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Abstract— Aluminium alloy 6105 are used in engineering
design like automotive connector stock, structural members
due to their light weight, better machinability, strength
properties and braze ability. Friction stir welding is a solid
state joining process in which material is welded without melt
and recast. This research presents the effects of parameters on
TS (KN/mm2) and hardness during friction stir welding of
aluminium alloy 6105. The friction stir welding parameters
such as tool rotational speed (950-1550 rpm), welding speed
(25-45 mm/min) and tilt angle (0-1 degree) has been used.
Using TAGUCHI method, appropriate L9 orthogonal array
has been used. It was noted that for the friction stir welding
of aluminium alloy 6105, maximum TS is 0.0912 KN/mm2,
which is obtained at 1250 rpm tool rotation speed, 25 mm/min
welding speed and zero degree tilt angle.
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. INTRODUCTION

Welding is a permanently joining process. Welding uses
temperature, pressure and metallurgical condition to mixed
two materials together.

There are two types of welding i.e. solid state
welding and fusion welding. In fusion welding, there is no
pressure applied but a filler material is always used. In solid
state welding, pressure is applied along with heat. No filler
materials are used. Friction welding is a form of solid state
welding process, which depends on the flow of metal, and
deformation and on the formation of molten bridge. The basic
principle of friction welding involves the simultaneous
application of pressure, relative motion, generally in a
rotational mode, between the components to be joined. The
friction welding which require pressure, relative motion and
time, is an efficient thermal energy source for the welding of
material.
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Fig. 1.1: Friction Stir Welding

Il. TAGUCHI METHOD

The Taguchi method involves reduction of the variation in the
process through robust design of experiments. The overall

objective of the method is to produce high quality product at

low cost to the manufacturer. The Taguchi method was

developed by Dr. Genichi Taguchi of Japan who maintained
that variation.

Taguchi developed a method for designing
experiments to investigate how different parameters affect the
mean and variance of a process performance characteristic
that defines how well the process is functioning. The
experimental design proposed by Taguchi involves using
orthogonal arrays to organize the parameters affecting the
process and the levels at which they should be varies. Instead
of having to test all possible combinations like the factorial
design, the Taguchi method tests pairs of combinations. This
allows for the collection of the necessary data to determine
which factors most affect product quality with a minimum
amount of experimentation, thus saving time and resources.
The Steps for Design of experiment:-

1) Define the process objective

2) Determine the design parameters
— affecting the process

3) Create orthogonal arrays for the parameter design
indicating the number of and conditions for each
experiment.

4) Conduct the experiments indicated in the completed
array to collect data on the effect on the performance
measure.

5) Complete data analysis to determine
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Figure: 2.2(a) front view Figure: 2.2(b) during Welding

Fig. 2.2: Work Area

. RESULT
S.No N S| T TS
1 950 25| O | 0.085
2 950 | 35|05 | 0.078
3 950 45| 1 | 0.067
4 1250 | 25 | 0.5 | 0.082
5 1250 | 35| 1 | 0.084
6 1250 | 45| 0 | 0.087
7 1550 | 25| 1 | 0.079
8 1550 | 35| 0 | 0.076
9 1550 | 45| 0.5 | 0.072

Table 3.1: Testing result of Tensile Strength
N= Rotational Speed (rpm)
S=Welding Speed (mm/min)
T=Tilt angle (degree)
TS= Tensile Strength (KN/mm?)
VHN= Vickers Hardness number
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Fig. 2.3: Interaction plot for Tensile Strength
For calculate the maximum value of tensile strength, firstly
select the maximum value of tool rotational speed. Secondly
select the maximum values of welding speed and then select
the maximum value of tilt angle.
Tensile Strength (TS) Formula:
TS=No+S:1+A; - 2T

Where,
T = overall mean of tensile strength
N2 = average tensile strength at second level of tool rotational
speed i.e. 1250 rpm.
S1 = average tensile strength at first level of welding speed
i.e. 25 mm/min.
A = average tensile strength at first level of tilt angle of tool
i.e. zero degree.

TS =0.08433 + 0.082 + 0.082666 — 2x0.07888

TS =0.0912 KN/mm?

The experimental result shows that the tool
rotational speed has a significant effect on tensile strength of
the joint. As the tool rotational speed is increase tensile
strength of the joint is also increase but after achieve a highest
tensile strength of the welded joint then they start decreasing.

The experiment result also show that the welding
speed is the next important parameter for tensile strength of
the joint. The plot result shows that tensile strength is
decrease by increasing the welding speed.

The tool tilt angle has the smallest effect on tensile
strength of the joint. As the tool tilt angle is increase tensile
strength of the joint is also decrease

IV. FUTURE SCOPE

Though a systematic experimental study has been carried for

the tensile strength of aluminium alloy 6301 using FSWM,

ample scope is there for carrying out further research in the
area.

1) In this investigation only three parameters (rotational
speed, welding speed and tilt angle) were included as
input factors. Study of other parameters such as axial
force, shoulder diameter and pin diameter can be
included.

2) The study can be extended to other Taguchi of
aluminium alloy and harder materials.

3) In present research response tensile strength and
hardness are selected. Further investigations can be done
to find out other response like Yield Strength, Impact
Strength and % Elongation etc.

4) The tool made of other material can also be used for
further investigation.

REFERENCES

[1] Ali, Aidy., Brown, M.W. and Rodopoulos, C.A., 2008.
“Modelling of crack coalescence in 2024-T351 Al alloy
friction stir welded joints” international journal of
fatique, Vol 30, pp. 2030- 2043.

[2] Avinash, P., Arivazhagan, N. and Narayanan, S.,
2014.“Friction stir welded butt joints of AA2024 T3 and
AA7075 T6 aluminum alloys” Procedia Engineering,
Vol. 75, pp. 98-102.

[3] Aydm, Hakan.,Bayram, Ali., Uguz, Agah. andAkay,
Kemal Sertan., 2009.“Tensile properties of friction stir
welded joints of 2024 aluminum alloys in different heat-
treated-state” Materials and Design, Vol 30, pp. 2211-
2221.

[4] Benyounis, K.Y. and Olabi, A.G., 2008, “Optimization
of different welding processes using statistical and
numerical approaches — A reference guide”, Journal of

All rights reserved by www.ijsrd.com 242



Process Parameter Optimization of Friction Stir Welding for Joining AA6105 Using Taguchi Method
(I3SRD/Vol. 9/Issue 02/2021/055)

Advanced in Engineering Software, Vol. 29, pp. 1359-
1363.

[5] Bisadi, H., Tavakoli, A., Sangsaraki, M. Tour.
andSangsaraki, K. Tour., 2013.“The influences of
rotational and welding speeds on microstructures and
mechanical properties of friction stir welded AI5083 and
commercially pure copper sheets lap joints” Materials
and Design, Vol 43, pp. 80-88.

[6] Dhancholia, Divya Deep., Sharma, Anuj. and Vyas,
Charit., 2014, “Optimisation of Friction Stir Welding
Parameters for AA 6061 and AA 7039 Aluminium
Alloys by Response Surface Methodology (RSM)”
Journal of Advanced Mechanical Engineering Software,
Vol. 4, pp.565-571.

[7] Elatharasan, G. and Senthilkumar, V.S., 2012,
“Modelling and optimization of friction stir welding
parameters for dissimilar aluminium alloy using RSM”
proceeding engineering, Vol 38, pp. 3477-3481.

[8] Elatharasan, G. and Senthilkumar, V.S., 2013, “An
experimental analysis and process parameter on Friction
Stir Welding of AA 6061 — T6 aluminum alloy using
RSM” Procedia Engineering, Vol. 64, pp. 1227-1234

[9] Jarrah, Al., Jawdat A. and Qabhsi, Al., Deya, A., 2013,
“Optimization of Friction Stir Welding Parameters for
Joining Aluminum Alloys Using RSM”, Adv. Theor.
Appl. Mech:; Vol. 6, pp.1,13-26.

[10] Jayaraman, M., Sivasubramanian, R. and
Lakshminarayanan, A. K., 2009. “Optimization of
process parameter for Friction Stir Welding of cast
aluminium alloy A319 by Taguchi method” Journal of
Science and Industrial research, Vol. 68, pp.36-43.

All rights reserved by www.ijsrd.com 243



