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Abstract
The primary objective of this study is to investigate the influence of SiC (Silicon 

carbide) nanoparticle reinforcement on the non-heat-treatable AA5083-H111 
alloys to enhance the tensile strength of the friction stir welded joint. Using a 
universal testing machine, tensile tests were performed on the FSW (Friction Stir 
Welding) of AA5083-H111 aluminum in combination with SiC-reinforced butt 
joints. The statistical investigation followed the control group (AA5083-H111) 
and the experimental group (AA5083-H111 with SiC reinforcement). A PCBN 
(Polycrystalline Cubic Boron Nitride) tool, measuring 18 mm in diameter with a 
pin diameter of 6 mm and a height of 5.6 mm, was utilized for the experimental 
investigation of FSW. The sample size comprised 40 samples divided into two 
groups of 20. Independent sample testing was conducted with a statistical power 
of 80%. The AA5083-H111/SiC friction welded joint exhibits a maximum ten-
sile strength of 365.22 MPa, surpassing the matrix materials by 30.3%. The statis-
tical result found that AA5083-H111/SiC alloy achieved higher tensile strength 
than AA5083-H111 alloy with a significant value of two-tailed test p = 0.048 (p 
< 0.05) with a 95% confidence interval (CI). Statistically significant differences 
exist between the groups, as mentioned above. FSW of AA5083-H111 with SiC 
nanoparticles has displayed noteworthy assimilation of nanoparticles within the 
weld nugget zone. Nevertheless, it was observed that a high rotating speed of 
1200 rpm coupled with an intermediate transverse speed of 60 mm/min has re-
sulted in an enhanced tensile strength of the FSW joint.
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Introduction
FSW represents a highly efficient solid-state welding procedure employed to 

join any potential combination of dissimilar aluminum alloys [1]. There has been 
a growing need to minimize equipment size in the automotive and aviation sec-
tors to improve fuel economy. As a result, lightly metallic and composite materials 
such as aluminum and superalloys are required [2]. The need for these studies on 
Al metal matrix composites (MMCs) has recently expanded due to their excep-
tional toughness, high performance, and high durability. Various researchers have 
found that FSW can significantly reduce the diameter of the HAZ and the extent 
of heat treatment in the welded joint of sustainable production [3].

By including hardened ceramics into the original raw material, a subset of 
the FSW and friction stir processing may be efficiently used to make MMCs 
[4]. Furthermore, studied the AA6082 reinforced by TiB2 [5] and AA6061 
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the FSW joint was formed using a square butt joint design. 
The first joint arrangement was achieved by fastening the sur-
face with mechanical clamps. The joints were manufactured 
using a pass welding operation. Weld joints are made using 
non-consumable PCBN tools. The joints were made with a 
domestically produced and manufactured machine (20 HP; 
4000 RPM; 30 kN). SiC particles, possessing an average di-
ameter of 45 µm, were employed as the reinforcements in the 
present study. To facilitate the attachment of the adhesive to 
the spray, pre-application of nanoparticles onto the substrates 
was carried out.

Statistical analysis

Statistical analysis software (Statistical Package for 
the Social Sciences) was performed to evaluate the tensile 
strength of aluminum (AA5083-H111) alloys. The signifi-
cance (p < 0.05) and 95% CI between the two groups were 
identified by an independent t-test. The tensile strength value 
of the (AA5083-H111/SiC) developed mathematical model 
was compared to group 1 without SiC reinforcement. The re-
sponse of tensile strength as a dependent variable is shown in 
the vertical axis [3].

Results
An experiment was conducted to investigate the impact 

of different concentrations of SiC on the tensile strength and 
percent elongation of AA5083-H111 base materials and weld-
ed AA5083-H111/SiC specimens. Table 1 and table 2 show 
the mechanical and chemical properties of AA5083-H111 
aluminum alloy, whereas table 3 shows the mechanical and 
thermal properties of SiC reinforcement. The results of the 
tensile strength of the joint that has undergone FSW have 
been tabulated in table 4. Additionally, a comparative anal-
ysis between the control and experimental groups has been 
presented in table 5, wherein statistical data has been utilized 
to determine their respective tensile strengths. Additionally, 
table 6 displays the outcomes of the independent t-test, which 
exhibits statistical significance. Specimens with reinforcement 
particles have a higher tensile strength than those without SiC 
nanoparticles. 

The operational mechanisms of the FSW methodology 
are demonstrated in figure 1. Subsequently, figure 2 illustrates 
that the ASTM E8M-04 was utilized to establish typical ten-
sile samples. Figure 3 presents PCBN tool design along with 
graphical dimensions. Tensile strength of the FSW AA5083 
aluminum alloy with respect to welding velocity is demon-
strated in figure 4. Figure 5 shows vertical milling machine 

composites reinforced with Al2O3 and carbon nanotubes [6] 
and AA5052-TiO2 examined the formation of TiO2, MgO, 
and Al3Ti [7], whereas magnesium with ZrO2 composites 
also fabricated [8, 9]. Numerous attempts have been made to 
combine FSW and processing by incorporating stiff ceramics 
into the weld nugget of the surfaces to be joined. Bahrami 
et al. [8] investigated AA7075 reinforced with SiC hard ce-
ramic particles. The results were encouraging, as the material’s 
ultimate tensile strength and elongation increased by 31 and 
76.1%, respectively, compared to the same unwrought welded 
specimen [10]. Using an equally hard ceramic in the AA5083 
metallic matrix allowed the researchers to improve the fracture 
toughness of the welding direction. SiC nanostructures and 
carbon nanotubes were mixed as matrix materials [11]. The 
final properties of the produced nanocomposite depend on the 
controlling parameters. However, it is an effective approach 
for dispersing various phases throughout the surface area of a 
plate [12].

Many researchers have not investigated the fabrication 
of reinforcement particle-filled grooves to produce micro- 
and nano-scale materials through FSW [13]. FSW can join 
MMCs, dependent upon the accessibility of materials in sus-
tainable production. The primary similarity between these 
procedures is that they all enhance the nanocomposite in dif-
ferent ways, accounting for material flow, different composi-
tions, and extreme deformations forced by the rotating tool 
during FSW. This study aimed to determine the effect of FSW 
on the tensile strength of aluminum MMCs reinforced with 
varied quantities of SiC particles of different sizes.

Materials and Method
The study was conducted within the CNC industries in 

the Saveetha School of Engineering, a subsidiary of Chen-
nai’s distinguished. The rolled sheets of aluminum alloy 
(AA5083-H111) of 6 mm thickness were divided into the 
desired size (150 mm x 150 mm x 6 mm) by the conventional 
machining process. The AA5083-H111 was used as the base 
material, and SiC was preferred as the reinforcement material. 
A total sample size of 40 specimens was used in this investiga-
tion, and each group carries 20 samples.

Group 1, the aluminum alloy was machined to dimensions 
of 150 mm x 150 mm x 6 mm, respectively. A square butt joint 
system is designed to produce FSW joints for various process 
parameters. The initial joint design was prepared by mechani-
cally clamping the surface at both ends of the AA5083-H111 
plates.

Group 2, two 6 mm thick and wide sheets of 
AA5083-H111 with SiC reinforcement for the plate dimen-
sion 150 mm long and 75 mm wide, with groove dimension 1 
x 2 mm, were placed between adjacent faces. After insertion, 
the SiC nanoparticles were firmly pushed into the groove. The 
device was cast into a SiC-filled cavity.

According to the tensile sample processing, the top fac-
es of the junctions were polished to minimize the marks de-
veloped by the shoulder. Tensile tests were carried out at a 1 
mm/min crosshead velocity. Under changing process settings, 

Table 1: Chemical composition of aluminum alloys (AA5083-H111).

Element Mg Mn Zn Fe Cu Si Cr Al
AA5083- H111 0.01 0.27 5.1 0.13 6.7 0.01 1.2 Bal

Table 2: Mechanical properties of aluminum alloys (AA5083-H111).

Element Yield strength 
(MPa)

Tensile strength 
(MPa)

Elongation 
(%)

AA5083-H111 387 471 20
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the correlation observed between the experimental groups is 
presented in figure 8.

for machining for FSW. The setup utilized for FSW is pre-
sented in figure 6. The prior and subsequent tensile specimens 
of the FSW joint are depicted in figure 7. The illustration of 

Table 3: Mechanical and thermal properties of SiC.

Properties Value
Melting point 2730 °C

Thermal conductivity 120 W/m-K
Poisson's ratio 0.35

Density 3.22 g/cm3

Modulus of elasticity 90 GPa
Yield strength 21 GPa

Tensile strength 0.1379 GPa

Table 4: Tensile strength (MPa) results of group 1 (AA5083H111) and 
group 2 (AA5083- H111/SiC) of friction welded joint for different weld-
ing parameters.

S. No. AA5083-H111 AA5083-H111/SiC
1 135.26 165.72
2 157.21 180.26
3 165.24 196.47
4 172.41 212.53
5 184.23 222.56
6 192.34 235.32
7 210.26 245.62
8 168.92 264.32
9 254.32 260.54
10 148.46 235.85
11 168.94 192.53
12 260.24 254.21
13 272.15 265.38
14 265.24 278.94
15 270.51 286.52
16 281.42 294.63
17 282.46 322.52
18 284.63 346.59
19 285.34 355.45
20 288.24 365.32

Table 5: Group statistics obtained of tensile strength obtained between 
AA5083-H111 (Group 1) and AA5083-H111/SiC (Group 2) of welded 
joint.

Methods N Mean Std.  
deviation

Std. error 
mean

Tensile  
strength 

(MPa)

1 20 222.91 56.455 12.62

2 20 259.06 57.50 12.85

Table 6: Levene's test for equality of variance and t-test for equality of means for tensile strength of group 1 and group 2.

Levene's test 
for equality of 

variances
T-test for equality of means

F Sig. t df Sig. 
(2-tailed)

Mean 
difference

Std. error 
difference

95% CI of the  
difference

Lower Upper

Tensile 
strength 
(MPa)

Equal variance 
assumed 0.690 0.411 -2.043 38 0.048 -36.67 17.95 -73.01 -0.330

Equal variance 
not assumed -2.043 37.97 0.048 -36.67 17.95 -73.01 -0.331

Figure 3: PCBN tool design along with graphical dimension.

Figure 2: Dimension of tensile test specimen as per the ASTM E8M 
standard.

Figure 1: Schematic representation of FSW setup with various heat-af-
fected welded zones.
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The ultimate tensile strength of AA5083-H111/SiC 
(Group 2) was 365.32 MPa, 18.46% lower than that of 
AA5083-H111 (265 MPa) aluminum alloys (Group 1), as 
shown in table 4. The highest tensile strength was achieved 
for SiC-reinforced aluminum alloys of 365.32 MPa, higher 
than 265 MPa, and a 22.64% increase in joint efficiency. The 
increasing concentrations of SiC (0.2%, 0.4%, and 0.6%) re-
inforcement increases the tensile strength (170 MPa - 365 
MPa) of the AA5083-H111 friction welded joint, respective-
ly. During the tensile test, the percentage of elongation value 
of each specimen was recorded by a computerized digital re-
corder system. The elongation percentage for the aluminum 
composites AA5083-H111 is 15.66, which was lower than 
that of AA5083-H111 (23.54) without SiC reinforcement.

Discussion
According to Uematsu et al. [14], the sensibility of the 

base material, tool rotation, and transverse speed may increase 
strength properties. Although the tensile strength is lost 
during the FSW process, cold-worked or precipitation-hard-
ened aluminum often exhibits the lowest elongation achieved 
in a welded joint. The high welding efficiency produced due to 
the selected welding speed is considered a performance and 
service quality to provide good weldability of aluminum alloys 
in industrial applications [15]. Tensile fracture results revealed 
that the NZ-TMZ on the retreating side had damaged similar 
elements. Tensile testing revealed a fracture on the retreating 
side, highlighting the sensitivity of this zone compared to 
the advancing side. Dislocations arise at the interface of the 
AA5083 matrix and SiC nanoparticles due to the disparate 
coefficients of thermal expansion between the two materials. 
As can be observed, the single-pass weld pattern is charac-
teristic, and the FSW pattern fractures without using SiC 
nanoparticles [2].

When compared with group 1 (AA5083-H111), the ten-
sile strength of group 2 (AA5083-H111) with SiC reinforce-
ment friction welded joint significantly increased, as ensured 
by achieved p value 0.048 (Significance p < 0.05), as shown in 
table 5. The high rotational and medium translational speeds 
(1200 rpm, 60 mm/min, and axial load 8 kN) achieved the 
highest tensile strength for AA5083-H111 with SiC rein-
forced friction welded joint. Figure 7 shows the mean tensile 
strength at 95% CI with +/- 1 standard deviation for both 
experimental and control groups. Lower rotational speed and 
translation speed lead to lower tensile strength when compared 
to high rotational speed and medium translation speeds [8]

Figure 4: Friction welded joint for rotational speed 1200 rpm, translation 
speed 60 mm/min, and axial load 10 kN.

Figure 5: Vertical milling machine for machining for FSW.

Figure 7: Representation of tensile specimen of (a) before and (b) after 
tensile specimen fractures.Figure 6: Schematic representation of universal testing machine.
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Based on the machine speed used for joint manufactur-
ing, all joints have a tensile strength greater than the parent 
material. When exposed to a tool rotation rate of 1200 rpm, 
the AA5083-H111 compound exhibits improved tensile 
characteristics compared to other rotational speeds. The im-
pact of tool rotation speed on the stress parameters of FSW 
AA5083-H111 aluminum alloy is depicted in figure 6. A 
moderate rotating speed achieves optimal tensile strength 
in FSW joints (at 1200 rpm). Rotational and translational 
speeds both have an impact on the tensile characteristics of 
connections and fracture locations [16]. The imperfections 
within the FSW region, such as cavities, fissures, tunnels, or 
fractures, result in joint defects. These defects are accompanied 
by site failures that displace towards the lower hardness region 
zone in the absence of any defects [3]. Effect of tool rota-
tional speed on tensile strength FSW junctions decrease their 
tensile strength, At high welding speeds (20 mm/min). The 
joint’s tensile strength experiences a decrease upon surpassing 
a welding speed of 40 mm/min. This observable trend persists 
across all connections, irrespective of the tool pin’s profile. The 
tensile potency of the FSW of AA5083 is enhanced, and the 
FSW of AA5083 exhibits exceptional structural grain config-
urations devoid of any imperfections. FSW has a moderate 
temperature increase and does not melt the metal surface.

Conclusion
The AA5083-H111 alloy, when reinforced with SiC, has 

been found to exhibit an impressive maximum tensile strength 
of 365.32 MPa. This outcome was made possible by applying 
specific process parameters: a 1200 rpm tool rotational speed, a 
60 mm/min translational speed, and an 8 kN axial load. Upon 
statistical analysis, it was determined that the tensile strength 
of the AA5083-H111 alloy with SiC reinforcement was 
significantly higher than that of the AA5083-H111 matrix 
alloy. Specifically, a two-tailed value of 0.048 (p < 0.05) at 
95% CI was observed to be significant. It clearly shows the 
significant difference between the groups.
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