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The current research aims to investigate how processing parameters influence the mechanical properties
and microstructure development of dissimilar AA7075/AA6061. These alloys were friction stir welded
(FSWed) at varied traverse rates (ranging from 20 to 60 mm/min) while maintaining a constant rotation
rate of 708 rpm. Several characterization techniques, such as electron microscopy and optical microscopy,
were utilized to quantify the microstructure evolution of these dissimilar FSWed joints. A universal testing
machine and a Vickers microhardness tester were used to evaluate the mechanical characteristics. The field
emission—scanning electron microscope was used to examine the fracture surfaces of the fractured tensile
specimens. The experiment revealed that the grain size within the nugget zone decreased as the tool traverse
rate increased from 20 to 60 mm/min. Specifically, the grain size in the nugget zone measured 5.82 ym at a
speed of 20 mm/min, whereas it reduced to 3.64 ym at 60 mm/min. Furthermore, the FSWed sample
processed at 60 mm/min demonstrated a superior ultimate tensile strength of 251 MPa. The hardness
values exhibited a similar increasing trend as the traverse speed increased. The heat-affected zone of the
AA6061 side achieved the lowest hardness at a traverse rate of 20 mm/min. A ductile fracture mode

predominated for most of the dissimilar joint fracture surfaces investigated.

Keywords dissimilar Al alloys, fractography, friction stir
welding, mechanical properties, microstructure,
onion ring

1. Introduction

Traditionally, the automotive sectors were the most promi-
nent applications for aluminium (Al) alloys (Ref 1-3). How-
ever, Al alloy applications have spread into aviation and the
military areas (Ref 4, 5) owing to their advantageous qualities
such as lightweight, strength-to-weight ratio, low density,
toughness and excellent corrosion resistance. (Ref 6, 7). A lot
of studies have been performed to investigate 7xxx and 6xxx
series Al alloys (Ref 8-10) for various applications because of
their eutectic structure at elevated temperatures (Ref 11, 12).
AA7075 alloy possesses superior mechanical performance,
corrosion resistance, and low density. It is often used to
fabricate upper wing structural components, the tail of an
airplane, fins and aviation control surfaces (Ref 13-15).

On the other hand, AA6061 has outstanding welding
performances and characteristics. It is commonly used for
traditional structural parts, machinery, marine and process
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equipment applications (Ref 16). A combination of both series
of aluminium alloys could improve structural components’
performance in the aircraft and automotive sectors (Ref 17, 18).
However, joining dissimilar Al alloys is challenging owing to
changes in chemical, mechanical, and physical properties
which may result in intermetallic phase formation in the fusion
zone (Ref 19, 20). Traditional welding techniques such as
tungsten inert gas (TIG) and metal inert gas (MIG) welding
have been frequently used for lightweight materials. However,
they produce typical dendritic microstructure, solid-state poros-
ity and cracks in the welded region, which diminishes the
mechanical characteristics (Ref 21). Among all the welding
techniques that have been used for joining light materials,
Friction stir welding (FSW) has garnered more attention due to
its ability to create sound welded joints when employing
optimized process parameters (Ref 22). FSW is a solid-state
welding method invented and patented by Thomas at The
Welding Institute (TWI) (Ref 23). This process employs a non-
consumable rotating tool that plunges into the material’s
attribute surface to be welded (Ref 24). During the FSW
process, different zones are formed. These are the base metal
(BM), stir zone/nugget zone (SZ/NZ), heat-affected zone
(HAZ), and thermo-mechanically affected zone (TMAZ).
Numerous studies have previously studied the Friction Stir
Welded (FSWed) joints of dissimilar Al alloys (Ref 25-30).
Giraud et al. (Ref 31) investigated the intermixing behavior of
Al alloy in NZ of dissimilar FSWed joints of AA7020 and
AA6060. They examined that increasing traverse speed
enhanced the grain refinement in the nugget at the AA6060
side. Srinivasan et al. (Ref 32) reported recrystallized and
magnificent equiaxed grain structure in the NZ of FSWed joint
of dissimilar AA6061/AA7075 Al alloys. Even after grain
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refinement, some variation was found throughout the NZ,
which may correlate with the respective BM’s original grain
sizes. Ilangovan et al. (Ref 33) investigated the microstructural
characteristics of dissimilar FSWed joints of AA5086/AA6061
Al alloys. They correlated the tensile properties with
microstructural features and microhardness. They observed
that the brittle intermetallic phases and higher grain boundary
fraction near the weld enhance the hardness. The transition of
strengthening phases in precipitation-hardening alloys should
be a concern. Olea (Ref 34) and Sato (Ref 35) reported that
6XXX alloy wholly dissolved in the NZ during the FSW
process to form supersaturated solid solutions. Niu et al. (Ref
36) found a highly inhomogeneous microstructure developed
throughout the FSWed joint of dissimilar AAS083 and AA2024

Al alloys. They performed a comprehensive electron backscat-
tered diffraction (EBSD) analysis throughout the surface of the
FSWed joint. They reported that refined grains were observed
in the nugget region and tilted elongated grains in the TMAZ
region. However, Cabibo (Ref 37) reported a coarse equilib-
rium B phase in NZ during the FSW of AA6056. Reynold (Ref
38) found that the precipitates dissolved partially or wholly in
the NZ of the FSWed joint of AA7050.

Until now, a limited amount of study has been conducted on
dissimilar heat-treatable aluminum alloy FSWed joints. More-
over, little literature is available on the detailed microstructure
behavior and mechanical characteristics of the dissimilar
FSWed joints of AA6061/AA7075. Therefore, in this study,
the microstructure characteristics of the welded joints of

Table 1 Chemical compositions of AA6061 and AA7075 aluminium alloys

Chemical composition (wt.%)

Al alloys Si Mn Cu Fe Mg Zn Cr Ti Al
AA6061 0.68 0.07 0.32 0.68 0.98 0.21 0.18 0.09 Balance
AA7075 0.035 0.58 1.65 0.17 243 5.67 0.16 0.048 Balance
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Fig. 1 Schematic diagrams of (a) FSW process, (b) Tool used for FSW process and (c) dimensions for tensile and macrograph specimen
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Table 2 Process parameters used for the FSW method

Rotational rate, rpm 708 708 708 708
Traverse rate (mm/min) 20 30 40 60

Table 3 Tool dimensions used for the FSW method

Tool dimensions, mm

Probe diameter

Shoulder diameter Top Bottom Pin length

18 6 32 5.8

dissimilar AA6061/AA7075, such as grain orientation spread
map, image quality with grain boundary distribution, misori-
entation angle distribution, kernal average misorientation and
grain size distribution structure are examined by EBSD.
Precipitation particles and elements of Al alloy are confirmed
by FE-SEM with EDS analysis and area mapping, respectively.
Transmission electron microscopy (TEM) is also employed to
analyze the distribution of precipitation particles.

2. Experimental Procedure

AA7075-T6 and AA6061-T6 were used for the FSW
process. Sample dimensions (150 mm x 50 mm x 6 mm)
were employed for butt joint welding. The OES (optical

Fig. 2 Surfaces of the FSWed plates at various tool traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min. (RS: Retreating side, AS:

Advancing side)

RS
AAT075

Fig. 3 Macrograph of dissimilar FSWed joint of AA7075 and AA6061 at various tool traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min.
(The retreating side, nugget zone and advancing side are labeled as RS, NZ, and AS respectively)
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Fig. 4 Optical micrographs of the FSWed plates (a-c) BM, HAZ and TMAZ of AA6061 respectively, (d) NZ, (e) Onion ring, (f-h) BM, HAZ

and TMAZ of AA7075 respectively

emission spectroscopy) spectrometry was used to examine the
compositions of AA7075 and AA6061, which is shown in
Table 1. Plate sample surfaces were appropriately cleaned with
emery paper and then using acetone before the welding process.

A modified vertical milling machine was used for conduct-
ing FSW experiments. Fig. 1(a) shows the schematic diagram
of the FSW process. Both plates of dissimilar Al alloys were
adequately cleaned and fixed in the fixture prior to the FSW
operation. A non-consumable cylindrically tapered thread
rotating tool of °HI3 tool steel’ was employed for the
experiments, as depicted in Fig. 1(b). Macrograph and Tensile
specimens were used for the test, as shown in Fig. 1(c). Tool
traverse speed (welding speed) was varied, but rotational speed
(708 rpm) and tilt angle (2°) was kept constant. Tables 2 and 3
indicates the process parameters and tool dimensions used for
the FSW process.

The surface appearances of FSWed plates with different
traverse rates, as shown in Fig. 2, were used for microstructural
characterization and various tests. Welded samples were first
ground and polished using SiC (320 to 2500 grit papers), then
fine cloth polishing with MgO powder to obtain a mirror-like
surface finish. Modified Keller’s etchant (98 ml H,O, 2.8 ml
HNOs3, 2.0 ml HF and 1.5 ml HCI) was used on the mirror-like

polished surface for (10-30s) to expose the surface’s
microstructural features and grain boundary contrast.

Optical microscopy (model-Dewinter LT-23B) provided a
detailed quantification of the micrograph. FESEM with EBSD
(Electron Backscattered Diffraction) (Model-Zeiss) was used
for the micro-level elemental analysis of the dissimilar welded
joint. The selected locations were subjected to EBSD analysis
with a 0.15 um step size. The TSL-OIM software was utilized
to perform post-processing on the EBSD-scanned data.
Throughout the EBSD process, a mean angular deviation
(MAD) below 0.3° was consistently maintained. Thin foils with
a thickness of less than 90 pm were prepared for TEM analysis,
followed by a twin jet electropolishing with ethanol and
perchloric acid (9:1) solution at 4.5 V with a temperature
(— 30 °C). TEM analysis was used to quantify the precipitates
embedded in the matrix and SAD (Selected Area Diffraction)
patterns.

Further, a micro-hardness study of the dissimilar welded
joint was carried out on Vickers’s microhardness tester with
dwell time, distance and load as 10 s, 0.5 mm and 100 g,
respectively. Tensile specimens of the dissimilar welded joints
were prepared with ASTM E-8 standard, and NZ was kept in
the middle to measure the joint strength. Tensile tests were
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Fig. 5 Optical micrographs of the NZ at various tool traverse rates of (a) 20, (b) 30, (c) 40 and (d) 60 mm/min

conducted at room temperature on UTM (Model -Instron USA,
M-5980) with 100 kN. During the test, cross-head speed was
maintained at 0.5 mm/min, and four trials were run continu-
ously for each sample. Furthermore, the formation of the
fractured surface was examined by FE-SEM.

3. Results and Discussion

3.1 Macrostructure Analysis

The macrograph of the upper surfaces of the dissimilar
FSWed joints at various parameters is depicted in Fig. 3. All
the welds were found to be defect-free joints. They had a
smooth surface with optimized process parameters used in the
experiments. This indicates that all the selected parameters
generated an adequate amount of heat.

However, no onion ring was seen at a traverse rate of
20 mm/min indicating insufficient mixing during the process,
as seen in Fig. 3(a) (Ref 39). Material flow governs the creation
of an onion ring. If the material is unable to flow around the
tool for more than one revolution, it indicates inadequate
material mixing, resulting in the elimination of onion ring
formation. (Ref 40, 41). The AA7075 side shows a darker
region, while the AA6061 side shows a lighter region due to
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distinct etching reactions by modified Keller’s reagent. Material
mixing is substantially more efficient when weaker material
(AA6061) is positioned on the advancing side (AS). When
high-strength material (AA7075) was positioned on the AS, it
was difficult for lower-strength material to penetrate NZ fully
(Ref 37).

3.2 Microstructure Characterization

The microstructures of the dissimilar FSWed zone reveal
different features in various regions, as evidenced in Fig. 4.
Typically, in terms of microstructure, the FSWed joint can be
categorized into four regions, namely BM, NZ, TMAZ, and
HAZ (Ref 42). After welding, the microstructure of BM stays
almost identical to its initial condition due to low temperature
throughout the operation. Therefore both dissimilar BM
comprised coarse and elongated grains, as observed
in Fig. 4(a) and (f). In contrast, the HAZ region has no
apparent plastic deformation. As a result of the welding heat
cycle, the grains become coarser (Fig. 4b and g), which
degrades the mechanical properties of joints. The TMAZ region
exhibits coarser grains and moves upward to the tool, as seen in
Fig. 4c and h. However, the materials in these locations
undergo extensive plastic deformation as a result of extruding
action from the NZ throughout the operation. No visual
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Fig. 6 Image quality map superimposed with grain boundaries (IQ + GB), Grain orientation spread (GOS) map and misorientation angle
distribution histograms obtained from EBSD scan at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min, respectively
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Fig. 7 Area fraction vs. Grain size distribution plot of NZ at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min, respectively

recrystallization appeared in this area. Fig. 4(d) shows that the
NZ undergoes extensive grain refinement, distinguished by fine
and equiaxed grains compared to other regions. These fine
strain-free grains in NZ are a typical feature of dynamic
recrystallization (DRX) induced by the combined impact of
significant plastic deformation and intense frictional heat (Ref
43, 44). As red arrows indicate, Fig. 4e depicts the onion ring
within NZ.

Fig. 5(a-d) shows the optical micrographs of NZ at various
traverse rates. Fig. 5(a-d) indicates that the grain’s size reduced
steadily as the traverse rate increased from (20-60 mm/min).
The average grain size was determined to be 5.82 um (Fig. 5a)
at a traverse rate of 20 mm/min. The smallest average grain was
determined to be 3.64 um at a traverse rate of 60 mm/min
(Fig. 5d). The findings of the current research are well
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consistent with those of the previous investigations (Ref 45-
47). The grain size of the NZ of dissimilar FSWed joints was
influenced by two thermomechanical factors, i.e., the amount of
heat input and the amount of plastic deformation encountered
throughout the process. The increment in tool traverse rate at a
fixed rotating rate led to a decrement in the (heat input/length)
throughout the process (Ref 48), which eventually restricted the
coarsening of the grains owing to the reduction in heat input at
a higher tool traverse rate.

EBSD analysis was carried out in the NZ region to extract
the information related to grain and grain boundary character-
istics, as depicted in Fig. 6. The various color contrast in the
Grain Orientation Spread (GOS) maps are attributed to different
crystallographic orientations of the grains. GOS < 1° has been
used to calculate the dynamically recrystallized grain fraction.



Fig. 8 The Kernel average misorientation (KAM) maps of NZ at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min, respectively

It can be observed that the percentage of recrystallized grains
first increased from 0.8 to 0.87 pct with an increment of
traverse rate from 20 to 30 mm/min. Furthermore, recrystal-
lized grains decreased from 0.87 to 0.76 pct with an increased
traverse rate from 30 to 60 mm/min. Fine grains were identified
in NZ as a response to intense stirring and dynamic recrystal-
lization. In the (IQ + GB) maps, the low-angle grain bound-
ariecs (LAGBs) are represented by red lines with a
misorientation angle from 5° to 15°. In contrast, the high-
angle grain boundaries (HAGBs) are shown by black lines with

greater than 15° misorientation angles. The percentages of
LAGBs and HAGBs (in the NZ) were calculated using the
cumulative probability distributions of the misorientation
angles at < 15° and > 15°, respectively.

According to the misorientation angle distributions, as seen
in Fig. 6(a-d), the volume fraction of HAGBs marginally
decreased in the NZ region with an increment of traverse rates.
Besides, Fig. 7 depicts NZ’s area fraction vs. grain size
distribution plot at different traverse rates. The average grains
sizes of the NZ were determined to be 5.827 um, 4.34 um,
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Fig. 9 Secondary electron images of the NZ at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min

3.94 yum and 3.64 um at the traverse rates 20, 30, 40 and
60 mm/min, respectively. Variation in grain sizes between the
dissimilar AA6061 and AA7075 Al alloys was insignificant.
This occurrence is attributed to dynamic recrystallization,
dynamic recovery (DRV), plastic deformation, material mixing
and thermal cycle interaction throughout the process (Ref 49).
Equiaxed, fine grains are seen in the NZ region because of the
aforementioned factors. DRX is a phenomenon caused by heat
input and plastic deformation that occur throughout the process
(Ref 50, 51), which not only refines grains but also increases
HAGBs (Ref 52). With the increment of traverse rate, sufficient
DRX enhanced the grain refinement with a marginal decrement
of HAGBs (Fig. 6a-d).

Kernel average misorientation KAM maps were generated
from the EBSD scan to visualize the local plastic strain within
the samples, as shown in Figure 8(a-d). The KAM value
quantifies the average misorientation between neighboring
orientation points and a specific central orientation point. The
TSL-OIM software utilized the first nearest neighborhood to
calculate the KAM map. To avoid any artificial influence from
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adjacent grain boundaries, misorientations exceeding 5° were
disregarded. The KAM value is often employed to describe
dislocation density qualitatively. Moreover, the average local
misorientation within a particular region indicates the presence
of stored energy. The red and blue colored areas indicate the
largest and lowest deformed areas and the KAM value,
respectively. Most of the grains in the NZ of FSWed samples
exhibit low KAM values (Fig. 8a-d), indicating strain-free
grains. However, green patches overlie on the region with a
moderate KAM value (containing grains with a medium
dislocation density), suggesting the presence of dynamic
recovery (DRV) (Ref 53).

Furthermore, the FSWed welded specimens processed at
various traverse rates were investigated through an electron
microscope to observe the creation of distinct zones, grains
distribution, and intermixing of alloys. Fig. 9 shows the fine
and equiaxed grain structure in NZ caused by stirring action
and DRX on grains equivalent to a higher thermal cycle. The
grain size in NZ is finer with an increased tool traverse rate. The
onion ring patterns (Fig. 9b-d) signify the flow behavior and



Fig. 10 EDS analysis of the precipitates in the NZ at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min

better mixing of both alloys in the NZ. Higher intermixing
could enhance the joint’s strength. Fig. 10 shows the magnified
view of the FE-SEM image with EDS analysis of the NZ of the
FSWed joints. EDS results indicate the presence of Mg,Si,
MgZn, and AlL,CuMg precipitates in the investigated zone
(Fig. 10a-d). EDS area mapping is performed on the selected
areas of the NZ with various tool traverse rates, as depicted in
Fig. 11(a-d). The observation suggested that the distribution
and mixing of Al, Zn, Mg, Cu and Si elements is relatively
homogeneous.

TEM was used to study the property and morphology of the
precipitates. For the current alloys, the precipitate evolution
occurred in the following order:

For AA7075: SSS — (GP) zones —» 1" — 1.

For AA6061: SSS — (GP) zones — B’ — p — B.

GP zones are solute-rich clusters of atoms in a particular
plane that are very small and coherent to the matrix. The shape
and size of GP zones can change with temperature and time
changes. In AA7075 alloy, GP zones are spherical initially and
then converted to plate shape in {111} plane. The strengthening
precipitates are well recognized as 1" and the grain boundary n
precipitates. The m" precipitate (~10-50 nm) is semi-coherent
to the matrix and plate-like shape, while incoherent stable n-
MgZn, (more than 100 nm) exhibits both plate-like and lath-
type morphology (Ref 19). On the other hand, in AA6061 alloy,
a significant strengthening precipitate is a fine needle-shaped
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Fig. 11 FE-SEM images with EDS mapping of the NZ at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min

B”. However, the softening mechanism occurred throughout the
process due to localized heating eventually dissolving the B”
precipitates, and the re-precipitation of B’ and equilibrium B-
Mg,Si precipitates occurs in NZ.

Figure 12 shows the TEM images of the NZ processed at
various tool traverse rates. Red arrows indicate several
precipitates in the NZ of the dissimilar FSWed joint. The
result indicates the strengthening precipitates in the NZ region
were dissolved while the 1, ', | and P precipitates remained
in the matrix. Previous literature illustrated that the NZ of
AA6061 side shows different sizes and morphologies of rod
shape [’ precipitates, Si-enriched round precipitates and 8
phases. In contrast, the NZ of the AA7075 side shows GP
zones, round type 1’ and rod shape n precipitates (Ref 54, 55).
The re-precipitation may cause an increment in microhardness
in the NZ region, followed by natural aging. Although, the
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selected area diffraction pattern (SADP) (Fig. 13) along the
zone axis suggests a corresponding plane of precipitates in the
matrix.

3.3 Microhardness

The Vickers’s microhardness of the FSWed samples was
assessed from BM to the NZ for the dissimilar alloys used in
the present study. FSWed joints exhibit lower micro-hardness in
the NZ compared to the AA7075 BM region, as shown in
Fig. 14. However, an opposite trend has been observed
concerning the AA6061 BM region. Previous studies show
that due to the coarsening, dissolution, and insufficient re-
precipitation caused by the FSW thermal cycle, the hardness
decreased in NZ compared to the BM for similar alloys (Ref
35). However, grain refinement could potentially provide some
minor contributions to the increase of hardness in the BM. The
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Fig. 13 TEM images of precipitates with corresponding SAD patterns in the NZ of the dissimilar FSWed plates at traverse rates (a) 20, (b) 30,
(c) 40 and (d) 60 mm/min
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Fig. 14  Vickers micro-hardness distribution of dissimilar FSWed samples of AA6061 and AA7075

Table 4 Mechanical properties of FSWed joint of dissimilar AA6061 /AA7075

Traverse rates, mm/min YS, MPa UTS, MPa TE, (%) Joint efficiency, (%) Failure position
20 96 + 7 159 + 3 8+5 51 HAZ 6061
30 109 + 3 167 + 9 6+5 54 HAZ 6061
40 141 £ 6 237 £ 4 5+6 76 HAZ 6061
60 150 + 8 251 + 6 8+2 81 HAZ 6061

disappearance of GP zones and coarsening of precipitates
causes the lowest hardness in the HAZ region. In the TMAZ
region, precipitates underwent more significant coarsening and
probably full dissolution. Material suffered some re-precipita-
tion in the NZ region after complete dissolution due to higher
temperature. Micro-hardness transition in NZ is more gradual
when AA6061 is kept on the AS. This indicates an efficient
mixing of materials under these conditions.

3.4 Mechanical Properties

Table 4. depicts the mechanical properties of the FSWed
joints of dissimilar AA6061/AA7075. Fig. 15 depicts the
tensile specimen macrographs before testing and after testing,
along with stress-strain curves. The macrograph of the broken
tensile specimen showed that all the joints have failed at the
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location of HAZ of AA6061 side, where the minimal hardness
is found (Fig. 15c). Previous studies show that the FSWed
joints generally fracture at the HAZ region on the weaker
material side (Ref 56-58).

All the FSWed joints exhibited superior tensile properties
with a yield strength (YS), ultimate tensile strength (UTS) and
elongation of around 5-8%. The UTS was recorded to be 159,
167,237 and 251 MPa with tool traverse rates of 20, 30, 40 and
60 mm/min, respectively, showing gradual increments with the
increase in traverse rate. The best combination of strength and
ductility was achieved at a traverse rate of 60 mm/min, as
shown in Table 4. Variation in the tensile values of these joints
correlates with the microstructural features discussed in the
relevant sections. The increase in the traverse rate reduces heat
input, which eventually hinders grain growth and precipitates
coarsening, restricting the deterioration of HAZ strength.
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of the investigated samples

Therefore, the FSWed joint fabricated by a higher tool traverse
rate exhibited superior mechanical properties, as seen in the
present study (Fig. 15b).

3.5 Fractograhic Analysis

The primary fracture planes of the broken tensile samples
have been examined under FE-SEM to dig out more insights
into the nature of the fracture mechanism. The fracture surfaces
of all the samples show a shear type of deformation with the
formation of micro-voids predominantly, as a typical ductile
fracture, as shown in Fig. 16.

The presence of several dimples and micro-voids suggests a
ductile fracture with excellent joint strength. Shallow dimples
of different sizes are illustrated in Fig. 16(a). Additionally,
Fig. 16b-c and d display small, equiaxed dimples resulting from
micro-void coalescence due to increased strain during tensile
testing. The micro-voids may form around second-phase
particles, inclusions, and dislocation pileups. As a result, the
equiaxed and fine dimples are formed probably at a traverse

rate of 60 mm/min during the FSW process. Fig. 17(a-d) shows
the evidence of the B-Mg2Si phase at the HAZ region on
AA6061 alloys.

4. Conclusions

In the current study, dissimilar AA7075 /AA6061 were
welded by the FSW method. The welding process was
performed at a constant rotation rate of 708 rpm, accompanied
by traverse rates of 20, 30, 40, and 60 mm/min. The following
findings were obtained after investigating the microstructure
and mechanical characteristics:

1. All the FSWed joints were defect-free and exhibited
excellent surface weld appearance with the combination
of parameters.

2. Dissimilar AA7075/AA6061 FSWed joints experienced
dynamic recrystallization (DRX), indicated by fine and
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equiaxed grains in the NZ. This enables sound welds
with superior mechanical properties. The average grain
sizes in the NZ were determined to be 5.82 um,
4.34 um, 3.94 um, and 3.64 um at tool traverse rates of
20, 30, 40, and 60 mm/min, respectively.

Compared to their equivalent BM, both AA7075 and
AA6061 showed a reduction in microhardness in the NZ
region. The coarsening and dissolution of the strengthen-
ing precipitation cause softening in NZ. Furthermore, re-
precipitated during natural aging resulted in an increase
in microhardness in NZ. The AA6061 side of the HAZ
exhibited the lowest hardness (condition of 20 mm/min
traverse rate).

All the tensile specimens broke at the position of HAZ
(AA6061 side), where minimal hardness was found and
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Fig. 16 Fractography analysis of the tensile tested FSWed samples at traverse rates (a) 20, (b) 30, (c) 40 and (d) 60 mm/min

showed descent UTS, YS and ductility. UTS and YS in-
creased with the increment of traverse rate from 20 to
60 mm/min. The UTS was obtained at 251 MPa at a tra-
verse rate (60 mm/min). In contrast, the minimum UTS
was obtained as 159 MPa for the constant rotational rate
(708 rpm) and traverse rate (20 mm/min).

Many fine dimples of varying sizes distinguished the
fractured surfaces of tensile investigated specimens. Un-
der lesser heat input, the cracked surfaces of the joints
produced fine and equiaxed dimples. During fracture,
second-phase particles such as incoherent Mg,Si and dif-
ferent Al-Fe-Si intermetallics may efficiently supply mi-
crovoid nucleation sites, as confirmed by the eds analysis
under FE-SEM.
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