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Abstract

The present requirement of the aerospace industry is seeking light-weight joining material that satisfies the technical and
technological requirements with better mechanical characteristics. Aluminum alloy with spot-welding process meet the require-
ments of modern demands. In this present paper, a modified-interlock friction stir weld lap joint is induced to join AA8011-
AAT475 with different wt% of SiC particles. Friction stir machine process parameters were tool rotational speed 1600 rpm,
plunge speed rate 0.08 mm/s and traverse speed 40 mm/s maintained constantly. Mechanical and metallurgical characterizations
were investigated. EDS analysis and microstructure confirmed the presence of silica particles in the NZ of the weld joints and
uniformed homogenous distribution of the particulates throughout the weld. Joints made with SiC particulates showed improved
static properties because intensive softening occurred in the stir zone leading to Si-Al-based precipitate particulates. The fracture
test showed that the joints with SiC had a ductile fracture. AA8011-AA7475 with 2 wt% SiC showed maximum hardness, tensile
strength of 229 HV, 192 MPa and a decrease in elongation was observed from 9.5 to 5%. AA8011-AA7475/2 wt% showed
improved hardness, tensile strength and elongation suitable for aircraft wing stringers application.

Keywords Aluminium dissimilar joining - Friction stir lap welding - Interlock joint - Fractography - Mechanical properties

1 Introduction

Friction stir welding has to gain significant attention among
the researchers as the preferable joining technique for welding
of monolithic materials and metal matrix composites [1].
Compare to the conventional welding, dissimilar welding
technique produce less heat, reducing internal stress and
forms the intermetallic compounds. The FSW tool pierces
the surface of weld sheets to perform the fusion of sheets.
Navaneet Kanna et al. made a novel study on AA 6061-T6
and AA8011-h14 dissimilar inferring that the maximum ten-
sile strength of 77.08% is obtained at AA 8011 placed on the
advancing side rather than the retreating side [2]. K. Palani
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et al. investigated the mechanical properties and microstruc-
tural characteristics of AA 8011 H24 -AA 6061 T6 with
Al,O5 and SiC nanoparticles. Dissimilar joints in Nugget
Zone found the better shear strength and microstructural fea-
tures of the joints made with SiC showed uniform distribu-
tions [3]. P.Chandrasekar et al. investigated the effects of car-
bide reinforcements on similar AA8011. Results show that
8 wt.% B,4C reinforcement increased the hardness and tensile
strength for the composite sheet due to uniform distribution
and grain refinement [4]. The fatigue characteristics of dissim-
ilar friction stir welded stainless steel used in vehicles as valve
material was analysed. Investigation shows the fatigue life of
the welded surface was high. Dissimilar friction stir welded
stainless steels were widely used in various engineering fields
[5]. Higher mechanical strength weld joints obtained with
the friction force, because it helps break up the oxide layer
and provides the enhanced material flow and mixing by
inducing severe plastic deformation [6]. Jacquin et al. sur-
vey show the latest research and applications of the FSW
process, the automation and its control in the field of aero-
space, automotive, and shipbuilding [7]. Prater T et al. report-
ed that the welding pin tool’s wear due to prolonged contact
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with the MMCs was examined using tools made of steel,
cemented carbide uncoated, and coated with diamond. The
diamond coatings enhanced tool strength with reduced wear
rate during FSW [8]. Ranpan et al. explored the cold rolling
influence of residual stress on AA7475 alloy and deduced that
there is a uniform distribution of residual stress throughout the
nugget zone of the welds reducing the magnitude of residual
stress in the core area of the welded material [9]. The weld
interfaces material flow was observed to decrease with the
increase in plunge speeds, which dented the weld strength.
Increased plunge depth during FSW resulted in better
material interaction at the weld interface to increase the
joint strength. The FSW process improves significantly on
the strength, fatigue and fracture stiffness of the weld
made by the FSW process compared to traditional fusion
welding techniques [10]. Martin Kadlec et al. studied the
mechanical behaviour of AA7475 friction stir welds with the
kissing bonds and established that the kissing bond with the
critical size of 670 pm has a huge influence on the statistical
properties and microstructure characteristics of the joints [11].
However, the size of the kissing bond does not influence the
weld characteristics. Storjohann et al. reported FSW process
does not melt the workpiece, and temperatures reach up to
90% of the melting point. Some of the researchers hypothe-
sized the presence of smaller concentrations of Aluminium
Carbide phases in the weld region[12]. Kim et al. (2006) re-
ported that the high temperature could alter Si particle size.
The alignment of SiC particles in each stir zone is different
from that of other weld zones[13]. SiC addition to aluminum
alloys offered good tensile strength [14], hardness, density
and wear resistance [15]. Senthil Kumar et al. reported SiC
particles size 10 um showed better results than 20 pm and
40 pum [16]. Previous research works reveal that reinforcing
particles is a more significant influence to increase/decrease
the mechanical properties of weld joints. Many authors report-
ed on the FSW lap joint with reinforcement particles not finely
dissolve in the nugget zone. Moreover, there is no literature
available on investigating the mechanical properties of
AA8011-AA7475 dissimilar alloy. In this research, a novel
modified interlock friction stir weld lap joint used to study
the effects of SiC reinforcement in AA 8011-AA7475 dissim-
ilar alloy. The mechanical properties such as hardness, tensile
strength, elongation, microstructure, and fractography proper-
ties were investigated.

2 Experimental Procedure

FSW interlock dissimilar lap joints AA8011-AA7475 having
3 mm thickness integrating SiC with various wt percentage (0
to 5 wt%) of 10 um average particle size were performed in
this experimental work [16]. AA8011-AA7475 dissimilar al-
loy widely used in aircraft wing stringers application. Table 1
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Table 1 Base metals chemical composition
Base metal ~ Si Cu Mg Zn Ti Fe Cr Mn Al
AA 8011 0.12 23 23 59 003 0.15 0.03 05 88

AA 7475 004 15 23 57 006 012 022 0.06 90

shows the aluminium sheet metal composition. The sheet sizes
of 150 mm % 100 mm x 3 mm were used for performing the
hybrid interlock lap joints.

Before performing the weld, oxide layers are removed from
weld sheets and cleaned well with cleansing agents to elimi-
nate the rust particles in the aluminium surface[17]. The alu-
minium sheets were milled to a pitch of 0.5 mm and a width of
30 mm from the centre of the aluminium sheet. The work
sample mounted on top is milled to 0.5 mm wide that inter-
locks with the un-machined bottom sample to form a hybrid
lock between the welds. A groove of 0.5 mm depth and
10 mm widh is milled on aluminium plate at the bottom
for filling SiC particles. Figure 1 displays the graphical rep-
resentation of the modified interlock lap joint.

A cylindrical pin tool is used for joining the interlock
joints. The shoulder diameter, length, and diameter of
the pin is 25 mm, 4 mm, and 5 mm, respectively.
Silicon carbiate chemical composition showed in
Table 2. Figure 2 shows the microstructure images of
SiC particulates used in modified lap joints.

Modified Interlock AA8011-AA7475 dissimilar aluminum
sheet showed in Fig. 3. The process factors used for welding
are 1600 rpm of rotational tool speed, 40 mm/s of traverse speed,
and 0.08 mm/s of plunge speed rate. The distance plunged by
the tool into the work material were considered 2.7 mm
(plunge depth) in this study. Table 3 indicates the sample code
and composition wt% considered in this experiment. Figure 4 (a—
f) represents the hybrid joints incorporating SiC. Micro-hard-
ness of FSW lap weld samples was measured using the
Vickers digital micro-hardness tester under the standard
load of 0.05 Kg for the duration of 15 s. Hardness was mea-
sured five different points in the weld sample nugget zone.
Figure 5 exposed the dimension of the tensile test sample. The
tensile test samples are cut under standard ASME D8.9-97 and
measured at 0.5 mm/min cross-head speed in Shimadzu univer-
sal testing machine[18].

3 Results and Discussion
3.1 Vickers Hardness Test
Figure 6 depicts Vickers hardness with various wt% of SiC par-

ticulates at tool speed of 1600 rpm, traverse speed of 40 mm/s,
plunge speed rate of 0.08 mm/s, respectively. Apart from process
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Fig. 1 Modified interlock lap
joints graphic representation

parameter factors, the SiC particulates have a major influence in
softening the SZ of welds due to fine granules in the SiC particu-
lates [19]. Silica particulates prevent the dislocation movement in
the Si-Al matrix. Hence, It has reduced the deformation and pen-
etration at cutting area of the weld surface [20]. The various com-
binations of SiC particulates impact the hardness of welds to a
considerable level [21]. Increase the SiC particulates wt% in weld
joints from 2% to 5% greatly influences the hardness and a gradual
decrease when the SiC wt% is increased beyond certain wt%. Si
particles have a more significant effect on the hardness of the
interlock joints. The joints with 2 wt% of SiC particulates (sample
3) showed high hardness value among various wt% incorporated
in weld joints. FSW interlock joint AA8011-AA7475 with 2 wt%
SiC showed a high hardness value of 229 HV. Increasing the SiC
wt% over certain limit particle clustering occurred on the weld
sample. It has increased the plasticizing ability and density dislo-
cation reduces the hardness [22].

The higher hardness value was found with 2% wt SiC
due to hard silica particulates and greater mixing ability of
SiC to mix with the nugget zone of the welded joints.
Because silica particles in the aluminium alloy protect
the softer matrix and obstacles to the movement of dislo-
cation. Thus, limiting the deformation and resists the pen-
etration and cutting of slides on the welded joints surface.
It was also noted that the addition of more than 2 wt% of
SiC results in a significant increase in the bulk hardness of
aluminium alloy, which makes the interlock welded joints
more brittle in nature. Hence, modified interlock lap welds
hardness result showed that 2 wt% SiC particulates consider-
ably increase the weld joints hardness. Modified interlock
weld joint sample 3 hardness increased by 23% than
AA8011-AA7475 dissimilar base metal.

3.2 Hardness Profile of FSW Modified Lap Welds AA
8011-AA7475 /SiC

Figure 7 shows the FSW lap weld joints typical hardness
profile with 2 wt% of SiC particulates. It can be concluded

Table2  Chemical composition of SiC particles
Elements SiC Si SiO, Fe Al C
Percentage 98.5 0.3 0.5 0.08 0.1 0.3

Interlock slot

Groove

that the profile of the welding joints is based on different
wt% of the SiC particles. The microstructure changes based
on the mechanisms used to soften SZ in the weld of strength
and size of the grain particulates [23]. SiC particulates in-
creased the shear strength of welds due to the transfer of stress
from alloy-SiC. The bonding in-between the grain disloca-
tions and particulates improve the strength of the welds.
Particulates are the primary factor for deciding the statisti-
cal characteristics of AA 8011-AA 7475 weld joints. The hard
and brittle SiC particulates lead to dispersion within the Al-Si
interface. The particulates form a binary stage in the surround-
ing substance and withstand dislocation movements in the
hybrid interlock joints. The weld joints hardness related to
the wt% of particulates, although a notable effect is absent in
HAZ/TMAZ [24]. The silica particulates mix thoroughly in
SZ of the hybrid welds in hardening particulates due to
refined silica grains in particulates chosen as the
interlayer. Figure 7 exposed that hardness is minimal in
the TMAZ region, as wt% of SiC particulates is gradually
increased. Thus, the hardness of welds with 2% wt SiC
particulates showed higher hardness values than the other
wt% of SiC at the weld zone of interlock welds (Fig. 6).

3.3 Mechanical Properties of Modified Interlock FSW
Lap Welds

The hybrid interlock welds made using 2% wt SiC has the
highest tensile strength of 192 Mpa. Apart from 2% wt SiC,

Date 12 Sep 2020
Time :13:50:42

EHT = 10.00 kV Signal A= SE1
WD =150 mm Mag= 100KX

Fig. 2 SEM of SiC particulates

@ Springer



1620

Silicon (2022) 14:1617-1627

particles

Fig. 3 Modified interlock AA8011-AA7475 dissimilar aluminum sheet

fewer deviations in tensile strength values were obtained for
other wt% of particulates [25]. However, higher tensile
strength with 2% wt SiC is due to the even distribution of
particulates throughout the SZ region of hybrid interlock
joints. Thus, uniform distribution at the weld zone and the
distribution of particulates placed in-between aluminium sheet
is caused by the FSW tool at high speeds.

The other welds with (1%, 3%, 4%, 5% with SiC) exhibit
slightly low values of tensile strength because of the influence
of SiC particulates wt%. While interlayer particulates wt%
increased beyond 3%, the shrinkage defect occurs on the sur-
face of the aluminium alloys; Shrinkage defect reduces the
weld joints strength [26]. The wt% of particulates beyond
3% induces the keyhole and uneven mixing of particulates
in the weld joints due to varying wt% of the particulates.
The SiC reinforcement penetrates the stir zone of base metal
and avoids crack formation in which silica prevents crack
propagation [27]. Therefore, the microstructure exhibit rein-
forcement in the stir SZ has an enormous influence on the
joining of modified lap joints as represented in Fig. 10 (b).
An equal amount of SiC particulates mixes well in the
TMAZ/HAZ and eliminates crack propagation (Fig. 10c).
Frequent crack path occurs in the nugget zone of FSW mod-
ified lap joints since grain coarsening and dissolution of rein-
forcement particulates occur between lap joints due to various
volume fractions of the reinforcement particulates. In the
welds with 1% SiC, the fracture occurs in the SZ since lower
wt% of SiC incorporated in between the dissimilar aluminium
sheets. The weld pattern of lap welds with 4% and 5% wt of
the particulates forms shrinkage patterns due to increased vol-
ume fractions of silica content[28]. Modified interlock welds
with higher wt% of particulates have coarse precipitates with

Table 3 Weld samples and particulates wt%

Sample code Composition

Sample 1 AA AAB011-AA7475

Sample 2 AA8011-AA7475/1 wt% SiC
Sample 3 AA8011-AA7475/2 wt% SiC
Sample 4 AA8011-AA7475/3 wt% SiC
Sample 5 AA8011-AA7475/4 wt% SiC
Sample 6 AA8011-AA7475/5 wt% SiC
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Tunnel defect due to
lack in material flow

Exit hole defect due
to lack of filling

Smooth surface

Smooth surface

Exit hole defect due to
lack of filling

Rugged surface due to
excess of interlayer

Fig. 4 FSW Interlock welds with different wt% of SiC reinforcements.
(a) Sample 1 (AA8011-AA7475 Base metal), (b) Sample 2 (AA8011-
AA7475/1 wt% SiC), (c) Sample 3 (AA8011-AA7475/2 wt% SiC), (d)
Sample 4 (AA8011-AA7475/3 wt% SiC), (e) Sample 5 (AA8011-
AAT475/4 wt% SiC), (f) Sample 6 (AA8011-AA7475/5 wt% SiC)

fine dimples on the weld surface since fracture occurs under
heterogeneous conditions [29]. Modified interlock welds
joints with SiC reinforced fractures along the leading edge
of the weld. The welds fractured in the progressing sides show
that the welds are strong adequate to resist the shear strength
because of hard silica particulates engaged in the weld sample.

AAT475
150 mm

Z
AAR011

Fig. 5 Tensile specimen (ASME D8.9-97 standard)
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Fig. 6 Vickers hardness for different wt% of modified interlock weld
joints

3.4 Effect of SiC on Tensile Properties of FSW Modified
Lap Joints

Figure 8 (a) represents the ultimate tensile strength of hybrid
FSW lap welds with various wt% of SiC particulates.
AA8011-AA7475 with 2 wt% of SiC particulates (sample 3)
showed a high tensile strength of 192 MPa among various
wt% incorporated in weld joints. Modified interlock weld
joint sample 3 tensile strength was increased by 12.5% than
AA8011-AA7475 dissimilar base metal. Figure 8 (b) exposed
the elongation percentage of modified FSW lap welds with
various wt% of SiC particulates. The elongation percentage of
reinforced weld joint is reduced due to the formation of

Fig. 7 “W” shaped hardness of
FSW interlock lap joints with 2%
SiC

refined grains and fragmentation of reinforcement particles
in the weld zone. The elongation of 2 wt% hybrid interlock
joints showed low value. Figure 8 (c) showed the engineering
stress and engineering strain curve for sample 1 and sample 3.
Results exposed that AA8O11-AA7475 with 2 wt% SiC joints
showed better elongation then AA8011-AA7475 dissimilar
base metal. Figure 8 (d) shows the maximum force obtained
in the area of the weld. All interlock welds with reinforce-
ments are rigid enough to withstand the transverse force acting
on the weld region [28]. Weld zone maximum force observed
31,548 N (sample 3). The substantial improvement in the stat-
ic properties of SiC lap joints is due to the uniform SiC distri-
bution in the welds stir zone.

Modified interlock FSW with SiC represented better
strength for the aerospace application in welds pro-
duced. Adequate strength was observed in the SiC weld
joints to withstand the force with required wt% and
fracture detected away from the stir zone of joints
[30]. Md Aleem pasha et al. tested AA6061 joints prop-
erties and suggested that the SiC reinforced welds have
greater strength and statistical values than the base ma-
terial [31]. F.J. Humphreys et al. proposed that the dis-
location decreases and subsequently reinforcements pile
up at grain boundaries since SiC particulates have a
significant effect on hybrid interlock joints [32].

The Onion rings obtained with good and week strength SiC
reinforced joints in the NZ of the FSW modified lap welds are
shown in Fig. 9 (a, b). The regions in the macrostructure
represent the thoroughly mixed reinforcements in the nugget
zone. The well-structured onion rings are formed due to the
deposition layer of SiC particulates.
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3.5 Microstructure of SiC Incorporated FSW Lap Welds

The optical transverse section micrographs of interlock dis-
similar weld from different weld zones regions are depicted in
Fig. 10. The microstructure of interlock friction stir joints is
sub-divided into four regions such as base material (BM),
welded nugget zone (WNZ), heat-affected zone (HAZ),
thermo-mechanical affected zone (TMAZ). The microstruc-
ture of interlock friction stir joints exhibits typical character-
istics. The base material microstructure confirms that the alu-
minum alloy comprises elongated grains and fine IMC [33]. In
interlock welded joints, aluminium alloys microstructure after
joining remains invariant due to relatively low temperature
and the negligible pressure during the welding process.

Fig. 9 Macrostructure of FSW
interlock lap joint at the stir zone
incorporating SiC particulates. (a)
AAB011-AA74752wt%SiC
(Sample 3), (b) AA8011-
AAT475/5wt%SiC (Sample 6)
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Figure 10 (a) relates to the weld nugget zone with fine grains
obtained by dynamic recrystallization (DRX) because of dis-
similar alloy stirring that occurs while rotating the pin tool.
Figure 10 (b) depicts the uniform particle distribution in the
WNZ. Figure 10 (c) represents the interlock weld joints’ mi-
crostructure in 4 wt% SiC of the welds along the boundary of
WNZ and TMAZ of advancing and retreating sides of the
welds. Apart from this, the high SiC wt% promotes the for-
mation of merged grain structures and agglomerated SiC par-
ticles at TMAZ and WNZ in the interlock weld joints[34].
TMAZs grain much greater than the WNZ grains and flows
upwards between the interlock lap joints. During the FSW
welding, materials in the weld zone experience plastic defor-
mation due to the extruder impact from the WNZ by the
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Fig. 10 Micrographs of FSW
modified lap welds with different
particulates wt%. (a) AA8O11-
AAT7475 (Sample 1), (b)
AAR011-AA7475/2wt%SiC
(Sample 3), (c) AA8011-
AAT475/4 wt% SiC (Sample 5),
(d) AA8O11-AA7475/5 wt% SiC
(Sample 6)

Alloy grain bdundayjy :

Agglonicrated Si€
particles

- SIC

e

~* Uniform distribution
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Sic
Yoo

Agglomerated Sl(/

pz articles

rotating shoulder. The heat-affected zone (HAZ) is re-
ferred to in Fig. 10 (d), where the grain size is greater
than the base metal.

The particle clustering in the weld region was coarser
due to the high wt% SiC in this region deters plastic
deformation leading to the formation of elongated and
piled up grains in the weld nugget zone [4]. For the
base metal AA 8011, the Al-Mg-Si system, the main
strengthening phase is plate-shaped 3 with a CFC struc-
ture, while the strengthening phase of AA 7475 is the
Al-Mg-Cu system[35]. It can be noted that the areas
across the dashed line on the right side show distinct
morphology while on the left side, the second phase
particles are smaller in size than on the other side due
to pin geometry employed during the FSW process.
This phenomenon could be due to different particle
sizes of the base materials in the second phase caused
by different alloy elements in AA 8011 and AA 7475.

3.6 Fractography of SiC Incorporated FSW Lap Welds

The fracture of weld specimens determines the ductile charac-
ter of the hybrid interlock joints. Figure 11(a) exposed low
plastic deformation due to slight dimples. It has mainly local-
ized at the boundary between broad dimples and ductile crack
of the structure. Figure 11 (b—d) depicts the SEM of fractured
FSW joints with SiC reinforcements. It exposed challenging
to detect any significant difference in dimple structure on frac-
ture samples due to the SiC particle distribution throughout

50 pm
——

the dimple-dominated zones. The welds with 1% wt reinforce-
ment particulates have limited dimples and pores than joints
made with 5 wt% as shown in Fig. 11(b).

Fracture locations of hybrid FSW joints with SiC particu-
lates represent small pores and dimples represent the ductility
of FSW joints[36]. Fractured joints with 2 wt% SiC have fine
pores on the joints with SiC depicting an extraordinary bond
between particulates and welds in the SZ as shown in
Fig. 11(c). SiC particulates are evenly spread on aluminium
sheet grain boundaries due to silica enhancing the ductility of
weld joints [37]. Figure 11(d) shows coarser dimples in the
FSW lap joints region because of the existence of SiC content.
Higher wt% particles welds show coarse and broad dimples
with coarse precipitation. The fractured structure is very dense
in sample 3. The equivalent wt% of SiC undergoes an ade-
quate generation of heat for grain recrystallization in the nug-
get zone of joints and thereby the SiC particulate distribution
is homogenous. Thus, welds with SiC have higher statistical
properties irrespective of weight percent of the
reinforcements.

AA8011-AA7475 dissimilar base metal (Sample 1) and
AAB011-AA7475/2 wt% SiC (sample 3) EDS analyses ex-
posed in Fig. 12 (a) and (b). Figure 12 (a) exposed that high
Al, and presence of Cu, Mg, Zn, C, O elements conformed in
sample 1. AA8011-AA7475 dissimilar base metal EDS re-
sults shows 3.34 wt% O, 1.32 wt% C, 2.05 wt% Cu,
2.13 wt% Mg, 2.90 wt of Zn and 88.87 wt% of Al. The oxide
observed as a major secondary element in sample 1. Figure 12
(b) EDS results shows that Al, Si, Cu, Mg, Zn, C and Oxide

@ Springer
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Fig. 11 Fractography of
reinforced FSW modified joints
with SiC. (a) AA8O11-AA7475
(Sample 1), (b) AA8O11-
AA7475/ 1 wt% SiC (Sample 2),
(c) AASO11-AA7475/ 2 wt% SiC
(Sample 3) (d) AA8011-
AAT475/5 wt% SiC (Sample 6)

EHT = 700k
WD=155mm

are elements of weld sample on the fracture surface. Sample 3
fracture surface shown that negligible oxides and silica com-
position predominant. Fracture surface study revealed that free
microcracks and dimples in the samples due to the uniform
distribution of SiC particles. The presence of silica improves
the mechanical properties significantly in the weld sample.
In order to understand the interlayer particle distribu-
tion, sample 1 (base metal) and sample 3 (Interlock weld
sample) were considered to carry out the electron
backscattered diffraction (EBSD) analysis. Base metal
such as AA8011 (Fig. 13 a) and AA7475 (Fig. 13 b)

Fig. 12 (a) EDS analysis for
Sample 1 (AA8011-AA7475
dissimilar base metal). (b) EDS
analyses for Sample 3 (AA8011-
AAT475/2 wt% SiC)
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EBSD results exposed large grain size of 36.55 um,
32.44 pm and permanent distortion intensity varied
among the modified lap joints. Figure 13 (c) exposed
SiC reinforced interlock joints with the formation of part-
ly uniform average grain size 7.55 um then base alloys
grain structure (Fig. 13 a, b). Because of continuous dy-
namic recrystallization (CDRX) and severe plastic defor-
mation (SPD) occurs in the south zone. It acted an obsta-
cle to the movement of grains and delayed the grain de-
velopment via the Zener-pinning mechanism. High per-
manent distortion is detected in the bottom sheet due to

Element  Weight%  Atomic %

CK 071 155
[ 33 659
CuK 2 433
MgK 2 5.16
AlK 7593
K 6.44
Totals

0 05 1 15 2 25 3 35
Full Scale 399 cts Cursor: 3.733 (4 cts) ke'

Element Weight%  Atomic %
CK 2 1.98
OK 3.05
CuK 388

MgK 2 343
AIK

6593
SiK

ZInK

Totals

0 05 1 15
Full Scale 399 cts Cursor: 3.733 (4 cts)
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Fig. 13 EBSD structure of grain
distribution. (a) AA8011 (Base
metal), (b) AA7475 (Base metal),
(c) AASO11/AAT7475/2 wt% SiC
(sample 3)

fine SiC particles influence during FSW welding. Fine-
grain was formed in the north zone because of the exis-
tence of silica elements in the stir region.

4 Conclusion

AA 8011-AA7475 with different wt% of SiC reinforce-
ment on modified interlock lap joints successfully welded
through friction stir welding. The samples were character-
ized and drawn the following conclusions:

*  AA 8011-AA7475/2 wt% SiC (sample 3) showed max-
imum hardness, tensile strength and elongation of
229 HV, 192 MPa and 5% respectively.

* Incorporating SiC in the modified interlock lap welds
plays a crucial role in the stir zone as the fine particu-
lates in SiC mix thoroughly for piling-up and nucleat-
ing the grain structures.

*  W-shaped hardness profile revealed that sample 3
weld had withstood the shear force. The presence
of SiC particulates influences welds strength and
their grains structure provides the obstructing
dislocation movements.

*  Microstructure results conclude that onion ring forma-
tion with refined grains in SZ showed higher lap
strength. The improvement in the statistical properties
of weld joints with SiC is due to the refinement of grains
in the stir zone due to the FSW tool’s high rotation speed.

* The fracture of weld specimens determines the ductile
character of the hybrid interlock joints.

* AA 8011-AA7475/2 wt% SiC hardness and tensile
strength improved by 23%, 12.5% then dissimilar
AA 8011-AA7475 base metal.

This study claims that AA 8011-AA7475/2 wt% SiC
significantly enhanced the hardness and tensile strength
properties. Therefore, it can be concluded that using SiC
as reinforcement stands as the best-suited with character-
istics in the application of aircraft wing stringers to meet
the modern demands of the aerospace industries.
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