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A practical solution is friction stir welding (FSW) of heterogeneous alloys in industrial applications.(e welded joint’s mechanical
strength has been improved by combining two different alloys (AA2219 and AA7068). (e focus of this study was on friction stir-
welded heterogeneous metals’ microhardness and material properties. It is possible to work with either hot or cold aluminium
alloy, as it is heat treatable. Revitalizing and precipitation hardening follow the heat treatment. (e welded joints’ hardness was
assessed in several locations. Different joints’ tensile characteristics are compared. According to the stress-strain curve, the FSW
settings’ mechanical properties were spread throughout the material flow. In terms of tool profiles, the cylindrical threaded profile
is critical. One-third of the efficiency is due to it. A 195MPa strength was reached in the cylindrical threaded pin profiled tool. In a
new study, researchers discovered that cylindrical threads have faster rotary motion, transversal, and D/d speeds. (e cylindrical
threaded tool provided the highest tensile strength and was superior to other materials.(is phase of the material characterization
included measurements of tensile strength and hardness.

1. Introduction

Friction stir welding (FSW) was developed in 1991 by the
Welding Institute (TWI) in the United Kingdom as a solid-
state fusion process. FSW is a cutting-edge technology for
permanently connecting materials. FSW involves rotating
and gently plunging a cylindrical, shouldered tool with a
profiled probe into the joint line between two pieces of sheet
or plate material that are butted together.(e pieces are held
together throughout the welding process to prevent the
abutting joint faces from being driven apart [1]. In a wide
range of industrial applications, aluminium alloys (AA2219-
AA7068) are widely used: for aircraft structures, for mari-
time applications such as ships and pipelines, for

automobiles and shipbuilding, and so on. Due to car body
shells’ lightweight structures, there are more design re-
quirements than ever before [2, 3].(e wrought aluminium-
copper alloy AA2219 belongs to the family of (2000 or 2xxx
series). Heat treatment may create tempers with greater
strength but poorer ductility. AA7068 alloy is a heat treatable
wrought alloy with excellent thermal conductivity, strong
fatigue strength, and excellent anodizing reaction. (e FSW
process is a one-of-a-kind approach to developing light-
weight alloy structures. Avoiding manufacturing faults such
as approximation permeability, sludge, dispersion, liquid
cracks, and heat affected zones (HAZ) is achievable. It is like
saying that various alloys of joint technology are used in
fabrication because fusion welding has melted numerous
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alloys of joint technology while developing secondary phase
owing to thermal absences employing base materials as a pin
device [4]. It is because of this that the temperature dis-
tribution in nugget zones (NZs) has increased more slowly
when compared to alloys of different compositions. Col-
lecting rotational and transverse speeds is the ideal approach
to this problem. As a result, the instrument is critical in FSW
[5]. Using a stirring motion, this tool profile or form is
effective at transferring the substance from the base material.
Tool profile and various process parameters are not the only
factors affecting FSW behaviour [6]. Figure 1 shows an
FSW’s schematic diagram.

(e optical microscope has been used by FSW to identify
the four functional zones, including the parent material
(PM), NZ, the thermally mechanically impacted zone
(TMAZ), and the HAZ. (e movement of materials along
the route of the welding process generates all of these zones
[7, 8]. Plastic deformation has increased on work piece’s top
surface due to heat generated by rubbing tool. Material flow
behaviour refers to the swept volume to pin volume ratio.
For a given condition, the swirl revolves at the rotational and
transverse speeds specified [9].

In previous studies, AA 2219 and AA 7068 in FSW were
extensively examined. Different FSW joints and mechanical
characteristics evaluations no longer include quick micro-
structural investigations [10]. Scientists carried out tensile
and microhardness tests on various alloys and used optical
microscopy to evaluate FSW elements of the process based
on the microstructure of welded joints as part of this in-
vestigation [11–18]. (is approach’s design principles have
been described in FSW using multiple tool profiles to
combine various alloys. AA 2219 tool profile faults have been
analysed and tested which may be found throughout the
specification [14]. (e interplay between the tool pin profile
rotation speed and the heat plastic behaviour on the plate
surface caused the heat plasticity [15, 16]. FSW will greatly
benefit from this information. It has been determined that
process parameter effects on weld zone hardness have been
investigated by conducting a hardness survey there. We
learned a lot about the connection between microstructure
and mechanical properties [17–19].

2. Tool Design

(e FSW method includes tool design in some capacity. It
examines the properties of the two types of wrought alu-
minium alloys and compares them.(is welder’s tool should
have dimensions such as height, depth, pin diameter, and
width at the shoulder. (e FSW technique relies heavily on
the pin and shoulder components [20, 21]. (e FSW pin
forms such as direct cylindrical, taper threaded, and cy-
lindrical have been investigated in this work. FSW pin
shapes include the advancing and retracting sides of the
rotating pins used to mix the ingredients. To connect the
materials, a material deformation will be caused by this pin.
(e mechanical characteristics and flow characterization
were investigated using a variety of tools. During the FSW
process, the tool came in with a variety of shapes and sizes,
with temperature dispersion as a heat transfer mechanism

for mixing incompatible alloys. A tool used to spin and add
material flow characteristics to the power is sent through it.
Tool requirements include things like how much torque is
exerted at the pin’s end. It would be possible to assess the
claimed torque as traction force. Among the welding ma-
terials, the temperature normally lived within a specified
range is one of the ideal tool parameters’ shoulder with heat
transmission and flow behaviour. As a flow model, the
impact of the tool’s shoulder was investigated. We looked at
a temperature distribution and material deformation with
this thermocouple as part of our FSW process research [22].
(e varied tool sizes can adjust the FSW grain size zones. As
seen in Figure 2, these tool-end surfaces have a wide range of
shapes, including knurling, squared, threaded, scrolls, and
ridges.

Certain characteristics, such as product flow behaviour
and adequate mechanical toughness under various stress
circumstances, should be present on the tool pin surfaces. It
is possible that, between an increased shear creation and
distortion, there is shoulder and base material which can
indicate consistent mixing of incompatible alloys in the
material. (e probe area mostly controls the material’s
deformation depth. In terms of maintaining the metals’ flow
behaviour as well as the various tool pin performance, this is
necessary. (is is crucial. It compresses the weld centre lines
together. (e convexity of the material aided a stirring
motion known as NZs. (e surface probe’s primary purpose
is to withstand the enormous forces generated while
plunging. A very sophisticated and very diverse tool with
each movement of material is around the probe.

3. Experimental Setup

FSW was collected in a technical arrangement, as shown in
Figure 3. (is study looked at the different specimens AA
2219, magnesium, and silicon. AA 2219 is on the leading
edge, while AA 7068 is on the reversing edge. (e high
material flow stability and strong resistance capacity of these
AA 2219 alloys make them superior to other materials in
terms of design requirements.(is FSWmethodmade use of
both plates (120×120× 6). Tables 1 and 2 analyses the AA
2219 and AA7068 alloys’ chemical and mechanical prop-
erties. To combine dissimilar alloys with different optimal
constraints, such as rotatory speed, transversal speed, and
different load circumstances, the trail experiments were
finished up to this point. Using a vertical milling machine,

FSP tool
Friction stir
processed

Figure 1: Friction stir welding.
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FSW is applied. Different pin profiles have the same process
limit functions. Pin diameter is 6 millimetres, shoulder
diameter and tool pin height are both 18 millimetres, and
plate thickness is 6 millimetres. (e heat conductivity and
resistivity of this tool pin are excellent. (e welded plate has
a tool pin in the middle of it. Factors of the system such
rotating speed, cross-speed, and load capacity were tested on
a total of nine samples. Table 3 lists the weld conditions and
process parameters.

(e UTM machine tested is used for tensile strength. As
a welded work piece, precipitated dissimilar alloys are
hardened by applying load in the transverse direction.
Tensile tests were performed on nine different samples to get
the optimal average value.

(e nugget region was subjected to a Vickers hardness
test as part of the welded zones’ transverse load portion.(is
area has been designated as a TMAZ by the government.(e
following sections have analysed or plotted the hardness

(a) (b) (c) (d) (e)

Figure 2: Different tool profiles: (a) straight cylindrical, (b) threaded cylindrical, (c) tapered cylindrical, (d) square, and (e) triangle.
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Figure 3: Specimens for tensile testing in the FSW joints.

Table 1: Dissimilar alloys’ chemical composition.

Element Mg Ni Si Fe Cu Ti Al
AA2219-T6 1.60 1.0 0.18 1.1 2.30 0.07 93.7
AA7068-T6 2.7 0.12 5.1 0.35 2.0 0.58 88.1

Table 2: Dissimilar alloys’ mechanical composition.

Element Yield strength (MPa) Tensile strength (MPa) Elongation (%)
AA2219-T6 335 363 21
AA7068-T6 495 589 16
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Table 3: Friction stir-welding criteria.

S. no Rotatory speed (rpm) Transformational speed (mm/min) Pin description
1 900 40 Cylindrical
2 1100 80 (readed cylindrical
3 1300 120 Taper threaded
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Figure 4: Tensile test: (a) cylindrical contour of the tool, (b) profile of a cylindrical threaded tool, and (c) profile of a tapered tool.
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variation region using various tool profiles. Both dissimilar
alloys have their TMAZ zones located in different places.
Nevertheless, the variation in hardness values has been
detected at diverse locations.

4. Result and Discussion

4.1. Tensile Test. (e design guidelines in ASTM standards
are followed when performing tensile tests. To ensure
welding consistency and testing repeatability, three separate
pin profiles were used for the welded junctions. You will see

the tallied test results, as well as graphs. Welded work pieces
with three different profile examples offer good mechanical
properties as seen in the graph of the welded area. In ad-
dition to its tensile properties, the material also displays the
locations where it is broken. NZs’ tool pin profiles have been
evaluated on the cracked area.

As the base material’s mechanical characteristics and
tensile behaviour are increased, the joint welded precipi-
tation hardening portions’ tensile properties increase as well.
As a result of precipitation hardening dissolving seams that
have changed tensile properties, it changes grain boundaries
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Figure 5: Dimensions of the tensile specimen (ASTM E8M-04).
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Figure 6: Vickers hardness value for the cylindrical tool.
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and grain orientations. All nine samples’ joints have low
ductility when viewed from above, ensuring the strength of
the different alloys, and it is shown in Figure 4.

(e specimen’s dimensions are depicted in Figure 5. (e
speed of rotation, spindle speed, and D/d ratios with the best
values were determined to be 1300 revolutions per minute,
80 millimetres per minute, and 6. When compared to the
other profiles, the cylindrical threaded profile had the best
result. It is responsible for 93% of the overall efficiency of the
system. (e cylindrical threaded tool achieved a maximum
strength of 195MPa. Welded joint tensile behaviour is
studied for its impact. Because of this, welded joints have a
lower strength rating than those made from other PM
materials.

(e fracture behaviour occurs in contrast to zones be-
cause the agitated zone or NZs are indented. (e ductility of
the materials was demonstrated by fracturing at a maximum
stress condition. Additionally, the TMAZ of the AA 2219
and AA 7068 fractures were affected.

4.2. Hardness Measurements. (e graph illustrates the
hardness values for various welding speeds, transverse
speeds, and ultimate strength.(eNZs of hardenability were
recognized as a result of their great bonded strength and
high hardness values. As the advance side (AA 2219) and the
retraction side (AA 7068) have raised consistently, these
numbers show a decrease from the beginning. (e graph
values, as shown in Figures 6–8, also show that the separate
zones performing to improve the welding ability of various
constructions can be found. TMAZ zones have advanced
sides (AA 2219) that are greater than retracted sides (AA
7068) along these values (lowest hardness zone) (minimum
hardness zone). A NZ will indicate that the tensile specimen
has fractured. (e fine grain sizes of the different alloys are
depicted as the welding direction of the agitated zone. As AA
2219 materials, it plays an essential part in the character of
the mixture. (e ideal settings for the taper threaded tool
profile were determined to gradually increase the toughness
to 92 HV: transverse rate of 60mm/min and spindle speed of
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Figure 7: Vickers hardness value for the threaded cylindrical tool.
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1000 rpm. Increase speed of rotation further and lower
toughness, as with the last tool profile. When the speed is
maintained at 1,300 rpm, the toughness decreases. (e
welded zone had the highest toughness, and mean data were
derived for every test. In HAZ, the value of almost hardness
increased steadily. (e forward-moving side has higher
hardness values than the retracting side, which has a lower
value. (e cylindrical tool profile has higher hardness rat-
ings. Compared to TMAZ zones, NZs appear to have a
higher value, while tensile modulus is indicative of the extent
of hardness. (e toughness rating of the taper threaded
profile was greater.

4.2.1. Nugget Zones. (e graph illustrates how the hardness
values of the tools varied. It is a nonmetallic and thermo-
mechanical influenced zone in which materials combine
under a variety of weld connection process settings. (e
effectiveness of various optimal material flow limitations in
the NZ and other recrystallization zones demonstrates the
critical nature of tool profiles. (ere are some test com-
ponents that do not have enough loading conditions to
identify all of the failures. When it comes to FSW, the
crystallization effect plays a critical role. It aids in regulating

the high degree of softening NZs by lowering the base
material’s hardness from its centre line and rotational speed.

4.2.2. TMAZ Zones. It was part of the zone that was im-
pacted by thermodynamics and relates to the NZs. (e FSW
process looked at how weld zones are linked together. (e
grain sizes control the heat response formed to the midline
weld of two alloys, which have a powerful effect on the
structures due to the work-hardening state. High temper-
atures and mechanical pressure were used to join the
structure with the two different alloys, resulting in a stronger
weld. Some people on the NZ border describe it as having
two different alloys in it. (e metal matrix has increased
hardness due to the fine and homogeneous distribution of
strengthening particles. HAZ is located in a very convenient
place in relation to New Zealand. (is operation’s high
humidity and temperature accelerated grain growth, which
changed the direction of grain flow. On the surface of this
NZ, heat and mechanical forces have been applied and have
both operated. (e eutectics re-emerged from the alumina
crystalline phase and fragmented during the heating and
chilling phases are formed due to the nugget tool’s pin. (is
part has both the nugget’s and the TMT zone’s user
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Figure 8: Vickers hardness value for the taper tool.
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interfaces. TMT illustrates larger particles that were not in
touch with the instrument but shifted their orientation due
to plastic movement, whereas NZ illustrates small eutectic
particles.

Shoulder area of the FSW-treated specimen: an ad-
vancing zone has grain flow caused by mechanical forces,
and this generates heat because of frictional losses. As a
result of the pin on the nugget tool spinning throughout the
heating and cooling cycles, the eutectics re-emerged and
fractured from the aluminium solid solution. (e HAZ in
the vicinity of the FSW zone has been identified. (e eu-
tectics’ particle size is increasing.

(is is a HAZ, but the grains have not become any bigger
because the wind has shifted the direction. HAZ occurs
when the eutectics’ particles grow in size as a result of the
growth, but the particles grow identical to that of the weld
bead particles.

5. Conclusions

Good weldability and performance attributes can be pro-
duced from dissimilar alloys with FSW. For cylindrical
threaded profile pins with a higher D/d ratio, this study
concluded that rotational speed, transverse speed, and ro-
tational deflection were more efficient. Cylindrical threaded
tools produce maximum tensile strength, which is strong
compared to other materials. Compared to the other tool
profiles, the cylindrically threaded profile performs the best.
(emaximum strength of the joint formed with a cylindrical
threaded tool rotating at 1,300 rpm and transversely moving
at 80mm/min was 195MPa. (e 110 HV value was attained
by using a taper threaded cylindrical shape. Both alloys
(AA2219 and AA7068) formed a bond due to the tool’s
behaviour (AA2219 and AA7068). Vickers hardness tests
were used to determine which alloys had the best structural
properties. Keller Reagent’s effects were used to polish the
surface more frequently while also acquiring the functional
working zone’s FSW. It utilizes advanced mechanical
properties and character traits. It was done to determine the
weld consistency, and it was done multiple times with
different optimization settings. Out of the three-pin profiles,
the cylinder-threaded tool has the most gain in strength.
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