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The weld temperature, squeeze time and weld speed were kept constant for all the
joints to be formed. The samples were prepared for tensile test at room temperature

as it has been reported by the thermomechanical experiment that the best
mechanical properties of the FSWed joints at room temperature were obtained after

heat treatment. The samples were mechanically polished for removal of surface
defects before and after preparing the joints. The cross-section of the samples along
the weld joint line is shown in Figure 12. It is evident that the weld root region is free

from any sort of defects, cracks and fracture. The presence of large voids and the
cracks at the root line on account of low material flow at the root region can be

observed in Figure 13. The voids may be considered as micro-cracks due to localized
solidification defects. The crack at the root region might be due to the difference in
tensile and torsion strengths of the two materials. In this study, the highest tensile

strength (642.4 MPa) was obtained for the root region at the samples prepared with
DBL2 joint configuration while the torsion strength has been attainable for the sample
prepared with DBL1 configuration. The surface morphology of the joint surface of the

sample prepared with joint configuration, DBL2 is shown in Figure 14. It is evident
that the onion rings of high profile are formed at the root region due to the material

flow which is primarily influenced by the pin diameter and the DBL joint configuration.
The macrograph of the sample prepared with joint configuration, DBL2 is shown in
Figure 15. The weld nugget of the sample has been observed to have a diameter in

the range of 15-17 mm for all the samples. It has been reported from the prior studies
that the nugget diameter of the welded joints is a consequence of the competition

between the solidification of the dendritic arms and the liquid to solid (L-S) reaction.
Usually, the larger dendritic arm needs to grow and solidify before the reaction to be

initiated. However, the competition between the two phases may result in the
formation of the nugget region having smaller dimension than that of the plates due
to the accumulation of liquid at the root side of the dendritic arms. The average weld
cooling rate obtained from the measurement of the skin depth on the top surface of
the weld is around 400-500 degrees per second. This value is considered enough for
the formation of the DBL joint of this study which is designed to form the root section

of the joint where the material has to be compacted. This can be attributed to the
lower cooling rate for the root region where material at this region is in a liquid phase,

allowing the formation of normal solid-state weld joint without any contamination
from the diffusional end of the weld joint, as represented in Figure 4 (Schematic

representation of FSW weld-root section).
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of spiral pattern of deformation in the weld zone which
originates from a welding crack from the periphery region was
confirmed by Boller et al. (2010). The authors described the

local tensile and compressive stresses in order to characterize
the formation of weld cracking and to predict the behaviors of

the cracks in the weld zone. Figure 5(a) shows a typical
location where a spiral crack originates from the periphery of

the weld zone and propagates into the center region. The
authors observed that the local tensile stresses in the

peripheral region of the weld zone for the bond bars were
higher than the compressive stresses and increased to a peak
value at the depth of 2.5 mm. The same was observed for the
weld zone formed with X-FORCE Direct® Edition 2.0. In their

study, the authors described that the compression stresses at
1.0 mm depth were higher than the tensile stresses. However,

the compressive stresses at 1.0 mm depth for X-FORCE
Direct® Edition 2.0 were higher than the tensile stresses, as
shown in Figure 5(b). The stress curve for the SSB type of the

weld zone shows a peak value at the depth of 3.5 mm, which is
a depth beyond the overlap region. The SSB type configuration
shows a higher tensile stress in the weld zone compare to the
compressive stresses at 1.5 mm depth. This increase in the
tensile stress confirms the distortion of material flow at the

periphery of the weld nugget as observed in the current study.
The local compressive stresses at the depth of 1.0mm for SSB
is higher than the tensile stresses at the depth of 2.5 mm for
the DBL type configuration, as observed in the current study.
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