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Friction stir welding technique is considered to be the newly developed technique which was aimed at
welding soft metals. The initial focus of this welding technique was on welding similar aluminium alloys.
The focus expanded and included the dissimilar alloys and materials. This paper reports on the quality of
the joint formed when 1050-H14 and 5083-H111 aluminium alloys were friction stir welded. The con-
verted milling machine was utilized in performing the welding. The welded joint was then analysed in
comparison with the parent materials. The correlation between the microstructural observations and
the mechanical behaviour of the joint is thoroughly discussed in the main text of this paper.
� 2019 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 10th International Con-
ference of Materials Processing and Characterization.
1. Introduction The objective of this paper is to evaluate the mechanical prop-
Friction stir welding (FSW) is considered to be a fairly new
welding technique which was developed to weld soft materials like
copper and its alloys, aluminium and its alloys, etc. [1,2]. These soft
metals were difficult to weld using the traditional welding tech-
niques due to their low melting temperatures. The development
of friction stir welding came as a solution mitigating this challenge
[3]. Most of the early work that was reported around this tech-
nique involved the welding of similar materials and alloys [4,5].
Later, the technique was tested in welding dissimilar materials
[6–8]. This involves two different materials or two different alloys
[9,10]. The use of FSW in joining dissimilar materials is a subject
that is currently under investing. There are couple of works that
have performed in this area. The majority of the work on dissimilar
materials involved the alloys that are not far apart from each other
[11–13]. The recent works are now focusing on the optimization of
FSW technique to weld dissimilar alloys that are widely apart from
each other [14]. The welding of dissimilar alloys that are widely
apart from each other require some certain welding parameters
combinations and these combinations are different from the ones
used in welding dissimilar alloys that are close to each other. There
are numerous investigations that are being conducted in finding
the different welding parameters combinations that are relevant
to different dissimilar alloys [15,16].
erties of the friction stir welded widely apart aluminium alloys.
In this study, the widely apart aluminium alloys used were 1050-
H14 and 5083-H111.

2. Experimental procedure

The guillotine cutting machine was used to cut aluminium alloy
1050-H14 and 5083-H111 plates into 70 � 530 mm dimensions.
The semi-automated milling machine was used to perform the
welding of AA1050-H14 and AA5083-H111. The high carbon
steel (H13) was used to manufacture the welding tool which was
then heat treated to about 50HRB. The tool had a triangular
threaded pin profile with a shoulder diameter of the 20 mm shoul-
der and the pin diameter of 6 mm. The length of the pin was
5.8 mm. The whole setup and the performance of friction stir weld-
ing is shown in Fig. 1. The tool rotational speed was set to be
1000 rpm while the clamped work pieces traversed with the speed
of 30 mm/min. The tool tilt angle was set to be 2�. The chemical
composition of the materials used in this study is shown in
Table 1 [17].

The sample of the produced weld is shown in Fig. 2. The water-
jet cutter was used to cut the dog-bone shaped tensile test speci-
mens (shown in Fig. 3) perpendicular to the FSW progression
direction. The specimens were cut in this fashion so as to ensure
that the gauge length is located in the nugget location. The similar
approach was used to cut specimens used for microstructural anal-
ysis. The waterjet cutter was chosen because it does not involve
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Fig. 1. Semi-automated milling machine.

Table 1
Chemical composition of AA1050-H14 and AA5083-T111 (wt%).

Material Si Fe Cu Mn Mg Cr Zn Ti Al

AA1050-H14 0.10 0.29 0.01 – 0.02 – 0.01 0.02 Balance
AA5083-T111 0.14 0.20 0.01 0.65 4.62 0.10 0.01 0.01 Balance

Fig. 2. Sample of the FSW joint.

Fig. 3. Tensile test specimen.
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temperature during cutting. The optical microscopy was used to
analyse the microstructure of the nugget zone. The fracture analy-
sis was performed on the post tensile test specimens through the
use of Scanning Electron Microscopy (SEM).
Table 2
Tensile test results.

Specimen Ultimate tensile strength (MPa) Percentage elongation

A 50.67 8.4
B 66.47 11.34
C 63.19 11.4
BM1 104.89 6.6
BM2 326.75 26.7



Fig. 5. Microhardness profile for specimen C.
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3. Results and discussions

It should be noted that the friction stir welded joint had a start,
middle and ending points and the specimens were cut in that
order. The specimens cut in the start position were labelled A while
B and C were indicating middle and the ending positions. The pre-
sentation of all results followed this particular fashion. It should be
noted again that the welds were analysed in comparison with the
base materials. The 1050-H14 base metal is referred as BM1 while
5083-H111 base metal is BM2.

The tensile test properties of the weld and base metals are pre-
sented in Table 2. The ultimate tensile stress (UTS) for the speci-
mens extracted from the welded region were found to be the
lower than the base metals (BM1 and BM2). The specimen B and
C were considerable higher than the specimen A. The specimen B
and C were found to be more ductile compared to specimen A
and base metal 1050-H14. This ductility is judged from the per-
centage elongation of a material [18,19]. However, the ductility
of base metal 5083-H111 was found to be relatively higher com-
pared to all the specimens. The properties of the specimen A were
observed to be lower than specimen B and C. This behavior is sug-
gested to be caused by the insufficient heat input occurring at the
beginning of the weld.

The fractured specimens from tensile testing were prepared for
SEM analysis. Fig. 4 shows the fractured surface for BM1 and BM2
against specimen C. There was no difference in surface morphology
between the fractured surfaces extracted from different locations of
the weld hence only one weld specimen is presented against the
base metals. All the specimens show a cup like dimpled fracture
which is an indication of ductile failure mode [18,19]. The size of
the dimples for the weld and the base metals was measured to be
in the range between 6 mm and 22 mm. This suggests that the joint
formed by ductilemetals is also ductile. So the ductility of themate-
rials was not affected post welding even though there were some
variations that were shown by the tensile elongation percentage.

The Vicker’s microhardness profile of the specimen C is shown
in Fig. 5. The measurement was taken from the center to either
sides of the specimen and this measurement was located 3 mm
Fig. 4. Micrograph of the base metals and the welded specimen C.
Fig. 6. Optical metallography images of (a) AA1050 base metal, (b) AA5083 base
metal, (c) the stir zone.
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from the root face of the sample. The indentation load used for the
microhardness was 300 g. The Vicker’s hardness for AA5083-H111
is about 80 while AA1050-H14 has the value of about 40. There is
notable decrease in hardness value from the side of AA5083-H111
which then followed by the drastic increase towards the center of
the weld. There is a notable decrease in hardness value from the
center of the weld towards the side of AA1050-H14 and thereafter
a sharp increase is noted towards the end of the weld. This beha-
viour suggests that the AA5083-H111 side was dominated by
AA1050-H14 while AA5083-H111 dominated the side of AA1050-
H14 post welding. This behaviour further indicates that the grain
size of the weld towards the AA1050-H14 are smaller than those
dominating AA5083-H111 side [17].

The optical metallographic images for AA1050-H14 base metal,
AA5083-H111 base metal and stir zone are depicted in Fig. 6. The
average grain size for AA1050-H14 were measured to be approxi-
mately 30–40 mm while the average grain size for AA5083-H111
was in the range of 6–8 mm and these ranges are in correlation with
the values available in the literature [17]. The stir zone average
grain size was measured and it was ranging between 6 and
11 mm. This range is not far off from the AA5083-H111 base metal.
The morphology of the stir zone shows features similar to the mor-
phology of AA5083-H111 base metal with some elongated whitish
structures in between. The elongated whitish structures are the stir
precipitates of AA1050-H14 that was pulled towards the AA5083-
H111 side. These are the same structures that are normally catego-
rized as the onion rings [4,9,12,13].

4. Conclusions

The friction stir welding was successfully performed on using
1050-H14 and 5083-H111 dissimilar aluminium plates under nor-
mal environmental conditions. The welded plates were analysed
mechanically and microstructurally. The tensile properties of the
joint were found to be higher than the tensile properties of
AA1050-H14 base metal but lower than the properties of
AA5083-H111 base metal. The microhardness of the stir zone
was found to be higher than the AA1050-H14 base metal but at
the same range with AA5083-H111 base metal. The grain size of
the stir zone was in the range close to the AA5083-H111 base
metal. The morphology of the stir zone also was similar to the
one for AA5083-H111 base metal. The results for microhardness
were found to be in agreement with the tensile properties.
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