strain is measured, are virtually orthogonal, thus
providing two directions of strain simultaneously. The experimental
setup on the ID15A instrument is shown in Fig. 1.

Figure 2 shows the Vickers hardness values for the set of welds.
Some scatter in the data persists, despite repeated measurements and
averaging. The hardness of the parent material is of the order 310-
320 HV. The hardness increase, but increases significantly to
between 340-360HV in the stir zone (nugget). A clear correlation
between increase in traverse speed and increase in hardness can be
observed in Figure 2, suggesting that the decrease in average heat

input with increasing traverse speed reduces the hardness. Some metallurgical work was also carried out,
using an SEM and EBSD images of the weld and parent regions. This indicated that the parent plate
contains about 4% B-phase and that the weld nugget region is virtually free from any p-phase.
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welds of age-hardening aluminium alloys or steels.

As one would expect for this alloy, and as confirmed
by the EBSD image of the weld nugget, the thermo-
mechanical cycle in FS welding significantly affects
the microstructure and the amount of B-phase present
in the weld zone. Figure 3 shows the integrated
intensity (in arbitrary units) of the p-(1 1 0)
diffraction peak as a function of position from the
weld line. It is clear that the very little B is present in
the nugget.

In order to be able to calculate the overall residual
stresses in the nugget, the volume fraction of  phase
has be approximated (using Figure 3) by the formula

VFp(x) = VFem — (0.9VFem)*Exp(-(x/5)"), with a
parent material volume fraction VFpy = 4% as
obtained from EBSD. This approximation is scaled
to integrated intensity and shown as the “fit’ line in
Figure 3. Hence less than 0.5% of  phase remains
in the stir zone. From the fitted data we can extract
the lattice parameters for each phase using GSAS, to
allow calculation of strain and hence stresses. The
residual stress profiles at the weld line are shown in
Figure 4 and they show an increase in nugget
magnitude with increasing travel speed (and thus
reduced heat input). This goes hand in hand with
the increase in hardness noted above and is
reminiscent of similar behaviour observed in the
parametric studies of residual stresses in friction stir
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