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Abstract: 

The join ing of two  dissimilar Al6061 & MgAZ31 alloy was carried out using friction stir weld ing (FSW) technique. The 

microstructure, hardness and fatigue properties of fiction stir welded 6061 aluminium alloy and MgAZ31 have been investigated . 

Optical microscopy was used to characterise the microstructures of the weld nugget, the heat affected zone (HAZ), thermo -

mechanical affected zone (TMAZ) and the base materials. The results show that FSW can be used the joining of dissimilar Al 60 61 

alloy and Mg(AZ31). Seven different zones of the microstructure in the welding are reported. 

 

1. INTRODUCTION 

 

Friction stir welding is a soild state process in which the metal 

parts are joint without reaching melt ing point. Friction stir 

weld ing was invented by Wayne Thomas at TWI ,and the first 

patent applications were filed in the UK in December 1991. A 

non-consumable rotating tool with a specially designed pin and 

shoulder is inserted into the abutting edges of sheets or plates to 

be joint and traversed along the line of joint. The tool serves two 

primary functions: 

a. Heating of workp ieces  

b. Movement of material between two materials in FSW 

The fundamental difference between conventional fusion 

weld ing techniques and the solid state FSW technique is that no 

heat is added to the system in the later; instead heat is generated 

internally by means of friction at the tool material interface 

resulting in the plastic deformation of the material around the stir 

zone. The heating is accomplished by friction between the tool 

and the workpiece surfaces and resulting plastic deformation of 

workp ieces leads to a union past the tool format ion of 

workp ieces leads to a union past the tool. The localized heating 

softens the material around the pin and combination of tool 

rotation and translation leads to moving of material from the 

front of the pin to the back of the pin. As a result of this process, 

a joint is produced in solid state. Because of various geometrical 

features of the tool, the material movement around the pin can be 

quite complex during FSW gains. The fine microstructure in 

friction stir weld joint produces good mechanical properties.   

    

 
Figure.1. mechanical properties  

1.1 FSW of dissimilar materials  

Research studies on dissimilar metal friction stir welds are 

hereby highlighted and presented in the section.  A joining 

criterion for butt welding of dissimilar Aluminum and 

Magnesium has been achieved. Successful welds of aluminum 

and magnesium with good joint integrities  have also been 

reported. These review (referring to table) reveals that lot of 

potential exists to successfully joint dissimilar materials using 

the FSW process. 

 

Table.1.Input parameter for the FSW 

            

S.NO 

SPEED 

(IN RPM) 

FEED 

 (mm) 

AXIAL 

LOAD 

 (IN KN) 

1 800 40 

5 

2 810 45 

3 820 50 

4 830 55 

5 840 60 

 

1.2 Methodology of Experimental Process 

Since most of the experimental work in the field of friction stir 

weld ing of dissimilar metals or alloys has been carried out by 

making straight butt joint between flat plates using tool pin 

profiles by different researchers. It is observed that butt joint 

between dissimilar metals or alloys are rarely performed using 

friction stir weld ing. Therefore the present work has been carried 

out for friction stir weld ing of alumin ium alloy 6061 and 

magnesium alloy AZ31 for creating butt joint using the welding 

parameters as shown in table using different  
 

 
MAGNES IUM AZ31           ALUMINIMUM 6061 

 

Figure.2.Tool pin profiles. 
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2. EXPERIMENTAL PROCESS 

 

Rectangular welded joint of dissimilar alloys such as 6061 Al 

alloy and AZ31 Mg alloy using friction stir welding using 

vertical machine have been produced. The Aluminium 6061 

alloy plate of 95.5mm length x 45.5mm width x 6mm thickness 

was welded to the magnesium AZ31 alloy plate 95.5mm x 

45.5mm x 6mm. the actual setup with alloy plates, fixture, etc. 

 

    

2.1 FSW machine and tool  

woo dissimilar plates of the said alloys arranged on the machine 

bed using fixture support as shown in figure were welded with 

different tools having various tool pin geometries and material 

types. The tool material is selected as per survey of research 

papers showing the use of steel tools for plate material such as 

Aluiminium or Magnesium alloys, and Alumin ium matrix 

composites commonly welded by FSW. Steel tools have also 

been used for the joining of dissimilar materials in both butt joint 

configurations. The present experiments have been performed 

using tool steel –HL3 with tool pin profiles. The tool steel-HL3 

having chemical composition with more carbon content was 

hardened after making the tool configurations for reducing tool 

wear during FSW process. 

 

CYLINDRICAL THREADED PIN (HL3-TOOL) 

 
Figure.2.Cylindrical Threaded Pin (Hl3-Tool) 

2.2 welding output parameters  

For the different tool geometrices the range of the tool rotational 

speed and welding speed was selected as shoen in table weld 

bead is the deposited filler metal on and in the work surface 

when the wire or electrode is melted and fused into the steel. The 

root of the weld is the part of deepest penetration which is the 

opposite angle of the Hypotenuse. Typically the depth of the 

throat should be at least as the thickness of metal welding. The 

leg length is usually designated as the size of the. The throat of 

the weld is the distance from the center of the face to the root of 

the weld. Typically the depth of the throat should be at least as 

thick as the thickness of metal welding. 

 

WELD 

BEAD 

WELDING 

THICKNESS 

DEPTH 

OF 

THE 

WELD 

WIDTH 

OF THE 

WELD 

1 20 0.01 20 

2 20.5 0.01 21 

3 20.60 0.01 20.5 

4 20.75 0.01 19.5 

5 20.80 0.01 19 

 

 

Macroscopic overview of the cross section of the friction stir 

welded dissimilar Al 6061 alloy and Mg AZ31 alloy. 1.Parent 

metal 2. Heat affected zone(HAZ) 3. Thermo mechanically 

affected zone(TMAZ). 4. Weld nugget. The weld nugget 

exhibits a mixture of Al 6061 alloy and Mg AZ31 alloy particles 

pulled away by forge of toll p in from the welded surface. The 

weled surface of particles rein forced Al 6061 alloy and Mg 

AZ31. Have an irrigural shape and inhimogeneous distibution 

within the weld nugget. Some of the particle especially coarse 

particles consist of mocrorack because of high deformation and 

intense mixture of materials as shown in fig. The Al 6061 alloy 

and Mg AZ31 alloy in the weld nugget consist of fine, equiaxed, 

recrystallized grains in the stirred zone are attributed to the 

generation of high deformat ion and temperature during FSW. A 

zone called TMAZ, which has been plastically deformed and 

thermally affected, is adjacent to the weld nugget at the 

retreating side. TMAZ is characterised by a rotation of up 45ϴ 

of the elonged grains of the base Al 6061 and Mg AZ31. The 

repressntative hardness profiles measured along the transverse 

cross section of the weled specimens at the centre, close to 

bottom and top of the weled region for the FSW of Al 6061 and 

Mg AZ31 alloy indicated in fig. Almost the similar trend is 

observed in the hardness profiles amoung center, top and bottom 

lines.  
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3. RES ULTS AND DIS CUSSION  

 

Tool with cylindrical threaded pin design was used with highest 

weld ing parameters. In this case, the plates were not welded 

successfully due to the following reasons: 

1. A l 6061 and Mg AZ31 alloy are medium to high strength. 

2. A l 6061 and Mg AZ31 alloy was good toughness, very good 

surface finish. 

3. Excellent corrosion resistance to atmospheric condition. 

4.Al 6061 and Mg AZ31 alloy parts for Aerospace, Automotive, 

Defense, General machinery, etc. has help reduce weight and 

increase efficiency. 

So, the two plates are jo int in FSW machine we get best results 

on axial load of 5KN apply 800rpm as speed and feed 40mm.  

 

4. TENS ILE TES T OF WELDED PLATE  

 

Tensile test was carried out on universal tensile testing machine 

with 40,000kgf capacity. Welded plates were cut as per required 

dimensions of the standard specimen on UTM machine. The 

figure shows the sample welded at 800rpm and 40mm/min failed 

under tensile strength of welded jo int for experiments. 

 

  
 

 

 
 

 
 

 
 

5. CONCLUS IONS 

 

Within the range of experimental conditions in the present study, 

the following conclusion, which can be useful for friction stir 

weld ing of butt weld joint between aluminum alloy AA6061 and 

Magnesium alloy AZ31. 

 

1. AL 6061 and Mg AZ31 can be welded using FSW by proper 

selection of the tool pin profile and welding parameters.  
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2. As the path of the welding is more d ifficult ies have been faced 

compared to linear path welding.  

 

3. The rotational speed of 800rpm and weld ing speed of 

10mm/min were found to be the most influential parameters, 

affecting mechanical properties of butt weld joint between 

AA6061 and AZ31 when welded by using cylindrical threaded 

pin tool of H13 tool steel.  
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