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Abstract— FSW is a solid state joining technique in which no 

melting is involved. This technique is very attractive for high 

strength aluminums alloys. 7xxx series aluminium alloys are 

difficult to welded by fusion welding process because of 

hydrogen solubility, formation of aluminium oxides, 

solidification shrinkage etc. which can alternate by friction 

stir welding process. FSW is widely used for application 

where the original metal characteristics must remain 

unchange as far as possible. Mechanical characterization, 

similar and dissimilar combinations, micro structural 

characteristics and influence of tool pin profiles for FSW is 

some of the important parameter. It is important to understand 

the tensile and microstructure characteristics of friction stir 

welds due to potentially wide range of engineering 

applications like automobile, aerospace, shipbuilding, 

railway industries etc. of friction stir welding. The aim of 

present work is to investigate combine effect of tool geometry 

and machining parameter on microstructure and tensile 

properties of friction stir welded aluminium AA7075-T6. 
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I. INTRODUCTION 

Friction Stir Welding (FSW) was invented in 1991 at The 

Welding Institute (TWI) of the United Kingdom as a solid-

state material joining process and this was initially applied to 

aluminum alloys. The basic of friction stir welding working 

is simple a non-consumable rotating tool with a specially 

designed pin and shoulder is inserted into the abutting edges 

of two plates to be joined and subsequently traversed along 

the joint line definitions for the tool and work piece as shown 

in Fig.1. Most definitions are self-explanatory, but advancing 

and retreating side definitions require a brief explanation. 

Advancing and retreating side orientations require knowledge 

of the tool rotation and travel directions.[1] 

 
Fig. 1: Frictions Stir Welding Process 

This process are carried out with many 

considerations of process parameter and tool design for better 

welding quality. 

This technique has exhibited a greater advantage 

over traditional arc welding process. It has found application 

in many industries such as aerospace, automotive, railway, 

maritime, etc. FSW is most environmental friendly than 

traditional welding techniques like arc welding, fume 

welding etc. 

II. PRINCIPLE OF FRICTION STIR WELDING 

The basic principal of Friction stir welding is heating the 

metal to a temperature below re-crystallization temperature 

using Friction generated by the cylindrical shouldered tool on 

metal. This tool having characteristic profile pin, which is 

rotated and plunged into the joint area between two pieces of 

sheet or plate material. The parts have to be securely clamped 

using fixtures to prevent the joint faces from being forced 

apart. The Frictional heat is produced between the wear-

resistant welding tool and the workpieces, which causes the 

metals or alloys to soften without reaching the melting point. 

 
Fig. 2: Principle of FSW Process 

The tool moves along the joint line of the work 

materials as shown in fig.2.The plasticized material gets 

transferred to the trailing edge of the tool pin and forged 

through intimate contact with the tool shoulder and pin 

profile. The cooling of the material leads to the creation of a 

solid phase bond between the clamped work pieces. 

III. FSW TOOL 

FSW tool is considered as heart of the welding process which 

has two main parts namely shoulder and pin, which heats the 

work piece material by friction. 

Probe is the part of the tool which is inserted in to 

the work piece by axial force which shears the material in 

front of the tool and moves the same behind the tool.[4] Probe 

end may be made as flat or domed surface. Flat surface 

increase forges force during plunging, whereas domed one 

reduce the forge force. Probe outer shape may be made as 

cylindrical and tapered with or without threads, flutes. 

IV. MICRO STRUCTURE CLASSIFICATION OF FSW 

The first attempt at classifying microstructure was made by P 

L Treadmill (Bulletin, march 1997). The work was based on 

information available from aluminium alloys. And more 
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comprehensive scheme has been developed by TWI, and has 

been discuss with a number of appropriate people in industry 

and academia.[3] 

 
Fig. 3: Weld Structure Analysis of FSW 

In unaffected base metal zone (A), there is no change 

in property and micro structure. This is the area which is far 

away from the weld zone unaffected by the heat or 

deformation. In heat affected zone (B), material is affected by 

thermal cycle and leads to changes micro structure. Heat in 

this zone does not include any plastic deformation. TMAZ 

(C) is a transition zone which is unique in FSW. During 

welding, this region experiences both temperature and 

deformation, which are not sufficient to induce the 

recrystallization in the material. The portion where the actual 

stirring take place which leads to micro structural changes 

and experienced the high strain is usually referred as nuggets 

zone (D). 

V. PROCESS PARAMETER IN FSW 

FSW is a complex process, in which the weld quality is 

affected by many factors. FSW tool profile, FSW tool 

dimensions, FSW process parameters are predominantly 

influence the material flow behavior and mechanical 

properties. In Friction Stir welding, process parameters are 

grouped in to two categories such as machine controlled 

parameter and tool controlled parameter. The parameters 

which are controlled in machine includes spindle rotational 

speed, tool traverse speed and axial force. The tool parameter 

which are controlled during tool design include tool pin 

profile, shoulder diameter, pin diameter, pin length and tool 

lilt angle. 

S BABU et al.(2009) present a study on “optimizing 

friction stir welding parameter to maximize tensile strength 

of AA2219 aluminium joint”. The welding parameters such 

as tool rotational speed, welding speed, axial force etc., and 

the tool pin profile play a major role in determining the joint 

strength. An attempt has been made here to develop a 

mathematical model to predict the tensile strength of friction 

stir welded AA2219 aluminium alloy by incorporating FSW 

process parameters. A central composite design with four 

factors and five levels has been used to minimize the number 

of experimental conditions. The response surface method 

(RSM) has been used to develop the model. 

A mathematical model has been developed here to 

predict the tensile strength of friction stir welded AA2219 

aluminium alloy joints with a 95 % confidence level. 

S. RAJAKUMAR et al. (2010) “Influence of friction 

stir welding process and tool parameters on strength 

properties of AA7075-T6 aluminium alloy and conclude that 

higher tool rotational speed resulted in high heat generation 

which cause slower cooling rate and leads to foramation of 

coarse grains size which in turn produced lower hardness. 

 The joint fabricated using the FSW process parameters 

of 1400 rpm (tool rotational speed), 60 mm/min (welding 

speed), 8 kN (axial force), with the tool parameters of 15 

mm (shoulder diameter), 5 mm (pin diameter), 45 HRc 

(tool hardness) yielded higher strength properties 

compared to other joints.[4] 

G.ELATHARASAN et al.(2012) “Modeling and 

Optimization of friction stir welding parameter for dissimilar 

aluminium alloys using RSM.” The friction stir welding 

process parameters play major role in deciding the joint 

characteristics. Response Surface Methodology (RSM) was 

used to predict the ultimate tensile strength, yield strength and 

displacement of friction stir welded (AA6065-T6 and 

AA70705-T6) aluminium alloys. The experiment is 

conducted based on three factors namely rotational speed, 

welding speed and axial force. 

 Ultimate tensile strength of the friction stir welded joints 

increases with increase in tool rotation speed and 

welding speed up to maximum value, and then decrease. 

 Due to increase in axial force ultimate tensile strength is 

decreases.[5] 

R.PALANIVEL et al.(2012) “mechanical and 

microstructure behavior of friction stir welded dissimilar 

aluminium alloys." Aluminium and its alloys generally has 

low weldability by traditional fusion welding process. The 

development of the Friction Stir Welding (FSW) has 

provided an alternative improved way of producing 

aluminium joints, in faster and reliable manner. This paper 

presents the mechanical and metallurgical properties of 

dissimilar joints of aluminium alloy AA6351-T6 and 

AA5083-H111 alloy produced by friction stir welding is 

analyzed. Three different welding speeds (50mm/min, 

63mm/min, and 75mm/min) have been used to weld the 

joints. 

Tensile strength of the joints was affected by the 

welding speed. The joints produced using welding speed of 

63mm/min showed better tensile properties.[6] 

S.M BAYAZID et.al.(2015) “investigation of 

friction stir welding parameters of 6063-7075 aluminium 

alloys by taguchi method" In this work, effect of some 

welding parameters such as rotational speed, travel speed and 

plates’ position on microstructure and mechanical properties 

of Friction Stir Welded joint of 6063 and 7075 alloys was 

predicted via Taguchi method. Signal to Noise ratio (S/N) 

analysis indicated that maximum tensile strength achieved 

when rotational and travel speeds, and plates’ position were 

chosen as 1600 rpm, 120 mm/min and Al7075 in advancing 

side (AS-7075), respectively. According to ANOVA 

analysis, it was observed that rotational, travel speed and 

plates’ position have 59, 30 and 7 percent influence on tensile 

strength of joint respectively. Finally a model for tensile 

strength values based on FSW parameters was calculated 

which was also confirmed by experimental results.[10] 

Process parameter and its levels 
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In this study we have selected four process 

parameter: Tool design, Tool rotational speed, tool transverse 

speed and axial force. 

Process 

Parameter 
Unit Level 1 Level 2 

Level 

3 

Tool design - 
Hexagonal 

Tool 
Tri-Flute  

   
Threaded 

Tool 
 

Tool 

Rotational 

Speed 

Rpm 1200 1600 2000 

Tool 

Transverse 

Speed 

mm/min 80 100 120 

Axial Force kN 6 8 10 

Taguchi method is based on mixed levels, highly 

fractional factorial designs, and other orthogonal designs. It 

distinguishes between control variables, which are the factors 

that can be controlled, and noise variables, which are the 

factors that cannot be controlled except during experiments 

in the lab. Two different orthogonal designs are chosen for 

the two sets of parameters.[9] 

Taguchi experimental design of experiments 

suggests L9 orthogonal array, where 9 experiments are 

sufficient to optimize the parameters. Based on main factor, 

the variables are assigned at columns, as stipulated by 

orthogonal array. The last column can be kept dummy, but no 

row should be left out. Once the orthogonal array is selected, 

the experiments are selected as per the level combinations. It 

is important that all experiments are conducted. The 

performance parameter (output) is noted for each 

experimental run for analysis. 

VI. CONCLUSION 

Literature review reveals that the researchers have carried out 

most of the work on varying one parameter at a time and no 

consideration has been given to interaction effect of two or 

more parameters. Most of researcher used triangular, square 

and hexagonal tool profile, but tri-flute threaded type of tool 

profile is less used, so in this research work tri-flute and 

hexagonal tool profile will use and compare to each other and 

investigate which tool profile give higher tensile strength and 

fine microstructure. Thus, keeping in view of the above 

research gaps, it was planned to investigate the effect of FSW 

process parameters on mechanical and metallurgical 

properties of friction stir weldment of aluminium alloys using 

tri-flute threaded and hexagonal tool profile. 
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