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Abstract 

Friction stir welding (FSW) is an innovative solid state joining process, developed by The Welding Institute, UK for joining 

aluminum, magnesium, zinc and copper alloys. FSW is being used in aerospace, automotive, rail, marine industries, fabrication, 

etc. FSW is more beneficial over traditional welding process, particularly in the areas of weld quality and environmental impacts. 

The FSW process parameters such as tool rotation and transverse speed, tool design, axial force, play a major role in deciding the 

weld quality. In this article, we are going to analyze joining of two same materials by varying affecting parameters and to carry 

out the optimized set of parameters, which will give high strength for particular pair of dissimilar materials. An attempt has been 

made to join aluminum alloy 6351 T6 plate having dimension of 120*50*12 with three different featured conical tool friction stir 

welding (FSW). FSW is more eco-friendly and refine process which give higher joint efficiency than fusion welding process if 

proper parametric is used. Process parameter like Rotational speed, welding speed, Fixture design, Tool Design, Tool Pin are 

studied in this research work. Welding speed or transverse speed, Range of RPM and tool features are chosen for Experimental 

work. Check the fatigue test on different range, speed and conical tool using the welding process and check the fatigue life of weld 

specimen.   
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Friction stir welding (FSW) is an innovative solid state joining process, developed by The Welding Institute, UK in 1991. FSW is 

being used in aerospace, automotive, rail, marine industries, fabrication, etc. FSW is more beneficial over traditional welding 

process, particularly in the areas of weld quality and environmental impacts. The FSW process parameters such as tool rotation 

and transverse speed, tool tilt and plunge depth, tool design, axial force, play a major role in deciding the weld quality. Among 

aluminium alloys, aluminium-magnesium-silicon (Al-Mg-Si) heat treatable alloys, although of only medium strength, appears to 

have weld ability advantage over high strength aluminium alloys. For this reason Al-Mg-Si alloys are widely used for structural 

components in welded assemblies. FSW may produce high tensile stresses elsewhere in the components, FSW results in a much            

lower distortion and residual stresses owing to the low heat input characteristics of the process.  So far we have examined materials 

behaviour under slowly rising load (the tensile test) and under impact loading (the impact test). We learned from the first test that 

a smooth specimen fails by overloading if the statistically applied stress exceeds the tensile strength of the material. However, 

failure can still occur at a stress level less than the yield strength (σy) if the applied stress is fluctuating with time. Failure caused 

by cyclic loading is termed fatigue and the number of total loading cycles applied until fracture is called the fatigue-life. The 

majority of engineering components experience some sort of load fluctuations and it has been estimated that fatigue is responsible 

for more than 70% of all engineering materials failures. Therefore, engineers should be aware of this type of failure and know how 

to design against it. 

 An Operating Principle: 

In FSW, a constant rotating, non-consumable, cylindrical-shouldered tool with a profiled pin fed at constant traverse rate into the 

material across the joint line forming a sound bond of similar and dissimilar materials. The heat generated between the rotating 

tool and the work piece will plastically soften the work piece material without melting it. As the pin is moved in the direction of 

welding, forces plasticized material to the back of the pin whilst applying a substantial forging force to consolidate the weld metal. 
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Fig. 1.1: Schematic Diagram of FSW 

The parts have to be clamped rigidly onto a backing bar in a manner that prevents the abutting joint faces from being forced 

apart. The length of the pin is slightly less than the weld depth required and the tool shoulder should be in intimate contact with 

the work piece surface. The welding of the material is facilitated by severe plastic deformation in the solid state involving dynamic 

recrystallization of the base material.  

The FSW process is one of the latest innovations in the area of welding.  It has several  advantage  compared  to traditional  

fusion  welding  techniques and is mainly  use for  light weight  alloy  such as aluminium  and magnesium. The  process use  

rotating, non –consumable  tool, consisting  of a  bigger  circular  area, the  shoulder , with  a smaller  diameter pin sticking out, 

the  probe. 

The process is typically described in four steps: 

The Plunger Operation: The rotating probe is slowly pressed down until the shoulder makes contact with the material.  

The  Dwelling  Period: The tool maintains  its position, generating  frictional  heat  until  the  desired  temperature is  reached. 

 Conical Tool for fsw Process 

Threads and flutes on the pin are to increase heat generation rate due to larger interfacial area, improve material flow and affect 

the axial and transverse force 

 
Fig. 1.2: Conical fluted & Flat tool 

II. RESEARCH FINDINGS 

R.S. Mishra and Z.Y. Ma, 18 August 2005 et al.conducted investigation on [1] Friction stir welding and processing. The difficulty 

of making high-strength, fatigue and fracture resistant welds in aerospace aluminium alloys, such as highly alloyed 2XXX and 

7XXX series, has long inhibited the wide use of welding forjoining aerospace structures. With increasing experience and some 

improvement in understanding of material flow, the tool geometry has evolved significantly. Complex features have been added 

to alter material flow, mixing and reduce process loads. 

 

 
Fig. 1.3: Schematic drawing of the FSW tool. 
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G. D’Urso and C. Giardini, 29 January 2014, et al. has evaluated [2] Fatigue crack growth in the welding nugget of FSW joints 

of a 6060 aluminium alloy. Friction stir welded butt joints were performed on 8 mm thick sheets made of AA6060 T6 aluminium 

alloy by means of a CNC machine tool, at feed rates between 117 and 683 mm/min and tool rotational speed between 838 and 

1262 rpm. Tensile tests, metallographic analyses and micro-Vickers tests were carried out to evaluate the mechanical properties of 

the joints as a function of the process parameters. Fatigue crack growth in the weld nugget is always slower than that in the base 

material at low. 

P. Cavaliere and G.L. Rossi, 3 February 2007 et al. proposed [3] Thermoelasticity for the evaluation of fatigue behavior of 

7005/Al2O3/10p metal matrix composite sheets joined by FSW. The metal matrix composite under investigation was a 7005 

aluminium alloy reinforced with 10% of alumina particles Friction Stir Welded by employing a tool rotating speed of 600 rpm and 

a welding speed of 250 mm/min. The room temperature tensile and fatigue response of Friction Stir Welded 7005/Al2O3/10p 

metal matrix composite sheets of 7 mm thickness was analyzed in the present work. The strong deformation of the material during 

the process leads to a strong grain size reduction thanks tothe continuous dynamic recrystallization process in act in the nugget 

zone. The S–N curve showed a classical behaviour with decreasing cycles to failure as increasing stress amplitude, a fatigue life 

of 2 * 10^7  cycles was recorded for a stress amplitude of 120 MPa. 

H. Lombard and D.G. Hattingh, 9 February 2007 et al. conducted investigation on [4] Optimising FSW process parameters to 

minimise defects and maximise fatigue life in 5083-H321 aluminium alloy. Frictional power governs the tensile strength and the 

fatigue life in this 5083-H321 alloy through its effect on plastic flow processes in the thermo-mechanically affected zone (TMAZ) 

of the weld. 

- A - tool feed rate = 135 mm/min, tool speed = 423 rpmand tool pitch = 0.32 mm/rev and average fatigue life = 12746 

cycles. 

- B - tool feed rate = 185 mm/min, tool speed = 348 rpmand tool pitch = 0.53 mm/rev and average fatigue life = 45021 

cycles. 

- C - tool feed rate = 185 mm/min, tool speed = 617 rpmand tool pitch = 0.30 mm/rev and average fatigue life = 85897 

cycles 

R. Madhusudhan et al. performed [5] An Experimental Study on the Effect of Weld Parameters on Mechanical and Micro 

structural Properties of Dissimilar Aluminum Alloy FS Welds. Plates of 6mm thick of 6262-T6 and 7075-T6 Al alloys were friction 

stir butt welded using a tool made of H13 tool steel having 18mm shoulder diameter and the swept diameter of the square pin 

measuring 6mm. AA 6262 was kept on the advancing side (AS) of the tool and AA 7075 was kept on retreating side (RS). Total 

27 experiments were carried out with varying process parameters. Better mechanical properties (hardness and tensile strength) 

were obtained with the FSW plate fabricated with 1200 rpm tool rotational speed; 0.6 mm/sec weld speed and 9kN axial force 

compared to all other conditions.  

K. PrasadaRao et al. conducted [6] Optimization of process parameters for friction Stir welding of dissimilar Aluminum alloys 

(AA2024 -T6 and AA6351-T6) by using Taguchi method. Total 27 experiments were carried out with varying process parameters 

such as axial force, rotational speed and traverse speed. The optimum value of process parameters such as rotational speed, traverse 

speed and axial force are found to be 1200rpm, 1.2 mm/sand 7000N respectively. The optimum parameters were evaluated and the 

percentage of contribution of FSW process parameters was evaluated. It was found that the tool rotational speed had 67.31% 

contribution, traverse speed had 13.7% contribution and axial force had 14.5% contribution in yield of welded joints. 

 
Fig. 1.4: Geometry of Rotating Tool 

N.Rajamanickam et al. described [7] Effect on process parameters on mechanical properties of FS welds using DOE. With 9 

working experiments, varying process parameters such as tool rotation speed and weld speed. The samples were characterized by 

means of tensile strength, hardness and elongation. It is found that increase in weld speed increases the tensile strength. The sample 

welded with TRS of 1200rpm and WS of 8mm/min showed the maximum elongation, while the sample welded with the 600rpm 

and 20 mm/min yielded minimum elongatio 



A Review of Conical Tool Feature Variation on Friction Stir Welding (FSW) Process  
(IJSTE/ Volume 2 / Issue 11 / 024) 

 

 All rights reserved by www.ijste.org 
 

155 

III. FUTURE SCOPE 

During performance of experiments and testing major findings have suggested few parameters which should be considered for 

next works. 

One can carry experiments to present fatigue life and fatigue loading and failure properties according to the testing like bending 

fatigue, tensional fatigue, compression fatigue, high cycle fatigue and low cycle fatigue. 

Time based fatigue load carrying cycles for its micro and macroscopic observations and grain failure with macro and microscope 

structure changes can also help to understand behaviours of various materials for its cyclic loading conditions. 

Fatigue Strength and deformation of weld joint can also be mathematically modelled to help in development of metallurgy 

software.    

IV. CONCLUSION 

Friction stir welding (FSW) has matured since its introduction into industrial manufacturing to a level of an acceptable joining 

method for aluminum alloys. The FSW process has demonstrated its capabilities and been approved as a novel method for joining 

aluminum and other metals. FSW is opening up totally new areas of welding daily. 

From critical literature reviews it is concluded that all the process parameters have their impact on Fatigue test. It is necessary 

to find out which combination of process parameters gives higher Fatigue test for Friction Stir Welded joints for the real time 

predictions 

The work presented in this thesis has focused on increase the fatigue life of FSW process emphasizing on finding optimal 

welding parameter for fatigue life of weld joint and also to find out most effective parameter on fatigue life of weld joint.  

The experiment was carried out by 3 process parameters tool feature, Rotational speed of tool and welding speed with full 

factorial experiment set. These 3 parameters are affecting the fatigue life of weld joint of FSW process by experiments 27 joints 

were produced.  
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