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Abstract Aluminum alloys are used in many applications in which the advantages
of high strength and low weight have a significant impact, industries such as; ship
building, aviation, and transportation industry [1]. Friction stir welding (FSW) is a
new non-flammable welding technique particularly well suited to aluminum alloys,
though this technique is also used for other materials. Friction stir welding promises
joints with low defects, fine microstructures, minimum phase transformation and
low oxidation compared to conventional welding techniques [2]. Experiments for
tensile and deflection tests were carried out and reported in this research paper. The
base material used for friction stir welding was the similar AA 50833 Aluminum
alloy. The material hardness has been tested to confirm the theory that the hardness
increased with increase as the rotational speed of the tool increases, but decreases
after attaining marginal speed. Deflections of friction stir welded specimens and
base materials were compared and they exhibited almost similar trends at different
spots in the welding nugget, heat affect zone and thermal material affected zone of
all the specimens [3–5].
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1 Introduction

In 1991, an organization of experts in welding training known as the Training
Welding Institute (TWI) introduce a new type of joining method which is solid state
joining or more known as the Friction Stir Welding (FSW) method. The FSW
method uses a rotation body movement as a tool to join two separate materials
without letting the metal itself melt by the heat. The input heat is created by friction
forces between the tool and materials which leads to the joining area becoming a
plastic region and the two materials are blended into one material by the FSW tool,
as seen in Fig. 1. It is because of the two softened material due to the raised
temperature can be joined using tools by applied the mechanical pressure from
milling machine. It is primarily used on aluminums that require increased weld
strength without a post-weld heat treatment. Currently, there is lots of research that
has been conducted on FSW to find the optimum parameters for best joining
between two pieces materials. The joining type is commonly used in all joining
types of welding is the butt joint. The studies consisted of making a lap joint on the
two aluminum plates AA5083 with using the treaded probe by using the conven-
tional milling machine. The specimens are welded checked to ensure the heat
affected the hardness after completed welded of FSW lap joint. The FSW param-
eters’ are selected by using heat input calculator to estimate the best heat input
toward the parameters’ limitation of the conventional milling machine. The jointed
plate are inspected by visual welding inspection using EN ISO 5817 Standards.

2 Methodology

2.1 Base Materials

The base material used for FSW in this particular study is an aluminum alloy as the
joining material. Marine grade aluminum AA5083 was selected because of its
properties are valuable for the shipbuilding industry which are lightweight, a dur-
able material, have corrosion resistance, and moderate high strength. Other than

Fig. 1 The schematic diagram of FSW lap joint
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that, as shown in Fig. 2, Aluminium Alloys 5083 commonly use in joining the plate
in lots of heavy industry such as rail cars, vehicle bodies, and pressure vessels.

Tables 1 and 2 show the chemical and thermal properties which must be con-
sidered as each element may affect the material properties when joining during
FSW.

The American Bureau Shipping (ABS) rules and regulations for FSW applica-
tion method state that a minimum dimension of 4 mm � 150 mm � 500 mm is
required for each FSW specimen. As shown in Fig. 3, the material is prepared
following the minimum dimensions because of the limitation of jig installation on
the milling machine.

Fig. 2 Sample of joining major component structure in shipbuilding

Table 1 Chemical properties

Element Si Fe Cu Mn Mg Zn Ti Cr Al

% Present 0.4 0.4 0.1 0.4–1.0 4.0–4.9 0.25 0.15 0.05–0.25 Balance

Table 2 Thermal properties SI unit

Specific heat capacity 0.9 J/g-°C

Thermal conductivity 117 W/m-K

Melting point 591–638 °C

Solidus 591 °C

Liquids 638 °C
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2.2 Tools

The tools are one of the crucial parts in FSW as they affect the material combi-
nation, the microstructure, and heat generation. During the studies, the tools
parameters were selected as Mild Steel A370 cylinder bar shape. The carefully
chosen geometry for the probe are cone tread to make the probe drill into the lap
joint without applying additional pressure forces. The dimension of tools’ shoulder
are 20 mm in diameter and the probe are 5 mm in diameter as shown at Fig. 4.
According to heat generation equations, the selected of tools’ shoulder diameter
will affect the heat generation.

2.3 Equipment

The machine preparation phase is the most crucial phase for the welding process.
Therefore, to find the suitable rotation speed and travel speed to weld the alu-
minium plate using the FSW process, the trial and error process was undertaken.
This trial and error process must meet the conditions of the tools and aluminium

Fig. 3 The ABS minimum requirement for FSW

Fig. 4 Tools parameters and geometry
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plates welded and within all ranges of the travel speed and rotation speed calcu-
lated. Based on the analysis of the conventional milling machine, the machine can
actually be converted to run the FSW process but has some of limitations on the
numbering of rotation speeds and travel speeds. The parameters have been selected
are shown in Table 3 below.

The FSW process requires some initial runs with the aluminium A5083 plate
according the American Bureau of Shipping (ABS) regulations during the welding
phase [6]. For the FSW process, the best manipulated variables were selected based
on the trial and error experimental results as shown in Table 4.

After the welding, the specimens were cut into seven pieces as shown in Fig. 5.
The locations are define in the Weld Procedure Qualification (WPQ) issued by
American Weding Society (AWS). For the hardness testing, area Nos. 3, 4 and 5
were selected as qualified to be tested.

Table 3 FSW parameter based on machine limitation

No. Parameter Set 1 Set 2

1 Rotation speed (RPM) 960 1240

2 Travel speed (mm/min) 24 32

3 Shoulder diameter (mm) 20

4 Material AA5083 + AA5083

5 Tilt angle 3°

Table 4 FSW specimen

Set Rotation speed (RPM) Travel speed (mm/min)

A1 960 24

A2 1240 32

B1 960 32

B2 1240 24

Fig. 5 The location of specimens [7]
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3 Result

3.1 Tensile Result

The tensile properties of the FSW specimens were measured in the longitudinal
rolling direction at room temperature, transverse to the welding direction. As seen,
the ultimate tensile strength (UTS) increases gradually with the increasing of the
rotation speed of tools, up to a certain point, and then decreases by scales rate. The
maximum UTS of 48.6 MPa is obtained at a rotation speed of 960 rpm and travel
speed of 24 mm/min. The balance of the rotation speed and travel speed must be in
the balanced ratio to ensure the strength in the UTS value range. When the travel
speed beyond its peak value, the weld strength gradually decreases until the weld is
no longer accepted by ISO standards [8].

It is also discovered that the FSW process softens the material to make a
combination of the present alloy in each material. As seen at Fig. 6, the vibration of
the FSW specimen during the tensile test shows the mixing of the elements are the
proofing that the material are mixed together in solid state. It also shown in the red
circle, the weld bead is able to absorb energy during elongation which causes the
vibration seen in the graph.

Based on the results, the UTS results can be divided into two different catego-
rizes, the differences of high rotation speed and low speed rotation speed. In the low
rotation speed, the UTS for A1 which parameters are 960 rpm and 24 mm/min, is

Fig. 6 UTS result for one sample of FSW specimen lap joint
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the highest, meanwhile for high rotation speed, the value of the UTS is highest for
1240 rpm and 24 mm/min based on the graph on Fig. 7.

Whenever the travel speeds are unbalanced with the rotation speeds, the
decreasing of UTS are solidly proven by Fig. 7. The travel speed of 32 mm/min is
the lowest in both rotation speeds, whether considering 960 rpm or 1240 rpm.
The UTS can be improve by increasing the rotation speed if the travel speed of
32 mm/min still needed to be in use.

3.2 Hardness Result

The results were obtained from five different positions from each specimen as
shown in Fig. 8. The hardness measurement was taken at the parent’s metal section,
heat affected zone (HAZ) section, and stir zone section. This is to determine the
differences between the hardness of base material, the weld bead shoulder and the
weld bead.

It can be observed that the position 2 and 4 are heat affected zone (HAZ) section
as these positions have the most hardness in the plate. This is due to the thermal
effect that annealing the microstructure of the aluminum plate while releasing the
shear stress caused by the plastic material flow during the FSW process (Fig. 9) [9].

The highest hardness for the HAZ section was specimen A1 at position 2 (ad-
vancing side) with 31.2 HRB rather than the HAZ on position 4 (retreating side).

Fig. 7 Tensile strength
versus specimens

Fig. 8 The hardness position
based on the thermal zone
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The advancing side will have a higher hardness value as the heat generated is on the
advancing plate. In addition, the parent’s metal has almost the same hardness
because of the distance of the section from the focusing heat generation at the weld
bead (i.e., position 1 and 5). At position 3, as known as the weld joint, the
decreasing hardness result because the material suse the heat to transform its state
from the solid to the plastic state. At this point, the focusing friction heat is
exceeding the aluminum alloy heat capacity and thus the aluminum alloy changes
its form [10]. Moreover, the tool’s pin mixed the material together to fuse the
material. Therefore, the heat cannot precede any material hardening process.

4 Conclusion

To conclude, we note that the tensile strength is dependent on the balance of
rotation speed and travel speed. Therefore we can conclude that the strength of a lap
joint is based on the percentage of mixing material in the joining area. The heat
input that had been supplied to the jointing area of material A into material B must
be exceeding the heat capacity of both materials. Besides that, the tensile strength is
dependent on the balance of the rotation speed and travel speed. Therefore we can
conclude that the strength of a lap joint is based on the percentage of mixing
materials on the joining area. The heat input that has been supplied into the joining
area of material A into material B must be exceeding the heat capacity of both
materials. The maximum hardness was at the weld bead shoulders for all specimens
tested and it was found that the hardness plot trend of the FSW process was same
for all specimens. The heat capacity of a material also must be considered as the
austenite transformation consumers a certain amount of heat to complete the pro-
cess. Other than that, the travel speed as well as the heat conveyor also must be
considered to avoid the excessive heat toward the material. The effect of excessive
heat of heat capacity at the cross section of welding spot will nit reform its alu-
minum microstructure itself, but also the plate at its melting point.

Fig. 9 HRB value VS
Position on Weld Bead
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