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ABSTRACT 

The axial down force, the starting temper of the work piece, the material of the tool and its hardness, 

the material and thickness of the backing plate, the kind of cooling system, and the clamping fixture all 

have an impact on the FSW process. A fundamental prerequisite for obtaining effectively, defect-free 

friction stir welded joints is the selection of friction stir welding settings that generate appropriate 

mechanical, microstructural, fatigue, and corrosion characteristics. It is not an easier task to set the 

process parameters at the optimal values. This cannot be done using the trial and error method. 

Developed a methodology to identify the optimal process parameters. This present work discusses the 

detailed procedure to find the optimal process parameters which in turn the entire process can be 

automated. For this study, we will use this technique to improve the mechanical properties and 

microstructure of an aluminium alloy casting's friction stir process, investigate the variable in the 

stirring that affects the structure of the microstructure and mechanical properties of the area to stir zone, 

and improve the processes used to improve the mechanical properties as well as terms of research and 

to extend the results to the industry for future developments. 
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INTRODUCTION 

Studied of Ti-6Al-4V alloy sheets on tungsten carbide tool of process parameters of weld speed 200 

mm/min, rotational speed 350 rpm and 500 rpm on temperatures peak 870 0C to 949 0C on tensile 

strength, impact, hardness and investigated microstructure of x-ray diffraction and electron scattered 

back diffraction. [1]. Lap joints of friction stir weld of AA7075T6 sheets on  [2] the geometry of tool 

pin controls the microstructure of weld geometry hook, load fracture, area bounded on joints increase 

of height of welds on helically threaded tools and load fracture is controlled thickness of a sheet of 

predictions are good. [3] Studied of Aluminium lithium alloy AA2195T8 optimizing 3D coupled 

calculation of parameters applied force, tool diameter, rotation velocity, welding velocity on 

temperature maximum 114.7 K and heat affected zone decreases 32 % is minimized and 38 % energies  

[4,5] consumed, reduction of weld time 11 % for work piece and tool production heat source of 

parameters thickness of plate, depth plunge, tool durability, etc.  [6,7] Overview development joining 

of aluminum alloys, steel, copper, magnesium, dissimilar metals, composites, etc and different studies 

of microstructure evolution of weld and studied on  [8,9] different tools and life of good quality joint at 

different industrial areas.[10,11] Investigated microstructure evolution of stirring cooling normally of 

path flow material by using resolution high electron scatter back diffraction technique and has dynamic 

grain fragments recrystallized structures of grain moving grain boundary of existence incomplete 

temperature and adequate annealing time. [12,13] Free defect joints of micro-friction stir welding of 

tensile load is maximum and predicted tool rotation rate 20000 rpm, travel speed 3 mm/s, depth of 

plunge is 0.85 mm with stepped pin refined grains of stir zone, thermomechanically affected zone free 

defect joint of multi-layer on hardening of material of strong bonding of layer position, weld position, 
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tool geometry is dependent. [14,15] Dissimilar joining of FSW on AA2219-O and AA7475T761 of 2.5 

mm thickness of precipitates strengthening and having plastic deformation extreme and observed 

recrystallization portion of grains at  [16,17] fine, stir zone has fine grains recrystallized. Investigated 

ultra-thin AA6061T6 alloy thickness and plunge depth is 0.05 mm reduction ratio is 0.2 % weld speed 

500 mm/min  for tri flat pin and for taper pin 105.7 % and 114.7 % due to dynamic flow grain size is 

fine. Investigated of distribution temperature on AA2014 of different locations thermo couple’s k type 

of input parameters of rotational tool, welding speed, tilt angle, [18,19] temperature are higher at 

retreating side compared to advancing side and weld depth is decreased at cooling rate and heating, 

experimental results are good amenity on statistical analysis. [20,21] Research of dissimilar joining of 

AA6063-T4 and AZ31B-O sheets on FSW ingredient of TiO2 nanoparticles of rotational speeds level 

with optimum 70.63MPa weld hardness is inconsistent on cross-section and [22,23]FESEM, EDS has 

in different regions of collection and on SEM has the fracture surface of strength is lower due to fracture 

of brittle. Aluminium [24,25] matrix composites AA6063 of friction stir processing of tensile strength 

is 282 MPa and percentage elongation is  35 %, particles of vanadium 18 µm studied on optical 

microscope, electron [26,27] backscattered diffraction, scanning electron microscope are grain structure 

is fine and improves ductility and tensile strength 25 %, fracture surface and flow of plastic is 

significant. 

Experimental work 

The plates are completed by separately complimenting the effect surfaces for changing a mechanism of 

two paired edges. A butt weld is created by fastening the materials using fixtures and inserting alloys 

at the appropriate positions while adjusting the rotational speed (RS) and welding settings. For the pilot 

research and literature review, speed, tilt angle, and axial force are evaluated. The specimens are 

prepared for the tests on the basis of American society of testing materials standards as mentioned in 

the central composite design matrix. The specimens for testing are prepared in accordance with ASTM 

standards. The FSP specimens are cut in transverse sections in accordance with ASTME8. Weld 

specimens are properly prepared for metallurgical inspection and investigated to enhance alloy 

microstructures. The dissimilar welds of are toned on the hydrofluoric solution and etched with Keller's 

reagent with Magnification of 100 X. By using optical microscope with the microstructural parameters 

studies and material mixing observations is done for the improvement of mechanical properties in a 

welded joint. The literature makes a part logical role in the studies of previous references on the 

parameters of influence with greater on mechanical properties. 

MICROSTRUCTURES OF ALLOYS  

The Microstructures of alloys on different parameters at particular zone to travel accurately of the 

strength for different conditions to help the society in proper manner of this research will be changes 

the process and structures at different zones to improve the strength of alloys shown below Figure 1. 

    
      Figure 1a. AA7075 On the advancing side, the          

parent metal 

Figure 1b. Shoulder Zone of Eutectic Constituents 
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Figure 1c. TMT of the AA7075 Figure 1d. Top Nugget Zone 

    
          Figure 1e. At the bottom, there is a nugget zone. Figure 1f. The retreating side's interface  

zone with AA7075 

    
     Figure 1g. Retreating side heat affected zone Figure 1h. AA7075 On the receding side, the 

 parent metal 

Figure 1. FSP Microstructures at different zones on alloys  

Microstructures of magnification 100x and etchant hydrofluoric solution are utilised to depict the 

microstructure of the parent metal AA7075 at the advancing side of the FSW process. In rolling temper, 

the parent metal exhibits microstructure. The sheet has been cold worked by rolling, and the main grains 

of alpha aluminium have stretched in tandem with the direction forming. Eutectic components such as 

Cu-Al2, Mg2Si, Zn-Al2, and Mg-Al2 precipitated and elongated along the rolling direction. Figure-b 

depicts the shoulder zone of the FSW process and the metal matrix fragmentation caused by frictional 

heat and the stir process, which aided in the dissolving of the eutectic components of two AA7075 of 

advancing and retreating sides. The two have undergone complete dynamic re-crystallization. Figure-

c: AA7075 features a thermo mechanical transformation zone where the process heat enhances the 

plasticity of the parent metal and the metal has experienced plastic deformation in the direction of the 
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tool. The grains in the nugget zone are perpendicular to the parent metal grains of AA7075. The flow 

of grains exhibits marginal flexibility as a result of temperature and mechanical characteristics in this 

zone. The eutectic elements have also been deformed. Figure-d and e depict two microstructures of the 

nugget zone at distinct top and bottom positions. Figure-f: The retreating side with AA7075 has a zone 

of nugget and interface zone. The left line represents AA7075, the right line represents the nugget zone, 

and the centre line represents the fusion line. Figure-g depicts the retreating side heat-affected zone, 

which contains deformed grains as a result of the process's heat. The grain had been partially recovered. 

Figure-h depicts the microstructure of the parent metal AA7075 at the retreating side of the FSW 

process. In rolling temper, the parent metal exhibits microstructure. The sheet has been cold worked by 

rolling, and the main grain of alpha aluminium has been stretched in tandem with the direction forming. 

Eutectic components such as Cu-Al2, Mg2Si, Zn-Al2, and Mg-Al2 precipitated and elongated along 

the rolling direction. 

CONCLUSIONS 

The microstructural experiments were carried out using a straight cylindrical threaded tool on different 

zones of the FSW process, and the metal matrix suffered fragmentation due to heat of friction, and the 

stir process assisted the dissolution of the eutectic elements of alloys. Alternate layers of components 

were fragmented and re-crystallized. The heat-affected zone is a nugget zone with grain orientation and 

the creation of a thermo mechanical transformation ring at the top and bottom of the zone. The core 

zone of the nugget had well-re-crystallized grains, indicating that successful re-crystallization had 

occurred owing to the favourable temperature. There is no grain orientation and the grain size is 20 

microns. The granules in the upper field are elongated. The nugget zone's components are at the bottom. 

One big major aluminium island matrix observed with no eutectics constituents precipitated.  
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