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Effect of Spindle speed and Welding speed on
Mechanical Properties of Friction stir welding of
AA 6063 with AA 7075
C.Devanathan, E.Shankar, A.Sivanand, A.Edwin Paul
Abstract— Joining of dissimilar materials by any welding process is challenging at all times for the reason of huge differences in metallurgical and
mechanical properties. In this given research work, AA6063 and AA 7075 were selected to prepare the butt joint by Friction Stir Welding. Non
Consumable square shaped pin profile was used as the tool to prepare the joints. For conducting the experiments, spindle speed, welding speed
were taken as process parameters and varied in three various levels. Totally nine experiments were conducted to examine the tensile strength,
hardness and microstructure. Experimental results revealed that increasing the spindle speed and decreasing welding speed leads to increase in
tensile strength due to better heat input and stir action. Analysis of hardness revealed that hardness value at the weld zone was higher than the
hardness of both the base materials. Microstructural examination registered the distorted pattern with grain refinement which was also a reason for
improvement of mechanical properties.
Index Terms— Dissimilar Welding, Friction Stir Welding, Hardness, Micro structure, Spindle Speed, Tensile Strength, Welding speed

——————————  ——————————

1 INTRODUCTION
In order to produce the products of required size, joining
becomes essential process which is become one of the
important fabrication techniques. In real time uses there are
some situations where, two different base materials are to be
joined. In general arc welding process, dissimilar joining
becomes challenging due to the difficulties in Selection of
process parameters and selection of electrode material.
Joining of dissimilar materials is often more tough than joining
of same materials or alloys with minor differences in
composition. Though many dissimilar materials can be joined
effectively with the suitable joining process and dedicated
procedures. Since 1970, above 20,000 articles have been
published on dissimilar materials amalgamation. A number of
factors must be taken into concern when designing a
dissimilar material joint, they are, differences in melting
temperature, thermal expansion –contraction disparity during
joining and in service, formation of brittle intermetallic
mixtures during welding which may lead to brittle joints, etc.,
[1]
Joining processes for dissimilar materials may be clustered as,
Fusion arc welding processes like shielded metal arc welding,
Gas tungsten arc welding, plasma arc welding, other fusion
welding processes such as laser welding, resistance welding,
electron beam welding, solid state joining processes like
friction stir welding, diffusion bonding, ultrasonic welding,
brazing and soldering.
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A successful weld between dissimilar metals is one that is as
strong as the weaker of the two metals being joined. Selamat
et.al carried out similar and dissimilar butt joint fixing the
same welding process parameters to study the microstructural
behaviour. In similar butt joint, onion ring construction was
detected in the nugget zone, whereas in dissimilar joint wavy
and distorted patterns were appeared. In tensile test of similar
joints, all the specimens failed in same pattern and it occurred
at thermo – mechanically affected zone. In dissimilar joint it
failed at TMAZ region as well as base material region at the
retreating side. [2] R.Saravanakumar considered the effect of
process parameters on mechanical properties of friction stir
weled Al6063 with Al 7075 and established that feed rate
affects the tensile strength and hardness of the prepared weld
more than other parameters. Due to the grain refinement, the
tensile strength and hardness of the weldment is better than
base material. [3]
Govinda reddy et.al studied the effect of tool rotational speed
and welding speed on the tensile strength of AA2024 –
AA7075 dissimilar welding and used Nelder Mead algorithm
to predict the optimum parameters in maximizing the
mechanical properties. Based on their experimental results
increasing the tool rotational speed and decreasing the
welding speed resulted increasing the tensile strength.[4] Abd
El- Hafez et.al joined AA2024 –T365 with AA5083 – H111 by
changing tool rotational speed, welding speed, tool pin profile
and location of the materials to study the their effect on tensile
and hardness tests. The results revealed that welding speed
has significant effect than the other parameters on the
mechanical properties; square pin profile produced higher
strength than the other profiles. [5] Devanathan at.al taken
AA6061 and AA6063 of same family was selected to friction
stir weld to study the mechanical properties by varying the
spindle speed in three different levels, maintaining the other
parameters uniform. The results exposed that the tensile
strength increased up to certain values of spindle speed,
beyond the value the values got reduced. [6]. Divya Deep
Dhancholia et.al., worked on optimization of Friction stir
welding parameters for AA 6061 and AA7039 aluminium
alloys by response surface methodology and concluded that
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tool rotational speed and welding speed contributes much in
producing the necessary frictional heat and has significant
effect on the mechanical properties. The mechanical properties
increases as the parameters varied from low to high up to a
certain limit then they start declining. [7]
Shojaeefard et.al., concluded that the tool rotational speed
contributes overall 40% in dissimilar CU – AL friction stir
welding system. The high tool rotational speed also increases
the tool wear because of strong rubbing action which reduces
the tool life in the case of high strength alloys like brass and
AA 7XXX materials. [8] J.F.Guo studied the effect of process
parameters while joining AA6061 and AA7075 aluminium
alloys and concluded that the decreasing the heat input
increases the ultimate tensile strength, reaches the maximum
of 245Mpa, which is 32% higher than the required standard
value.[9]
In the proposed work, AA 6063 butt welded with AA 7075
using Friction stir Welding method to analysis the effect of
spindle speed and welding speed on mechanical properties
like tensile strength and hardness. Further to understand the
behaviour of the welding process, microstructural
investigation was also carried out.
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Table 1. Process parameters and their levels
S.no
1
2
3

Parameters
Spindle Speed (rpm)
Welding Speed
(mm/min)
Axial Force (N)

Level 1
1000

Level 2
1400

Level 3
1800

16

20

24

500

500

500

2.3 .Conducting the Experiments:
The Butt joint configuration was prepared using the vertical
milling machine which is shown in the Figure 2. The
workpieces were rigidly clamped on the machine table and
tool is held in the machine spindle. Initially the tool made to
rotate and moved downwards until shoulder touches the top
surface of the work, so that the entire pin surface got plunged
in to the workpiece. .

2 EXPERIMENTAL PROCEDURE
2.1 Selection of Workpiece and tool Materials
In the present research work, two different aluminium
materials were selected to prepare the butt joint. AA 6063 are
referred as architectural aluminium frequently used window
frames, roofs, storage tanks, truck frames and trailers. AA7075
are frequently used in transport applications such as marine,
aviation, and automotive due to their high strength to density
ratio. Rock climbing equipment, bicycle components and
airframes are commonly made from 7075 aluminium alloys.
[7] These aluminium materials of size 100mm X 50mm X 5mm
was cut and joined using friction stir welding. To establish the
joint, non-consumable rotating tool which is made HSS
material machined to the dimensions shown in the figure 1.
Profile of the pin is made as square shape with side of 4mm .

Figure2. Vertical milling Machine
Tool allowed rotating for some time in order to increase the
heat at the contact surfaces, then tool is move along the joint
line which makes the material to stir and consolidate to form
the weld. The welded workpieces are shown in the Figure 3

Figure 1. Dimensions of the Friction Stir Welding Tool
2.2 Selection of process parameters:

In this work, tool rotational speed and welding speed were
considered as the process parameters by maintaining the axial
force as constant. These two parameters were taken in three
different levels and totally nine experiments were conducted. The
details of the parameters and their levels were given in the
table 1.

Figure 3. Welded Workpiece

3 RESULTS AND DISSCUSSION
3.1 Effect of Spindle Speed and Welding Speed
Spindle speed is the speed at which the FSW tool rotates. The
tool rotational speed is an important parameter of FSW
process, because it influences the large amount of frictional
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heat generation and plastic deformation of the material. The
tensile test results showed that increasing the spindle speed
increases the ultimate tensile strength. At lower spindle speed,
the amount of heat generation is less leads to lack of plastic
deformation and stirring action which in turn reduces the
tensile strength. At higher speed more heat is developed to
soften the material, stir and consolidate. The effect is shown in
the Figure 5.

Figure 7. Hardness of the welded workpiece
3.3 Microstructural Examination
In order to understand the behavior of the welding process the
microstructure was taken. In figure 8 the stir zone of all the
nine experiments are given from left to right in order. In most
of the experiments the material flow was clearly observed and
got distracted pattern. Grains are finer than the base material
which results the enhancement of the weldment mechanical
properties. The microstructure of the welded joints are given
in the figure 8.

Figure 5. Effect of Spindle Speed on UTS
Welding speed or Travel speed is the speed at which tool
travels through the joint line of workpiece. Welding speed is
equally important for achieving good quality dissimilar weld.
Lower Welding speed gives higher heat input which results
better stirring action and improves the mechanical properties.
On other hand, at higher welding speed, tool moves at faster
rate, so less amount of heat was developed which results poor
plastic deformation, reduces the ultimate tensile strength. The
effect of welding speed is shown in the Figure 6.

Figure 8. Microstructure of welded joints

4 CONCLUSION

Figure 6. Effect of Welding Speed on UTS
3.2 Analysis of Hardness
The welded specimens were tested for its hardness at three
different spots namely Al6063, Al7075 and weld stir zone. The
experimental results are given in the Figure 7. From the
diagram it is evident that hardness at the stir zone is higher
than both the base materials for all the considered parameters.
This is due to stirring action, the grains were become finer
than the grains in the base materials which results in
improvement of hardness at the weld zone.

The butt joint configuration was made between AA 6063 and
AA7075 using Friction Stir Welding and measured various
mechanical Properties of the welded joint. The results are
given below,
 Increasing the spindle speed, increases the tensile
strength of the joint due to the well heat input and
stirring action.
 Increasing the welding speed, decreases the tensile
strength because at higher welding speed tool moves
at faster rate results lower heat input in turn affects
the tensile strength.
 Hardness results revealed that for all the considered
parameters, hardness at the stir zone was higher than
both the base materials. This hardness improvement
was because of grain refinement and effective stirring
of the materials.
 Microstructural examination showed the distorted
pattern in the stir zone with some grain refinement.
76

IJSTR©2019
www.ijstr.org

INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 10, OCTOBER 2019

ISSN 2277-8616

REFERENCES
[1] https://ewi.org/dissimilar-materials-joining/
[2] N.F.M.Selamat, A.H.Baghdadi, Z.Sajuri, and A.H.Kokabi, ―
Friction stir welding of similar and dissimilar aluminium alloys
for automotive applications‖, International journal of
Automotive and Mechanical Engineering, Volume 13, issue 2
pp 3401 – 3412 September 2016.
[3] R.Saravanakumar, ― Effect of Process parameters on Mechanical
properties of friction stir welded AL6063 and AL7075‖, Journal
of Chemical and Pharmaceutical Sciences, Volume 9, Issue 2,
April – june 2016.
[4] A.Govind Reddy, Ch.Saketh, R.Padmanaban, V.Balusamy, ―
Process Parameter Optimization for Friction Stir Welding of
dissimilar Aluminum alloys, International Journal of
Engineering Research and Technology, Vol 2, Issue 10, October
2013.
[5] Hassan Abd El- Hafez, Abla El – Megharbel, ― Friction Stir
Welding of Dissimilar Aluminium alloys‖, World Journal of
Engineering and Technology, 6, 408 – 419, 2018.
[6] C.Devanathan, M.Chenthil, D.Prithiviraj, ― Joining of dissimilar
Aluminium alloys using Friction Stir Welding‖ International
Journal of Engineering Development and Research, Volume 6,
Issue 4, 2018.
[7] Divya Deep Dhancholial, Anuj sharma and charit V yas, ―
Optimization of Friction Stir welding Parameters for AA 6061
and AA 7039 Aluminium alloys by Response Surface
methodology (RSM)‖, International Journal of Advanced
Mechanical Engineering, Volume 4, pp 565 – 571, Number 5,
2014.
[8] Santosh N.Bodake, A.J.Gujar, ―Review paper on optimization of
friction stir welding process parameters‖, International Journal
of Engineering Research and Technology, Vol 10, Number 1 ,
2017.
[9] Shojaeefard, M.H.; Khalkhali, A.; Akbari, M.; Tahani, M.
Application of Taguchi optimization technique in determining
aluminum to brass friction stir welding parameters. Materials
and Design 2013, 52, 587–592.

77
IJSTR©2019
www.ijstr.org

