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Abstract— Aluminium 6082 as a light weight structural 

material with specific strength, good damping properties and 

machine ability, is one of the most attractive material in 

applications of transportation and mobile electronics for 

effectively reducing weight. In 1991 a solid state joining 

process named Friction Stir Welding was developed and this 

technique has attracted considerable interest from the 

aerospace and automotive industries, since it is able to 

produce defect free joints particularly for light metals i.e. 

magnesium and aluminium alloy. In this investigation an 

attempt has been made to study the effect of friction stir 

welding parameters on mechanical and metallurgical 

properties of Aluminium 6082 alloy. The selected material 

was welded using combination of single and double pass 

Friction stir welding at tool rotational speed of 1600 rpm, 

welding speed (40 mm/min, 60 mm/min and 80 mm/min) 

and doping Silicon Carbide particles. Doping of Silicon 

Carbide particles improves the tensile strength and 

microhardness as compared to base material as received. It 

has been observed that high microhardness at the rate of two 

times was achieved by doping SiC particles during Friction 

Stir Welding.The maximum value of microhardness at the 

rate of 137 Hv is achieved with double pass friction stir 

welding. High tensile strength of 300 N/m2 is obtained at 

the welding speed of 60 mm/min with double pass friction 

stir welding. The fine and equiaxed grains were obtained 

due to dynamic recrystallization at the Stir Zone of Friction 

Stir welded joints. Double pass Friction stir welding causes 

homogeneous dispersion of SiC particles. It was also 

observed that excessive heat generation and insufficient 

flow of plasticized material at higher values of tool 

rotational speed, leading to formation of defects which 

ultimately results in failure of weld joints between SZ and 

TMAZ. 
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I. INTRODUCTION 

A. Friction Stir Welding 

The difficulties arising in joining of aluminium alloys and 

dissimilar metals by commonly used technologies such as 

fusion welding so to prevail over these difficulties a new 

welding technology friction stir welding (FSW), is invented 

patented in 1991 by Wayne Thomas at TWI (The Welding 

Institute) Ltd. in UK. Friction stir welding is a solid state 

joining process in which a specially intended rotating tool, 

which is inserted into an adjoining edge of the sheets to be 

welded and the tool, is moved across the length of the joint. 

The tool is producing the frictional heating and plastic 

deformation heating in the welding zone along the joining of 

the work piece length basis for welding. 

The working of Friction stir welding based on the 

principle that heat is generated primarily by friction between 

a rotating-translating tools, the shoulder of which rubs 

against the work piece, thus plasticized material flows from 

advancing side to retreating side with help of rotational pin. 

This welding technique involves the joining of metals 

without fusion or filler materials. The tool has a circular 

section except at the end where there is a probe or pin. The 

junction between the cylindrical portion and the probe is 

known as the shoulder. The pin penetrates the work piece 

whereas the shoulder rubs with the top surface. There is a 

volumetric contribution to heat generation from the 

adiabatic heating due to deformation near the pin. The 

welding parameters have to be adjusted so that the ratio of 

frictional to volumetric deformation induced heating 

decreases as the work piece becomes thicker. This is in 

order to ensure a sufficient heat input per unit length. 

 
Fig. 1: Schematic diagram of FSW process 

II. METHODOLOGY 

A. Experimental Set Up:- 

The experimental setup which is shown below in figure 2 is 

used during welding.  

 
Fig. 2: Setup of work piece and fixture on Milling Machine 

III. MATERIAL SELECTION 

The material selected for the study AA 6082 alloy which 

have a better strength to weight ratio than that of high 
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strength steel. Chemical composition of the original alloy is 

presented in Table 1. AA 6082 have the advantages of low 

density, high specific strength and excellent damping 

characteristic and have become potential structural materials 

in aerospace and automobile manufacture fields. By 

appearance, aluminium is a silver/white metal and is 

typically coated with a thin oxide layer which reduces the 

metals reactivity giving it a dull and darkened appearance. 

The selection of material for friction stir welding depends 

upon the number of factors like strength and its applications. 

The chemical composition, mechanical properties of 

aluminium alloy 6082 are present in Table 1 and Table 2. 
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Table 1: Chemical composition of  AA 6082 

S. No. Properties Value 

1 Proof  Stress 0.2% 200MPa 

2 Tensile Strength 350MPa 

3 Shear Strength 140MPa 

4 Elongation (%) 13 

5 Hardness 95 HV 

Table 2: Mechanical Properties of AA 6082 

A. Selection of Tool Material and Tool Design:  

A proper selection of tool material and tool design plays a 

vital role to achieve good mechanical as well as micro 

structural properties with Friction stir welding process. 

1) Selection of Tool material 

As a cooperative industrial effort under the sponsorship of 

AISI and SAE, a tool steel classification system has been 

developed in which the commonly used tool steels are 

grouped into seven major categories. During the welding 

process the tool will reach temperatures in the range of 

500oC at tool tip depending on the type of material being 

welded. The tool material must have good hardness, 

toughness and wear resistant properties at elevated 

temperatures. A cold-work tool High carbon, high 

chromium oil hardened type steel tool that comprises of 

outstanding high temperature strength, high temperature 

toughness, high temperature wear resistance and good 

machine ability is selected for present work. The chemical 

composition of selected material High chromium high 

carbon steel can be seen in the Table 3. 
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Table 3: Chemical composition of High Chromium High 

Carbon Steel 

B. Tool design 

The design of the tool is a critical factor as a good tool can 

improve both the quality of the weld and the maximum 

possible welding speed. The different tool design effect the 

end result so selection of tool design is important. The 

majority of tools have a concave shoulder profile which acts 

as an escape volume for the material displaced by the pin, 

prevents material from extruding out of the sides of the 

shoulder and maintains downwards pressure and hence good 

forging of the material behind the tool. The tool uses an 

alternative system with a series of concentric grooves 

machined into the surface which are intended to produce 

additional movement of material in the upper layers of the 

weld. Machined Specifications are given in Figure 3. 

 
Fig. 3: Friction Stir welding tool design 

S.NO Parameters Dimensions (mm) 

1 Shoulder Diameter 20 

2 Pin Diameter 7 

3 Pin Length 5.8 

4 Tool Shoulder Length 85 

Table 4: Tool configurations 

IV. DEVELOPMENT OF WELDING FIXTURE 

The main purpose of a fixture for friction stir welding is to 

hold the work pieces in position during welding. However, 

there is limited published information that details the fixture 

design requirements. The main reason for having 

appropriate clamps or fixtures is to prevent the specimens 

from moving while being welded. The welding fixture as 

shown in figure 4. 
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                      Fig. 4: Welding Fixture 

A. Silicon Carbide 

Silicon Carbide is the chemical compound of carbon and 

silicon. It was originally produced by a high temperature 

electro-chemical reaction of sand and carbon. Silicon 

carbide improves mechanical as well as metallurgical 

properties   and used as reinforced material to fabricate 

composite materials with improved properties. 

 
Fig. 5: Silicon Carbide 

B. Experimental Procedure:- 

1) Plates of size 150×75 are cut out with the help of Power 

Hacksaw from the main sheet of side are shaped 

accurately and holes of 2 mm are drilled in order to fill 

the reinforced SiC particles.    

2) Following procedure was followed after tool was 

prepared of required dimensions 

3) Place the welding fixture on a CNC vertical milling 

machine and then hold the fixture with the help 

clamping device. 

4) Two AL 6082 plates with dimensions 150×75×6mm 

(L×B×T) respectively were placed on Fixture in a 

manner that prevents the displacement of plates during 

welding and fix them along the travel line of welding 

tool. Silicon Carbide is then poured manually into the 

drill holes carefully, so that they are filled equally.  

5) Tool was fixed firmly in the tool collect of respective 

dimension and rotated at required parameters.  

6) The direction of welding was normal to the rolling 

direction. Welding was carried out in a multiple number 

of passes using non-consumable tools made of High 

carbon high chrome tool steel. A CNC vertical milling 

machine is used in the present study. Cylindrical pin 

with LHS thread was used to fabricate the joints. 

7) Tool pin is plunged vertically into the joint line between 

the work pieces, while the tool is rotating. Due to 

velocity difference between the rotating tool and the 

stationary work piece, heat produced by frictional work 

and material deformation is started. 

8) To accomplish the welding, the rotating tool is traversed 

along the line, while the shoulder of the tool is 

maintained in intimate contact with the plate surface. 

Shoulder confirms the underlying material so void 

formation and porosity behind the probe are prevented. 

9) As the heat dissipated into the surrounding material, the 

temperature rises and material softens without reaching 

the melting point (hence known as solid state process). 

10) As the pin is moved in the direction of the welding 

leading face of pin, assisted by a specified pin profile, 

forces plasticized material to the back of the pin whilst 

applying a substantial forging force to consolidate the 

weld metal. 

11) When the weld distance is covered, the tool is pulled 

out of the work piece leaving behind an exit hole as a 

foot print of the tool. 
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1 S1 40mm/min 
1600 

rpm 
yes 

Single 

Pass 

2 S2 60mm/min 
1600 

rpm 
yes 

Single 

Pass 

3 S3 80mm/min 
1600 

rpm 
yes 

Single 

Pass 

4 S4 40mm/min 
1600 

rpm 
yes 

Double 

Pass 

5 S5 60mm/min 
1600 

rpm 
yes 

Double 

Pass 

6 S6 80mm/min 
1600 

rpm 
yes 

Double 

Pass 

7 S7 40mm/min 
1600 

rpm 
no 

Single 

Pass 

8 S8 60mm/min 
1600 

rpm 
no 

Single 

Pass 

9 S9 80mm/min 
1600 

rpm 
no 

Single 

Pass 

1
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no 
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1

1 
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1600 

rpm 
no 
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1

2 
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1600 
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no 
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Table 5: Parameters used for FSW of Twelve Specimens of 

Al alloy 6082 

V. RESULT & DISCUSSION 

During testing various results are obtained which are given 

below; 

A. Tensile Testing Results 
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1 40 yes Single 265 6.52 

2 60 yes Single 276 8.2 
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3 80 yes Single 252 9.8 

4 40 yes Single 291 8.41 

5 60 yes Double 300 6.19 

6 80 yes Double 282 7 

7 40 No Double 280 9.28 
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7.89 

10.1 

9.2 

8 

Table 6: UTS and percentage of elongation results 

At 60 mm/min welding speed with silicon carbide we get 

maximum UTS of 300 N/mm2 mm with double pass. 

B. Effect of welding speed and number of passes of FSW on 

the Tensile Strength             

 
Fig. 6: Effect of welding speed forS1, S2, S3, S4, S5 and S6 

specimen 

It is observed that the tensile strength at constant rotational 

speed of 1600 rpm with doped Silicon carbide Particle 

increases from 40 mm/ min to 60 mm/min due to sufficient 

heat generation and proper distribution of SiC particles. At 

welding speed of 80 mm/min, a lower value of UTS is 

achieved due to low heat generation. Improper interaction of 

tool shoulder and work piece surface causes less friction 

resulted in low heat generation and stirring action. High 

values of UTS were observed in double pass Friction stir 

welded joints as compared to single pass. Double pass 

friction stir welding causes homogeneous dispersion of 

Silicon carbide particle and grain refinement because of 

dynamic recrystallization. 

C. Effect of Reinforced Silicon carbide particles on tensile 

strength 

 
Fig. 7: Effect of welding speed on UTS with single pass 

FSW 

The doping of SiC particles during FSW increases the UTS 

values. Double pass Friction Stir welding causes 

homogeneous dispersion of SiC particles in Stir Zone as 

compared with Single pass FSW, which further decreases 

the interface area between the SiC particles and aluminum 

matrix. 

D. Micro Hardness Result  
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S1 40 yes Single Pass 117 

S2 60 yes Single Pass 122 

S3 80 yes Single Pass 121 

S4 40 yes Double Pass 127 

S5 60 yes Double Pass 137 

S6 80 yes Double Pass 133 

S7 40 no Single Pass 101 

S8 60 no Single Pass 108 

S9 80 no Single Pass 98 

S10 40 no Double Pass 95 

S11 60 no Double Pass 102 

S12 80 no Double Pass 105 

Table 7: Microhardness result at SZ 

At 60 mm/min welding speed with silicon carbide we get 

maximum microhardness value of 137 Hv with double pass. 

E. Effect of welding speed on Micro hardness at Stir Zone 

of welded joint  without reinforced SiC particles  

 
Fig. 8:  Effect of welding speed on micro hardness at SZ 

welded without SiC particles 

It is revealed that high hardness value is achieved 

at welding speed of 60 mm/min. A proper dispersion of SiC 

particles was achieved at welding speed of 60 mm/min as 

compared to other two. 

F. Effect of welding speed on Micro hardness at Stir Zone 

of welded joint with reinforced SiC particles 

 
Fig. 9: Effect of welding speed on micro hardness at SZ of 

joints welded with SiC particles 
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G. Micro hardness distribution around Stir Zone 

 
Fig. 10: Micro hardness distributions around SZ 

The material flows in a complex fashion from the retreating 

to the advancing side during Friction Stir Welding giving 

rise to gradients in temperature, strain and strain rate across 

the stir zone. This in turn gives rise to different micro 

structural features at different locations in the stir zone. 

Therefore, the center may experience less deformation 

compared to the sides.  

H. Effect of welding speed on microstructure with 

reinforced SiC single pass FSW 

 
Fig. 11: Effect of welding speed on microstructure with 

reinforced SiC single pass FSW 

It is observed that the grain size of Stir Zone of Friction Stir 

Welded joint was the function of welding speed, it decreases 

with increase in welding speed due to low heat input which 

reduces time for grains to grow. 

I. Effect of Welding Speed on microstructure with 

reinforced SiC double pass FSW 

 
Fig. 12: Effect of welding speed on microstructure with 

reinforced SiC double pass FSW 

The dispersion of Silicon particles in the stir zone at welding 

speed of 40 mm/min and 60 mm/min during single and 

double pass FSW. 

 

J. Microstructure of SZ without reinforced SiC particles 

during double pass FSW 

 
Fig. 13: Microstructure of SZ without reinforced SiC 

particles during double pass FSW 

It is revealed that double pass Friction Stir Welding cause 

more intense stirring of the welded zone resulted in more 

dispersion of reinforcement particles in the SZ.The 

homogeneous dispersion of SiC particles in SZ during 

double pass friction Stir Welding improves micro hardness 

properties as well as tensile properties. 

VI. CONCLUSION 

The mechanical properties and the resultant microstructure 

for friction stir welded Aluminium 6082 alloy were 

presented for different combinations of tool rotational 

speeds and welding speeds and reinforced particles (SiC). 

Following conclusions were derived from the results of this 

experimental work. 

1) The process parameters consisting of welding speed (40 

mm/min, 60 mm/min and 80 mm/min), number of 

passes (Single and double pass FSW) and doping of 

micro sized SiC particles affect the micro hardness and 

tensile strength significantly. 

2) Tensile strength increases with increase in welding 

speed from 40 mm/min to 60 mm/min due to proper 

material flow from retreating side to advancing side. 

3) Doping of SiC particles decreases tensile strength of 

Single pass friction Stir welded joints. Double pass 

Friction stir welding causes homogeneous dispersion of 

SiC particles thus increases the tensile strength. 

4) Highest value of Micro hardness at the rate of 137 Hv at 

Stir Zone is achieved with doubles pass Friction stir 

welding by doping SiC particles. Doping of SiC makes 

the matrix harder as compared to Friction stir welded 

joints without SiC particles. 

5) Refinement of grain structure is achieved at Stir Zone in 

Single pass FSW as well as in Double pass FSW.   
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