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Abstract - Friction stir welding (FSW) is a new solid state welding process for joining metallic alloys and it is useful in 

several industries such as aerospace and automobile for joining aluminum, magnesium and copper alloys. The various 
parameters such as rotational speed, tool design, transverse speed, and tool tilt angle play important roles in FSW process and 
the quality weld. The aim of this study is to know the relation between the effect of different transverse speed and tool pin 
profile on the weld quality of AA6082 (HE 30) aluminum. The current studies also aim to understand mechanical properties 
during the FSW. The mechanical properties of FSW of AA6082 will be measured by tensile testing and % elongation and 
finding out the defects in welded plates by the use of NDT- Radiographic testing method. We have used methods of Design of 
Experiments (22) in order to find relationship between independent and response variables. 
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I.  INTRODUCTION 

Friction stir welding technology has been demonstrated to produce very good and sound joints especially in the applications for 
light alloys. Based on friction heating at the faying surfaces of two sheets to be joined, in the FSW process a tool with a specially 
designed rotating probe travels down the length of contacting metal plates, producing a highly plastically deformed zone through 
the associated stirring action. The localized thermo-mechanical affected zone is produced by friction between the tool shoulder and 
the plate top surface, as well as plastic deformation of the material in contact with the tool occurs. A constantly rotated non 
consumable cylindrical-shouldered tool with a profiled nib is transversely fed at a constant rate into a butt joint between two 
clamped pieces of butted material. The tool pin is slightly shorter than the weld depth required, with the tool shoulder riding atop 
the work surface. 

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. As the pin is moved forward, a special profile on its leading face forces plasticized material to the rear where clamping 
force assists in a forged consolidation of the weld. 

This process of the tool traversing along the weld line in a plasticized tubular shaft of metal results in severe solid state 
deformation involving dynamic recrystallization of the base material. FSW is a solid-state joining process that creates high-quality, 
high- strength joints with low distortion and is capable of fabricating either butt or lap joints, in a wide range of materials thickness 
and lengths. 

 

Fig. 1 FSW Process Lay-out 
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FSW being a solid state process eliminates many of the defects associated with fusion welding techniques such a shrinkage, 
solidification cracking and porosity. The tool has a circular section except at the end where there is a threaded probe or more 
complicated flute; the junction between the cylindrical portion and the probe is known as the shoulder. The probe penetrates the 
workpiece whereas the shoulder rubs with the top surface. The heat is generated primarily by friction between a rotating-- 
translating tool, the shoulder of which rubs against the workpiece. There is a volumetric contribution to heat generation from the 
adiabatic heating due to deformation near the pin. 

A. Micro Structural Features:- 

The solid-state nature of the FSW process, combined with its unusual tool and asymmetric nature, results in a highly 
characteristic microstructure. While some regions are common to all forms of welding some are unique to the technique, while the 
terminology is varied. The following is representative of the consensus. 

• The stir zone (also nugget, dynamically recrystallized zone) is a region of heavily deformed material that roughly corresponds 
to the location of the pin during welding. A unique feature of the stir zone is the common occurrence of several 

Concentric rings which has been referred to as an „onion-ring‟ structure. The precise origin of these rings has not been firmly 
established, although variations in particle number density, grain size and texture have all been suggested. 

• The flow arm is on the upper surface of the weld and consists of material that is dragged by the shoulder from the retreating 
side of the weld, around the rear of the tool, and deposited on the advancing side. 

• The thermo-mechanically affected zone (TMAZ) occurs on either side of the stir zone. In this region the strain and 
temperature are lower and the effect of welding on the microstructure is correspondingly smaller. 

 

 

 

The heat-affected zone (HAZ) is common to all welding processes. As indicated by the name, this region is subjected to a 
thermal cycle but is not deformed during welding. The temperatures are lower than those in the TMAZ but may still have a 
significant effect if the microstructure is thermally unstable. In fact, in age-hardened aluminum alloys this region commonly 
exhibits the poorest mechanical properties. 

B. Factors affecting FSW 

There are numerous parameters which affects the FSW process, which is explained below. 
1)  Rotational Speed of tool 
2)  Transverse speed of tool 
3)  Tool Tilt 
4)  Plunge depth of tool 
5)  Tool design 
 

II. LITERATURE OF SURVEY 

R. Rai and H. K. D. H. Bhadeshia had given review on friction stir welding tool in January 2011. They reviewed and had 
critically examined various important parameters of FSW tools such as selection of tool material its geometry and ability to bear a 
load, mechanisms of tool degradation and process economics.[1]Commercial feasibility of the FSW process for harder alloys such 
as steel and titanium alloys delays the development of cost effective and durable tools which lead to structurally perfect welds 
consistently. Material selection and design mainly affects the performance of tools, weld quality and cost.  

Fig. 2 Weld Zone 
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Muthukumaran and S.K.Mukharjee Had design adaptive tool for typical milling machine in January 2010. The cost of friction 
stir welding (FSW) machine is higher and thus the method of FSW is not available to many users like industries, teaching and 
research institutions. So they perform FSW process on milling machine. [2] They proposed an improved tool design that can be 
adopted in a milling machine thereby eliminating the need of a costly friction stir welding (FSW) machine.T. Sakthivel and G. S. 
Sengar Had observed effect of transverse speed on microstructure and mechanical properties of friction stir welded aluminium in 
October 2006. In their investigation, aluminium welds were produced at various transverse speed using the Friction stir welding 
technique. The welds were characterized for mechanical properties and microstructural investigation. They are observed that good 
correlation exists between the mechanical properties and welding speeds. [3] The best mechanical properties were obtained at lower 
welding speed.  

 
Hidetoshi Fujii, Ling Cui, Masakatsu Maeda, Kiyoshi Nogi Had performed the Butt-welding on 1050-H24, 5083-O and 6061-

T6 aluminum alloys by friction stir welding process. They had used 5mm thick, 70mm wide and 300mm long plates & the tools 
having a columnar probe without threads and a columnar probe with threads. They had observed that a columnar tool without 
threads produces weld with the best mechanical properties, because this tool shape induced defects less than the others. For high 
melting temperature metals a columnar tool without threads can provide sound welds by decreasing the rotation speed [4].  

 
Weifeng Xu, Jinhe Liu, Guohong Luan, Chunlin Dong Used 2219-T6 aluminum alloy to investigate mechanical & 

microstructure properties by FSW process. They observed that with increasing rotary speed at constant tool traverse speed, the 
tensile strength, yield strength of joints, elongation and joint efficiency increase almost linearly & also shown that The macro-
fracture surfaces of tensile tested specimens present 45° shear fracture along the tensile axis in the boundary between the TMAZ 
and HAZ on the retreating side.  

 
H.W. Zhang, He has performed numerical studies on controlling of process parameters in friction stir welding. He developed a 

thermo-mechanical model to predict the material deformations and temperature histories in the friction stir welding (FSW) process. 
Based on this model, the effects of the welding parameters on temperatures and material behaviors are investigated. Numerical 
results indicate that the maximum temperature in the FSW process can be increased with the increase of the rotating speed. The 
increase of the welding speed can lead to the obvious increase of the efficient input power for FSW system. The material particles 
on the top surface do not enter into the wake and just pile up at the border of the wake at the retreating side and this is the reason for 
the formation of the weld fash in FSW. Both the increase of the rotating speed and the decrease of the welding speed can lead to the 
increase of the stirring effect of the welding tool, which can improve the friction stir weld quality. [5] But when the rotating speed 
is increased, the weld fash becomes more obvious. When the welding speed becomes higher, the rotating speed must be increased 
simultaneously to avoid any possible welding defects such as void.  The simultaneous increase of the rotating and the translating 
speeds of the welding tool can lead to the increase of the residual stress. 

  

III. WORKPIECE MATERIAL AND DEVELOPMENT OF TOOL 

A. Configuration of the Work piece:-  

  The friction stir welds have been carried out by using a properly designed clamping fixture that allows the user to fix the 
two plates (150mm×100mm). Aluminium HE30 (AA6082) was used in this investigation which is a precipitation hardened 
aluminium alloy widely used in aerospace applications due to its high strength. 

 

 

 

 

Fig.3 Workpiece Specimen 
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3.1 Mechanical properties of base metal 

Temper 
 

O 
 

T4 
 

T6 

Proof Stress 0.2% 
(MPa) 

60 170 310 

Tensile Strength 
(MPa) 

130 260 340 

Shear Strength 
(MPa) 

85 170 210 

Elongation A5 (%) 27 19 11 

 
Hardness Vickers 

(HV) 
35 75 100 

 

 

3.2 Chemical compositions (wt. %) of the base metal 

Element % Present 
Si 0.7 to 1.3% 

Fe 0.5% 

Cu 0.1% 

Mn 0.4 to 1.0% 

Mg 0.6 to 1.2% 

Zn 0.2% 

Ti 0.1% 

Cr 0.25% 

Al Balance 

 

 

3.3  Typical fabrication response for aluminium alloy HE30 

Process Rating 

Workability – Cold Good 

Machinability Good 

Weldability – Resistance Good 

Brazability Good 

Solderability Good 
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3.4 Typical physical properties for aluminium alloy HE30 

 

Property 

 

Value 

 

Density 

 

2.70 g/cm3 

 

Melting Point 

 

555°C 

 

Modulus of Elasticity 

 

70 GPa 

 

Electrical Resistivity 

 

0.038x10-6 Ω.m 

 

Thermal Conductivity 

 

180 W/m.K 

 

Thermal Expansion 

 

24x10-6 /K 

 

B. Development of Tool:- 

A novel pin is design for a friction stir welding (FSW) tool that can penetrate more deeply into work pieces to form a thicker 
weld joint without overloading the tool. The pin is provided with cylindrical taper on its surface. When the pin is rotated and driven 
into work pieces under an applied vertical load, the penetration of the pin into the work pieces and shearing of work piece material 
into particles. The pin diameter is decreased from its proximal end to its distal end, either discretely in steps or linearly in a tapering 
manner. The reducing profile of the pin further eases penetration of the pin into work pieces, and also reduces the amount of 
transverse welding load required to traverse the pin along the weld interface. 

 Material of Tool is EN 8 and its details given below: 

 

Fig. 4 FSW tool geometry 
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Data for the tool profile:  

•   Hardening Temperature (cold work)     = 920°C to 980°C 

•   Quenching medium    = oil 

•   Tempering Temperature                = 100°C to 350°C 

 •   Brinell hardness   = 58 To 65 HRC 

 

3.5 Chemical Composition of tool 

 

Element 

 

% Present 

 

Carbon 

 

0.36-0.44% 

 

Silicon 

 

0.10-0.40% 

 

Manganese 

 

0.60-1.00% 

 

Sulphur 

 

0.050 Max 

Phosphorus 0.050 Max 

 

3.6 mechanical property of tool material 

Property Value 

Max Stress 700-850 N/mm
2

 

Yield Stress 465 N/mm
2 

Min 

0.2% Proof Stress 450 N/mm2 Min 

Elongation 16% Min 

Hardness 201-255 Brinell 

 

 

IV. EXPERIMENTAL METHOD & MEASUREMENT 
 

A. Experimental Set up: Machine Specification:- 

•   Machine Name: Vertical Milling cum Drilling Machine 
•   Company Name: UNI-TECH MACHINES 
•   Maximum Spindle Speed: 1800 rpm 
•   Bed Size: length-550mm & width-300mm 
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Fig. 5 Vertical Milling cum Drilling Machine used for the FSW 

 

 

Fig. 6 Tool position in Milling Machine for the process FSW 
 

Generally, the quality of weld depends on the following parameters namely: rotational speed, transverse speed, tool 
design and tool tilt angle. Of which we have selected following two parameters transverse speed and tool design, which are to be 
varied, keeping the rotational speed of the spindle constant. The effect of these parameters on the weld quality and the properties 
of weld joint have been studied. 
 

 

Fig. 7 Set up of the experiment on Machine 
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4.1 range of parameter 

Parameters Ranges 
 -1 0 +1 

Feed 
(mm/min) 

20 - 30 

Tool 
design/ pin 

length 

2.5 3.25 4.0 

 

4.2 No of test specimen sample 

Plate No. Feed(mm/min) Tool pin 
length(mm) 

A1 -1 -1 
A2 +1 -1 
A4 -1 0 
A4 +1 0 
A5 -1 +1 
A6 +1 +1 

 

V. EXPERIMENTAL RESULTS 

A. Tensie Tests:- 

Typically, the testing involves taking a small sample with a fixed cross-section area, and then pulling it with a controlled, 
gradually increasing force until the sample changes shape or breaks. 

The following is the design of the workpiece for tensile strength measurement according to ASTM E8m-08. 
 We conclude that welding at 20 mm/min feed rate gives minimal/lowest strength. 
 The reasons for these needs to be investigated. 
 The feed rate of 30 mm/min gives relatively better strength. 
 Tool pin length of 2.5 mm gives moderate tensile strength. 

 
5.1 tensile strength of sample specimen 

Sr. No. Force 
(KN) 

Area 
(mm2) 

Ultimate 
Tensile 
Strength 

Elongation 
(%) 

A1 5.16 75 68.80 7.84 

A2 11.27 75 150.27 5.88 

A3 8.46 75 112.80 5.88 

A4 11.40 75 152.00 5.88 

A5 6.09 75 81.20 1.96 

A6 
 

10.22 75 136.27 5.88 
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Fig. 8 Tensile Test Specimen 

 

B. Radiography Test:- 

After evaluating radiographic test results, we can conclude that Heat rate at local level is less due to low heat rate and due to 
high speed of 40 mm/min feed rate. So the joint is not defect free, because these defects are occurring due to variation in the 
transverse welding speed. Therefore, it is not acceptable for any engineering process. 

Also 30mm/min feed rate is optimal speed where RT does not show any significant defect. Tool pin length of 2.5mm gives 
good RT result and thus underlap can be implemented in double V groove, when we have 6mm thickness plate. 

C. DOE result discussion for Tensile Strength : 

• DOE results shows that % contribution of tool pin length to tensile strength of weld is 74.67 %. 

• It also gives percentage contribution of transverse speed to tensile strength of weld is 13.64%. 

• For a tensile strength, results of DOE gives significance of both the parameters tool pin length and transverse speed.  

• Mathematical model is derived from DOE and validated subsequently. 

D. DOE result discussion for % Elongation: 

• DOE results shows that % contribution of tool pin length to % Elongation of weld is 56.19%. 

• It also gives % contribution of transverse speed to % Elongation of weld is 18.00%. 

• For a % Elongation, results of DOE gives significance of   tool pin length and insignificance of transverse speed. 
 

VI. CONCLUSION 

A. Due to the rapid growing need of light metal usage and variety of different materials in different applications like aerospace , 
automobile ,  marine , etc., viability of friction stir welding for different materials on different machines are been researched 
throughout the world in last decade. 

B. Friction time has maximum influence on weld interface temperature. The upset and weld interface temperature increases as 
friction time increases. 

C. From four different tool pin profiles, the cylindrical tool with a tapered pin diameter have efficient stirring of the metal and 
efficient filling of the material in the gap formed during the welding process. 

D. No macrostructure defects were observed in the weld joints welded at tool rotational speed of 300 to 700 rpm, welding speed 
of 15 to 35 mm/min and axial force of 4 kN to 8 kN. 

E. Mechanical properties of the joints increase with increase in tool rotational speed and reaches maximum at 500 to 600 rpm 
but again deceases with further increase in tool rotational speed. 

F. The tensile strength increases with increase in the tool reaches maximum and then decreases with further increase in tool 
rotational speed. 
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