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Abstract
Friction Stir Welding is a solid state thermo-mechanical
joining process (a combination of extruding and
forging). Joining of aluminum alloys can be used in a
wide range of industrial areas - shipbuilding, rail,
automotive and aerospace. The aim of this study is to get
the optimum process parameters for the material AA5083
under considerations. Taguchi based design of
experiments is carried out for the three process
parameters. The parameters chosen for the study are
rotational speed, traverse speed (Feed) and the tool pin
geometry. The results obtained are analyzed by ANOM
and ANOVA. The optimum process parameters for the
tensile strength obtained are rotational speed of 1400
rpm, traverse speed of 40 mm/min and tool geometry of
plane. For the hardness of the weld joint the optimum
parameters are rotational speed of 1400 rpm, traverse
speed of 63 mm/min and tool geometry of plane.
Traverse speed contribution more for both the tensile
strength and the hardness of the weld joint. Rotational
speed contribution is less for hardness than the tensile
strength.

1. Introduction
Friction stir welding (FSW) process is a solid state
thermo-mechanical joining process considered to be
the most significant development over the past two
decades which was invented and certified at the
welding institute (TWI), United Kingdom in the
year 1991[1].In this process a non- consumable tool
is rotated and is plunged into the contact surface of
the plates along the weld line. The strength of the
joint is based on the nature of the tool probe that is
used in this process. The tool pin and shoulder,
which caused to produce heat at the weld joint and

results in joint by material mixing with stirring
action. In this process the heat is generated
internally by means of friction between the
material-tool interface and the plastic deformation
takes place without pre or post heating. In this
process there is no melting of the material occurs.
Materials with similar or dissimilar aluminum alloys
can be welded together with a least alteration in
mechanical properties due to no melting [2- 4].

The process of Friction Stir Welding has been
widely used in the automobile, shipbuilding and
aerospace industries and in many applications of
commercial importance. This is because of many of
its advantages over the conventional welding
processes some of which include very low
distortion, no fumes, no consumables, porosity or
spatter, no special surface treatment and no
shielding gas requirements. However along with
these advantages there are a few disadvantages like
an exit hole is left behind when the tool is
withdrawn which is undesired in most of the
applications. This has been overcome by providing
an offset in the weld path for continuous trajectory
or by continuing into a dummy plate for non-
continuous paths. A high down forces and rigid
clamping of the plates to be welded are a necessity
for this process, which causes limitation in the
applicability of this process to weld jobs with
certain geometries [5]. In FSW, a cylindrical-
shouldered tool, with a plane or triangular profile pin
is rotated at a constant speed and fed at a constant
traverse rate into the joint line between two pieces,
which are butted together as shown in Figure 1.
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Fig. 1 Schematic diagram of friction stir welding
process

Parameters of friction stir welding process (FSW)
such as geometry of tool and joint design have
major influence on heat distribution, material flow
pattern, which finally affects the quality of weld
joints [6]. Lot of research work have been done on
FSW process parameters to improve the mechanical
and metallurgical properties of similar and
dissimilar aluminum alloys joints [7-8]. But, fewer
investigations [9-11] have been done on
formulization and optimization of effects of FSW
parameters on mechanical and metallurgical
properties. Taguchi is a useful method which,
specify the effectiveness of involved parameters. In
the past, this method have been used for
optimization of metallurgical processes [12- 14].
Some of researchers concluded that the process
parameters like tool rotational speed, traverse speed
and the tool geometry are the important parameters
that influence the tensile strength of the weld joint
[9-11].

So, in the current study two tool geometry profiles
are used along with process parameters like tool
rotational speed and traverse speed. Though
research work applying Taguchi method on various
processes have been reported in literatures [15-19],
it appears that the optimization of

FSW process parameters of AA5083 aluminum
alloy using Taguchi method has not been reported
yet. Considering the above facts, the Taguchi
method is adopted to analyze the effect of each
processing parameters (i.e. rotational speed,
welding speed and tool pin profile) for optimum
tensile strength of friction stir welded joints.

2. Experimental procedure
The current study uses L8 the orthogonal array with

three process parameters at two levels to optimize
the tensile strength and the hardness of the weld
joint. The process parameter and their levels are
shown in Table 1.

Table 1. FSW parameters and their levels

Parameters Units Level 1 Level 2

Rotational

speed

rpm 1120 1400

Traverse

speed

mm/

min

40 63

Tool
geometry

profile
- Plane Triangular

A 4mm thick with 100mm * 75mm AA5083 plate is
used as the base material. Welding tool material is
high speed steel (HSS) with two pin profiles of
plane and triangular is used to weld the plates.
Friction stir welding is carried out on vertical center
milling machine as shown in Fig. 2.

Fig. 2 FSW experimental setup The experiments
(Friction stir welding) were carried out as per the
Taguchi design of experiments as shown in the
Table

2. A total of eight weld joint are performed with
two similar AA 5083 materials. The test samples are
prepared for tensile test as per the ASTM E8
standards. The tensile test are carried out on a
universal testing machine and hardness test is
carried out by Brinell hardness test.

The test samples of the tensile test and the hardness
test and the tool geometry profiles of plane and
triangular used in the current study are shown in
Fig. 3.
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Fig. 3. Tensile test, hardness test sample and tool
profile geometries.

3. Results and discussions
The tensile strength and the hardness of the weld
joint obtained are shown in Table 2. The results
obtained are imported to Qualitek software and are
analyzed. “Bigger the

better” characteristic is chosen to maximize the
tensile strength and the hardness of the weld joint.
Standard analysis is chosen and the ANOM
(Analysis of Means) and ANOVA (Analysis of
Variance) are carried out in the software. Table
2.Orthogonal array as per design of experiments and
results of Tensile test and hardness test.

S.No./
Experiment

Rotational
speed
(rpm)

Traverse
speed

(mm/min)
Tool profile

Tensile
strength(MPa)

Hardness
(BHN)

1 1120 40 Plane(1) 264 152

2 1120 40 Triangular(2) 250 130

3 1120 63 Plane(1) 210 180

4 1120 63 Triangular(2) 182 150

5 1400 40 Plane(1) 290 162

6 1400 40 Triangular(2) 278 136

7 1400 63 Plane(1) 235 193

8 1400 63 Triangular(2) 242 170

3.1 ANOM
The results of ANOM for tensile strength and the
hardness of the weld joint are shown in Fig. 4 and 5.
From the Fig. 4 it can be observed that the tensile
strength is maximum at rotational speed of 1400
rpm, travel speed of 40 mm/min and the tool
geometry of plane shape. Similarly Fig. 5 depicts
the hardness is maximum at rotational speed of 1400
rpm, travel speed of 63 mm/min and plane tool
geometry.

Fig. 4 Analysis of Means of Tensile strength

Fig. 5. Analysis of means of Hardness

Fig. 6 Analysis of variance of Tensile strength of
the weld joint
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3.2 ANOVA
ANOVA results (Fig.6) shows that the contribution
of rotational speed, traverse speed and the tool
geometry for tensile strength are 26.24%, 63.27%
and 1.96% respectively. The major contribution is
from the traverse speed. Similarly, ANOVA results
(Fig.7) from the hardness tables shows that the
contribution of rotational speed, traverse speed and
the tool geometry are 8.87%, 49.03% and 39.08%
respectively. The major contribution is from the
traverse speed. The traverse speed is a major
contribution for both tensile strength and the
hardness.

Fig. 7 Analysis of variance of Hardness of the weld
joint

4. Conclusions
The following conclusions are drawn from the
current study.

1. The tensile strength is maximum for the
rotational speed of 1400 rpm, traverse speed of
40 mm/min and the tool geometry of plane.

2. The hardness of the weld joint is maximum for
the rotational speed of 1400 rpm, traverse speed
of 63 mm/min and the tool geometry of plane.

3. The contribution of traverse speed is maximum
for tensile strength and the hardness of the weld
joint.
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