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Abstract: - In this method of research an attempt is made to 

understand the fabrication of butt joint, effect of welding speed 

and tool pin profile on friction stir processing (FSP) zone 

formation in Aluminum alloy 6061and Aluminium alloy 6082 for 

deciding welding quality. Aluminium 6061 has wide range 

acceptance in the fabrication of light weight structures required 

a high strength to weight ratio and Aluminium 6082 due to its 

super peeling strength, excellent surface flatness, superior 

weather and corrosion resistance it does not melt and recast. A 

tool pin profile of  straight cylindrical is used to weld the joints.  

Main parameters taken are Cut feed and  spindle speed (RPM). 

This process uses non-consumable tool such as tungsten, a wear 

resistant that resist melting by arc and hardest metal known to 

generate frictional heat in the butting surfaces. 
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I. INTRODUCTION 

he friction stir welding is such a process in which it is 

possible to join light weight materials such as aluminium 

alloy, magnesium alloy, copper and titanium alloys which are 

very difficult to weld by conventional welding. Friction stir 

welding is a new technique developed by the Welding 

Institute (TWI) of UK in 1991. It is initially applied to the 

joining of aluminium alloys, and extended to copper alloys, 

steel alloys and titanium alloys. The two primary functions of 

tool are the heating of work piece and Material movement is 

to produce a joint [1]. Friction stir welding (FSW) appears as 

a promisingly ecologic weld method that enables to diminish 

material waste and to avoid radiation and harmful gas 

emissions usually associated with the fusion welding 

processes. This welding technique makes use of a no 

consumable welding tool to generate heat, by friction between 

it and the faying plates, and to induce strong plastic 

deformation of the work piece material promoting its complex 

mixing across the joint. Detailed description of the process 

can be found in the literature [2, 3] and hence considered as 

non consumable material tool for heat generation. Some 

authors analyzed the influence of the tool rotation speed [2], 

welding speed [57,58] and both parameters simultaneously 

[3,4,5,6] on the microstructure and mechanical properties of 

6XXX welds. These works enhance the difficulty in 

evaluating the dependence of the thermal input and 

mechanical properties on weld parameters. Despite some of 

the results indicate that increasing rotating speed of the tool or 

decreasing the welding speed, decreases the lowest hardness 

value in the hardness profile for the artificially aged alloys 

[3,5,6,7], some others did not report any hardness change with 

varying tool rotation rate [2,8]. 

Table 1 

Chemical composition (wt.%) of base metal AA6061 

Metal Mg Mn Fe Si Cu Zn Zr Ti Al 

AA6061 1.1 0.12 0.35 0.58 0.22 - - - Bal 

AA6082 0.7 0.5 0.25 0.8 0.1 0.2 - 0.1 Bal 

Table 2 

Mechanical properties of base metal AA6061and AA6082 

Yield strength 

(MPa) 

Ultimate tensile 

strength (MPa) 
Elongation (%) 

Vickers 
hardness at 0.05 

kg  load at 15 s 

(HV) 

235 280 25 105 

190 245 11 95 

AA6067 and AA 6082 aluminium alloys, which are widely 

used in welding fabrication, are compared by analyzing the 

welds obtained from both materials under a large range of 

welding conditions (varying cut feed dimensions and spindle 

rotation speeds) and high welding speeds. The differences in 

friction stir weldability, which were evaluated based on weld 

defect analysis and weld strength characterization. 

The selection was made with reference to the properties of 

base materials namely yield strength, tensile strength and 

hardness. The material flow behavior will be different for cast 
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alloys and wrought alloys due to large difference in ductility. 

Hence yield strength, tensile strength hardness were 

considered for the selection of FSW process parameters to 

weld wrought aluminium alloys. 

II. METHODOLOGY 

Selection of material                   

Aluminum Alloy AA6061: Aluminium alloy AA6061is a 

medium strength alloy with excellent corrosion resistance. It 

has the highest strength of the 64430 series alloys. Alloy 

AA6061is known as a structural alloy. In plate form, AA6061 

is the alloy most commonly used for machining. The addition 

of a large amount of manganese controls the Grain structure 

which in turn results in a stronger alloy. Alloy AA6061 

machines well and produce tight coil of dwarf when chip 

breaker are used. 

Tool material: High speed steel  

Sample preparation: Rolled plates of 3mm in thickness were 

cut into the required size (100mm x 50 mm x 3 mm) by power 

hack saw cutting and milling. The experiments were 

conducted on the aluminium alloy IS 64430. Before the 

friction welding, the weld surface of the base material was 

cleaned.. Plate edges to be weld were also prepared so that 

they are fully parallel to each other. This is to ensure that there 

is no uneven gap between the plates which may not result in 

sound welding. Secondly surface preparation was also done so 

that the surfaces of both the plates are of equal level and 

footing plates are of equal level and footing. 

Experiment: A semi automation   milling machine was used 

for friction stir processing (FSW) of aluminum alloy. The 

machine was a maximum speed 6000 rpm and 7-horse power. 

Test piece was clamped in the fixture tightly. initially the 

rotating pin was inserted into a predrilled hole, which will 

facilitate the start up of welding .tool tilt angle was 2degree 

processing began at spindle speed of 770 rpm and travel rate 

of 75mm/min. since tool plunge was to the extent of 3mm and 

plate thickness the same step was repeated for tool .The result 

was two side welded plates. The process was repeated for tool 

travel rate of 90 mm/min for the tool speeds of 900rpm. The 

plates where then subjected to mechanical testing. 

In the present work the influence of speed, feed on the 

performance of FSW such as Hardness and tensile strength is 

evaluated at different experimental conditions. 

III. RESULTS AND DISCUSSIONS 

Structural Analysis Result 

Tool Shape RPM 
AA – 6061 

Displacement(mm) Stress 

Round Tool 
770 0.001019 298.821 

900 0.001158 340.81 

Round Taper Tool 770 0.881e-03 359.675 

900 0.001272 316.49 

Square Tool 
770 0.997 e-03 215.966 

900 0.001269 246.555 

Thread Tool 
770 0.00113 1710 

900 0.001287 1937 

Triangular 

Tool 

770 0.885 e-03 153.276 

900 0.001275 190.233 

Table 3: Structural Analysis 

Discussion of the structural analysis result: As per the table 3, 

it was observed that round tool has less displacement of 

0.001019 mm which has more accuracy to weld as compared 

to other tool shapes at a speed of 770RPM. However the stress 

value of round tool is slightly more than square tool and 

triangular tool but it is economical and we get fine welding. 

The degree of stirring, i.e. strain introduced into the unit 

volume of the material, is strongly affected by the welding 

speed, tool rotational speed [9, 10]. The heat input is directly 

proportional to the tool rotation speed and axial force and 

indirectly proportional to welding speed. Optimum heat input 

decides the quality of weldments. 

Universal Testing Machine Results  

For AL 6061 

Tool  geometry       Maximum load (N) Tensile strength 
(Mpa) 

 

Cylindrical tool (cy) 
 

 

 

11000 
 

 

298.7 
 

Table: 1.2: Maximum Load and Tensile Strength 

Discussion of universal testing machine results: 

As per the result given in the table 1.2, the maximum load of 

11000 N and tensile strength of 298.7 Mpa was observed to be 

taken by the cylindrical tool (round) that are good enough for 

a strong weld joint. The wide range of aluminium alloys are 

successfully welded without any defects by the proper 

selection of FSW process parameters [11]. 

   From the relationships [12,13], it is found 

that the FSW process parameters are greatly influenced by the 

properties of base metal such as yield strength, hardness and 

elongation which in turn due to the heat input generated 

during FSW. 

IV. CONCLUSION 

FSW process benefits solid state joining method that has great 

advantage on light weight material such as aluminium alloy 

due to its thermal properties which make it difficult to be 

joined using conventional methods. Similarly to the other 

welding method, heat generation and heat transfer play major 

role in determining the success of the joining process as well 

as predominantly establish the joint characteristics and 

properties. Though the detail of the process mechanism and 
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the effect on the welding has been widely studied in lab scale, 

good understanding of the process mechanism provides a 

better view on choosing the best parameter for the process and 

finally to achieve the best result in practice. 

In our project we have comparing two Al 6061 & 6082 

material which is good for welding  and designed 5 types of 

cutting tools cylindrical tool, round cylindrical tool, Square 

Triangle and Thread for doing Friction Stir Welding.  

In this project by observing above analysis and experimental 

result for cylindrical tool is having more thermal flux and 

thermal gradient, then we will get good weld property while 

doing welding process. In material point of view 6061 is 

having a good tensile strength property compare to 6082.In 

structural analysis Triangle tool is having less displacement 

and yield stress. Also remaining tools is also within the limit. 

We are concluding that cylindrical tool is best suited tool for 

FSW. 
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