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Abstract— Aluminum alloys are used in engineering design 

for their light weight, high strength-to weight ratio, 

corrosion resistance, and relatively low cost. Aluminum is 

available in various compositions, including “pure” metal, 

alloys for casting, and alloys for the manufacture of wrought 

products wrought Alloys. Most aluminum alloys used for 

wrought products contain Less than 7 percent of alloying 

elements. By the regulation of the amount and type of 

elements added, the properties of the aluminum can be 

enhanced and its working characteristics improved. In this 

welding process we have study that two pieces of aluminum 

alloy (6063) were welded with the help of friction stir 

welding process and here in this welding process we have 

found that the microstructure of weld zone was 

characterized by dynamic recrastallization producing fine 

grain structure. The vickers hardness testing results obtained 

for welded specimens and we have observed that the 

hardness is increases and decreases on different parameters 

like tool rotation speed. But we have obtained that as the 

tool rotating speed is increases the hardness will aslo 

increases. Finally we obtained the max.  hardness(Hv-40) on 

max. Tool rotation speed of (rpm-1800).  
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I. INTRODUCTION 

The friction stir welding process, developed and patented by 

the TWI in 1991, consists of carrying out a metallic joining 

in the solid state through the intervention of a rotary tool. 

Today, friction stir welding has demonstrated its advantages 

over aluminium alloys in guaranteeing static and dynamic 

mechanical behavior, very often superior to that obtained on 

joins welded using classical fusion processes. Friction stir 

welding consists of a constantly rotated pin traversing the 

join between two metal plates. The process uses a metal pin, 

consisting of high strength tool steel, on a rotating shoulder. 

The necessary thermodynamic and mechanical changes are 

produced by the pin and shoulder rotating at many hundreds 

of revolutions per second. The additional pressure from the 

shoulder also results in the material being forged. For each 

material considered, many factors must be optimized to 

achieve a good weld, such as tool revolution speed, the 

pressure of the tool on the join, the transverse speed, and the 

geometry of the fixture. 

A. General principle 

(1) Penetration of the tool 

(2) Dwell-time 

(3) Welding 

(4) Retraction of the tool 

1) Penetraction of the tool 

The tool, composed of a nib of more or less complex 

geometry and a shoulder with a diameter 2 to 2.5 times 

greater than that of the nib is caused to rotate rapidlyThe 

heat generated by the 

friction between the nib and the material leads to a local 

softening of the material and allows the nib to penetrate 

until the shoulder enters into contact with the surface of the 

pieces. 

2) Dwell-time 

Dwell time is the plasticized state around the tool, the latter 

is maintained in rotation during a period known as dwell-

time (Dt). This time interval depends on the materials to be 

welded the thicknesses and the joining configurations. 

3)  Welding 

After preheating, the rotating tool moves along the join at a 

defined speed (up to 2 m/min). Through a combined 

mechanism of extrusion by the nib and forging by the 

shoulder, the bead is gradually formed. A new metallurgical 

structure common to both materials is thus ensured without 

reaching the fusion temperature of the base materials, which 

makes it possible to avoid the problems linked to re-

solidification that appear when the material due to the 

stirring of the material by the tool. 

 

Fig. 1: Schematic diagram of FSW process 

4)  Retraction of the tool 

When the welded length is complete, the rotating tool is 

withdrawn from the material. According to the welding 

technology used after welding, an imprint left by the nib 

remains. 

II. EXPERIMENTAL PROCEDURE 

Based on the demand in the field of automobile, aerospace 

and other application we can say that the study of their 

mechanical and wear behavior is almost necessary. In this 

present study, Al 6063alloys were synthesized using die 

casting method and then processed by FSW to enhance 

mechanical and tribological performance. After doing detail 

study of the research papers in the relevant field, the gaps 

are found that the work on Friction stir welding of Al 6063 

alloy to enhance the mechanical and tribological 

performance, because hypereutectic Al 6063 alloy is in 

much more in demand due to their high wear resistance, low 

strength to weight ratio and not much work done on the 

hypereutectic The material tested was a commercially 

produced 6063 aluminum alloy with the following chemical 

composition: 
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alloy Al Mg Cr Fe Mn Ti Zn Cu Others 

6063 97.5 .06 0.1 0.35 0.1 0.35 0.1 0.1 0.05 

III. SPECIMEN SPECIFICATIONS 

The following are the specifications which will be used: 

 Length of specimen: 100mm. 

 Width of specimen: 25mm. 

 Thickness of specimen:6mm 

To carry out the FSW process, a vertical milling 

machine was used. The two aluminum plates to be welded 

were clamped properly on a flate fixture plate in such a way 

that they would not be separated during welding process. 

The FSW tool consist of a 18mm diameter shoulder and a 6 

mm diameter pin and the pin has a length 2.5mm,it is made 

of mild steel hot worked tool steel, high wear resistant 

material.The tool with a flat shoulder was used for welding 

the test specimens. The FSW tool was plunged into the pilot 

hole of size 3mm machined already in the work piece. The 

tool initially removed some material from pilot hole of 

specimen, and subsequently started to generate heat when 

the required plunge was provided. The tool was traversed 

through the length of the plate. Welding was carried out 

with various tool rotational speeds (given in table) and weld 

speeds (given in table) using full factorial experimental 

design. An axial load of approximately 3000N was 

maintained on the FSW tool during welding. The welding 

parameters used for the experimental work are listed 

intable.The welded specimens were visually examined and 

defects free samples were chosen for further 

characterization. Standard test pieces were made for tension 

tests by cutting along the transverse direction. In this 

experimentation a total no. of 4 pieces we were carried out 

to relate input and output. 

 

Tool Rotation Speed(Rpm) 930 1190 1480 1800 

IV. RESULT AND DISCUSSION 

A Vickers micro hardness testing machining was used to 

measure the hardness across the weld cross section of the 

joints, the measured values are obtained and diagrams drawn 

in fig. the base metal showed average hardness value of 

33Hv. The weld zone harder then the base metal. All 

hardness profiles for all specimens shows a different values 

of hardness between the base metals and FSW zone 

increased due to super plastic flow accommodates the FSW 

process.We can see in all tested specimens that the hardness 

values increases from FSW zone towards the base metal, 

and heat effected zone increases as welding speed increased 

and deceased this shows the effect of heat generation at 

FSW zone due to the friction takes places at the weld zone. 

A. Graphs 

 
Rpm 930 

 
Rpm 1190 

 
Rpm 1480 

 

Rpm 1800 

V. CONCLUSION 

In this investigation we have study that we have recieved  

more hardness as the rotating speed of the tool is increased. 

The followings results were obtained: 
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(1) The micro-hardness of welded joint increases as 

well as the tool rotation speed increases. 

(2) The heat effected zone area increased as the tool 

rotation speed increases. 

(3) 3.In this investigation we have find that we have 

max. micro-hardness 40Hv at 1800 tool rotation                                              

speed 
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