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Abstract: Friction welding of aluminum alloys holds immense potential for replacing riveted joints
in the structural sections of the aeronautical and automotive sectors. This research aims to investigate
the effects on the microstructural and mechanical properties when AA5083 H116 joints are subjected
to rotary friction welding. To evaluate the quality of the welds, optical and scanning electron
microanalysis techniques were utilized, revealing the formation of sound welds without porosity.
The microstructural examination revealed distinct weld zones within the weldment, including the
dynamically recrystallized zone (DRZ), thermo-mechanically affected zone (TMAZ), heat-affected
zone (HAZ), and base metal (BM). During the friction-welding process, grain refinement occurred,
leading to the development of fine equiaxed grains in the DRZ/weld zone. Tensile testing revealed
that the weldment exhibited higher strength (YS: 301 ± 6 MPa; UTS: 425 ± 7 MPa) in the BM
region compared to the base metal (YS: 207 ± 5 MPa; UTS: 385 ± 9 MPa). However, the weldment
demonstrated slightly lower elongation (%El: 13 ± 2) compared to the base metal (%El: 15 ± 3). The
decrease in ductility observed in the weldment can be attributed to the presence of distinct weld zones
within the welded sample. Also, the tensile graph of the BM showed serrations throughout the curve,
which is a characteristic phenomenon known as the Portevin–Le Chatelier effect (serrated yielding)
in Al-Mg alloys. This effect occurs due to the influence of dynamic strain aging on the material’s
macroscopic plastic deformation. Fractography analysis showcased a wide range of dimple sizes,
indicating a ductile fracture mode in the weldment. These findings contribute to understanding the
microstructural and mechanical behavior of AA5083 H116 joints subjected to rotary friction welding.

Keywords: rotary friction welding; aluminum alloys; AA5083 H116; microstructural analysis;
mechanical properties

1. Introduction

Aluminum is a versatile metal bearing excellent properties, such as low density, high
thermal and electrical conductivity, along with high strength-to-weight ratios. These
properties make it an ideal choice for the aerospace, automotive, and shipping industries.
Nonetheless, these properties are enhanced or altered by the effect of various alloying
elements based on the specified application [1]. The 5xxx series is one such alloy, with
magnesium as the primary alloying element. These alloys are considered to be among the
strongest of all non-heat-treatable aluminum alloys, and this strength is attained through
cold working [2]. The temper designation “H116” in alloys belonging to the 5xxx series
signifies that the material has undergone a distinctive blend of cold working and thermal
treatment processes. This treatment imparts exceptional resistance to corrosion caused by
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water and high-humidity conditions. Furthermore, it minimizes the potential impact of
stress-corrosion sensitization resulting from exposure to high temperatures [3]. In alloys
like AA5059, AA5086, and AA5083, these properties impart excellent weldability, corrosion
resistance, and a high strength-to-weight ratio, making them ideal for building shipbuilding
and vehicle bodies [4]. Due to these excellent properties and wide range of applications, it
becomes essential to join these metals.

Conventionally, these alloys are joined using different fusion-welding techniques,
such as metal inert gas (MIG) welding, tungsten inert gas (TIG) welding, etc. However,
these joining techniques often result in the formation of various welding defects, such as
porosity, distortion, and hot cracking [5]. Samiuddin et al. [6] studied the microstructural
and mechanical properties of TIG welded Al-5083 butt joints. They observed that porosity
and solidification cracking were the most common defects, resulting in an 18.26% loss
of base metal strength after welding. Porosity is caused by the entrapment of hydrogen
gas during the solidification process, as hydrogen is highly soluble in molten aluminium,
leading to the formation of bubble-like nucleation [7]. Another frequent defect observed in
the joining of these alloys is the degradation of the heat-affected zone (HAZ), which is more
common in commercial alloys due to the higher weight percentage of alloying elements [8].
As mentioned, cold working is the major strengthening mechanism in 5xxx series alloys
and is negatively affected by fusion welding. Cetinel et al. [9] investigated the weldment of
AA5083 and AA6061 joined through TIG welding. They observed a significant loss of cold
work after welding, resulting in the degradation of strength and hardness. Some reports
suggest that the evaporation of volatile elements at high temperatures and the formation of
columnar grains during solidification are the main causes of strength loss and weld metal
degradation during TIG welding [10,11]. Furthermore, welding defects like solidification
cracking in these alloys are highly influenced by the weld metal composition [12]. The
composition of the welding metal is influenced by both the filler metal used and the extent
of dilution that occurs during welding at elevated temperatures. Therefore, it is essential to
select the correct filler metal as it can adulterate the homogeneity of the base metal.

Solid-state welding is one of the more advantageous joining methods for aluminum
alloys, as it avoids melting and the defects caused during these processes, such as porosity
and solidification cracking. Rotary friction welding (RFW) is a versatile solid-state welding
technique currently being used as a promising method for welding aluminum alloys. The
principal operation of the rotary friction-welding technique can be divided into three major
steps: (i) Softening of the material caused by the frictional heat generated due to the move-
ment between the fraying surfaces, (ii) intermixing of the material or plastic deformation,
and (iii) forging of the hot metal [13]. These welding techniques overcome flaws such as the
loss of volatile alloying elements and distortion, thereby providing a high-quality joint [14].
Pouraliakbar et al. [15] studied the dynamic and softening phenomena of the Al-6Mg alloy
during the two-step deformation through the hot compression test. They reported that the
softening of the material can be influenced by strain rate. Lienert et al. [16] successfully
joined SiC-reinforced 8009 aluminum by inertia friction welding with a minor loss in tensile
and hardness properties. Kimura et al. [17] conducted a study to investigate how different
friction welding conditions impact the mechanical properties of friction-welded joints in the
AA5052 aluminum alloy. The optimum friction speed was found to be 27.5 s−1, and an ex-
cellent joint with approximately 93% joint efficiency was observed. This phenomenon was
attributed to the mild softening occurring in the peripheral region of the weld, as well as
the distinct anisotropic properties observed between the longitudinal and radial directions
of the base metal. Elumalai et al. [18] optimized the welding parameters for AA7068 weld-
ment joined by rotary friction welding, and they found that friction (rotational) speed had
the highest effect on welding strength. Beygi et al. [19] reviewed the influence of alloying
elements on intermetallic formation during friction stir welding (FSW) of aluminum to steel
(dissimilar metal joining). They stated that Fe-Al forms different intermetallic compounds
(IMCs) such as Fe2Al5 and FeAl3 at the weld interface, whereas Si in the alloy will give
solid-solution strengthening and some alloying elements like Ni and Cr in steels retard the
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diffusion of IMC’s and acts as grain refiners. Sahin et al. [20] examined the microstructural
and mechanical properties of near-nanostructured Al 5083 alloys that were subjected to
rotary friction welding, which resulted in improved tensile and fatigue strength of the
welded samples. However, the significant increase in hardness and mechanical properties
was due to the refinement in grain size. Similarly, Pouraliakbar et al. [21] studied the
impact of rotation speed (400–1600 rpm), dwell-time (3–60 s), and cooling media (air and
water) on microstructural modification (crystalline size) in stir zone (SZ) while performing
friction stir spot processing (FSSP) on Al-Cu-Mg alloy. They reported that the weld cooled
underwater inhibited more grain growth compared to cooling taking place in the air.

Based on the author’s current understanding, minimal research has been conducted on
rotary friction-welded aluminum (5xxx series) alloys. The purpose of this study is to explore
the alterations in the microstructure that arise during the rotary friction welding of AA5083
H116 aluminum alloys. Furthermore, the research involves examining different weld zones
and analyzing several mechanical properties, including hardness, tensile strength, and
fracture analysis of the weldments. Also, the H116 temper condition enhances the alloy’s
corrosion resistance, making it useful in a broad range of industries, including shipbuilding.
The findings and insights gained from this research endeavor will contribute to the existing
knowledge base and provide valuable information for future advancements in the field.

2. Experimental Materials and Methods
2.1. Parent Metal

The parent metals used for rotary friction welding were AA5083 H116 (work hardened)
aluminum alloy rods with a length of 100 mm and a diameter of 20 mm. To ensure
perpendicularity, these samples were face-turned. The chemical composition details of the
base metal sample, AA5083 H116, are provided in Table 1.

Table 1. Chemical composition of AA5083 H116.

Element Zn Mn Mg Cu Cr Fe Si Al

Wt. % 0.11 0.53 4.9 0.03 0.09 0.27 0.04 Bal

2.2. Welding Details

A continuous drive rotary friction welding machine (ETA Technology in Bangalore,
India) with a capacity of 100 KN was employed for the welding process [22]. A manually
operated personal computer-controlled system displayed the welding data, such as friction
pressure and rotational speed. The base metal rods (AA5083 H116) were secured in the
respective chucks. As the spindle began rotating at a predetermined speed, the specimens
were brought into contact with an initial force (friction pressure). The relative motion
or interaction between the specimens resulted in the generation of frictional heat at the
contacting region. The combination of frictional heat and a rotary mechanical force led to
severe plastic deformation (flash). A sudden pressure (forging pressure) was applied to
complete the rotary friction-welding process. The flash was expelled, carrying away the
major impurities. The presence of flash on both sides of the weldment indicates that the
heat generated during welding was sufficient to produce a sound weld [23].

Several trials were conducted to optimize the welding parameters, such as rotational
speed, burn-off length, upset force, and other friction-welding parameters. The ranges
of parameters for the welding trials were selected based on the literature. Due to the
limited availability of raw materials, only a limited number of experiments could be car-
ried out. Rotational speed, burn-off length, and upset force were varied one parameter
at a time to achieve the best welding. The rotational speed was explored in the range
of 1200–1400 rpm [24]. A rotational speed of 1400 rpm was finalized, as speeds below
1400 rpm took considerably longer time at the friction stage, and unusual cracks were
observed in the flash, indicating insufficient heat generation for complete plastic deforma-
tion. Further tests were conducted while maintaining a constant speed of 1400 rpm and
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varying the friction burn-off in 1 mm increments. The most appropriate flash was observed
at 5 mm, beyond which there was no significant advantage except for material wastage.
Once these two parameters were set, the best joint was observed at an upset force of 24 kN.
Methods such as visual inspection and drop tests were employed to optimize the welding
parameters. The welding parameters used for the final welding are displayed in Table 2.

Table 2. Welding Parameters.

Parameters Explored Ranges Selected Values

Rotational speed (rev/min) 1200–1400 1400

Friction burn-off (mm) 2–5 5

Upset force (kN) 19–24 24

Soft force (kN) (Constant) 2

Soft force time (s) (Constant) 4

Friction force (kN) (Constant) 12

Upset time (s) (Constant) 3

2.3. Metallographic Examination

To section the welded specimens along the cross-section, wire-cut electrical discharge
machining (EDM) was employed. Subsequently, they were cold-mounted to ensure straight
alignment. The mechanical polishing of the samples was performed using SiC papers ranging
from 600 to 200 grit, followed by fine cloth polishing using 3 to 0.5 µm diamond paste. For
etching the samples, Keller’s reagent (consisting of 1.5 mL HCl, 1 mL HF, 2.5 mL HNO3, and
95 mL H2O) was utilized for approximately 15–20 s. Microstructural analysis was carried out
utilizing an optical microscope and a TESCAN scanning electron microscope (SEM) (Model:
VEGA 3 LMU, Brno, Czech Republic). The examination was carried out at an accelerating
voltage of 20 KV and a working distance of 9.97 mm. Elemental analysis across the weldment
was performed using energy-dispersive X-ray spectroscopy (EDS). The X-ray diffractometer
(PANalytical, Malvern, UK) was employed for XRD analysis of the weldment. The X-ray
diffractor was configured with a scan current of 30 mA, a step size of 0.01 degrees, and a
wavelength of 1.547 Å. A continuous scan mode was used with CuK radiation and incident
split detectors. The scan range was specified to be between 5.0 and 90.0 degrees.

2.4. Mechanical Testing

To investigate the mechanical behavior of the AA5083 joints welded using rotary
friction welding, several properties, including tensile strength, hardness, and fracture
analysis, were examined. The samples were prepared according to ASTM standards. To
measure the hardness variation across the weldment, a Vickers micro-indentation device
(Shimadzu, HMV 2T E, Kyoto, Japan) was utilized. A load of 50 gm was applied for 15 s
on both sides of the weld. The tensile properties of the weldment were assessed using a
KAPPA 100 SS-CF universal testing machine from Austria. Tensile tests were conducted at
room temperature, employing a crosshead speed of 0.5 mm/min.

3. Results and Discussion
3.1. Base Metal Microstructure

The optical micrographs of the AA5083 base metal alloy are shown in Figure 1.
Figure 1a represents the transverse plane (along the cross-section), while Figure 1b repre-
sents the longitudinal plane (along the central axis). The microstructure predominantly
consists of a heterogeneous mixture of unevenly scattered grains with a segregated mi-
crostructure (Figure 1a). Elongated grains can be observed along the longitudinal plane
(Figure 1b) of the base metal rods. These pancake-shaped grains result from the rolling op-
eration during manufacturing. Radetic et al. [25] reported that compression along the strain
plane leads to this elongation and the formation of lamellar/pancake-shaped grains. They
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suggested that while these grains are stretched along the rolling direction, they contract
equally in the direction perpendicular to it. Solute strengthening, dislocation strengthening,
grain refinement, and precipitate hardening are some of the major strengthening mecha-
nisms in non-heat-treatable AA5083 aluminum alloys [26,27]. The presence of point defects
generated by the major alloying elements Mn and Mg in AA5083 restricts dislocation mo-
tion and enhances material strength at low strain rates. While these alloys derive strength
through Mg solute atoms via solute strengthening, an increased Mg content can decrease
corrosion resistance [28]. Therefore, work hardening and grain refinement remain the most
efficient methods for improving the strength of AA5083 [29]. Figure 2a shows the SEM
microstructure of the AA5083 base metal. Furthermore, EDS analysis (Figure 2b) of the base
metal microstructure reveals the presence of Mg-rich β (Al3Mg2) precipitates/secondary
phases embedded in the α (aluminum) matrix. Many reports suggest the presence of other
phases such as Al3Mn2, Al-(Fe, Si, Mn, Cr), Al6Mn, and Mg2Si in this alloy [30].
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Figure 3 illustrates the visual view of the rotary friction-welded AA5083 H116 joint.
As evident from the figure, sound welds with superior quality are produced, exhibiting
an even and uniform flash on both sides of the weldment. This indicates that the heat
generated during rotary friction is sufficient for the successful deformation of the base
material. Figure 4 displays the macrostructure image of the rotary friction-welded AA5083
H116 joint from a cross-sectional view. It shows a balanced amount of flash on both sides,
as well as grain deformation lines across the weld interface. The presence of flash assists in
the removal of unwanted oxide layers and other debris, resulting in a clean and seamless
weld [5]. These deformation lines are the result of severe plastic deformation that occurs
during rotary friction welding [31].
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3.2. Microstructure of Weld-Interface

During the rotary friction welding of AA5083 H116, Figure 5 illustrates the various
weld zones that form along the weld interface. A detailed microstructural examination
conducted across the weld interface revealed the division of the weldment into four distinct
zones: (a) dynamically recrystallized zone (DRZ), (b) thermo-mechanically affected zone
(TMAZ), (c) heat-affected zone (HAZ), and (d) base metal (BM) [31]. The DRZ exhibited
fine (equiaxed) grains, characterized by an average grain size of 5 ± 2 µm, as revealed by
microstructural analysis. The refinement of these grains can be attributed to the extreme
forces and plastic deformation experienced during rotary friction welding. The continuous
rotational movement of the base material promotes the formation of fine recrystallized
grains, which significantly influences the final mechanical properties of the weldment [32].
It has been reported that continuous dynamic recrystallization (CDRX) plays a crucial role
in the grain refinement mechanism during the friction welding of aluminum alloys [33].
CDRX involves the rearrangement of dislocations to produce subgrains, absorption of
dislocations in low-angle grain boundaries, and the eventual formation of high-angle grain
boundaries and new dynamically recrystallized grains [34]. It can be observed that the
width of the DRZ is reduced towards the center of the weldment, indicating the differential
forces experienced during the various stages of friction welding [31]. This phenomenon
is observed on either side of the friction weld interface. The TMAZ consists of deformed
grains arranged in lines along the direction of flash flow, which provides insight into the
direction of deformation. On the other hand, the HAZ exhibits a grain arrangement similar
to that of the base metal. Long, elongated grains are observed in the base metal due to
deformation during the rolling process. AA5083 being a strain-hardened alloy, these grain
shapes are commonly observed, highlighting the alloy’s high-strength properties. However,
a slight increase in grain width can be observed in the HAZ, which can be attributed to the
high thermal exposure during rotary friction welding.
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The EBSD orientation mapping of the friction-welded AA5083 H116 zones is shown
in Figure 6, where (a–d) represents the various weld zones formed during rotary friction
welding of AA5083 H116, namely DRZ, TMAZ, HAZ, and BM, respectively. It is observed
that the BM Al5083 alloy comprises elongated grains parallel to the rolling direction along
with equiaxed grains in between the elongated grains as shown in Figure 6d. The average
grain size of the equiaxed grains in the BM is 12 ± 3 µm while the larger elongated grains
showed an average length of 70 ± 5 µm along the rolling direction. The inverse pole figure
(IPF) showed the large portion of BM planes orientated in [101] direction. In contrast, the
other zones like DRZ, TMAZ, and HAZ showed the orientation of planes in all directions.

The stir zone comprises fine equiaxed recrystallized grains (DRZ) structure (Figure 6a).
The DRZ exhibited the smallest average grain size at the welding center compared to HAZ,
TMAZ, and BM. The presence of dynamic recrystallization during the friction welding
process accounts for this phenomenon. The DRZ exhibits an average grain size of 5 ± 2 µm.
The TMAZ is situated adjacent to the DRZ on both sides, featuring an average grain
size of 22 ± 4 µm. TMAZ exhibits a larger grain size when compared to DRZ. This
is attributed to lower/partial recrystallization. The grains within the TMAZ exhibit an
elongated morphology parallel to the welding interface, which arises from the intense
plastic deformation experienced during the frictional stage of welding. Conversely, the
HAZ adjacent to the TMAZ displays a coarser grain size of 32 ± 3 µm. As the HAZ is
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relatively far away from the weld center, it experiences less plastic deformation and heat,
which results in the absence of recrystallization. Consequently, the grains formed in the
HAZ are coarser compared to those in the TMAZ. Significantly, HAZ exhibits noticeable
grain coarsening, which can be attributed to the annealing effect (loss of work hardening)
that occurs during the welding process.
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(c) HAZ, and (d) BM.

Figure 7a,b show the SEM micrograph of the AA5083 H116 friction-welded joint
interface and EDS analysis of the weld interface, respectively. The EDS analysis reveals the
presence of intermetallic compounds enriched with Fe and Mg. It also demonstrates the
uniform intermixing of the main strengthening precipitates, such as β (Al3Mg2), along with
various other intermetallic compounds like Al3Mn2 and Al13Fe4 in AA5083 H116. These
contribute to the joint’s strength, along with grain refinement during welding. Figure 8a,b
show the XRD pattern of the AA5083 H116 base metal and rotary friction-welded AA5083
joint, respectively. The XRD pattern only identifies the Al phase, and the absence of Mg
is observed in both conditions (base and weld). This is attributed to the development of
the FCC supersaturated solid solution in the Al-Mg alloy, which leads to the diffusion of
Mg atoms in the Al lattice [35]. For the welded sample, the scan area is focused on the
DRZ/weld zone. The XRD spectra exhibit prominent peaks at 2θ angles of 38.36◦, 44.57◦,
64.79◦, 77.82◦, and 81.99◦, corresponding to the hkl miller index planes of (111), (200), (220),
(311), and (222), respectively. The (111) peak shows the highest peak intensity and texture
coefficient, indicating preferred orientation growth.
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3.3. Mechanical Properties

Figure 9 illustrates the hardness variation across the weld interface of the rotary
friction-welded AA5083 H116 joint. A significant increase in hardness (107 ± 3 HV) can be
observed along the DRZ of the weld interface. This can be attributed to grain refinement
(recrystallization) that occurs during friction welding, resulting in fine (equiaxed) grains.
This grain refinement is a consequence of the severe plastic deformation that takes place
during friction welding. Additionally, a noticeable but relatively lower increase in hardness
(96 ± 2 HV) can be observed in the TMAZ of the weld interface. This increase is attributed
to the partial recrystallization of grains, as sufficient thermal exposure allows for partial
recrystallization. The TMAZ exhibits finer grains compared to the HAZ. In the HAZ, grain
coarsening and the loss of cold work result in the lowest hardness (82 ± 2 HV) along the
weld interface [36]. Furthermore, a hardness of 88 ± 3 HV is observed in the BM region of
the weld interface.
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Figure 10 depicts a visual view of the failed tensile sample of the rotary friction-welded
AA5083 H116 joint. The nature of the fracture is revealed through visual inspection of the
fractured sample. Features such as limited necking and a 45◦ angle along the fracture axis
indicate a ductile fracture.
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Furthermore, the fracture occurred in the HAZ of the weldment, suggesting that
the weld joint interface formed by rotary friction welding possesses superior strength
compared to the BM and HAZ. The formation of fine equiaxed grains can be attributed
to dynamic recrystallization across the welding interface resulting from severe plastic
deformation during friction welding [32]. Reports also indicate a significant loss of work
hardening in the HAZ due to thermal exposure during welding, which leads to a reduction
in strength [36]. Figure 11 displays the tensile graphs of the rotary friction-welded AA5083
H116 joint and the base metal AA5083 H116. The graph illustrates that rotary friction weld-
ing produces a sound weld with superior mechanical properties. The weldment exhibits
a YS of 301 ± 6 MPa and a UTS of 425 ± 7 MPa, compared to the BM (YS: 207 ± 5 MPa;
UTS: 385 ± 9 MPa). The superior strength of the weldment may be attributed to the forma-
tion of fine equiaxed grains in the DRZ. However, the weldment exhibited slightly lower
% elongation (%El: 13 ± 2) compared to the BM (%El: 15 ± 3). This reduction in ductility
of weldment can be attributed to the formation of various weld zones within the welded
sample. The tensile graph of the base metal displays serrations across the curve, which is
attributed to a common phenomenon in Al-Mg alloys known as the Portevin–Le Chatelier
effect (serrated yielding). This effect is generally caused by the influence of dynamic strain
aging on the macroscopic plastic flow of the material. Dislocations moving across the lattice
interact with solute atoms, forming a solute atmosphere. The vacancies generated during
deformation increase solute mobility in this region, leading to a decrease in dislocation
velocity and a locking condition. These locking interactions result in serrations (also known
as ‘locking serrations’) where the stress–strain curve experiences rapid spikes in flow stress
followed by discontinuous fallbacks [37]. Table 3 presents the tensile properties of the BM
and the rotary friction-welded AA5083 H116 joint.
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Table 3. Tensile properties of the AA5083 H116 base metal and friction welds made on AA5083 H116 alloy.

Name Yield Stress
(YS), MPa

Ultimate Tensile
Strength (UTS), MPa

% Elongation
(El%)

AA5083/AA5083 (weld) 301 ± 6 425 ± 7 13 ± 2
AA5083 H116 (base) 207 ± 5 385 ± 9 15 ± 3

Figure 12 depicts the fractographs of the failed rotary friction-welded AA5083 H116
joint. The fractographs clearly show a dimpled rupture as the mode of failure. The fracture
surfaces exhibit features such as dimples, indicating a ductile failure mode. A detailed
microscopic investigation of the fracture surfaces reveals subtle changes in overall fracture
morphology and intrinsic fracture characteristics. The fractographs also suggest that the
majority of the fractured surface is occupied by trans-granular bonding, characterized by
the presence of dimples, with some exceptions, such as interfacial bonding resulting from
rotary friction welding. The interaction of the base samples during rotary friction welding
promotes interface bonding, which is evident from the pattern of large dimples on the
fracture surface morphology, thereby enhancing the mechanical properties of the weld.
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4. Conclusions

The research on rotary friction welding of AA5083 H116 was successfully presented in
this study. The investigation focused on the microstructural and mechanical properties of
the weldment, and the following conclusions can be drawn:

1. Analysis using optical and electron microscopy revealed the presence of flawless
welds of high quality, devoid of any defects such as cracks or porosity.

2. Close to the weld interface, two distinct microstructural zones were identified: the
dynamically recrystallized zone (DRZ) and the thermomechanically affected zone
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(TMAZ). The process of rotary friction welding caused significant plastic deformation
in the DRZ, resulting in grain refinement. The recrystallized zone exhibited fine
equiaxed grains with an average size of 5 ± 2 µm, while the TMAZ was characterized
by elongated grains.

3. A notable increase in hardness was observed along the recrystallized zone (DRZ) of
the weldment. This enhancement can be attributed to the formation of refined grains
during the welding process.

4. The tensile test specimen failed within the heat-affected zone (HAZ) of the weldment,
indicating the superior strength of the weld interface compared to the base metal
and HAZ. The weldment demonstrated higher tensile values (YS: 301 ± 6 MPa;
UTS: 425 ± 7 MPa) compared to the base metal (YS: 207 ± 5 MPa; UTS: 385 ± 9 MPa).
The increased strength of the weldment can be attributed to the presence of fine
equiaxed grains in the DRZ.

5. The tensile graph of the BM displays serrations across the curve, which is attributed
to a common phenomenon in Al-Mg alloys known as the Portevin–Le Chatelier effect
(serrated yielding). This effect is generally caused by the influence of dynamic strain
aging on the macroscopic plastic flow of the material.

6. The weldment exhibited a slightly lower percentage of elongation (%El: 13 ± 2)
compared to the base metal (%El: 15 ± 3). This decrease in ductility can be attributed
to the formation of distinct weld zones within the welded sample.
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