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Abstract

In this review paper, the effect of friction stir welding (FSW) on the metallurgical and mechanical properties of dissimilar aluminum
alloy were studied. The joints were produced by using FSW with varying tool rotation and traverse speeds. The microstructural
characterization by scanning electron microscopy equipped revealed a substantial grain refinement and a homogeneous distribution of
reinforcement particles in the nugget zone. The grain size of the nugget zone was greatly influenced by weld pitch, as a key indicator
to control the amount of heat input, exposure time and cooling rate. Vickers micro-hardness profile across the welding zone revealed
a significant difference in micro-hardness among the base metal, heat affected zone, thermo-mechanically affected zone and nugget
zone. This review concludes with recommendations for future research directions. ©2019 ijrei.com. All rights reserved.
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1. Introduction
cannot come through satisfactory joint efficiencies. For these

Automobile and aircraft industries were focusing on weight
reduction factor to improve the fuel economy and reduce the
environmental pollution. Aluminum alloys attracted all these
industries because of their excellent strength to weight ratio and
damage tolerance. Joining of dissimilar aluminum alloys has lot
of scope in automotive, aircraft and ship building industries. The
first challenge within the fusion welding of aluminum alloy is
cracking of weld due to solidification [1]. The FSW of AA6061
alloy for mechanical properties, microstructure development and
its role on residual stress distribution in the weldment [2]. The
Ultimate tensile strength (UTS) and Yield strength (YS) of the
friction welded AA6061-T6 alloy joints. UTS and YS are
increased with the increase of tool rotational speed, welding
speed and tool axial force up to a maximum value and then
decreased. Increase in rotational speed and axial force enhances
% elongation, but decreased by increasing of welding speed,
continuously [3]. The high heat input related to high thermal
conductivity and a high coefficient of expansion (approximately
twice as that of steel) may lead to severe distortion of elements
throughout welding. For some dissimilar aluminum alloy
welding, no filler metals exist which will manufacture crack free
welds. Even though there is an affordable filler metal choice, one
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reasons, the fusion welding of dissimilar aluminum alloys are
challenging one and mostly avoided in industries. Solid state
welding processes favors the joining of dissimilar aluminum
alloys [4].
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Figure 1: Friction stir welding
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Among the different solid state welding processes, Friction Stir
Welding (FSW) is very attractive because of overcoming the
variety of problems like porosity, solidification cracking,
formation of brittle intermetallic and segregation. Different
combinations of dissimilar aluminum alloys have been
successfully welded with excellent joint strength as shown in
fig.1. Moreover, FSW process has fascinated lot of researchers
due to the potential engineering importance and problems related
with conventional welding process.

Compared to many conventional fusion welding methods, the
FSW process has the advantages such as good mechanical
properties, low residual stress and distortion, and reduced
occurrence of defects [5]. This welding technique, attracting an
increasing amount of research interest, is applied to the aerospace,
automotive, and shipbuilding industries. A  thorough
understanding of FSW process and the consequent evaluation of
weld mechanical properties are needed for production of
components and structures. For this reason, detailed researches
are required [6]. It is well known that whatever the welding
method is the main challenge for the manufacturer is selecting the
optimum welding parameters which would produce an excellent
welded joint. To predict the optimum welding parameters
accurately without consuming time, materials, and labor effort,
various methods are available and one such method is response
surface methodology (RSM). In order to study the effect of FSW
process parameters, most workers follow the traditional
experimental techniques, i.e. varying one parameter at a time
while keeping others constant. This conventional parametric
design of experiment approach is time consuming and calls for
enormous resources. Taguchi statistical design is a powerful tool
to identify significant factor from many by conducting relatively
less number of experiments. However, this design fundamentally
does not account for the interaction among processing
parameters. In view of cost and time saving, occasionally these
interactions can be neglected. If mandatory, the missing
interactions can be analyzed by further running the required
experiments [7-9].

The mechanical properties of FSW joint are mainly dependent on
chemical composition and processing parameters of alloying
element. The microstructural analysis of FSW joints shows the
formation of new grain size in the weld zone with different
amount of heat input by controlling the processing parameter [10-
14]. Friction stir welding conserves base material properties from
the defects and renders the welds stable during the process of re-
crystallization of grains [15]. The process also decreases the size
of heat affected zone which is primarily responsible for
impairment of the microstructure in conventional fusion welding.
The friction stir welding is preferred over fusion welding due to
a number of merits [16-19]. Investigations on mechanical failure
of the welds have been carried out by several investigators
[20—-22] and they found that failure can take place in the WN,
HAZ or TMAZ regions depending on the amount of heat input,
which is usually governed by process parameters such as
rotational speed and travel speed. The dependence of weld
microstructure on processing parameters has also been revealed
[23-24]. Most of these studies have been conducted on plates with
thickness less than 10 mm, which are suitable to aerospace

industry and currently FSW of aluminum alloys is widely
employed in aerospace, shipping and automobile industries.
Though it has been established that FSW of thick plates up to 25
mm is definitely possible with 80% joint efficiency [25], several
details such as tool geometry and optimum parameters are not
published. Variations in microstructures in the through thickness
direction were not clearly investigated. As the thickness of the
plate to be welded increases, variations in microstructures and
properties can be expected which have not been widely
investigated in the available literature.

However, there is little information related to FSW of dissimilar
aluminum alloy. The present review paper firstly gives a brief
description on the FSW process, and the weldability of aluminum
alloys. This is followed by a detailed evaluation of a number of
critical issues in FSW of dissimilar aluminum alloy focusing on
the macrostructure and microstructure, mechanical properties as
well as tool wear. Finally, conclusions are drawn with a particular
view on future challenges and research directions.

2. Experimental procedure

The materials under investigation were different heat and non-
heat treatable dissimilar aluminum alloys. Sheets with different
thicknesses were friction stir welded by employing various
welding advancing and rotating speeds of the tools, such tools
were all threaded ones and they were characterized by different
height and shoulder diameter. The welds were performed by
employing different tools inclinations. All the sheets were
machined before tests in order to eliminate surface in
homogeneities. Tensile tests were performed in order to evaluate
the mechanical properties obtained in the different welding
conditions. The Residual Stresses (RS) were also calculated in
longitudinal direction respect to the loading one, by employing
the sin?y method. The RS were measured in longitudinal
direction, being the one affecting the crack tip stress field. The
tensile tests were carried out at room temperature. Specimens
were sectioned in the perpendicular direction to the weld line by
employing an electrical discharge machine (EDM), The FSW, in
fact, does not produce a symmetric deformation respect to the
center line of the advancing tool. Due to such in homogeneities,
when a clock wise direction rotation is employed, the less
resistant zone results the one on the advancing side of the tool.
Due to materials, thicknesses and tool differences they were taken
some choices to build the database. The base materials indication
come through the hardness. The effect of the tool dimension is
indicated into the database through the shoulder diameter/pin
height ratio. Revolutionary pitch effect is indicated into the
database. A broader discussion is necessary for the indication of
the residual stresses, they were measured in different points, for
each sheet the distance between the measurement points were
equal to the sheet thickness; after the calculation it was calculated
the area of the plot residual stress-distance from the weld center,
the value of such area, for each experimental condition was used
as the indication of the residual stresses effect into the database.
The effect of processing parameters on the mechanical properties
was underlined through the ration between the FSW properties
and base materials ones for yield stress, UTS and elongation (%).

466



Mehdi. H et al,./ International journal of research in engineering and innovation (1JREI), vol 3, issue 6 (2019), 465-474

3. Results and Discussions
3.1 Tensile strength

The tensile test results of 10-mm-weld and 16-mm-weld are
summarized in Table 3. Compared with unwelded base material,
samples transverse to the weld show reductions in strength and
elongation. The joint efficiency (based on ultimate tensile
strength) of 70% was measured in 10-mm-welds and they were
found to fail in 45° shear mode in HAZ of the advancing side
(Fig. 2). 16-mm-welds exhibited the joint efficiency of 53% and
they were also found to fracture in HAZ of the advancing side in
the same mode (Fig. 3) [26].

3

Advancing side

Figure 2: Cross section of fracture surface of tensile-tested 10-mm-
welds (arrow shows failure location) [26]

Advancing side

' Figure 3: Tensile-tested 16-mm-welds: (a) Cross section of fracture
surface; (b) failed specimens [26]

This may be attributed to two reasons: 1) the absence of finer
grains, as the grain refinement plays a key role in material
strengthening in HAZ; 2) presence of wide precipitate free zones
along grain boundaries and partial dissolution of precipitates in
the grain interiors in the HAZ, which are considered to be
responsible for failure. Tensile failures near HAZ of the
advancing side seem to be a common feature in aluminum alloy
friction stir welds, as the same was reported in several different
aluminum alloys by various researchers [27-29]. Welds made on
10 mm thick plates exhibited superior
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Figure 4: Effect of pin profile on tensile properties [30]
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Figure 5: Effect of pin profile on joint efficiency [30]

Fig. 4 and 5 show the tensile properties of the joints fabricated
with different pin profiles. Joints were fabricated with whorl pin
profile (WPP) pin which resulted in the yield strength of 62 MPa,
tensile strength of 69 MPa and joint efficiency of 43 %. Joints
fabricated with plain taper pin profile (PTP) pin result in yield
strength of 101 MPa, tensile strength of 116 MPa and joint
efficiency of 68 %. Joints fabricated with WPP result in yield
strength of 50 MPa, tensile strength of 51 MPa and joint
efficiency of 32% [30]. Joints fabricated with PTP pin result in
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high tensile properties. The degree of ductility can be measured
by tensile fracture surface of the dissimilar joints. The WPP pin
shows small cleavage-like facets in the fractographs (Fig. 6(a)).
Few elongated dimples along with flat featureless surface are
observed for the joints made with PTP pin (Fig. 6(b)). The
fracture surface of taper treaded pin profile (TTP) pin has high
degree of up and down so that it will not be seen clearly in the
SEM image (Fig. 6(c)) [30]. Similar to PTP pin, the fractograph
shows flat featureless surface. The effect on the mechanical
properties of the weld with different tool pin profiles [31].
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Figure 6: Fractographs for different pin profiles: (a) WPP, (b)
PTP, (c) TTP [30]

The mechanical properties of the joints mainly rely upon the
volume of deformed material created by the stirring action of the
tool pin. The more material the tool stirs, the better the quality of
the joints. However, for the joining of dissimilar materials like
aluminum and copper, the dynamic to static volume ratio does not
play role in deciding mechanical properties. If the amount of
material stirring and mixing of material is improved, bulk amount
of Cu particle contributes to form the stir zone. Thus, due to the
diffusion of Cu and Al a large amount of intermetallic phases like
Al,Cu and AlsCug are formed at the interface and in the stir zone.
The higher strength is attributed to the lower intermetallic phases.
The reason for the higher bond strength of the lower intermetallic
layer thickness is not certain but may be related to a defect content
in a smaller volume of intermetallics. The reason behind the
higher bond quality for the thin intermetallic layer is identified
that there is lower defect content in a smaller volume of
intermetallic. Thus, the tensile fracture happened at the interface.
The same reason was reported by many researchers [32-34]. The
tensile fracture follows the path which has soft or defective region
along the weld joints. For the TTP joints, the fracture falls in the
defective stir region

450 450 10
(b TS

400 400 s |°

350 350 Ll
. 300 ;_m‘ 300 [ 9
© L6 ~
2 250 2 2501 ¢
s . L5 S
i 20 § 20, 8
2 150 8 150 28
0 0 [V w

100 1004 5

50 501 L1

0 Lo

012 3 456 7 8 910 BMWL3W1 W2 W3 W4 W5 W6 W7 W8 W9
Strain, (%) Sample

80 90 (d)] M8 90
Figure 7: Tensile properties of BM, cross-weld (W1-W9), and
longitudinal weld (WL3); (a) stress-strain curves, (b) bar graphs
representing strength and % of elongation [35]

Fig. 7, shows the stress-strain curves of the BM, cross-weld (W:-
W), and longitudinal weld (WLs). Their ultimate tensile strength
(UTS), yielding stress (YS), and percentage of elongation (% EI)
are compared in the bar graph (Fig. 7(b)). Note that the cross-
weld sample microstructure is heterogeneous as it is consist of
four zones, i.e., BM, HAZ, TMAZ and NZ (Fig. 7(c)).
Meanwhile, the longitudinal specimen contains only uniform fine
equiaxed grains from the NZ. According to the stress-strain
curves, the as-received AMC shows a tensile strength of about
419 MPa with a total elongation to failure of around 2.8% [35].
In contrast, the cross-weld samples exhibit a higher ductility with
a drop in the tensile strength as compared with BM. The reduction
in tensile strength of AMC (AA6061/Al,0) FSW joints was also
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reported by Cavaliere et al. [36]. Furthermore, the stress-strain
curve related to BM shows continuous yielding, while most of the
welded samples exhibit a distinct yielding serration phenomenon
and similar findings have been reported by Mahmoudiniya et al.
[37] and Pathak et al. [38]. Judging from Fig. 7(b), the mechanical
properties of FSW joints are affected significantly by the welding
parameters. It is shown that the joint fabricated at lowest heat
input (W3) showing a higher strength (joint efficiency reaches
about 75%) with the adequate elongation of around 5%. On the
other hand, the joint welded at highest heat input and lower
cooling rate (W7) shows a lowest joint strength (joint efficiency
of about 52%) with a severe drop in the elongation. Surprisingly,
the longitudinal welded samples (WL3) shows smooth curve
characterized by a moderate combination between strength and
elongation of about 361 MPa (86% joint efficiency), and 8.5%
(67% increase in elongation) than the BM, respectively. This can
be related to the homogeneous fine grain structure in the entire
sample. The location of the fracture in the typically tested samples
is shown in Fig. 7((c), and (d)). Under most welding conditions,
the FSW joints exhibited shear fracture mode occurred in the
HAZ (AS) (see Fig. 7(c)) oriented at an angle of about 45°, as
also presented by Moreira et al. [39], because of the loss of
strength in this area as observed in the microhardness
measurements. However, in W8 FSW joints fracture occurred in
the stirring zone (see Fig. 7(d)) [35],

3.2 Micro-hardness

A longitudinal micro-hardness profiling was carried out across all
the zones; and it was measured to a depth of 4mm below the
surface of the welds. An irregular shape profile was observed in
the hardness distribution, as against the conventional W-shape
trend due to the difference in the chemical composition of the
alloys and the rate of precipitation. The Vickers micro-hardness
profiles of welds are shown in Fig.8 for three samples (D1, D; and
D3) after the welding process. The AA7075-T6 and AA6082-T6
parent metals had mean micro-hardness magnitudes of
approximately 160HV0.2 and 91HV0.2, respectively [40].
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Figure 8: Micro-hardness profile of different samples [40]

As observed, all the welds displayed a unique pattern different
from the usual profile. This is because a dissimilar FS weld
behaves in a 'dissimilar manner' in response to the loading
condition. During FSW of dissimilar welds, the Aluminum alloy
6xxx, the AI-Mg-Si (i.e. Supersaturated solid solution)
decomposed through the sequence; GP--p"--p--p (Mg
precipitates through a sequence, as follows SS--GP--n'--(MgZny)
[41].
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Figure 9: Microhardness profiles of friction stir welds made on 10
mm and 16 mm thick AA7075—T651 plates [26]

Vickers micro-hardness tests were conducted across the weld at
middle thickness for both 10-mm-welds and 16-mm-welds, to
ascertain the possible microstructure and property variation
among various zones of the weldment. The representative
hardness distributions are shown in Fig. 9. As it can be seen, both
the distributions exhibit “W” shaped appearance, typical of 7xxx
series alloys welded under conditions for which the nugget
temperature is close to the solution heat treatment temperature.
The weld nugget region of 10-mm-weld exhibits hardness which
is close to T6 hardness, whereas in 16-mm-weld, the weld nugget
hardness is found to be HV 155 (average) though the base plates
recorded approximately the same hardness value. It is observed
that in case of 10-mm-welds, the lowest hardness values are
higher than those observed in 16-mm-welds. Both 10-mm-weld
and 16-mm-weld record the lowest hardness valuesin HAZ
on advancing side. Loss in hardness due to the welding process is
significantly higher in the case of welds made on 16 mm thick
plates, mainly due to the higher heat inputs employed to obtain
sound welds [26].

The micro-hardness distributions of samples A and C measured
along the mid-thickness of joints at different aging periods after
FSW are shown in Fig. 10. The base material AA7075-T6 and
AA5086-H32 demonstrated average Vickers micro-hardness
values of about HV 165 and HV 86, respectively. The hardness
of stir zone varied according to the ratio mix of AA5086 and
AAT075 [42].
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Figure 10: Micro-hardness distributions at different aging periods: (a) Sample A; (b) Sample C [42]

3.3 Microstructure Analysis

Optical microscopic examinations revealed that the processing
parameters exhibit significant effects on formation of surface
composite layer. When the target depth is too large (2.28 mm),
the shoulder of tool pushed away all the preplaced SiC particles,
and, basically no surface composite formed. Too small target
depth (1.78 mm) was also ineffective to mix SiC particles into
aluminum alloy. A target depth of 2.03 mm resulted in
incorporation of SiC particles into aluminum matrix. However,
the bonding of surface composite layer and substrate plate was
influenced by the traverse speed. At higher traverse speed (101.6
mm/min), the surface composite layer was usually separated from
the aluminum alloy substrate and the bonding was poor as shown
in Fig. 11 [43].

SRS SEESE e -:_a ,_1 ldum
Figure 11: Optical micrograph éhowing poor—bondihg between surface
composite and aluminum alloy substrate at higher traverse speed
(101.6 mm/min)[43]

Fig. 12a shows an optical macrograph of a single pass run cross-
section in which a typical basin shaped nugget can be clearly
identified. Eutectic Si particles inside the nugget went through a
complex material flow and, as a result, were highly refined. The
extent of refinement is apparent in Fig. 12b, which shows the
interface of the cast and FSPed regions. The size and shape of
refined Si particles get clearer in the higher magnification image
(Fig. 12c). The typical grain structure of the FSPed nugget is
shown in Fig. 12d. The grains were mostly equiaxed; although in

a few instances some grains aligned parallel to either the
advancing or retreating side [44].

#5) 200um 4" TR T Sanse® 5
Figure 12: (a) Cross-section optical macrograph of a single pass run,
(b) interface between cast and FSPed region showing extent of particle
refinement, (c) higher magnification image shows size and shape of Si
particles inside the FSPed nugget and (d) grain structure inside the
nugget [44].

pass run FSPed nugget at various tool traverse speeds and a tool
rotation rate of 2236 rpm: (a) 0.42 mm/s, (b) 0.98 mm/s, (c) 2.33 mm/s,
and (d) 3.67 mm/s [44].
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Fig. 13a—d shows the grain structure observed in the nugget of
single pass runs, which were carried out at various tool travel
speeds and a constant tool rotation rate. Higher tool travel speeds
resulted in marginal increases in the volume fraction of finer
grains [44].

0.2 um

Figure 14: TEM micrographs showing (a) grainsin as-extruded Al-
4Mg-1Zr, and (b) Al Zr particles in as-extruded Al-4Mg-1Zr, (c) grains
in FSP Al-4Mg1Zr and (d) Als Zr particles in FSP Al-4Mg-1Zr

Figures 14(a) and (b) show the microstructure of the as extruded
Al-4Mg-1Zr. Two observations can be made. First, the
microstructure was characterized by predominantly low angle
grain boundaries, with grains/sub grains aligned along the
extrusion direction. Second, the grain size was non uniform.

The average sub grain sizes in the directions parallel (d.) and
normal (dr ) to the extrusion direction were determined by the
mean linear-intercept technique (sub grain size = 1.78 x the mean
linear intercept) to be 1.9 and 1.7 um (averaging above 250
grains), respectively. Thus, the average sub grain size (d) was
determined to be 1.8 pum (d = (d. dr) ¥?). The dispersoids in the
alloy were determined to be Al Zr by energy-dispersive
spectrometry. The average size of AlsZr dispersoids was
estimated to be 21.7+11.8 nm (averaging 140 dispersoids).
Figures 14(c) and (d) show the microstructure of the FSP zone in
the FSP Al-4Mg-1Zr. The bright-field TEM image shows well-
defined grain boundaries (Fig.14c). Generally, the FSP
microstructure was characterized by uniform and equiaxed
recrystallized grains with predominant high-angle boundaries.
The average grain size, determined by the mean linear-intercept
technique, was 1.5 um (averaging 123 grains). Compared to the
as-extruded alloy (Figure 14d), the FSP Al-4Mg-1Zr exhibited a
more uniform distribution of Al Zr dispersoids (Figure 14d). The
average size of AlsZr dispersoids in the FSP alloy was determined
to be 19.5+11.9 nm (averaging 140 dispersoids), which is similar
to the as-extruded alloy.

3.4 Fractography

Fracture surfaces of the fatigue samples were evaluated to
determine the difference in fracture behavior of as-cast and FSP
samples. For as-cast samples, crack initiation was usually
associated with casting defects. The crack path was generally
rough and uneven indicating that the crack followed defects in the
microstructure; see Fig. 15(a) and (b). Fatigue cracks propagated
with significant amounts of crack branching and deflection. As
seen in Fig. 15(c) and (d), for FSP samples, the fracture surfaces
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were almost perpendicular to the longitudinal axis. The crack
propagated primarily along the interface between the silicon
particles and the aluminum matrix and is characterized by the
formation of dimples on the fracture surface [45].

Figure 15: Fracture surfaces of (a) and (b) as-cast specimens, (c) and
(d) friction stir processed specimen [45]

: % o )
Figure 16: SEM images of fracture surfaces of (a) as-extruded
material, (b) weld 1 and (c) weld 2 [46].

Fig. 16 shows the SEM fractographs taken from tensile specimens
of the base and the welds tested at room temperature and an initial
strain rate of 2x10* s™%. There is a clear difference in the fracture
morphology between the as-extruded material and the welds. The
as-extruded material shows shallow dimples while the welds
show deep dimples with second phase particles present within the
dimples [46]. Matrix/particle interfacial debonding was observed
in both the as-extruded material and its welds. The ductile fracture
of alloys generally occurs by the formation and subsequent
growth and coalescence of voids or cavities. If cavity nucleation

could be delayed or suppressed, an improvement in ductility
could be achieved [47]. For a void to nucleate at the
matrix/particle interface, the maximum interfacial normal stress
has to exceed the bonding strength of the interface [48-49].
Tszeng [49] investigated the interfacial stresses and void
nucleation in discontinuously reinforced Al composite and found
that the maximum interfacial normal stress is dependent on the
particle shape and the volume fraction of the particles. High
aspect ratio particles experience a high peak stress at the
matrix/particle interface during the external uniaxial loading and
thus void nucleation occurs at an earlier stage of the deformation.

20pum 1000X
Figure 17: SEM micrographs showing surface morphologies of FSP
3.5 um-7075Al superplastically deformed to failure at (a) 480° C and
1x101 s, (b) 480°C and 3x102 s, (c) 480°C and 1x102 s, (d)
480°C and 3x10-3s?, and (e) 470°C and 1x102 s ; and fracture
surface at (f) 470°C and 1x10-2. (Tensile axis is horizontal) [50]

Fig. 17 shows the topography of the 3.8 um7075Al deformed to
failure at 480 and 470° C and various strain rates. At a high strain
rate of 1x10°%s?, grain boundary sliding and cavities induced by
the grain boundary sliding were distinctly seen on the deformed
specimen surface (Fig. 17a). When the strain rate was decreased
to 3x10? s, extensive grain boundary sliding along with
somewhat elongated grains was observed (Fig. 17b). Further,
some fibers developed between slid grains or on cavities. At a
strain rate of 1x102 s?, extensive grain boundary sliding,
considerable grain elongation, and the development of more
fibers between slid grains became increasingly evident (Fig. 17c).
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At a low strain rate of 3x103 s, extensive grain boundary sliding
and significant grain elongation resulted in the formation of strip
or ribbon-like surface topography (Fig. 17d). The topography
developed at 470°C was similar to that at 480° C and was
characterized by extensive grain boundary sliding and remarkable
grain elongation (Fig. 9e). At 470°C, no fibers were detected (Fig.

of) [50].
4, Conclusions

This review aims to outline the current joining of dissimilar
aluminum alloy by Friction stir welding with a number of specific
issues discussed including the FSW process, the application of
weldability of dissimilar aluminum alloys, macro and
microstructure, mechanical properties of FSW joint. A solid state
welding process, is considered to be potentially a viable route for
joining of aluminum alloys. Its potential benefits in cost
reduction, joint efficiency improvement, and high production
accuracy make it even more attractive for the non-weldable series
AA2xxx, AABxxx and AA7xxx. However, the maturity of using
this joining process to weld dissimilar aluminum alloy are still at
an early stage in research and has not yet been fully implemented
in industry. The mechanical properties of Al-alloys joined by
FSW are largely dependent on the combined effect of chemical
composition and the FSW processing conditions. Therefore, the
mechanical performance of FSW joints should be evaluated
accordingly. Early researches showed that FSW is a potential
welding process to achieve defect free joints of Al-alloys. There
is a clear need for more efforts to understand the effect of FSW
on these materials in adequate depth to meet design and
production requirements. For instance, there is a need for
systematic studies which take into account the effects of
reinforcement percentage and types of reinforcement on joint
efficiency. More work is needed to understand the performance
of FSW joint of such as AA2124 and AA6092 as base matrices
for different reinforcement percentages. Also there is a need for
joining Al-alloys to other materials rather than monolithic
aluminum alloys such as magnesium alloys, a new candidate
material for aerospace application.
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