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Abstract- Friction Stir Welding, a solid-state joining technique, is widely being used for joining similar and dissimilar 
metals for aerospace, marine and automotive applications. FSW can provide better mechanical properties in the weld zone 
compared to other conventional welding techniques. AA 5083 and AA 6063 plates of 5mm thickness have been considered 
for welding of the joints. The main objective of this article is to find the optimum parameters for butt joint made of AA 5083 
and AA 6063. The major process parameters like rotation speed (800, 1200 and 1600 rpm), welding speed (20, 50 and 80 
mm/min) and tool tilt angle (0°, 1° and 2°) at three levels each are considered for the present study. The work has been 
carried out to study the effect of process parameters on the mechanical properties i.e., UTS, yield strength and hardness and 
metallurgical properties like SEM and X-ray of the joints. Optimization of mechanical properties with respect to ANOVA 
and a compared to metallurgical structure of weldments.  
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I. INTRODUCTION 
 
Aluminium Alloys, AA 5083 and AA 6063, are 
widely used in many emerging fields of aerospace 
industry and marine industry in the construction of 
frames, pipelines and storage tanks. Dissimilar 
joining process is considered as a challenging one 
when compared to similar welding process, due to 
variation in chemical composition and mechanical 
properties of the base materials [1]. FSW offers an 
efficient solution to this challenging task since the 
joining takes place much below the melting 
temperatures and results in less distortion, lower 
residual stresses and fewer defects. Joining of 
dissimilar aluminium alloys is gaining research 
importance by FSW. Since the metal is deformed by 
the frictional heat generated by rotating tool, the 
stirring action of the pin plasticizes the material and 
the joint is produced by plastic deformation of the 
material. 
The pin not only rotates but also traverses along the 
length of the weld, enabling to weld the two plates. 
The tool rotation and weld directions are similar on 
one side called as Advancing Side (AS) and opposite 
on the other called as Retreading Side (RS). Due to 
this in a FSW joint, there exists an asymmetry which 
is unique characteristic of the joint. 
By observing the physical phenomenon of the 
process, one can easily understand the important 
process parameters that influence the strength of the 
joint. Out of those, influencing parameters are 
considered as tool rotation speed, welding speed and 
tool tilt angle [2]. 
Growing concerns on energy saving and 
environmental preservations increase the demand for 
lightweight vehicles. Considerable volumes of 
aluminium have been applied into automotive parts in 
order to reach the objective of both weight reduction 
and crashworthiness enhancement. However, further 

weight reduction of 30% or more is hardly achievable 
with exclusive dependence on the use of thinner 
aluminium sheets. Multi-material vehicle structures 
are an efficient countermeasure against this problem, 
which necessitates the development of reliable and 
cost effective material joining alloy. Friction Stir 
Welding (FSW), which was first developed by The 
Welding Institute (TWI) in 1991, has a solid-state 
nature and therefore exhibits certain advantages over 
traditional fusion welding methods. AA 5083 
aluminium-magnesium alloys are strain hardenable 
and have excellent corrosion resistance, toughness, 
weldability and moderate strength [3]. 
A non-consumable rotating tool with a specially 
designed pin and shoulder is inserted into the abutting 
edges of sheets or plates to be joined till the shoulder 
contact the top surface of work piece and traversed 
along the line of joint to produce the weld (Fig. 1). 
The tool serves primary functions: (a) heating of 
work piece (b) deform the material (c) movement of 
deform material to produce the joint. The heating is 
accomplished by friction between the rotating tool 
and the work piece and plastic deformation of work 
piece. The localized heating softens the material 
around the pin and combination of tool rotation and 
translation leads to movement of material from the 
front of the pin to the back of the pin. As a result of 
this process a joint is produced in ‘solid-state’ [6]. 
 

 
Fig.1. Schematic drawing of Friction Stir Welding process 
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The harder material i.e., AA 5083 is kept on the 
Advancing Side (AS) and the softer material i.e., AA 
6063 is kept on the Retreading Side (RS). Aluminium 
AA 6063 is light in weight and possesses high 
strength-to-weight ratio. Hence they are becoming 
more important in aircraft structures and marine 
works [13]. 
 
II. EXPERIMENTAL DETAILS 
 
2.1. Materials 
The dissimilar material aluminium alloys AA 5083 
and AA 6063 are used in this investigation. H13 tool 
steel is used as tool material. Chemical compositions 
of the alloy materials are tabulated. 

 
Table1: Chemical Composition of AA 5083 

AA 5083 
Component Wt. % 
Al 92.4 – 95.6 
Cr 0.05 – 0.25 
Cu 0.1 
Fe 0.4 
Mg 4 – 4.9 
Mn 0.4 – 1 
Other, each Max 0.05 
Other, total Max 0.15 
Si 0.4 
Ti 0.15 
Zn 0.25 
 

Table2: Chemical Composition of AA 6063 
AA 6063 
Component Wt. % 
Al 97.5 
Cr 0.1 
Cu 0.1 
Fe 0.35 
Mg 0.45 – 0.9 
Mn 0.1 
Other, each Max 0.05 
Other, total Max 0.15 
Si 0.2 – 0.6 
Ti 0.1 
Zn 0.1 

Table3: Mechanical Properties of AA 5083 
AA 5083 
Yield Strength 228 Mpa 
Ultimate Tensile 
Strength 

317 Mpa 

Elongation 16 % 
Hardness (Vickers) 96 

Table4: Mechanical Properties of AA 6063 
AA 6063 
Yield Strength 214 Mpa 
Ultimate Tensile 
Strength 

241 Mpa 

Elongation 12 % 
Hardness (Vickers) 83 

2.2. Fabrication Method 
The plates of 5mm thickness AA 5083 and AA 6063 
aluminium alloys are cut into required sizes (200 x 
150) (Fig. 2) using power hacksaw. A square butt 
joint configuration is prepared to carry out the FSW 
joints. The initial joint configuration is obtained by 
securing the plates in position using mechanical 
clamps. Non-consumable tool made up of H13 tool 
steel is used for joining process. The experiments are 
carried by varying the process parameters like tool 
rotational speed, welding speed and tool tilt angle. 

 
Fig.2. Schematic Diagram of FSW Joint 

 
Table5: Process Parameters 

Parameter Level 1 Level 2 Level 3 
Tool 
Rotational 
Speed 
(rpm) 

800 1200 1600 

Welding 
Speed 
(mm/min) 

20 50 80 

Tool Tilt 
Angle 
(degrees) 

0 1 2 

 
2.3. Selection of Tool 
The tool used for fabricating the joints, is made by 
AISI H13 tool steel, which has high resistance to 
thermal fatigue[1], [6], [11]. The taper threaded pin 
profile is used to weld the aluminium alloys (Fig. 3). 
The pin for this tool has a standard thread of pitch 
1mm on a tapered profile and cylindrical shoulder. 

 

 
Fig.3. Taper Threaded Tool 

 
The tool used for fabricating the joints is of 20mm 
diameter with shoulder diameter as 18mm and with 
taper threaded pin of diameter 6mm.With the 
identified process parameters, the joints are 
fabricated. 
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2.4. Mechanical Testing 
Tensile and hardness tests are carried out on the 
welded joints plate using ASTN E8-04 standard. The 
tensile load is applied on the welded joint using 
Instron testing machine and Wilson Brinell hardness 
testers are used for performing hardness test on the 
welded region.`. For each weld a set of 3 samples are 
subjected to tensile and hardness test and the average 
is calculated. 
 
2.5. SEM Analysis 
The distributions of elements on the joint interface 
are examined using a Scanning Electron Microscope 
(SEM). Samples are first dipped in a polishing 
solution containing 55ml orthophosporic acid, 25ml 
acetic acid and 20ml nitric acid heated to 70◦C. Then 
the polished sample are washed in water and then 
etched with a solution containing 100ml water, 50ml 
hydrochloric acid and 5gm ferric chloride. The 
sample preparation adopted, helps in obtaining SEM 
images with better clarity. 
 
CONCLUSION 
 
Aluminium alloys are widely used in aerospace and 
ship building areas. Welding is one of the main 
joining processes used in those areas. In this work, a 
study of process parameters and its influence on the 
mechanical properties and metallurgical properties of 
the dissimilar aluminium joints has been carried out. 
This will open the gate for the further researchers. 
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