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ABSTRACT 


This research work is based on the application of Friction Stir Welding (FSW), a solid 
 state welding process, to Aluminum Alloy 2219. This alloy was supplied by Indian Space 
 Research Organisation (ISRO) where it is used for pressure vessels applications at 
 cryogenic temperature in welded construction. FSW was accomplished using an adapted 
 vertical milling machine. In order to measure process forces and temperatures during 
 experimentation, a system, was designed, developed and then interfaced to a computer 
 through a DAQ card using LabVIEW. Different tool profiles were studied during initial 
 trials with the stepped triangular profile proving to be most efficient in terms of defect free 
 welding and joint characteristics. Final experimentation was done according to Taguchi L9 
 orthogonal array. The independent process parameters selected were tool rotational speed, 
 welding speed, shoulder diameter and pin diameter. It was concluded that the downward 
 or forging force is strongly dependent upon tool shoulder diameter and rotational speed 
 whereas welding or longitudinal force is strongly influenced by welding speed and tool pin 
 diameter. 


Metallographic studies carried out using an optical microscope revealed the different 
microstructural zones of the weld joint. The nugget or weld centre showed fine equiaxed 
grains in contrast to the original pancake structure of the base material. The 
microstructural changes in the thermomechanically affected zone (TMAZ) were driven by 
the conjoint and interactive influences of frictional heat and deformation. Micrographs in 
TMAZ showed presence of subgrains at grain boundaries of the larger base material 
grains. This region represented the nucleation phase of recrystallization, which is 
experienced to the full extent in the weld nugget. Image Analysis software was used to 
measure the grain size. On average the grain size in the weld nugget was reduced by a 



(8)factor of ten. Tensile tests, Charpy impact tests and Vickers hardness measurements were 
 done to mechanically characterize the joint. A maximum joining efficiency of 75% was 
 obtained for the welds with reasonably good elongation percentage. Charpy impact 
 strength (as measured in the weld nugget) increased for all weld conditions. Vickers 
 hardness value were scattered in the range from 90HV to 120 HV as compared to 149 HV 
 for the base material. 


Transmission electron microscopy (TEM) study revealed the presence of typical disc 
 shaped precipitates in the base material in contrast the TEM micrographs in the nugget 
 zone showed only few large precipitates indicating the coarsening and/or dissolving of 
 precipitates during the weld thermal cycle. Electron back scattered diffraction (EBSD) 
 study indicated an increase in the percentage of low angle boundaries (LABs) in the 
 TMAZ whereas the base material, heat affected zone and the nugget all contained very 
 high percentages of high angle boundaries (HABs). This observation indicates the 
 nucleation of subgrains at the grain boundaries in the TMAZ which then continuously 
 absorb the ensuing deformation and form the high angle boundaries observed in the 
 nugget. 


FS weld was compared with a Gas Metal Arc (GMA) Weld. Scanning electron 
 microscopy (SEM) revealed segregation of copper at the grain boundaries in the partially 
 melted zone (PMZ) of the GMA weld, leading to embrittlement and consequent 
 degradation of mechanical strength. Liquation was observed by electron dispersive X-ray 
 (EDX) analysis, the eutectic composition being 33% Cu and 67% Al as compared to the 
 Al2Cu (0) composition of 47% Cu and 53% Al. 
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