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Abstract: In the present experimental work, the effect of 

different pin profiles tools on AA 6061 T6 and AA 2014 T4 

with friction stir welding has been investigated. By using 

different pin profiles tools like cylindrical, square and 

tapered and keeping the rotational speed and feed rate 

constant, it has been observed that hardness of the weld 

metal varies. This experimental investigation also shows 

that use of friction stir welding improves the mechanical 

properties of the weld metal as compared to other 

conventional welding process on aluminium alloys. 
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I. INTRODUCTION 

The process of Friction Stir Welding has been widely used in 

the aerospace, shipbuilding, automobile industries and in 

many applications of commercial importance. Friction Stir 

welding can improve mechanical properties of welded 

materials and it is free from porosity or blowholes compared 

to conventionally welded materials. Aluminium alloys are the 

alloys in which aluminium is the base material and elements 

like Mg, Zn, Cu, Ti, Si and Fe are the alloying elements 

which improve and enhance the mechanical properties of the 

alloy. Today aerospace concepts need reductions in both the 
weight as well as cost of production of materials. So in these 

conditions, welding processes play an important role and 

programs have been set up to study their potential. Main 

purpose or goal is to reduce the costs of manufacturing 

techniques to result in low cost and weight savings by 

reducing riveted/fastened joints and part count. By using 

Friction Stir Welding (FSW) we can achieve this goal. A 

constantly rotated cylindrical-shouldered tool with a profiled 

pin is transversely fed at a constant rate into a butt joint 

between two clamped pieces of butted material. The pin is 

slightly shorter than the weld depth required. Frictional heat 
is generated between the wear-resistant welding components 

and the work pieces. This heat, along with that generated by 

the mechanical mixing process and the adiabatic heat within 

the material, cause the stirred materials to soften without 

melting. The benefits of this technology include: low 

distortion, greater weld strength compared with the fusion 

welding process, little or no porosity, no filler metals, little or 

no post-weld repair, no solidification cracking, no welding 

fumes or gases, improved corrosion resistance, and lower 

cost in production applications. Because of the many 

demonstrated advantages of FSW over the fusion welding 

techniques, the commercialization of FSW is proceeding at a 
rapid pace. The FSW of aluminium and its alloys has been  

 

commercialized and recent research interest is focused on 
joining dissimilar materials such as aluminium and copper. 

Components consisting of aluminium and copper possess the 

beneficial properties of both. Aluminium is mainly required 

for its low cost, high corrosion resistance and high specific 

strength, while copper is mainly used for its superior 

electrical conductivity and its high thermal expansion. Such 

applications include bus-bars, switchgears and heat sinks, 

and many other applications are currently being developed. 

Aluminium alloys, AA6061 is widely used in many 

emerging fields of aerospace industry and marine industry in 

the construction of frames, pipelines and storage tanks. AA 
2014 is most widely used in heavy-duty forgings, plate, and 

extrusion for aircraft fittings, wheels, major structural 

components, space booster tankage, and truck frame and 

suspension components. These applications demands, high 

strength and hardness as well as good elevated temperatures 

properties. Many researches has been made in the field of 

FSW and on aluminium alloys by varying the different 

parameters. 

 

II. LITERATURE REVIEW 

Sadeesh et al. (2014) studied the joining of dissimilar 

AA2024 and AA6061 aluminium plates of 5mm thickness; 
by friction stir welding (FSW) technique. Five different tool 

designs have been employed to analyse the influence of 

rotation speed and traverse speed over the micro structural 

and tensile properties. Effect of welding speed on 

microstructures, hardness distribution and tensile properties 

of the welded joints were investigated. S.Ugender et al. 

(2014) investigated that AA 2014-T6 is widely used in the 

craft structure and truck body. Mechanical and 

microstructure analysis has been performed to evaluate the 

characteristics of friction stir welded AA 2014-T6. From the 

investigation it is found that the joints fabricated at taper 
cylindrical tool profile with 3 mm radius of curvature 

resulted in better mechanical properties compared to straight 

cylindrical tool profile. C.Rathinasuriyan et al. (2014) have 

investigated the quality and corrosion behaviour of a 

submerged friction stir welded sample of AA 6061-T6 alloy. 

This study examines the three parameters used for this 

process such as rotational speed (rpm), welding speed 

(mm/min) and water level (mm). No defects were observed 

on the weld region via visual inspection. Esther T. Akinlabi 

et al. (2013) studied the influence of friction stir welding 

processing parameters on dissimilar joints conducted 

between aluminium alloy (AA5754) and commercially pure 
copper (C11000) was studied. The welds were produced by 
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varying the rotational speed from 600 to 1200 r/min and the 

feed rate from 50 to 300 mm/min. The resulting 

microstructure and the corrosion properties of the welds 

produced were studied. Firouz Fadaeifard et al. (2013) 
studied the effect of rotational speed on macro and 

microstructures, hardness, lap shear performance and failure 

mode of friction stir lap welding on AA6061-T6 Al alloy 

with 5 mm in thickness was studied by field-emission 

scanning electron microscopy (FE-SEM). The results 

represent much closer hardness distribution in the upper and 

lower plates at the lowest rotational speed. C. Elanchezhian 

et al. (2014) studied the basic principle of Friction stir 

welding (FSW) which is heating the metal to a temperature 

below the re-crystallization temperature thus reducing the 

welding crack such as porosity band hot crack with are 

commonly formed in the conventional welding method due 
to alloy’s low crystallization temperature and high heat 

dissipation nature. The main influence parameter in FSW is 

rotational speed welding traversing speed and pressure 

applied against the joint. AA6061 and AA8011 aluminium 

alloy has high strength to weight ratio, Taguchi L9 

orthogonal array is used to reduce the number of experiment. 

Raj Kumar et al. (2014) studied the characterization of 

friction stir welded dissimilar Aluminium alloys AA 5052 

and AA 6061. The coupons of above metals were friction – 

stir welded using cylindrical pin tool using at constant speed 

of 710 rpm and at two different feed rates of 28 20mm/min. 
Correlation between mechanical and metallurgical properties  

is deduced that the sample welded at lower feed rate 

performed better in terms of ductility. J.S de Jesus et al. 

(2014) developed the several tool geometries and studied 

their effect on weld morphology, material flow, 

microstructure and hardness of processed regions was 

analyzed. Their effect on fatigue strength of welds was also 

examined for the most promising tools. The feasibility of 

FSP MIG T welds was proved. P.Cavaliere et al. (2006) 

investigated the effect of processing parameters on 

mechanical and micro structural properties of AA6056 joints 
produced by Friction Stir Welding. Different samples 

obtained by employing rotating speeds of 500, 800 and 1000 

rpm and welding speeds of 40, 56 and 80 mm/min were 

produced. The mechanical properties of the joints were 

evaluated by means of micro hardness (HV) and tensile tests 

at room temperature. Z.L. Hu et al. (2012) produced the 

large-diameter thin-walled aluminium alloy tube by friction 

stir welding combined with spinning, and the tube’s 

microstructure and mechanical properties were investigated. 

The microstructural heterogeneity of the friction stir welded 

joint is significantly improved by severe plastic deformation, 

which results in the generation of a fine-grained structure and 
uniform distribution of second-phase particles in the weld 

and base material.  

 

III. WORKING PRINCIPLE 

Friction stir welding is a process that produces a weld joint 

between two work pieces by friction, heating and plastic 

deformation caused by rapidly rotating tool that traverse the 

weld joint. A general tool is design in the cylindrical shape 

with a pin of diameter smaller then the shoulder. The probe 

or pin is slightly shorter than the thickness of the plates and 

its diameter is normally slightly larger than the thickness of 

the plates. The axis of tool shoulder and pin is co-axial with 
the axis of rotation. 

 
FSW on AA6061 and AA2014 

The plates are rigidly clamped and are supported by a fixture 

that bears the load or shearing forces, vibration transmitted 

by the tool rotation. It also gives the support to the plate and 

does not permit it to distort throughout the welding. Friction 

stir welding uses a non consumable tool which has rotational 

and transverse speed. To create a linear weld in a butt joint 

arrangement, the plates are placed on the fixture with seams 

of plates in contact. In this process, the rotating friction stir 

welding tool is penetrating into the interface of the plates, till 

the shoulder of the tool comes in the contact with plates. 
Frictional rubbing between tool and plates raised the 

temperature of plates and heated material to soften and 

plastically flow. The transverse motion of the tool shoulder 

promotes the displacement of the softened material to 

produce the weld joint. After reaching the last part of the 

weld, the tool is withdrawn whereas it is still being rotated. 

When the pin is withdrawn, it plants a small hole at the end 

of the weld. Heating and shearing effects modify the original 

parent material microstructure. How this microstructure is 

produced can guide to improvements in the friction stir 

welding process. To considerate how the particles shift and 
what circumstances encourage and what types of 

microstructures can help in predicting the appropriate 

arrangement to make high-grade welds. The subject with 

material flow is that in friction stir welded materials the 

stress of a point at any specified time is dependent on 

temperature, strain, and strain rate. As heat increases, the 

stress at that point will decrease.  
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IV. WELDING EQUIPMENTS 

A. FSW Machine 

 
Universal vertical milling machine 

The CNC universal vertical milling machining at CTR 

Ludhiana was preferred for welding the test pieces. Motion 

of the tool is in vertically direction. Sample plates were 

clamped by clamping devices on the bed of machine. Sample 

plates were tightly fixed so that there are no any movements 

during the process. Tool is mounted vertically in tool holder 
of the machine. Single pass of tool is used during FSW. 

 

B. Clamping devices 

Clamping devices are the devices which are used to fix the 

workpiece tightly for doing the operation accurately. So the 

clamping devices were used to fix the sample pieces tightly. 

A base was also used at bottom of the sample piece to 

prevent the bed from the damage or to prevent the deposition 

of melted aluminium on the bed.  

 

3. Tool 
The tool of high carbon high chromium steel was used, which 

is strong, tough and hard to wear.  

Three types of tool profile are used. 

1.  Square (Sample 1) 

2. Tapered (Sample 2) 

3. Cylindrical (Sample 3) 

 

V. RESULT AND DISCUSSION 

In this experimental work different pin profiles tools were 

used for the FSW on AA 6061 T6 and AA 2014 T4. From 

this experimental work it is observed that the tensile strength 

of the weld metal with square pin profile tool is more as 
compared to the case when tapered pin profile tool is used 

and the tensile strength of the weld metal, welded by tapered 

pin profile tool is more as compared to weld metal tensile 

strength welded by the cylindrical pin profile tool. 

A. Universal Tensile Test 

 
 
B. Microstructure Test 

Welding parameters have significant effect on 

microstructure. At low rotational speed heat generated is 

less, which is not sufficient to make plastic flow of metal in 

the weldment causing poor mechanical properties. With the 

increase in tool rotation speed, high heat is generated, which 

increases the width of HAZ and reduces the cooling rate. 

This results in coarse microstructure. However with increase 

in traversing speed, heat input decreases and cooling rate 

increases, which produce fine microstructure, as shown in 

following figures. 

 
Sample 1(Square Pin) 

The microstructure consists of fine insoluble particles of 

Mg2Si (dark black) & FeMnAl6 (gray particles) in matrix of 
aluminium solution. 

 
Sample 2 (Tapered Pin) 
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Sample 3 (Cylindrical pin) 

 

VI. CONCLUSION 

Base metals Al 2014 T4 and Al 6061T6 were successfully 

welded by Friction Stir Welding without any breakage and 

deterioration of the tool. The developed Microstructure of the 

stir zone shows uniform fine grains. From this experimental 

study it can be concluded that square pin profile tool gives 

maximum tensile strength, tapered pin profile tool gives more 

tensile strength than the cylindrical tool pin. At high 

rotational speed of 1200 rpm & high welding speed of 150 
mm/min the fine grain microstructure are obtained. The 

sample 1 has the maximum Vickers hardness at the stir zone. 
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