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Abstract: - In this work joining of two dissimilar aluminium alloys AA2014 T651 and AA6063 T651
was carried out using friction stir welding. The weld was obtained by varying its tilt angle (2°-4"), tool
offset (0.5mm towards AS, centre line, 0.5mm towards Rs) and Pin diameter (5mm — 7mm). Tensile
strength & %Elongation was carried out to evaluate the strength of the weld. Optical microscope
study was carried out to study the uniform stirring of materials. The result shows that better
interlocking and bonding of materials occurs at 4 degree tilt angle. The tensile strength is better when
the tool is offset towards AA2014 side because of complete fusion of harder material. When, it is
offset towards AAB063 side results in insufficient heat generation on advancing side. This leads to
incomplete fusion of AA2014. Pin diameter has greatest impact on heat generation. The 6 mm pin
diameter, 4 degree tilt angle and 0.5 mm offset towards advancing side give the optimum tensile
strength of 371 MPa.
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1 Introduction certain time without any feed for heat
Friction stir welding was invented at the generation and this time is called indentation
welding institute UK in December 1991. It is time. Once the feed is given the material gets
solid state joining process in which metal soften and flow towards the tool rotating
undergoes deformation state and by applying direction and welding occurs.
external pressure weld obtains. The process is Aluminium alloys AA2014T651 and
primarily used on aluminium and by this AAB063T651 is selected for  study.
process the original material properties AA2014T651 has widely used for aircraft
remains unchanged. In this process the structural application has weldable issues such
material to be welded is clamped tightly. The as hot cracking, voids, precipitates dissolution
friction stir welding consists of pin and the while welded by fusion welding[1]. Increase in
shoulder. The rotating tool which is harder tool rotation speed increases heat generation
than the material to be welded is rotating at the and increase in welding speed decreases
speed. The tool is tilted for the certain angle generation of heat, when the heat input is high
and it is plunged until the tool shoulder fracture occurred at heat affected while
touches the surface of the material in the fracture occurred on weld nugget for low heat
centre line of the material that is to be welded. input [2]. For dissimilar joints the shifting of
Once it is plunged in the tool is rotated for tool towards high strength material gives
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better weldability [3]. The larger pin diameter
stirs more material but in the case of smaller
pin diameter the heat input was high, the
shoulder contact area decides the frictional
heat generation [4,5]. The weld strength
decreases when the thickness of the plates
increases [6,7]. The harder material should be
kept on advancing side [8, 9]. The proper back
plate should be provided whose thermal
conductivity is lesser than that of the welded
material. Using of both threaded and
unthreaded tool results in similar stirring
action [10].Tool offset towards the higher
strength material side increases weld strength
[16]. The plunging of rotating tool in lower
strength material side results in increased tool
life [18]. From literature survey it is revealed
that more work had been carried out by
varying the various aspect of friction stir
welding such as varying rotating speed and
feed [15,19], varying the tool position [20,22].
It has been observed that few papers exist on
the varying the following combination tilt
angle, tool position and tool geometry on
dissimilar aluminium alloy. An investigation
on Effect of tool position on the fatigue
properties of dissimilar 2024-7075 sheets and
found that better weld strength obtains when
the tool is offset toward harder material
side[23]. In  present  work, various
investigation are carried out to find the effect
of varying tilt angle, tool geometry and tool
position on mechanical and microstructure of
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dissimilar  friction  welded of

AA2014T651 and AAGO63T651.

joints

2 Experimental Procedure

The extruded plates of AA2014 and
AA6063 of 6mm thickness in T651 condition
were friction stir welded in butt joint
configuration. The size of the plates was
210mm x 55mm. The chemical
composition of the AA6063 and AA2014 is
shown in Tablel and Table2. Throughout the
experiment AA2014 is kept on the advancing
side. The experiments were conducted in
vertical end milling machine. The friction stir
tool is made of HSS of various pin diameter
5mm, 6mm and 7mm respectively. The
friction stir pin length is 5.8mm and diameter
of the shoulder is 20mm. the tool has the
constant rotational speed of 2000rpm and
welding feed of 16mm/min. The tilt angle of
the tool was varied between 3 to 5 degrees.
The position of the tool is varied form +0.5mm
to -0.5mm with respect to the centre line. The
tool was rotated in the clock wise direction.
The unthreaded tool was plunged at centre line
until the shoulder touches the surface of the
plate, the indentation time is kept constant i.e.
30sec. and then the tool is moving towards so
that weld can obtained. In case of offset the
tool is plunged in once after it is positioned.

component |  Si Fe Cu Mn Mg Cr Zn Ti Al Others

Weight % | 0.434 | 0.339 | 0.0580 | 0.0290 | 0.384 | 0.00790 | 0.152 | 0.0120 | 98.6 | Remaining
Table 1. Composition of aluminium alloy AA6063 T651

component | Si Fe Cu Mn Mg Cr Zn Ti Al Others

Weight % | 0.770 | 0.237 | 4.43 | 0.650 | 0.660 | 0.0310 | 0.0480 | 0.0520 | 93.1 | Remaining

Table 2. Composition of aluminium alloy AA2014 T651

From each joint, a tensile specimen was
extracted from the mid length of the joint.
ASTM E8M-04 guide lines (gauge length 50
mm, width 12.5 mm, and overall length 200
mm) were followed to prepare the specimen.
The tensile strength specimen was prepared by
cutting in band saw and then it is milled for
obtaining gauge length width. For the
microstructure the specimen is polished and
etched in Keller’s reagent. Microstructure
analysis was carried out using a light optical
microscope.
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Fig. 1 Friction Stir Welded plates AA2014 &
AAB063
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3 Results and discussion
3.1 Mechanical properties

Tensile properties of friction stir welded
joints were measured by performing tensile
tests on transverse tensile samples containing
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weld nugget zone at the center. The testing is
carried out in 1000N universal testing machine

Exp 1o P(Inq rc:lql)a TO(OrLch:;set Inc(l élr;g;lon Dlsp(lricr%;nent I\Iga % Elo(r;g);ation
(D) (H) (9) (Y] (o)

1 5 0 3 4.7 254.34 9.4

2 7 0.5 2 3.2 264 6.4

3 7 -0.5 4 6.3 313.34 12.6
4 7 -0.5 2 9.7 313.34 19.4
5 5 -0.5 2 9.7 305.34 19.4
6 7 0 3 9.5 335.34 19

7 6 0 3 11.2 328 22.4
8 6 -0.5 3 10.9 341.34 21.8
9 6 0 3 10.6 329.34 21.2
10 7 0.5 4 11.2 360 22.4
11 6 0 4 11.2 344 22.4
12 6 0 3 10.4 309.34 20.8
13 6 0 3 10.2 330.67 20.4
14 6 0 2 12 319.34 24

15 5 0.5 2 3.2 259.34 6.4
16 6 0.5 3 11.2 346.67 22.4
17 5 -0.5 4 10.3 126.67 20.6
18 6 0.5 4 11.2 371.34 22.4
19 5 0.5 4 8.5 209.34 17

20 6 0 3 10.8 331.34 21.6

Table 3. Experimental result of tensile strength and % elongation

3.1.1 The effect of pin diameter on the
tensile strength of the joint

The pin diameter influences heat generation
which has greater impact on the plasticization
of material. The pin diameter also accounts for
the flow of plasticized material from the
advancing side to the retreating side. When
shoulder diameter is kept constant, increase in
pin diameter is inversely proportional to the
heat generation i.e when pin diameter
increases amount of heat generated decreases.
It is directly proportional to the area of the
welded region.
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i)  For the joints welded at the pin diameter
of 5mm, the volume of material stirred is low
but the heat generated by the pin is high. This
will lead to the turbulent material flow. The
distance travelled by the material from
advancing side to retreating side is also low
which leads to poor bonding of materials.
This results in lower tensile strength of
welded joints. In such cases failure always
occurred at the weld region.

ii) The joints fabricated with the pin
diameter of 6mm shows better tensile
strength. The pin generates sufficient
amount of heat, hence material attains its
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deformation state. This enhances uniform
flow of material from advancing side to
retreating side which results in superior
tensile strength.

Fig. 2a Failure occurred at 6063 side.

3.1.2 The effect of tool inclination on the
tensile strength of the joint

When the tool rotates due to the
centrifugal force the material tries to come up
once after it reaches its plasticized state. When
tilt angle is provided it refills the material
which leads to effective bonding of materials.
When the joints are welded with the tilt angle
of 2degree the contact between the tool
shoulder and plate surface is good that results
in better co-efficient of friction.

Fig. 2c Skimming of materiallat lower tilt
angle

When tool passes on the material comes
out and deposited on either side of the weld
zone as shown in fig2c. The joint fabricated
with the tilt of 3&4 degrees doesn’t show
skimming effect as shown in fig 2d. Further
increase in tilt angle leads to incomplete fusion
because of reduced coefficient of friction.

Fig. 2d No skimming of materials at higher
tilt angle
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iii) For the joints welded at the pin diameter
of 7mm, the heat developed by the pin is low
and the heat is distributed to large volume of
material which leads to incomplete fusion of
material.

Fig. 2b Failure occurred at the welded region

3.1.3 The effect of tool offset on the tensile
strength of the joint

The material in the advancing side offer
more resistance to plastic flow when compared
to that of material in the retreating side. When
the tool is plunged at the centre line of the
weld the heat developed by the pin is equally
distributed to the advancing and retreating
side. When the tool is plunged 0.5mm distance
from centre line towards advancing side, more
heat is distributed to advancing side. This
results in complete fusion of AA2014 which
results in better tensile strength. When the tool
is offset towards the retreating side, the tensile
strength is comparatively low for all the cases
because of the incomplete fusion of the
AA2014.

i) The weld strength increases when it is
welded by the pin diameter 5mm, tilt angle
2degree and offset towards retreating side
compared to the other welds fabricated by
5mm pin dia. This is because heat
developed in AAB063 is very high almost
above its melting point which results in
materials flow freely towards the direction
of the rotation tool. Due to insufficient heat
generated at advancing side stirring of
AA2014 is incomplete. When the tensile
test is performed a defect called tunneling
occurs and failure occurred towards the
direction of the defect as shown in fig2h.

ii) At 7mm pin diameter when the tool is
offset towards retreating side a material
cluster is formed and travels in the direction
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Fig. 2e Failure occurred due to incomplete fusion

of 40" 411" 12" 113" 114" 115" 16" 117"
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Fig. 2f Incomplete fusion of material

of tool which is the clear evidence of
incomplete fusion as shown in fig2f.

iii) When the tool is offset towards the
advancing side at 6émm pin diameter, the

Microstructure

The onion layers in the microstructure are
because of the flow of materials. It is observed
that when the tool is rotated the material flow
towards the rotating direction of the tool.
When welded at the pin diameter of 5mm,
3degree tilt angle at the centre line of the weld
the stirring of materials didn’t take place
completely due to the insufficient heat
generation in the advancing side as shown in
fig3a. The breakage occurred at the welded
region due to the incomplete fusion of AA
2014 aluminium alloy. When the tool is offset
towards advancing side and the angle of
inclination is 4degree, most part of the tool
was in AA2014 hence heat generated in the
advancing side is high. Because of the smaller
pin diameter the distance traveled by the
material was low results in lower tensile
strength. When the tool offset of 0.5mm
towards the retreating side at 4degree tilt angle
a tunneling is obtained through out weld. The
defect is obtained because of incomplete
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Fig. 2g Failure occurred due to tunneling defect

Fig. 2h Tunneling defect

complete fusion of material occurs that results
in the superior tensile properties. When it is
offset towards retreating side tensile strength
slightly decreases.

fusion of AA2014 and lesser co-efficient of
friction between the material and the tool. For

2degree tilt angle the tensile strength
increases. In this case heat generation
increased as a result of better co-efficient of
friction between material and the tool. When it
is welded at the pin diameter of 6mm, 3degree
tilt angle at the centre line of the weld,
complete stirring of materials takes place,
which means sufficient heat generation. While
doing tensile strength breakage occurs on the
AAB063T651 side. When it is welded at the
6mm, 4degree tilt angle the tensile strength
further increases. This is because when the
tool rotates, the material attains it deformation
state because of its rotary action of the tool the
deformed material try to come out. When the
tilt angle is low the materials are deposited on
the either side of the welded zone which is
nothing but the loss of material in the welded
zone. If the tilt angle is too high then the
surface contact between the tool and the
material is low, lower co-efficient of friction
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Fig. 3a Microstructure of Parameters Fig. 3d Microstructure of Parameters
( Pin Diameter 5, Tool offset 0, tilt angle 3) ( Pin Diameter 6, Tool offset -0.5, tilt angle 3)

’ Fig. 3b Microstructure of Peter
( Pin Diameter 5, Tool offset 0.5, tilt angle 4) ( Pin Diameter 7, Tool offset 0.5, tilt angle 4)

: T it ekl Fig. 3f Microstructure of Parameters.
Fig. 3c Microstructure of Parameters I .
( Pin Diameter 6, Tool offset 0, tilt angle 4) ( Pin Diameter 7, Tool offset -0.5, tilt angle 2)

E-ISSN: 2224-3429 184 Volume 9, 2014



WSEAS TRANSACTIONS on APPLIED and THEORETICAL MECHANICS

results in lesser heat generation. If we provide
the tilt angle it interlock the materials and
backfills it. So the interlocking of material at
the 4degree tilt angle is optimum.

The microstructure reveals that the
material had flow till the end. The onion rings
was pretty clear so it reveals the complete
stirring of materials has obtained. When the
offset of 0.5mm towards the AA2014 is given
for the tilt angle of 4 degree gives the better
tensile strength of all the combined
experiments.

When the tool offset is 0.5mm towards
the advancing side at 4degree tilt angle, at
7mm pin diameter, pinhole defect was found
in the advancing side as shown in fig3e. When
the tensile test is performed the failure occurs
at the AA6063T651 side. It reveals that better
stirring of material. Despite of defect the
tensile strength obtain was high because of the
reasons, 4degree tilt angle gives the better
interlocking and bonding of material and the
heat generated was sufficient for the complete
fusion of materials. The microstructure also
reveals the materials are completely stirred till
the end. At 0.5mm offset towards the
retreating side at 2degree tilt an island like
structure found at the weld region as shown in
fig3f. This reveals that incomplete fusion of
metal at that particular region.

Conclusion
Aluminum alloy AA2014T651 and

AA6063T651 was successfully friction stir

weld employing different process parameters.

Their influence on mechanical properties of

developed joints was investigated. Following

conclusion can be drawn from the present
work.

1) At Lower Pin Diameter heat generation was
high but material stirred region was low.
Increasing pin diameter increases welded
region. If the pin diameter is too high the
heat generation was low results in welding
defects such as tunneling defect, pinhole
and insufficient fusion of materials.

2) Material skimming occurred when the tilt
angle was low. At 4degree tilt angle the
material interlocking and refilling rate was
high, hence tensile strength increases.

3) When the tool is offset towards advancing
side AA2014 alloy completely plasticized
because of high heat input on that side,
offset of tool towards retreating side results
in incomplete fusion of metal because of
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lesser heat input on harder material i.e. on
aluminium alloy AA2014T651.

4) 6mm pin diameter when it is offset towards
the advancing side at 4degree tilt angle
gives the tensile strength of 372MPa which
is 87.7% strength of the base metal.

5) Optimum tensile strength was found when
pin diameter is equal to the thickness of the
plate. The future work can be done on
welding of dissimilar aluminum alloys
AA6082 & AA5083 on higher pin
diameters.
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