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Abstract— The Friction Stir Welding (FSW) is a latest 

process of Advanced Welding Technology and was invented 

in 1991 by The Welding Institute (TWI) at Cambridge, in 

United Kingdom. In 1995, Friction Stir Welding has been 

used frequently for welding of high strength aluminium 

alloys such as AA6061, AA6063. Etc. which are difficult to 

weld by conventional fusion welding techniques. Friction 

welding (FW) is a collection of a series of friction-based 

solid state joining processes which can produce high quality 

welds of different components with either similar or 
dissimilar materials and has been attracting increasing 

attention. The overall aim of this study is to weld two plates 

of AA 6063 using different tool profiles and to optimize the 

parameters Ince tool rotational speed. Tool profile, depth of 

cut, feed etc. affecting the properties of welded joints& also 

study is to get the optimum parameters for the materials 

under considerations, to investigate the Heated Affected 

Zone, Mechanical Affected Zone and Weld Nugget (WN) 

besides to study the defects occurring during welding 

process by applying different parameters chosen. The 

welding process was done by using conventional milling 
machine. Three experiments being used are the Tensile 

Testing, Optical Microscopy (OM) and Hardening test to get 

the strength of the joint and the metallographic studies. The 

findings also found out that suitable parameters being 

choose give less defect. Therefore, at higher speed and 

lower tool plunge length, the joint strength decreased due to 

lack of bonding between aluminium and steel. 

Keywords: aluminium, Friction Stir Welding 

I. INTRODUCTION 

Aluminum and its alloys are widely used in the automotive 

industry because of their low density, high specific strength, 

good corrosion resistance, good workability, high thermal 

and electrical conductivity, attractive appearance, and 

intrinsic recyclability. As an extremely light metal, 

magnesium and its alloys have excellent specific strength, 

excellent sound damping capabilities, good cast ability, hot 

formability, good electromagnetic interference shielding, 

and recyclability. 

Friction stir welding is a refreshing approach to the 
joining of metals. Although originally intended for 

aluminum alloys, reach of FSW has now extended to a 

variety of materials including steels and Polymers. This 

review deals with the fundamental understanding of the 

process and its metallurgical Consequences. The focus is on 

heat generation, heat transfer and plastic flow during 

welding, Elements of tool design, understanding defect 

formation and the structure and properties of the welded 

materials. Friction welding is the welding process in which 

the heat required for welding is obtained by friction between 

the ends of the two parts to be joined .One of the parts to be 

joined is rotated at a high speed near about 2000 rpm and 

the other part is axially aligned with the second one and 

pressed tightly against it. The friction between the two parts 

raises the temperature of both the ends. Then the rotation of 

the part is stopped abruptly and the pressure on the fixed 

part is increased so that the joining takes place. 

II. EXPERIMENTAL METHODOLOGIES 

From the critical discussion on literature survey and gaps 

identified from the literature, the problem statement for the 

current  paper is Investigation of Strength of V Joint By TIG 

Welding & it’s Analysis by using the experimental method  

and validate with finite element method In experimental 

methodology detail discussion is carried out, about material 

used, specimen preparation and welding geometry used. 

 
Fig. 1: 

III. STATIC ANALYSIS OF WELD JOINT 

Finite element analysis (FEA) involves the solution of 

engineering problems using computers. Engineering 

structures that have complex geometry and loads, are either 
very difficult to analyze or have no theoretical solution. 

However, in FEA, a structure of this type can be easily 

analyzed. Commercial FEA programs, written so that a user 

can solve a complex engineering problems without knowing 

the governing equations or the mathematics; the user is 

required only to know the geometry of the structure and its 

boundary conditions. FEA software provides a complete 

solution including deflections, stresses, reactions, etc. In this 

technique the structure is divided into very small but finite 

size elements (hence the name finite element analysis). 
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Individual behavior of these elements is known and, based 

on this knowledge; behavior of the entire structure is to be 

determined. FEA solution of engineering problems, such as 
finding deflections and stresses in a structure, requires three 

steps: 

a) Pre-process or modeling the structure 

b) Analysis 

c) Post processing 

1) 1.Procedure to perform the FEA tool to determine the 

stresses in tensile specimen ANSYS is a sophisticated 

and comprehensive finite element program that has 

capabilities in many different physics fields such as 

static structural, nonlinear, thermal, implicit and explicit 

dynamics, fluid flow, electro-magnetic, and electric 

field analysis. The following procedure was conducted 
in ANSYS to measure the stresses inside the single 

V&U groove butt weld joint. 

2) 2. Importing geometry ANSYS comes with IGES 

support by default but there are Geometry Interfaces 

available for Pro/E, CATIA, UG, Solid work, Parasolid, 

etc. IGES is the oldest of these formats and does not 

work very well for solids, but is ok for wireframe 

geometry. 

3) Creating material properties while selecting the material 

properties it is assume that the material is to be isotropic 

in nature. 

A. Selecting an Element type ANSYS has a Large Library 
of Element Types 

Elements are organized into groups of similar 

characteristics. These group names make up the first part 49 

of the element name. The second part of the element name is 

a number that is more or less (but not exactly) 
chronological. As elements have been created over the past 

30 years the element numbers have simply been 

incremented. The earliest and simplest elements have the 

lowest numbers (LINK1, BEAM3, etc.), the more recently 

developed ones have higher numbers. For this paper select 

the SOLID as element type and then select the number for 

this element SOLID186 is a suitable for analyzing thin to 

moderately-thick shell structures. The element is defined as 

1600 node shaving six degrees of freedom at each node: 

translations in the x, y, and z directions, and rotations about 

the x, y, and z-axes. (If the membrane option is used, the 
element has translational degrees of freedom only). The 

degenerate triangular option should only be used as filler 

elements in mesh generation. SHELL181 is well-suited for 

linear, large rotation, and/or large strain nonlinear 

applications. Change in shell thickness is accounted for in 

nonlinear analyses. In the element domain, both full and 

reduced integration schemes are supported. SOLID186 

accounts for follower (load stiffness) effects of distributed 

pressures. 

B. Selecting an Element Type 

ANSYS has a large library of element types. Elements are 

organized into groups of similar characteristics. These group 

names make up the first part 49 of the element name 

(BEAM, SOLID, SHELL, etc). The second part of the 

element name is a number that is more or less (but not 

exactly) chronological. As elements have been created over 

the past 30 years the element numbers have simply been 

incremented. The earliest and simplest elements have the 

lowest numbers (LINK1, BEAM3, etc.), the more recently 
developed ones have higher numbers. For this paper select 

the SOLID as element type and then select the number for 

this element SOLID186 is a suitable for analyzing thin to 

moderately-thick shell structures. The element is defined as 

1600 node shaving six degrees of freedom at each node: 

translations in the x, y, and z directions, and rotations about 

the x, y, and z-axes. (If the membrane option is used, the 

element has translational degrees of freedom only). The 

degenerate triangular option should only be used as filler 

elements in mesh generation. SHELL181 is well-suited for 

linear, large rotation, and/or large strain nonlinear 

applications. Change in shell thickness is accounted for in 
nonlinear analyses. In the element domain, both full and 

reduced integration schemes are supported. SOLID186 

accounts for follower (load stiffness) effects of distributed 

pressures. 

C. Creating 3D Model-Meshing 

In the finite element method take an arbitrarily complex 

domain, impossible to describe fully with a classical 

equation, and break it down into small pieces that can be 

describe with an equation. These small pieces are called 

finite elements. Sum up the response of all these little pieces 

into the response of entire structure. The solver works with 

the elements. For meshing the hex dominant mesh was 

selected because it has maximum accuracy during the 

solution. The model made in UNIGRAPHICS software is 

shown in Fig 

 
Fig. 2: Geometrical model of tensile specimen 

D. Steps for Creating the Finite Elements 

1) Assign Attributes to Geometry (materials, real 

constants, etc.) 

2) Specify Mesh Controls on the Geometry (element size 
5mm). 

3) Mesh. (Uniform Quad Method) 

The meshing is done on base metal as well as weld metal. 

One end of specimen is free and other end of specimen is 

fixed and we apply force on fixed end. Also for impact 

specimen meshing is done on weld as well as weld material. 
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Fig. 3: SOLID186 Geometry 

Tensile Strength, min, (MPa) 241 

Elongation, min (%), 12 

Vickers Hardness (HV) 83 
Table 1: Properties of Material 6063 

Elements (Si) (Mg) (Fe) (Ti) (Cu) (Zn) (Mn) (Cr) (Zn) 

Weight 0.20 0.45 0.35 0.1 0.1 0.1 0.1 0.1 0.1 

Table 2: Chemical Composition of Material 6063 

 
Fig. 4: Meshing of Tensile Specimen Square Element 

 
Fig. 5: Meshing of Tensile Specimen Triangle Element 

E. Applying Load & Boundary Conditions 

 Loads and boundary conditions can be applied in both 

the Pre-processor and the Solution processor. 

 Apply remote force on the body with specific 

magnitude and direction 

 Selection of the faces where fixed support was applied, 

because in tensile test we have to apply equal and 

opposite force on the specimen 

1) Loads 

For tensile test we apply 33750 N forces 
2) Constraints 

For tensile test a fixed support was applied at one end of 

specimen and for impact test two side faces of the specimen 

consider as a fixed as follows. 

 
Fig. 6: When 33750N Force is applied in X Direction 

F. Solving 

Solution is the term given to the actual simultaneous 

equation solving of the mathematical model. The basic 

equation of the finite element method used for solving was, 

[K]{u}={F}, where [K] is the assembled stiffness matrix of 

the structure, {u} is the vector of displacements at each 

node, and {F} is the applied load vector. This is analogous 

to a simple spring and is the essence of small deflection 

theory. 

 
Fig. 7: Total Deformation and Equivalent Stress in Tensile 

Test Specimen 

To submit the model to ANSYS for solving, a load 

step is a loading condition. This is a single set of defined 

loads and boundary conditions. Within an interactive session 

the first solve is load step 1, the next solution is load step 2, 
etc. There are several solvers in ANSYS that differ in the 

way that the system of equations is solved for the unknown 

displacements. The two main solvers are the sparse solver 

and the PCG solver. If the choice of solvers is left to 

“program chosen” then generally ANSYS will use the 

sparse solver. The PCG (preconditioned conjugate gradient) 

solver works well for models using all solid elements. From 

a practical perspective one thing to consider is that the 

sparse solver doesn’t require a lot of RAM but swaps out to 

the disk a lot. 

G. Post Processing 

The General Postprocessor was used to look at the results 

over the whole model at one point in time. In the present 

validation, the commercial FEA software ANSYS 16.0 was 

used to simulate the process. A numerical model of single V 

& U -groove butt weld joint is employed with the objective 

of measuring the ultimate tensile stress and impact strength 
at 300,450,500 groove angles. The FEA observations as 

shown in table below 

IV. RESULTS & DISCUSSION 

From the above experimental and computational data, we 

are going to compare experimental results with 

computational results 

A. Discussion on Experimental Results 

Sample 

Name 

Rotation 

rate(rpm) 

 

Traverse 

speed 

(mm/min)Feed 

UTS 

MPa 

Failure 

location 

UTS of Unwelded material is 241 Mpa 

A 1400 40 87 In weld 

B 2000 20 83 In weld 

C 2000 28 78 In weld 

D 2000 40 52 In weld 
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Table 3: Tensile test results of all specimens for AA6063 

Exp 

B. Discussion on FEA Results 

Sample 

Name 

Rotation 

rate(rpm) 

Traverse 

speed 

(mm/min)Feed 

UTS 

MPa 

Failure 

location 

UTS of Unwelded material is 241 Mpa 

A 1400 40 81 Unwelded 

B 2000 20 77 In weld 

C 2000 28 72 In weld 

D 2000 40 46 In weld 

Table 4: Tensile Test Results of All Specimens for AA6 

FEA 

V. CONCLUSIONS 

From the results of this present investigation and the 

discussion presented in the earlier chapters, the following 

conclusions are drawn. 

1) 1.Thus by this project, we verify the different input 

parameters for fiiction stir welding and tool geometry to 

get optimum welded joint property for maximum tensile 

strength. 

2) At the tool rpm of 1400 and tool feed of 40mm/min we 

got the maximum strengths for all three different speed 
& feed. 

3) Comparing the joint strength at different speed & feed 

we found that maximum weld strength 87.00 MPa with 

round tool profile. 

4) The speed of the tool should be more as possible higher 

speed can be achieved on the machine. As the higher 

speed of the tool causes good weld quality and also 

increase the strength due good mixing of material of 

both the plates. 

5) From the above FEA & Exp Result it is conclude that 

UTS of FEA & EXP. is near about same at Weld Joint. 

ACKNOWLEDGMENT 

First and foremost, I would like to express my deep sense of 

gratitude and indebtedness to my guide “Mr.P.D.Babar” for 

his invaluable encouragement, suggestions and support from 

an early stage of this paper and providing me extraordinary 

experiences throughout the work. Above all, his priceless 

and meticulous supervision at each and every phase of work 

inspired me in innumerable ways. I am highly grateful to 
“Mr.S.A Pawar”, Head, and Department of Mechanical 

Engineering for their kind support and permission to use the 

facilities available in the Institute. 

REFERENCES 

[1] Heena K Sharma, Kamlesh Bhatt, Unnati Joshi, 

“Experimental Analysis of Friction Stir Welding of 

Dissimilar Alloys AA6061 and Mg AZ31 Using 

Circular Butt Joint Geometry,”3rd International 
Conference on Innovations in Automation and 

Mechatronics Engineering, ICIAME 2016, Procedia 

Technology 23 ( 2016 ) 566 – 572. 

[2] Ho-Sung Lee, Jong-Hoon Yoon, KookilNo, “Friction 

Stir Welding Process of Aluminum-Lithium Alloy 

2195,”Procedia Engineering 149 (2016) 62 – 66. 
[3] V.C. Sinha, S. Kundu, S. Chatterjee, “Microstructure 

and mechanical properties of similar and dissimilar 

joints of aluminium alloy and pure copper by friction 

stir welding,”perspectives in science (2016). 

[4] B. Ratna Sunil, I. Ambica, R. Ajay Babu, P.Amaranth, 

“Joining of AZ31 and AZ91 Mg alloys by friction stir 

welding’,Journal of Magnesium and Alloys 3 (2015) 

330–334.Kwang-Jin LEE, Eui-PyoKWON, 

“Microstructure of stir zone in dissimilar friction stir 

welds ofAA6061-T6 and AZ31 alloy sheets,”Trans. 

Nonferrous Met. Soc. China 24(2014) 2374−2379. 

[5] Sahin Suengera, Michael Kreissleb, Michael F. Zaeha, 
“Influence of Process Temperature on Hardness of 

Friction Stir Welded High Strength Aluminum Alloys 

for Aerospace Applications,”Procedia CIRP 24 (2014) 

120 – 124. 

[6] Venkatesh  Kannan M, Rajkumar V, Avinash P, 

Narayanan S, “Studies on friction stir welding of AA 

2024 and AA 6061 dissimilar metals,”School of 

Mechanical and Building Sciences, VIT University, 

Vellore, 632014, India, Procedia Engineering  75 ( 2014 

) 145 – 149. 

[7] Raj Kumar.Va, Devendranath, Sadeesh.P, Ramkumar. 
Ka., “Studies on effect of tool design and welding 

parameters on the friction stir welding of dissimilar 

aluminum alloys AA 5052 – AA 6061,Procedia 

Engineering 75 ( 2014 ) 93 – 97. 

[8] Pasquale Cavaliere, “The behavior of Friction Stir 

Welding (FSW) sheets of AA6061-T6 during in-plane 

stretching test, Procedia Engineering 64 (2013) 862 – 

867. 

[9] G. Elatharasan, V.S. Senthil Kumar, “An experimental 

analysis and optimization of process parameter on 

friction stir welding of AA 6061-T6 aluminum alloy 

using RSM,”Procedia Engineering 64 (2013) 1227 – 12. 


