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Abstract
Friction stir welding is a solid-state welding method for joining materials having the same
or diﬀerent properties at temperatures below their melting points. Generally, the welding
parameters aﬀect the microstructural and mechanical properties of welded specimens. In this
study, AA5083 and AA5754 aluminium alloys were joined by friction stir welding at diﬀerent
tool rotation speeds of 450, 700, and 900 rpm, feed rates of 40, 50, and 80 mm min−1 , and
tilting angles of 0◦ , 1◦ , and 3◦ using a tapered stir pin. The eﬀects of these welding parameters
on the mechanical properties of the welded parts were examined by tensile and micro-hardness
tests. Moreover, the welded joints were analysed using an optical microscope, scanning electron
microscope, and energy dispersive X-ray spectroscopy. The results indicated that the specimen
welded at 50 mm min−1 feed rate, 450 rpm tool rotation speed, and a 1◦ tilting angle exhibited
the highest welding strength and elongation values.
K e y w o r d s : friction stir welding, aluminium alloys, microstructure, tensile strength, microhardness elongation

1. Introduction
Friction stir welding (FSW) was patented in 1991
by The Welding Institute located in England [1] and
used for the ﬁrst time in the joining of Al alloys.
The advantages of FSW are the shortened time for
the welding process, automation compatibility, high
welding strength values, obtaining smooth weld surfaces, and no requirement of additional weld metal
and protective gas [2–4]. Al alloys, Mg alloys, Ti alloys, bronze, brass, steel, Cu, composite, and polymer materials can be successfully joined by the FSW
method [5–15].
Tongne et al. [16] studied the joining of AA6082
T6 aluminium alloys by FSW. They developed a ﬁnite element analysis based on the Coupled EulerianLagrangian formulation to predict and quantify the
eﬀect of FSW process parameters on the formation
and extent of the banded structures. They found out
via a combination of experimental and numerical analyses that the formation of the banded structures is
*Corresponding author: e-mail address: ftolun@balikesir.edu.tr

mainly related to the geometry of the pin, whereas the
friction conditions have a much smaller eﬀect. Durdevic et al. [17] welded AA5754 H111 aluminium sheets
with a ”T” connection by FSW using diﬀerent parameters. Their result showed that in the heat-aﬀected
zone (HAZ), there were higher values of microhardness
for the specimen P4.1, which welded at 27 mm min−1
welding speed, 950 rpm tool rotation speed, 1◦ tilting angle, 5.8 mm tool plunge depth, 4 radii of backing plates than microhardness of specimen P4.2 which
welded at 27 mm min−1 feed rate, 950 rpm tool rotation speed, 1◦ tilting angle, 5.8 mm tool plunge depth,
4 radii of backing plates. But, the highest values of
microhardness were in joint P4.2 (70 HV1). Kumar
and Kumar [18] studied the eﬀects of diﬀerent tool
rotation speeds on the mechanical properties of the
welded specimens of AA6063, and AA5083 Al alloys
joined by FSW. They determined that the highest tensile strength, highest microhardness values, and the
lowest bending strength were exhibited by specimens
joined under the conditions of a tool rotation speed
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of 1000 rpm at a 40 mm min−1 feed rate. Kumar et al.
[19] examined the mechanical properties of AA5083H111, and AA6082-T6 aluminium alloys joined by
FSW. The results indicated that the welding eﬃciencies of the specimens were higher when diﬀerent Al
alloys are joined than those when the same Al alloys
are joined.
The post-weld mechanical properties of Al6061 and
Al6063 joined by FSW were examined by Devanathan
et al. [20]. They used diﬀerent tool rotation speeds
while keeping other parameters constant (65 rpm feed
rate and 5 kN axial force). They observed that the
highest tensile strength (60 MPa) was when the tool
rotation speed was 1800 rpm. When the speed was
higher and lower than that value, the tensile strength
was decreased, because at lower tool rotation speed
stirring of the material was poor and heat input was
lower. At a higher tool rotation speed, the unnecessary
release of stirred material on the top surface leads to
macroscopic defects because of the excessive heat input. Results obtained from the microstructural investigation showed that at 1800 rpm tool rotation speed,
the grains were ﬁne, uniform in size and distributed
evenly, which results in higher strength. Kalemba-Rec
et al. [21] studied the eﬀects of process parameters
on the mechanical properties of welded specimens of
7075-T651 and 5083-H111 Al alloys joined by FSW.
They demonstrated that the tool rotation speed and
the location of the alloy signiﬁcantly aﬀected the formation of the weld, especially in the stirring zone (SZ).
Ren et al. [22] joined Al 5754 alloy by FSW using
a cover sheet. They stated that with FSW using a
cover sheet, higher welding strength and better bonding without metal loss and errors were obtained compared to the traditional FSW process.
The eﬀects of the feed rate on microstructure and
mechanical properties of AA5754 Al alloys joined by
FSW were determined by El Rayes et al. [23]. As the
heat input was reduced at high feed rates, grain and
subgrain sizes, as well as the extent of recovery in the
SZ, were reduced. They also reported that the increasing feed rate also increased the fragmentation and homogenised the second-phase particles within the SZ
matrix. For this reason, it reduces the values of ductility and strain hardening exponent of the joint.
Ahmed et al. [24] investigated the eﬀect of welding
parameters on the joined dissimilar aluminium alloys
(AA5083/AA5754 and A5083/AA7020) with FSW.
The results showed that sound joints were obtained at
the low heat input FSW parameters while increasing
the heat input resulted in tunnel defects. The sound
joints in both groups of the dissimilar joints showed
very high joint strength with eﬃciency up to 97 and
98 %.
The eﬀect of FSW parameters on the grain structure evolution in the nugget zone through the thickness of the 10 mm thick AA5083/AA5754 weldments

was investigated by Ahmed et al. [25]. Results showed
that the heating eﬀect of the pressure and rotation
of the pin shoulder and the heat input parameter on
the hardness value of the nugget zone were dominating, and the tensile specimens of the welded joint at
a tool rotation speed of 400 rpm and feed rate of
60 mm min−1 possessed the highest strain hardening
parameter (n = 0.494).
Ahmed et al. [26] studied microstructure and
mechanical properties of dissimilar FSWed AA2024T4/AA7075-T6 T-butt joints. Results showed significant grain reﬁning in SZ of FSW welds is accompanied by dynamic recrystallisation compared with the
as-received base metals. Energy-dispersive X-ray spectroscopy (EDX) analyses of the SZ of the T-joints
show four types of precipitates: Al6 (Mn,Fe,Cu),
Al2 Cu, Al2 CuMg, and Al7 Cu2 Fe(C).
In the present study, non-heat-treatable alloys of
AA5083 and AA5754 are used, as these alloys exhibit
a high corrosion resistance, especially against seawater and chemicals. Due to this feature, they are widely
used alone or in combination in shipbuilding and construction, chemical, automotive industries, and in the
construction of pressure vessels [27, 28].
When these alloys are joined by fusion welding
methods, they develop cracks and porosity problems
in welding seams similar to other Al alloys. In addition, after welding, there is an increase in hardness values and a corresponding decrease in strength values.
These problems can be solved by the FSW method. In
joints made by FSW, high strength values and a good
weld proﬁle are observed in the welded specimens [29–
33]. Therefore, in the present study, the eﬀects of welding parameters on the mechanical and microstructural
properties of the welded AA5083 and AA5754 Al alloy
specimens were studied using the FSW method.

2. Experimental procedure
2.1. Materials used in the experiment
In this study, AA5083 and AA5754 Al alloy plates
with dimensions of 4 mm × 100 mm × 150 mm were
used as the base material. The chemical compositions
and mechanical properties of these alloys determined
by Aydınlar Metal Industry and Trade Inc., Turkey
are given in Tables 1, 2.
2.2. Tool used in the experiment
A tapered pin tool made of 1,333 high-speed steel
and having a hardness of 62 HRC by using a heat
treatment was used in the study. Its shoulder diameter
was 15 mm, pin depth 3.87 mm, the outer diameter
of the tapered pin 4 mm, and inner diameter 2 mm
(Fig. 1a).
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T a b l e 1. Chemical composition of AA5083 and AA5754 aluminium alloys (wt.%)
Alloy element
AA5083
AA5754

Si

Fe

Mn

Mg

Cu

Ti

Cr

Zn

0.112
0.093

0.318
0.191

0.535
0.164

4.783
2.774

0.073
0.003

0.012
0.007

0.062
0.004

0.128
0.007

T a b l e 2. Mechanical properties of AA5083 and AA5754 Al

AA5083
AA5754

Tensile strength (MPa)

Yield strength (MPa)

Elongation (%)

Hardness HV

237.41
226.82

159.5
108.6

17.06
16.19

75
52

Fig. 1. Images of (a) tapered pin tool, (b) FSW operation in the Universal Milling Machine, and (c) tensile test specimens.

2.3. FSW experiment
AA5083 and AA5754 Al plates were joined with
butt welding by the FSW method (Fig. 1b). The welding process was carried out in the Universal Milling
Machine (Taksan FU 315 × 1250) at room temperature. Before welding, all surfaces of the test specimens
were smoothened by milling. The welding surfaces
were sanded by hand and then wiped with pure alcohol. The specimens prepared for welding were ﬁrmly

ﬁxed on the milling machine by a ﬁshplate.
Welding operations were carried out with diﬀerent
parameters selected after preliminary experiments. In
the joining process, the tool rotated in a clockwise
direction, and the waiting time at the start of welding
was taken as 60 s. In accordance with the literature,
AA5083, a harder Al alloy than AA5754 was placed on
the advancing side and AA5754 on the retreating side.
The welding parameters of the experiments performed
at diﬀerent feed rates, diﬀerent tool rotation speeds,
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Fig. 2a–f. Surface images of (a) specimen 1, (b) specimen 2, (c) specimen 3, (d) specimen 4, (e) specimen 5, (f) specimen 6.

and diﬀerent tilting angles are presented in Table 3.
In the coding of the welding parameters, the values
of the feed rate, tool rotation speed, and tilting angle
were used as 40/450/0, respectively.
After the FSW process, tensile tests were performed on the specimens using the Zwick Roel tensile testing device. For each condition, three specimens
were prepared with the welding seam in the middle
and in accordance with the ASTM E08 M-04 standard [34]. The tensile specimens (Fig. 1c) were drawn

perpendicular to the welding direction at a drawing
speed of 2 mm min−1 , and the tensile strengths were
measured.
The microstructural changes after the FSW process were examined using an optical microscope
(OM; Nikon DS-Fi), the scanning electron microscope
(SEM; JEOL JSM-6060) images of the welded specimens, and EDX analysis. For this, specimens were ﬁrst
inserted in the polyester mould for microscopic examinations and sanded with sandpaper 220-1200. Then,
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Fig. 2g–i. (g) specimen 7, (h) specimen 8, and (i) specimen 9.
T a b l e 3. The detailed welding parameters used in this study
Treatment no.
Feed rate (mm min−1 )
Tool rotation speed (rpm)
Tilting angle (◦ )

1

2

3

4

5

6

7

8

9

40
450
0

40
700
1

40
900
3

50
450
1

50
700
3

50
900
0

80
450
3

80
700
0

80
900
1

they were polished with 3 and 1 µm diamond paste
and etched with Poulton reagent, which was obtained
by mixing 50 ml Poulton solution, 25 ml concentrated
HNO3 , and 40 ml chromic acid solution. Specimens
were gold plated for SEM imaging.
The hardness values of the specimens were measured on the Vickers scale (HV0.1) using the Shimadzu
HMV micro-hardness tester along a line perpendicular
to the welding seam direction on the welding surface.
The measurement load was 0.1 kg, and the waiting
time before the measurement was 15 s.

3. Results and discussion
The results of the FSW welding of AA5083

and AA5754 aluminium alloys are given below. Figures 2a–i show the surface images of welded specimens. Figure 2a shows specimen 1(40/450/0), Fig. 2b
shows specimen 2(40/700/1), Fig. 2c shows specimen
3(40/900/3), Fig. 2d shows specimen 4(50/450/1),
Fig. 2e shows specimen 5(50/700/3), Fig. 2f shows
the specimen 6(50/900/0), Fig. 2g shows the specimen
7(80/450/3), Fig. 2h shows the specimen 8(80/700/0),
and Fig. 2i shows the specimen 9(80/900/1).
Figure 2 indicates that the welding seams of specimen 2, 3, 4, 5 were smooth and uniform, while those of
specimen 1, 6, 7, 8 were rough. Therefore, the rough
structure noticed in the welding seam of specimens
1, 6, 7, and 8 was thought to negatively aﬀect the
mechanical values of the weld [11, 35]. According to
the tensile test results, microstructure analyses and
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Fig. 3. Tensile strength and percentage elongation values
of specimens.

microhardness tests were performed for specimen 4,
for which the highest welding strength was detected,
and specimen 8, for which the lowest welding strength
was determined. Since the other specimens are among
these two specimens in terms of welding strength, the
microstructure analyses and microhardness tests were
not performed.
The tensile test was performed to determine the
welding strength values of the welded specimens
(Fig. 3).
High temperatures and intense plastic deformations occur within the material from the FSW process,
causing recrystallisation in the SZ. This causes the
precipitates to dissolve and become rough around the
SZ. It is known that the internal structure forms after
the FSW process are divided into three diﬀerent zones:
dynamic recrystallisation SZ, thermo-mechanical affected zone (TMAZ), and HAZ. The weakest and least
hardened area of the welding zone is the HAZ zone.
During the welding process, the precipitate particles
continue to grow in the HAZ and show excess ageing
or coarsening, and the distance between the particles
increases. Therefore, dislocations move easily in this
area without encountering any obstacles, thereby reducing the strength. In the tensile tests carried out on
specimens of AA5754 and AA5083 alloys, the rupture
was always seen to occur in the HAZ and ductile fracture on the side of the AA5754 specimen. The cracks
developed on the side of the AA5754 specimen owing to its slow tensile strength compared to that of
AA5083; this is consistent with the literature [23, 26,
35, 36].
As diﬀerent welding parameters aﬀect the mechanical properties of welded specimens, the feed rate, tool
rotation speed, and tilting angle parameters must be
evaluated together [18, 20, 24].
The selection of the optimum welding parameters,
which are feed rate, tool rotation speed and tilting angle, are important for a high strength welding process
and to decrease welding defects and porosity.
Heat input is one of the important parameters for
FSW. It plays a signiﬁcant role in controlling the joints
properties and quality. Tool rotation speed and feed

rate control the heat input in the welding area during the FSW. Tool rotation speed and feed rate determine the amount of frictional heat generated, followed
by plastic deformation and deformation heat. Therefore, it is important to choose the appropriate combination of them for a defect-free joint with a good
metallurgical bond and mechanical properties. Tool
rotation speed aﬀects the intensity of plastic deformation occurring in the weld zone during the welding
and through this aﬀects material mixing. Feed rate
controls the thermal cycle, residual stresses, and production rate. High tool rotation speed with the unnecessary release of stirred material on the top surface leads to macroscopic defects, such as poor surface
(ﬂash), voids, porosity, tunnelling, or wormhole formation, due to the extremely high heat input generated
welding. Low tool rotation speed leads to a poor stirring of the material and low heat input. Increasing the
feed rates led to decreasing heat input to the welding
zone by lowering the time duration of tool-workpiece
interaction at a given point of action. Reducing the
feed rates led to increasing heat input to the welding
zone. Moderate amounts of heat inputs are suitable
for the plastic deformation, stirring, and material ﬂow
in FSW [24, 37, 38].
Studies also support that during the FSW process,
welding operations performed by using tilting angle
showed good mechanical properties [16, 17, 39]. The
results of this study demonstrated that the tilting angle also has an important eﬀect on the mechanical
properties of the welded specimens. High strength values were observed in the welding processes when a 1◦
tilting angle was used. When it was increased to 3◦ , a
decrease in the tensile strength values was observed.
In particular, the lowest tensile strength values were
obtained when the tool was kept vertical (tilting angle
= 0◦ ).
As seen in Table 2, the tensile strength and
the elongation values of the AA5083 alloy were
237.41 MPa and 17.06 %, respectively. However, the
corresponding values of AA5754 alloy were 226.82
MPa and 16.19 %, respectively. According to the tensile test results, specimen 4(50/450/1) showed the
highest tensile strength value (214.67 MPa) and percentage of elongation value (14.44 %). The tensile
strength of specimen 4 was 90.41 % and 94.64 % of
that of AA5083 and AA5754, respectively. By maintaining the feed rate at 50 mm min−1 , increasing the
tool rotation speed, and changing the tilting angle, the
tensile strength and elongation values decreased. The
tensile strength of specimen 5(50/700/3) decreased to
209.72 MPa, and the elongation decreased to 10.79 %.
When the tool rotation speed was increased to
900 rpm, and the tilting angle was reduced to 0◦ while
keeping the feed rate constant at 50 mm min−1 , the
tensile strength of 168.8 MPa and elongation of 5.38 %
were obtained from specimen 6(50/900/0). When the
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feed rate was reduced to 40 from 50 mm min−1 , tensile strength and % elongation values decreased. The
tensile strength value and elongation of specimen
2(40/700/1) were 207.29 MPa and 10.38 %, respectively. When the tilting angle was increased to 3◦ ,
and the tool rotation speed was increased to 900 rpm
at a constant feed rate of 40 mm min−1 , the tensile
strength value of specimen 3(40/900/3) decreased to
205.78 MPa and elongation decreased to 10.20 %. Furthermore, when the tilting angle was decreased to 0◦ ,
and the tool rotation speed was reduced to 450 rpm
at a constant feed rate of 40 mm min−1 , the tensile strength of specimen 1(40/450/0) decreased to
151.81 MPa and the elongation to 3.74 %. Specimens
joined at a feed rate of 80 mm min−1 showed lower
tensile strength and elongation values. The tensile
strength was determined as 188.33 MPa and elongation as 5.58 % for specimen 9(80/900/1). Thus, the
high tool rotation speed of this specimen at a high
feed rate also aﬀected the tensile strength positively.
Selecting low tool rotation speeds at high feed rates
during welding reduced the tensile strength and elongation values. When the tilting angle was increased to
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Fig. 4. Micro-hardness variation of specimens 4 and 8.

3◦ , and the tool rotation speed was reduced to 450 rpm
at a constant feed rate of 80 mm min−1 , the tensile
strength of specimen 7(80/450/3) was found to decrease to 143.59 MPa and elongation to 2.28 %.
When the tilting angle was decreased to 0◦ , and the
tool rotation speed was increased to 700 rpm at a con-

Fig. 5. OM and SEM images of (a) the welding zone, (b) SZ and TMAZ regions, (c) TMAZ and HAZ regions, and (d)
defects in the welding zone of specimen 4.
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Fig. 6. OM and SEM images of (a) the welding zone, (b) SZ and TMAZ regions, and (c) and (d) defects in the welding
zone of specimen 8.

stant feed rate of 80 mm min−1 , specimen 8(80/700/0)
showed the lowest tensile strength and percentage
elongation values. The tensile strength value and percentage elongation of specimen 8 were 136.91 MPa and
1.80 %, respectively. Its tensile strength was 57.66 % of
AA5083’s value and 60.36 % of AA5754’s value. Due
to the high feed rate, low tool rotation speed and lack
of tilting angle, full stirring could not be achieved in
the welding zone, and heat input was not suﬃcient
for high strength joining. This led to the generation of
welding defects in the welding seam. It is thought that
these welding errors, which can also be observed in
macro dimensions, were responsible for decreasing the
welding strength. A linear relationship was observed
between the elongation and tensile strength values,
and thus, the elongation values decreased with the decrease in the tensile strength.
Welded specimens joined at a 50 mm min−1 feed
rate and a 1◦ tilting angle showed the best mechanical
properties in terms of the tensile strength and elongation values. Thus, these conditions were selected as
the optimum welding parameters to obtain good mechanical properties.
Figure 4 shows the changes in the microhardness
values of the welding zones of specimen 4 (highest tensile strength) and specimen 8 (lowest tensile strength).

It shows that there are small changes in the hardness
values in the welding zones of both specimens. This is
explained by forming a welded structure with homogeneous distribution and properties close to those of
the base metals.
In general, the microhardness proﬁle in all welds
was maximum in the SZ and decreased towards the
base metal. The SZ was thinner than the grain
size. Some changes in the hardness values may have
been caused by the Alx (Fe,Mn)y Siz , Alx (Fe,Mn), and
Mgx Si intermetallic phases that formed owing to the
heat input in the welding zone during the FSW process of AA5XXX Al alloys [40, 41].
Figure 5a shows OM images of the welding zone of
specimen 4 (highest welding strength), which demonstrate that AA5754 and AA5083 aluminium alloy
materials stirred properly with each other in the
welding zone. This ﬁgure also shows the ﬁne-grained
structure of the SZ having a homogeneous distribution where the stirring occurs via the stirring
pin. Increasing the temperature and stirring eﬀect
of the pin increased the extrusion degree in the
material, which became viscous. Therefore, a structure with grain shrinkage and hardening emerged
in the SZ. The deformation and extrusion intensity generated during the FSW process, and caused
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Fig. 7. Welding area of specimen 4.

the grains to shrink in the SZ.
In Fig. 5b, the SZ and TMAZ regions can be
clearly observed in the welding zone of specimen 4. In
TMAZ, a bigger-sized coarse-grained structure stands
out compared to the grain size in SZ. This can be attributed to the lower heat input to TMAZ and plastic
deformation during the welding process compared to
SZ. In Fig. 4c, HAZ is the weakest region of the welding zone [35, 40–42].
Figures 5c,d show SEM images of the welded zones
of specimen 4, with ﬁne-grained and coarse-grained
structures in the SZ and TMAZ regions, respectively.
The SEM images of specimen 4 show that intermetallic components occurred in the welded zone, which can
be observed as white specks. SEM images and OM
images show that specimen 4 has been successfully
welded by FSW.
The OM images of the welding zone of specimen 8
(lowest welding strength) are presented in Figs. 6a,b;
a ﬁne-grained SZ and coarse-grained TMAZ can be
observed. Gaps between the joints of AA5033 and
AA5754 materials are noticeable in the welded zone,
which represent undesirable welding defects in the
joining process and also reduce the welding strength.
These defects explain the reason for the decrease in
tensile strength.
The SEM and OM images of specimen 8 indicate
welding defects that are detected and cause a decrease
in the welding strength of the specimen. Such defects
are shown in Figs. 6c,d.
Figures 7 and 8 present the results of EDX analysis of specimen 4, which represent the welding area,
analysis number 1, and analysis number 2 of the SZ,
respectively. It is seen that Alx (Fe,Mn)y Siz , Alx (Fe,
Mn), and Mgx Si intermetallic phases occur because of
the heat input in the welding zone during the FSW
process of AA5XXX Al alloys. Essentially, 5xxx series alloys are single-phase type alloys (e.g., Al3 Mg2 ,
Al6 (Fe,Mn)). Phases such as Al6 Mn, Al3 Fe, and
Al(Fe,Mn,Si) are dispersed in the aluminium matrix

Fig. 8. EDX analysis number of (a) 1 and (b) 2 of SZ of
specimen 4.

as secondary phase particles, out of which Al3 Mg2 is
seen to occur at 450 ◦C. This causes the Mg deﬁciency
in the grain boundaries by structuring between the
grains and the grain boundaries. The Al6 Mn phase
is an intermetallic phase with a melting temperature
of 705 ◦C. The melting temperature of this phase is
higher than the solidus temperature of the AA5754
alloy [35, 40, 41].
Analysis number 1 of the SZ region of specimen 4
(Fig. 8a) demonstrates that the densities of Si, Mn,
Fe, Al, and Mg elements increased signiﬁcantly.
Analysis number 2 of specimen 4 (Fig. 8b) shows
that only Al and Mg elements were observed in the
structure. Analysis number 2 of specimen 4 indicates
that the Si, Mn, and Fe elements observed in the structure support the presence of Al3 Mg2 , Al6 (Fe,Mn),
Al6 Mn, Al3 Fe, and Al(Fe,Mn,Si) phases in the welding
zone.

4. Conclusions
AA5083 and AA5754 Al alloy plates were welded
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by the FSW method in this study. Specimen 4 exhibited the highest tensile strength and elongation values. The tensile strength of specimen 4 was 90.41 %
and 94.64 % of that of AA5083 and AA5754, respectively. Specimen 8 had the lowest tensile strength and
elongation value. Its tensile strength was 57.66 % and
60.36 % of the values corresponding to of AA5083 and
AA5754, respectively. A linear relationship was observed between the percentage elongation and tensile
strength values of the specimens.
Because of the high feed rate, low tool rotation
speed, and no tilting angle, complete stirring in the
welding zone was not achievable. This caused welding
defects to develop in the form of gaps in the weld seam,
which decreased the welding strength. Microstructure
analyses also supported these ﬁndings. The defects
and the form of gaps can be prevented by using optimum welding parameters.
Welding processes at a 50 mm min−1 feed rate gave
the highest tensile strength and elongation values.
When the feed rate was reduced to 40 mm min−1 or
increased to 80 mm min−1 , the tensile strength and
elongation values decreased. The eﬀect of tool rotation speed on tensile strength and elongation values
varied according to the selected feed rate and tilting
angle.
High welding strength values were observed when
welding was performed at a 1◦ tilting angle. When
the tilting angle was increased to 3◦ , tensile strength
values decreased. The lowest tensile strength values
were obtained when the tool was kept vertical.
Finally, small changes in hardness values in the
welding zone were also observed. The increasing hardness of Alx (Fe,Mn)y Siz , Alx (Fe,Mn), and Mgx Si intermetallic phases occurring because of heat input in
the welding zone during the FSW process of AA5XXX
Al alloys caused these changes in the hardness values.
When EDX analysis of specimen 4 in SZ was examined, the density increase of Mg, Si, Mn, and Fe elements supported the presence of Al3 Mg2 , Al6 (Fe,Mn),
Al6 Mn, Al3 Fe, and Al(Fe,Mn,Si) phases in the welding
zone. Phase analysis was not performed in this study.
In further studies, the presence of these phases should
be determined by phase analysis.
AA5754 and AA5083 Al alloys are widely used
alone or in combination in the industry. The ﬁndings obtained from this study can be used in joining
AA5754 and AA5083 Al alloys with the FSW method
in practical applications.
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