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Abstract
Aluminum Alloy 2014 is a light weight high strength alloy used widely in the aerospace and also in other industries. 2014 is the second
most popular of the 2000-series aluminium alloys, after 2024 aluminium alloy. However, it is difficult to weld, as it is subject to
cracking. Joining of 2014 aluminium alloy in friction stir welding which is based on frictional heat generated through contact between a
rotating tool and the work piece. Determination of the welding parameters such as spindle speed, transverse feed , tilt angle plays an
important role in weld strength. The whole optimization process is carried out using Taguchi technique. The SEM analysis is done to
check the micro structure of the material after welding by electron interaction with the atoms in the sample. Tensile test have been
conducted and the s-n ratio curve is generated. The test is conducted and analysed on the basis of ASTM standards.
Keywords: Friction stir welding, aluminium 2014 Alloy, optimization of process parameters, tensile strength.

1. Introduction

2. Materials and methods

Friction Stir Welding is a solid state welding process used to
perform high quality lap and butt joints increasingly used in
aircraft and ship building industry to join materials which are
difficult to weld using conventional welding techniques [1 – 3]
Defects such as distortion and porosity in conventional welding
process are minimized in FSW [4 – 7] Finding the most effective
parameters for better welding properties have been the major topic
in research.

2.1. Materials used in the welding process

Element
%

Si
0.622

Fe
0.292

The materials used in this welding process in aluminum alloy
2014. This alloy is mainly used in manufacturing of rims of the
aircrafts and used in the manufacturing of car chasis. The major
drawback of conventional welding AA2014 is the material melts
at the temperature above 873K. So, unconventional welding
technique such as Friction stir welding is employed. The chemical
properties of AA2014 are shown in the Table 1 and the physical
properties of AA2014 are shown in Table 2.

Table 1: Chemical Properties of AA2014 Wrought Aluminum Alloy
Cu
Mn
Mg
Zn
Cr
Ni
4.259
0.513
0.419
0.014
0.024
0.013

Ti
0.031

Sn
0.005

Al
93.808

Table 2: Physical Properties of AA2014 Heavy Extrusion Bar
Density
2.8×105 kg/m3

Poisson Ratio
0.32

Elastic Modulus
70-80 MPa

Tensile Strength
270 MPa

Yield Strength
240 MPa

2.2. Optimization technique
The method used for the optimization process is Taguchi
technique. The Taguchi technique is widely used for finding the
optimum values in the parameter design [8 – 10]. In this process
considering three parameters and three level of variations Taguchi
L9 orthogonal array is selected. Hence three input parameters such
as speed, feed rate and tilt angle is used for welding and the
response factors such as tensile strength, yield strength and %
elongation are taken as response factors to determine the optimum

Melting Point
600 o C

Hardness
HRB 45

Shear Strength
125 MPa

Failure Strength
90 MPa

value. Therefore optimum welding conditions can be determined
by 9 trials.
L9 orthogonal array 3^3= 9 trials (3 factors, 3 response)
The larger the better criterion is applied to the S/N ratio, where the
maximization of the response is required for the output
characteristics data. The data of the target value is positive. Here
the optimized result needed is higher tensile strength, yield
strength, % elongation and hence this criterion is selected to find
out the optimum process parameter, which can give better
strength. The following formula is used to find the optimum
result,
S/N ratio (η) = -10 log10 ((1/n) Σ (1/ (yij) 2))
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The value of the response table for the mean and S/N ratio is
evaluated by the MINITAB software and it can be verified by
using the above equation.

2.3. Tool used

E8 standards [9]. ASTM E 8 describes tension testing methods to
determine yield strength, yield strength, % elongation of the
aluminum alloy [11 – 13]. The image of the I-Section for Tensile
Testing Based on ASTM standards for 100 x100 mm is shown in
the Fig. 3. The image of the I-sections made from the welded
plates is shown in the Fig. 4.

Different types of tool profiles are used in this welding of
aluminium alloy .The types of profiles more commonly used in
friction stir welding are straight cylindrical , tapered cylindrical ,
cylindrical grooved. These tool profiles are machined in a CNC
turning lathe and optical profile grinding is done to achieve an
accuracy of ± .001m. A tapered cylindrical tool with the tool
dimensions of diameter shoulder of 15mm and a min diameter of
5x3 mm and 4.7mm height which is machined from HSS steel and
the tool is subjected to a heat treatment of 65HRC (Rockwell
hardness scale C). The image of the tool used is shown in the Fig.
1.

Fig. 3: ASTM E8 standard I-Section for tensile testing

Fig. 4: 9 I-Sections of test specimens
Fig. 1: Image of the tool

Tensile testing has been carried out and the corresponding tensile
strength, yield strength, % elongation are discussed below in
Table 4.

2.4. Friction stir welding
Two Plates of the dimension of 100 x 50 x 5 mm are clamped in
the fixture and the welding process is carried out according to the
combination according to the Taguchi orthogonal array. The table
of the various parameters and the three levels are shown in the
Table 3. An image of the samples that were welded by Friction
Stir Welding is shown in the Fig. 2.
Table 3: Parameters and Three Level of Values
Factors
1
2
Spindle speed [rpm]
800
1000
Feed rate [mm/min]
5
10
Tilt angle [Φ]
0
1

3
1200
15
1

Table 4: Tensile Testing Results
Test
Specimen

Speed
(rpm)

Feed Rate
mm/min

1
2
3
4
5
6
7
8
9

800
800
800
1000
1000
1000
1200
1200
1200

5
10
15
5
10
15
5
10
15

Tilt
angle
(Φ)
0
1
1
1
1
0
1
0
1

Tensile
Strength
(Mpa)
81.39
55.56
108.52
74.49
197.64
67.26
81.04
128.75
235.92

Yield
Strength
(Mpa)
61.21
49.47
93.19
67.39
168.13
60.58
72.64
120
204.44

Percentage
Elongation
(%)
4.10
5.50
6.92
4.08
5.64
6.0
4.12
5.40
6.4

3.2. Optimized results
The tensile reports show that the combination of feed 15mm/min
and tilt angle of 1o have greater weld strength. However speed of
1000 rpm, 10 mm/min feed and 1o have a weld strength of
197Mpa which also contributes to 50% of parent strength yet max
strength is considered to be the optimum value. The S/N ratio
generated to show larger is better , clearly indicates that speed has
a major impact over the weld strength ,out of the speed range of
800, 1000,1200 1200 lies the better value , feed rate of 15mm/min
and tilt angle of 1o have the larger values hence the optimum
conditions for obtaining the maximum weld strength a . Weld
strength of tensile of 235 MPa which is around 63% of the parent
material which has strength of 370 Mpa. The main effects plots
for SN ratios are shown in the Fig. 5.

Fig. 2: 9 Samples welded by FSW

3. Results and discussions
3.1. Testing and analysis
Thus the nine set of welded plates. The dimension of the welded
plate is 100 x 100 x 5 mm .For this dimension according to ASTM
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Fig. 5: Main effects plots for SN ratios
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4. Conclusion
The welding of the 2014 aluminium alloy plates were carried out
and done successfully. The optimization of the process parameters
were done for the parameters speed, feed rate and tilt angle and
the testing was carried out for the specimens. The Taguchi L9
orthogonal array was the technique that was chosen to optimize
the process parameters. The results like Tensile Strength, Yield
Strength and percentage elongation for all the 9 specimens were
also obtained and they were compared with many graphs like SN
ratios, etc. The best results were obtained for the parameters of
1200 rpm of speed, 15mm/min of feed rate and 1 o of tilt angle.
The best results that were obtained for the process are tensile
strength of 235.92MPa, yield strength of 204.44MPa and
percentage elongation of 6.4%. Since, the 2014 aluminium alloy
finds a wide range of application in the aerospace and also other
industries, where the joining of the materials are in a great need,
the welding of the these materials by the process of Friction Stir
Welding will be of great potential to the industries. Thus, the
joined materials could be incorporated in the real time application
and the testing could be carried out.
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