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This study examined the weldability of AA5754 and AA2024 aluminum alloys using the friction stir welding
(FSW). Through systematic analysis of welding parameters such as rotational and traverse speeds, we have
identified configurations to improve the mechanical properties and efficiency of the welds significantly. The
optimal parameters, specifically a rotational speed of 1200 rpm combined with a traverse speed of 45 mm/
min, were found to yield the best outcomes. The welding efficiency achieved was 54% for the AAS754 alloy
and 26% for the AA2024 alloy, with a combined alloy efficiency of 47% when welding dissimilar materials.
The study has conclusively demonstrated that appropriate parameter selection is crucial for maximizing
weld strength and minimizing defects such as voids and cracks. This research contributes to the under-
standing of the FSW applicability in joining dissimilar aluminum alloys, emphasizing the importance of
parameter optimization to achieve desirable mechanical characteristics and weld integrity.

Keywords AA5754 welding, AA2024 welding, friction stir
welding, FSW, weldability, welding of dissimilar

materials

1. Introduction

Welding technologies play a crucial role in material joining
processes in various industries. Recently, numerous research
studies have been conducted on welding technologies specif-
ically focusing on developing new methods for joining
materials that are either not easily weldable or pose challenges
with traditional welding methods. Friction stir welding (FSW)
has emerged as one of the widely adopted techniques in this
context. The FSW is a solid-state joining method used to join
metals and alloys (Ref 1). The FSW, a mature solid-state
welding technique, involves temperature, mechanics, metal-
lurgy and interactions, has become a revolutionary welding
technique because of its energy efficiency, environmental
friendliness, and high-quality joints (Ref 2). The state-of-the-
art friction based welding techniques are characterized by low
peak temperature, severe plastic deformation, energy efficiency
and nonpollution, which can simultaneously realize the
mechanical and chemical bonding, improving mechanical
performances (Ref 3). In particular, the weldability of certain
aluminum alloys using the FSW has been extensively inves-
tigated. Aluminum alloys are commonly used in many
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industries due to their lightweight and high strength. Therefore,
research on the effective weldability and post-welding mechan-
ical properties of aluminum alloys holds significant importance.
The FSW has found applications in various industries such as
automotive, aerospace, and shipbuilding (Ref 4-9). It is
employed in the assembly of lightweight structures, like
aluminum structures in vehicles, production of aircraft fuselage
panels, and construction of marine structures (Ref 10-15).

The FSW is based on the principle of generating frictional
heat through a rotating tool and mixing the material using a pin
located at the tool’s tip to create a weld joint. The tool design
and process parameters, such as rotational speed and traverse
speed, have a significant impact on welding efficiency. The
material flow was affected by the temperature and the profile of
tool. The design of tool can be considered for avoiding weld
thinning. Elimination of weld thinning was reported in Ref (16,
17). Researches reveal that how flash defects were eliminated
and weld thinning was avoided. For eliminating of root kissing
bond, the root-enhanced FSW, with an enlarged-tip pin and
concave structure, was a good choice to enhance the root
tolerance in thick plates (Ref 18). Most of the studies in the
literature focus on determining and optimizing these parame-
ters. Process parameters such as dwell time of the tool on the
material surface, tool rotation, traverse speed, axial force,
plunge depth, and tool tilt angle affect the welding quality (Ref
19-23). It is well known that optimization of these parameters
has great effect on the joint strength properties (Ref 24, 25).
Material placement arrangement is also an important factor
when dissimilar materials are welded in the FSW. Placing the
softer material in the direction of tool rotation can result in
better weld quality (Ref 26). The microstructure of the base
material plays a crucial role in determining weldability (Ref
27). The presence of significant defects such as voids, lack of
fusion, and tunnel formation can affect the mechanical
properties of the weld joint (Ref 28-31). These defects can
occur due to inappropriate process parameters, inadequate tool
design, or material compatibility factors (Ref 32). According to
experimental results, an increase in rotational speed leads to
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Table 1 Chemical composition of the materials (Weight %)

Materials Fe Si Cu Cr Mn Mg Zn Zi+ Ti Al
2024 0.5 0.5 3.8-49 0.1 0.3-0.9 1.2-1.8 0.25 0.15 Balance
5754 0.4 0.4 0.1 0.3 0.5 2.6-3.6 0.2 0.15 Balance

Table 2 Chemical composition of AISI H13 hot work
tool steel (Ref 41)

Alloy C Cr Mo \%

Weight (%) 0.40 5.30 1.40 1.00

tunnel defects (Ref 33). An increase in welding speed, on the
other hand, causes larger wormhole defects to form (Ref 34).

A welding efficiency of 65% was achieved when welding
AA5754 alloy by the FSW (Ref 35). Fernandes et al. (Ref 36)
investigated the effect of cooling on the friction stir weld
quality in AA2024-T351 alloy. They showed that cooling with
a cold air jet did not have a significant effect on weld quality or
grain refinement. Mehta (Ref 37) investigated the modified
friction stir clinching (MFSC) process in AA5754-O and
AA2024-T3 alloys. They emphasized that material positioning
significantly influenced the bonding characteristics and grain
formation behavior. Kumar et al. (Ref 38) examined the friction
stir welding parameters for 2024 aluminum alloy using a tool
with a tapered cylindrical pin profile. They highlighted the
effect of parameters such as tool rotational speed on welding
quality. It was stated that larger tunnel defects occurred at
higher traverse speeds and tool rotational speeds. Hu et al. (Ref
39) studied the microstructure and mechanical properties of
5 mm thick AA2024-O alloy using an FSW welding machine,
followed by plastic deformation and subsequent heat treatment.
They demonstrated that the tensile and yield strengths of the
friction stir weld were significantly increased after plastic
deformation due to grain refinement. However, they empha-
sized that the strength of the friction stir weld decreased
significantly due to grain growth during subsequent heat
treatment. Memon et al. (Ref 40) examined the effects of
positioning and tool rotational speed using the modified friction
stir clinching method on AA5754-O and AA2024-T3 plates.
They stated that material positioning had an effect on the
mechanical properties. The fact that the hard material is in the
upper position provides a higher peak temperature. Regardless
of the weld type, the hard material on top causes a higher
dislocation density. For this reason, it is recommended to place
the harder Al alloy on top of the soft alloy.

The purpose of this study is to investigate the weldability of
aluminum alloys AA5754 and AA2024 using the FSW in both
similar and dissimilar configurations. A tapered threaded tool
was specifically manufactured, and the welding process was
conducted on a CNC vertical machining center. The research
focuses on examining the impact of rotational and traverse
speeds on the mechanical properties of the joints. The
experimental determination of the tensile and three-point
bending strengths of both welded and unwelded specimens
underlines the practical applications of this research. Uniquely,
this study advances the current state of the art by demonstrating
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how optimized welding parameters can significantly enhance
joint quality and performance, providing valuable insights for
industrial applications of the FSW in aluminum alloys.

2. Materials and Methods

In this research, both 2.5 mm thick AA2024-T3 and
AAS5754-H111 alloys were joined by the FSW in similar and
dissimilar combinations. The changes in the mechanical
properties of the base materials and the welded materials were
investigated through tensile and three-point bending tests. The
chemical compositions of the materials in this study is given in
Table 1. AISI H13 hot work tool steel was used as the tool
material. The chemical composition of the tool material is
provided in Table 2 below (Ref 41).

In order to perform the FSW process, a clamping plate was
first produced from St52 steel material with a thickness of
20 mm. The design of the plate took into consideration the
efficient execution of the welding process and the ease of
attaching and detaching the specimens. The plate, which was
cut using laser technology, underwent surface and edge
scanning on a CNC vertical machining center to ensure
flatness. A 2 mm channel was created in the center of the
plate to allow the specimens to align axially and to prevent any
slippage in the welding direction (Fig. 1a). The final state of the
plate after the machining process is shown in Fig. 1b. After the
machining process, during the preparation of the experimental
setup, the alignment of the channel wall axis with the plate edge
wall axes was confirmed to be parallel by checking them with a
comparator. Once the welding table and specimens were
attached to the plate, the alignment of both the plate axis and
the specimen axes was checked using a comparator. Since the
tool had to progress along the line where the two materials
joined, each component’s axis was individually checked before
each operation to ensure the correct position of the probe with
respect to the workpiece. This ensured that the welding tool
advanced along the junction line of the plates. Fig. 1c illustrates
the assembled state of the welding table and the plates to be
welded, while Fig.1d demonstrates the verification of flatness.

The schematic view of the produced tapered threaded tool is
shown in Fig. 2. The tool features a tapered pin with a tip
diameter of 4 mm, a base with a diameter of 6 mm, and a pin
height of 2.3 mm. A right-hand tapered thread with a 1 mm
pitch was formed on its surface. Most curial aspects of the tool
in the FSW are its design, material, and hardness. The H13 steel
used in this study had a pre-hardening hardness of 14.8 HRC.
After necessary machining operations, it underwent a hardening
process to achieve a hardness value of 55 HRC. The process
parameters chosen were 1200/45, 1600/60, and 2000/75 for the
rotational speed/traverse speed ratio. The tool rotation direction
was determined as clockwise. The orientation of the welding
materials was parallel to the rolling direction. The arrangement
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Fig. 1 (a) 2 mm channel in the table, (b) Producing of the welding table, (c) Attachment of the welding table and specimens, (d) Verification

of flatness

of the materials and the process parameters are provided in
Table 3. Since the position affects the mechanical properties
(Ref 42), AA2024 was placed on the advancing side due to its
higher mechanical strength. For dissimilar metals in the FSW,
the harder materials usually was placed at the advancing side
for higher heat generation to thermo-plasticize, and better
fluidity materials at the retreating side (Ref 43).

The tool design and process schematic used in this study are
shown in Fig. 3. This process consists of two steps. In the first
step, the tool shoulder is brought into contact with the material
surface, and frictional heat is expected to be generated for
approximately 12 seconds. In the second step, the tool is
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advanced along the weld line at the predetermined rotational
speed and traverse amount.

The welded specimens were cut in ambient air on a laser
machine to the dimensions shown in Fig.4, following the
ASTM-ES standard. The preparation of the specimens from the
welding plate was conducted in accordance with the ISO
25239-4 standard. Tensile tests were conducted on the spec-
imens at room temperature (RT) using a Shimadzu Autograph
100 kN universal testing machine at a crosshead speed of
1 mm/min. Unit deformation measurements were taken using a
video-type extensometer. Each test was repeated at least three
times.
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The welded specimens were subjected to three-point
bending tests using a bending punch with a 5 mm radius.
The specimens were prepared with dimensions of
210 x 20 x 2.5 mm, as shown in Fig. 5. The bending tests
were conducted using a Jinan Victory brand bending test
machine with a capacity of 100 kN.

The center point of the punch was positioned on the welding
upper surface, aligned with the center of the welding zone. The
platform supports were adjusted to have a center distance of
130 mm. The support points had a 5 mm radius. The punch
applied bending force to the specimen by making contact with
the welding upper surface. The bending speed was set at
10 mm/min. A detailed illustration of the bending test setup is
shown in Fig. 6.

Process parameters

1 2
0
b Rotational speed (rpm) - Traverse speed Rotational speed (rpm) - Traverse speed Rotational speed (rpm) - Traverse speed
(mm/min) (mm/min) (mm/min)
2024-2024 1200-45 1600-60 2000-75
2024-5754 1200-45 1600-60 2000-75
5754-5754 1200-45 1600-60 2000-75
Dotal A
Tool
Rototion
pd E— FSW Tool
Sheulder Q
\
Pin 1 A
Tensie Test Specimen

AA2024-T3

AAS754-HI

Fig. 3 Schematic representation of the FSW process
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Fig. 4 Dimensions of the tensile test specimen
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Fig. 5 Dimensions of the bending test specimen
3. Result and Discussion

The 5754-H111 and 2024-T3 aluminum alloys were welded
together in dissimilar combinations and with different materials
using various rotational speeds and traverse speeds as shown in
Table 3. The welding tool plunged to a depth of 2.3 mm,
resulting in 9 welded specimens. An image of the welding
process is shown in Fig. 7a. No deformation was observed in
the tool as a result of the welding process. However, due to
inappropriate process parameters, a small amount of aluminum
material was observed to smear onto the threaded region on the
pin of the tapered tool, as shown in Fig. 7b.

During the experimental studies, a trial was conducted to
examine the effect of traverse speed on surface quality. In this
trial, 2024-T3 and 5754-H111 aluminum alloys were joined by
the FSW process at a rotational speed of 2000 rpm and traverse
speeds of 30, 50, and 80 mm/min. As the traverse speed
increased, as seen in Fig. 8, the surface quality of the weld seam
deteriorated, and void formation was observed in the weld
seam. Increasing the traverse speeds causes less heat accumu-
lation in the weld, and lower ductility. Similar observations
have been seen in the literature. Patel et al. (Ref 44) emphasized
the significance of welding speed, tool rotation speed, and tool
geometry on welding quality. Additionally, Igbal et al. (Ref 45)
stated in their research that the temperature on the left side of
the welding traverse line was higher than the right side,
highlighting the influence of plunge depth as well. The
deterioration in surface quality is attributed not only to the
use of inappropriate process parameters but also to the lack of
suitable parameters for the tool. Variations in temperature and
material flow in different regions of the weld seam result in a
poorer surface on the advancing side of the weld seam.
Furthermore, improper application of plunge depth led to
insufficient chip removal and accumulation around the weld
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seam area. The key point here is to thoroughly understand the
effects of parameters and optimize them accordingly (Table 4).

Both welded and un-welded specimens were tested at a
tensile speed of 1 mm/min. In all specimens, whether welded or
un-welded, brittle fracture was observed. Fig. 9 presents the
stress-strain curve of the un-welded AA2024-T3 alloy and the
AA5754-H111 alloy.

To examine the effect of strain rate, AA5754-AA5754 two
plates were welded by the FSW at a rotational speed of
2000 rpm and a traverse speed of 75 mm/min. Tensile spec-
imens were obtained from this welded plate and tested at two
different speeds (1 mm/min and 5 mm/min). As shown in
Fig. 10, increasing the strain rate resulted in a slight decrease in
strength.

In the FSW of different materials, the positioning of the
material was examined. AA5754 and AA2024 plates to be
welded were attached to the welding table with two different
orientations, right and left of the tool’s advancing direction, and
they were welded under the same tool rotation and travel
speeds, and the process was completed with the tool rotating in
a clockwise direction. As shown in Fig. 11, the positioning of
the material is an important parameter. The strength increased
when the AA2024 alloy was positioned on the advancing side.
This can be attributed to the clockwise rotation of the tool,
which carries the high-strength AA2024 material from the left
to the right, resulting in a more durable weld. Verma et al. (Ref
46) found temperature differences between the advancing side
and the retreating side in their study. It is believed that this
difference, along with the change in material positioning, leads
to differences in mechanical properties. Ma et al. (Ref 47)
emphasized that the mechanical properties in the weld zone are
dependent on the welding tool as well as the process parameters
and material flow.

The effect of traverse speed on the FSW of different
materials was investigated. AA2024-AAS5754 alloy pairs were
welded with a rotational speed of 1600 rpm, while varying the
traverse speeds at 60 mm/min and 80 mm/min, with the tool
rotating clockwise. As shown in Fig. 12, higher strength and
ductility were achieved at a traverse speed of 80 mm/min. Li
et al. (Ref 48) conducted a study where they observed an initial
increase in weld strength with increasing traverse speed,
reaching an optimum point, and then a decrease with further
increase in traverse speed. Wen et al. (Ref 49), who examined
the effect of traverse speed on tensile strength and elongation in
the FSW with a coil tool, observed an increase in both tensile
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Fig. 6 Schematic representation of the bending test setup
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Fig. 8 Effect of welding speed on the surface quality

strength and elongation up to a certain value with increasing
traverse speed.

The AA2024-AA5754 materials were welded by the FSW
by using different parameters. As shown in Fig. 13, the highest
strength and ductility value were achieved at 1200 rpm rotation
speed and 45 mm/min traverse speed. It has been noted in
previous studies that the weld strength can vary due to
differences in welding parameters. Temperature variations have
been highlighted as factors that can affect the grain size in the

(b)

Fig. 7 (a) Performance of the welding process, (b) Picture of the
tool after the process was performed
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Table 4 Findings from the literature and experimental results

Material
Material thickness Welding tensile Base material tensile Process Parameters Efficiency
pair (mm) strength (MPa) strength (MPa) (rpm/min-mm/min) (%) Tool geometry  References
6061-T6 0.5 220.3 310 1500/500 71.06 Triflat (Ref 58)
5052-H32 6 208.9 228 700/65 91.62 Square conical (Ref 59)
5052 3 205.0 214 1200/30 95.79 Conical (Ref 60)
5754- 2 2234 240 1500/30 93.08 Conical (Ref 61)
H111
5086-H34 6 264.5 324 1250/80 81.64 Square (Ref 54)
2024-T4/ 4/5 378.7 446/572 (Med:509) 1200/50 74.40 Threaded conical (Ref 20)
7075-
T6
5754- 2 222.3 240,93/440 (Med:340.465) 750/30 65.29 Cylindrical (Ref 62)
H114/
soft
steel
2024-T3/ 2.5 172.0 485/240 (Med:362.5) 1200/45 47.44 Conical This study
5754-
H111
5754- 2.5 130.0 240 1200/45 54.17 Conical This study
H111
2024-T3 2.5 128.0 485 1200/45 26.39 Conical This study
2024 204.2 306.5 66.62 TIG welding (Ref 63)
5754 183.0 237.1 77.18 TIG welding (Ref 63, 64)
5004 1 Mm/min AA5754-AA5754]
100
2000 rpm-75 mm/min
400 80
© ©
o o
= 300 S
! B 60
g 8
5 -
© 200 C 40
2 2
(= [=
100 —o— AA5754-H111 20 _
—0— AA2024-T3 —o0—1 mm/m!n
—0— 5 mm/min
0 0
T T T T T T T
T T T T T
0.000 0.049 0.098 0.147 0.196 0.000 0.001 0.00.2- 0.003 0.004 0.005 0.006 0.007
True Strain Birim Deformasyon

Fig. 9 Tensile strength graph of specimens taken from the base
materials

microstructure (Ref 44, 45, 50, 51). Different welding param-
eters have resulted in higher strength and ductility in the weld
seam.

When AA5754-AAS5754 materials were joined by the FSW
at different parameters, it was observed that the rotation speed
and traverse speed remained important factors. As seen in
Fig. 14, the highest strength and ductility values were obtained
at 1200 rpm and 45 mm/min traverse speed. In other parameter
combinations, ductility, and strength decrease. A similar study
conducted on this alloy achieved better strength values at lower
rotation speeds (450-900 rpm) using different tools (Ref 52).

When AA2024-AA2024 materials are welded by the FSW,
the rotation speed and traverse speed were also important
factors. As seen in Fig. 15, the material experiences fracture

Journal of Materials Engineering and Performance

Fig. 10 Stress-strain curve of welded AA5754 alloy at different
strain rates

shortly after the onset of plastic deformation. The highest
strength values were achieved at the parameters of 1200 rpm -
45 mm/min and 2000 rpm - 75 mm/min traverse speed. It has
been observed that the heat-affected zone of the welded region
undergoes grain growth, leading to an increase in hardness (Ref
53, 54). In addition to welding defects, the hardness increases
in the materials results in welded specimens exhibiting lower
ductility compared to the un-welded materials, leading to faster
failure.

According to the results of the research, it was observed that
that the highest fracture strength values belong to the AA2024 -
AAS5754 plate pair. The highest fracture strength value was
obtained in the weld seam produced with a tool rotation speed
of 1200 rpm and a traverse speed of 45 mm/min (Fig. 16).
Mahany et al. (Ref 20) achieved the maximum strength in the
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Fig. 11 The effect of positioning on the weld strength
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Fig. 12 The effect of traverse speed on weld strength
180 AA2024-AA5754I
160
140 o
120
100
80
60 :
—o— 1200 rpm-45 mm/min
40 —0— 1600 rpm-60 mm/min
—A— 2000 rpm-75 mm/min
20
O - I T T T T
0.0000 0.0042 0.0084 0.0126 0.0168
True Strain

Fig. 13 Tensile strength graph of the AA2024-AA5754 weld

specimen
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Fig. 19 Results of the three-point bending test
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Welding Direction

Fig. 20 Bending test image of the AA2024-5754 welded sample

FSW experiments on 2024-T4 material at a tool rotation speed
of 1200 rpm.

When the specimen obtained from the joining of two
AA5754 alloy plates was subjected to tensile testing, the
fracture mechanism was observed to develop from the advanc-
ing side of the weld line, and the crack propagated towards the
center, leading to fracture, as shown in Fig. 17. This fracture
mechanism is also present in welds made with the same
material and different material types.

After conducting tensile tests, it was observed that the
microstructure of a different specimen was not homogeneous.
In addition, voids were observed in the upper and lower regions
of the material, namely the weld upper surface and lower
surface, where the integrity of the weld was not maintained.
These voids, caused by the presence of small cracks resulting
from the notch effect due to the deformation of the material,
lead to fracture. The visual representation of the fracture region
is shown in Fig. 18. Kumar et al. (Ref 55) demonstrated the
influence of tool geometry on the mixing efficiency. Therefore,
when designing the tool geometry, it is necessary to consider
the ability to generate sufficient heat for homogeneous mixing
of the material. Tiirkyllmaz et al. (Ref 56) also conducted a
study on investigating the most efficient tool geometry. The
study emphasized the importance of both homogeneous mixing
and the generation of sufficient heat.
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Fig. 21 Welding defect in the AA2024-T3 alloy

The results of the bending tests are shown in Fig. 19. Upon
examining the graph, it can be observed that the bending
strengths confirm the findings of the tensile tests conducted on
the welded samples. The highest bending strength was achieved
with the processing parameters of 1200 rpm and 45 mm/min.

When a bending force of 10 mm/min was applied to the
sample of AA5754 - AA2024 alloys joined by the FSW, it was
observed that the sample bent towards the AA5754 alloy, which
has a lower yield strength compared to the other alloy (Fig. 20).
This indicates that the weld seam, being a combination of the
two materials, is stronger than the AA5754 alloy with lower
yield strength. Msomi et al. (Ref 57), who subjected AA1050-
H14 and AA5083-H111 materials joined by the FSW to a three-
point bending test, it was found that bending occurred towards
the AA1050-H14 material with lower yield strength. Similar
results were obtained in this study.

In Fig. 21, a welding defect occurring in the internal region
of AA2024 alloy was observed. Although there are no visible
issues on the welding surface, the presence of voids within the
internal sections has resulted in lower strength values for these
materials. Therefore, in the FSW, which has a complex process
structure, it is necessary to determine the most suitable param-
eters. It is likely for such errors to occur when the materials are
not completely filled. Optimal process parameters need to be
identified and utilized to minimize these types of defects.

When examining the fracture behavior in the bending test,
the fracture mechanism was observed and seen in Fig. 22. The
bending process starts with the contact of the bending tool on
the upper surface, and during bending, a crack forms on the
welding surface to the left of the welding direction. This crack
progresses diagonally towards the welding bottom surface,
approaching the welding axis, causing fractures and failures in
the internal structure of the specimen. The specimen withstands
the bending force for a certain period, but ultimately loses its
bending strength due to these fractures occurring within its
internal structure.

In addition to the FSW data reported in the literature, the
efficiency of weld seams produced by gas tungsten arc welding
using tungsten electrode is also provided in the table. The
absence of heat treatment in both materials has positively
influenced the welding efficiency. The absence of heat treat-
ment, along with the melting temperature, has reduced the
decrease in strength. Due to the high weldability of the 5754-
aluminum alloy, higher efficiency has been achieved compared
to the other alloys.
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Fig. 22 Fractured specimen in the bending test

In the conducted experimental studies, a maximum effi-
ciency of 54% was achieved. The reason behind this low
welding efficiency is believed to be the use of inappropriate
process parameters for the materials. Further research is
definitely needed in this field. Increasing the number of
parameters is necessary to determine the optimal ranges.
Additionally, changes in the microstructure should be examined
and evaluated. It is known that alloys with different properties
exhibit different characteristics with temperature variations,
which affect the efficiency. Due to the experiments being
conducted on a CNC milling machine, the thrust force during
plunging and the axial forces during advancement could not be
measured. It would be more appropriate to conduct the
experiments on specially designed machines for the FSW. This
would enable better control over the parameters that need to be
monitored during the process, resulting in more efficient
welding with measurable values. To maintain the toughness
of the welding base plate under heat and prevent thermal
distortions, it is recommended to manufacture the base plate
using hot work tool steels, which would prevent dimensional
instability.

4. Conclusion

This investigation concludes that the FSW is a viable
method for joining AA5754 and AA2024 aluminum alloys,
provided that suitable parameters are chosen. Results reveal
that the optimal parameters, specifically a rotational speed of
1200 rpm and a traverse speed of 45 mm/min, significantly
enhance the weldability and mechanical properties of the joints.
These parameters led to a welding efficiency of 54% for
AAS5754, 26% for AA2024, and 47% when combining these
two alloys. The study highlighted that precise parameter
settings are essential to minimize common defects such as
void formation and enhance the mechanical integrity of the
weld. Additionally, the research suggests that careful alignment
of the material properties with welding parameters can lead to
improved outcomes in the FSW, particularly when dealing with
dissimilar materials. This study provides a clear direction for
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future research and application in optimizing the FSW for
various industrial applications involving aluminum alloys.
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