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Abstract
Aluminum 6063 as a light weight structural material with high 
specific strength, good damping capability and machine ability, is 
one of the most attractive material in applications of transportation 
and mobile electronics for effectively reducing weight. the selected 
material was welded with Friction Stir Welding using combination 
of different parameters i.e. tool rotational speed (1000 rpm, 1200 
rpm, 1400 rpm, 1600 rpm  and 1800 rpm) and constant welding 
speed of 25 mm/min. a cylindrical left hand threaded tool with 20 
mm tool shoulder diameter and 7 mm pin diameter was employed 
for welding. The effect of tool rotational speed was examined on 
the mechanical properties. it was observed that excessive heat 
generation and insufficient flow of plasticized material at higher 
values of tool rotational speed, leading to formation of defects 
which ultimately results in failure of weld joints between Stir 
Zone  and Thermo mechanically affected Zone .

Keywords
Friction Stir Welding, Stir Zone, Ultimate Tensile Strength, 
Advancing Side (AS) Heat Affected Zone (HAZ)

I. Introduction
Friction Stir Welding (FSW) is a solid state welding process first 
discovered and patented by the Welding Institute of Cambridge 
U.K. in 1991 by Wayne Thomas et al. and has been since then 
the subject of a great deal of interest. FSW friction generated by 
a rotating cylindrical tool to heat and plasticize metal on either 
side of a joint for obtaining a solid and functional weld. Friction 
generated heat is more effective at reorganizing the microstructure 
of metals and metal alloys than other forms of fusion welding. 
Friction Stir process uses a rotating, non-consumable weld tool 
that plunges into the base material and moves forward. Friction 
heat caused by the rotating pin creates a plasticized tubular shaft 
around the pin [2]. Pressure provided by the weld tool forces the 
plasticized material to back of the pin. Aluminum alloy is difficult 
to weld by traditional methods, due to high thermal conductivity, 
resulting in defects like porosity, cracks etc. 

Fig. 1: Friction Stir Welding Operation

Hence FSW is being increasingly used. The process is especially 
well suited to butt and lap joint in aluminum since aluminium 
is difficult to weld by arc welding. The present work is aimed 
to the evaluation of tool rotational speed effect on mechanical 
properties of AA6063 welded plates with thickness 5 mm, obtained 
by different Friction stir welding parameters.

II. Experimental Procedure
The material under investigation was a 6063 aluminium alloy 
under the form of rolled plates of 5 mm thickness. Ten plates 
of size 152 mm x 77 mm were prepared to obtain five Friction 
Stir Welded joints with different welding parameters. Plates were 
welded perpendicularly to the rolling direction. The employed tool 
rotating speeds of the cylindrical threaded tool was 1000 rpm, 1200 
rpm, 1400 rpm, 1600 rpm and 1800 rpm with constant welding 
speed of 25 mm/min. A 20 mm tool shoulder diameter with pin 
diameter of 7 mm and 4.8 mm long was used. Tool profile used 
in this study was shown in fig. 2.
A cold-work tool High carbon, high chromium oil hardened type 
steel tool that comprises of outstanding high temperature strength, 
high temperature toughness, high temperature wear resistance and 
good machine ability is selected for present work. This tool steel 
selection was also motivated by its cost and availability [11]. 

Fig. 2: Welding Tool Profile

Fig. 3: Work Piece and Fixture Set Up
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For Friction stir welding process cut edges are finished with milling 
operation so that interfaces can be properly matched. The machine 
used for the production of the joints was semi automated vertical 
milling machine. Fixture was first fixed on the machine bed with 
help of clamps and then plates were held in the fixture properly 
for Friction Stir Welding as shown in fig. 3.
Ten aluminum plates of size 152 mm x 77 mm were prepared to 
obtain five Friction Stir Welded joints at selected tool rotational 
speeds Specimens for the tensile strength analysis cut perpendicular 
to the weld line as shown in the fig. 4.

Fig. 4: Tested Specimen Cutting Scheme

Tensile test specimens were prepared from each weld in accordance 
with ASTM specifications, E-8M-08, having specimen of 50 mm 
gauge length and 12.5 mm width [1]. Tensile test was carried out at 
a constant speed of 2 mm/min at 16 kN load. The load was applied 
until the necking was there and specimen failed, 20 specimens 
were prepared from welded joints and 2 specimens were prepared 
from base material for tensile testing. Servo Control Universal 
testing machine. Tensile test specimens before and after tensile 
testing are shown in fig. 5 and fig. 6 respectively.

Fig. 5: Specimens Before Testing

Fig. 6: Specimens After Testing

Fig.7: Tunnel Defects

Visual inspection was performed on all welded samples in order to 
verify the presence of macroscopic external defects such as surface 
irregularities, excessive flash, lack of penetration, voids and 
surface open tunnel defects [8]. The excessive flashes and tunnel 
defects as shown in fig. 7 were absorbed at higher rotational speed 
of 1800 rpm due to sufficient stirring and improper interaction 
of tool shoulder and work piece. It was observed in the visual 
inspection of the welded specimens that, specimens welded with 
tool rotational speed 1200 rpm, welding speed 25 mm/min with 
tool shoulder diameter of 20 mm shows better surface texture as 
compare to other joints welded at other selected tool rotational 
speeds. This shows that at 1200 rpm tool rotational speed, 25 mm/
min welding speed along with 20 mm tool shoulder diameter was 
sufficient to join the plates with better surface textures.

III. Results and Discussion
FSW has become a very effective tool in solving the joining 
problems of profiled sheets with material continuity, without 
using different joining methods; particularly in case of   aerospace 
industry, where high ductility and tensile strength are required. In 
the present work, different FSW butt welds of Aluminium 6063 
sheets were successfully obtained by varying the processing 
parameters.

A. Tensile Characteristics  
The specimens were tensile tested and transverse tensile properties 
such as Ultimate Tensile Strength (UTS) and percent elongation 
were evaluated. The four specimens were welded and numbered 
according to the Table 1 which was followed throughout the 
study. The specimen 2 exhibits high UTS of 189 N/mm2, which 
is having a joint efficiency of 91.6%. Majority of the specimens 
were fractured at location between TMAZ and SZ. This is due to 
the fact that the accumulation of basal slips plane (0001) having 
their normal parallel to the transverse direction is maximum in 
that location leading to minimum Schmid Factor [12].

Table 1: Tensile Test Results

Sr. 
no.

Rotational 
speed (rpm)

Welding 
speed 
(mm/min)

UTS (N/
mm2 ) % elongation

1 1000 25 184.5 8

2 1200 25 189 12

3 1400 25 187.6 10
4
5

1600
1800

25
25

183.4
174

8
6

UTS first increases with further increment in rotational rate of 
1000 rpm to 1200 rpm due to proper heat generation and sufficient 
material flow from Advancing side (AS) to retreating side (RS). 
The UTS values at rotational speeds of 1000 rpm and 1200 
rpm at constant welding speed of 25 mm/min with 20 mm tool 
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shoulder diameter were observed 184.5 N/mm2 and 189 N/mm2 
respectively. A decline in UTS value was observed at higher tool 
rotational speeds of 1400 rpm, 1600 rpm and 1800 rpm, this is due 
to the fact that the higher rotational speed leads to high temperature 
near the threaded pin surface would result in a higher probability 
for the occurrence of lack of bonding near bottom surface [4]. 
Thus tunnel defects are observed at high tool rotational speeds due 
to insufficient material flow [4] from advancing side to retreating 
side. This is also pointed out that LHT pin tool with clockwise 
rotations, the plasticized material flow is not a vertical upward 
but it is a inclined upward from RS to AS at the trailing side as 
a result of clockwise rotation. The material flow continuously 
from bottom of the screw thread to the shoulder of rotating tool. 
The transported material underneath the shoulder is pushed into 
a downward direction to fill the cavity at bottom of joint that was 
already created due to inclined upward flow of material in the 
vicinity of threaded pin [9]. Thus tunnel defects are observed at 
high tool rotational speeds due to insufficient material flow [8]. 

B. Effect of Tool Rotational Speed on Impact Strength
There was an insignificant effect of welding parameters on the 
impact strength was observed. But slight decrease in impact 
value was observed at higher tool rotational speed of 1600 rpm 
and 1800 rpm, due to formation of tunnel defects. Hence high 
impact strength at the rate of 3 J was obtained with 1200 rpm tool 
rotational speed. The reduction in impact strength in welded joint, 
welded with selected tool rotational speed was observed due to 
formation of tunnel defects. 

V. Conclusion
In this work, a study of five tool rotational speeds has been carried 
out. The tool rotational speed analysis has been carried out on AA 
6063 alloy of 5 mm thick plates. The welding process was carried 
out at a constant welding speed of 25 mm/min with 20 mm tool 
shoulder diameter.
UTS increases with increasing tool rotational speed from 1000 rpm 
to 1200 rpm at constant welding speed after it started decreasing 
under selected parameters. In this investigation a lower value of 
UTS was observed at 1800 rpm due to formation of tunnel defects 
due to high rate of stirring action and increase in size of TMAZ 
and HAZ region. Most of the welded joints were fractured in a area 
between SZ and TMAZ towards AS because of softening point 
at this point. A 450 fracture angle was observed in the majority 
of joints. Defects were observed near the bottom surface of the 
SZ.
Insignificant effect of welding parameters on the impact strength 
was observed. But slight decrease in impact value was observed 
with increase in tool rotational speed, due to formation of tunnel 
defects.
Selected tool material i.e. High chrome high carbon steel withstands 
at high tool rotational speed and performs Friction Stir welding 
with negligible wear.  
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