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ABSTRACT 

Aluminum alloy was a material widely used in the fields of engineering but not easily connected by welding 
process. In this research experiments conducted using friction stir welding (FSW). This study aims to analyze the resulting 
mechanical properties as well as studying the effect of welding parameters i.e. shoulder diameter, round tool, and speed in 
welding (feeding) in the friction stir welding on aluminum material AA 5052. The mechanical properties was analyzed 
include tensile strength and bending strength of results welding. Best mechanical properties are on the tool with a shoulder 
diameter of 17.8 mm the highest tensile strength at 1300 rpm with a feeding rounds of 50 mm/min at 222.1 MPa and the 
highest of bending strength at 1300 rpm with a feeding round 208 mm/min at 422.6 MPa, With a smaller shoulder 
diameter, round and proper feeding friction and forging processes that occur while welding gives smaller influence on the 
decline in good mechanical properties in the material to be joined. 
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INTRODUCTION 

The joining method of welding has been widely 
used in the connecting rods, general construction and 
construction machinery. In 1991 held at The Welding 
Institute (TWI) United States, have found a method of 
grafting a solid metal with a welding method of friction, 
called the method of Friction Stir Welding (FSW), which 
in welding the two metals joined by heat generated by a 
tool rubbing with the workpiece to be joined [1]. 
Aluminum is a material that is widely used in the 
construction field. There is one kind is the type of alloy 
AA 5052. The mechanical properties of aluminum were 
strong and resistant to corrosion. The aluminum was the 
most widely used in the construction sector. In general, 
this is done by connecting aluminum TIG and MIG 
welding process. However, both of these processes allow 
the formation of defects such as porosity and deformation. 
This was due to welding temperature occurring very high 
levels can exceed the melting point of the material. To 
minimize this is a way that can be used to connect weld 
aluminum with a temperature below the melting point of 
aluminum.  

The process of friction stir welding is a welding 
process that can connect welding metal with a low 
temperature below the melting point of the material so that 
it can be used for connecting aluminum. However, it was 
found that when compared to welding methods such as gas 
welding, TIG and MIG, FSW have differences in terms of 
the mechanical properties of the weld. Variations on the 
rotation tool, feeding and shoulder diameter or friction 
welding field where the heating takes place can lead to 
changes in the value of the weld strength and hardness. 
Therefore, it is necessary to obtain the value of rounds, 
feeding and shoulder diameter to produce good 
mechanical properties in the weld. 
 
 
 

FRICTION STIR WELDING 
Friction Stir Welding is a welding method 

including friction welding, wherein the process requires no 
filler or certain additives and fillers of heat generated to 
melt the metal work by the friction of the rotating object 
(pin) with a stationary workpiece [2]. Pin rotating at a 
constant rotational speed is touched to the work material 
that has been seized, the friction between the two objects 
produce heat up to 80% of the melting point of the 
material and further work is emphasized and the pin is 
pulled in the direction of the area to be welded [3]. The 
rotation of the pin can be unidirectional or reverse 
clockwise. The Pin used must have the hardness and high 
melting point compared to the material to be welded, in 
order to weld pin is not damaged and participate melt 
material when welding work so that the weld was better 
[4]. Welding by FSW method can be used to connect the 
same or dissimilar material such as steel, stainless steel, 
brass and aluminum with allowing other weld material 
combinations which cannot be welded with other welding 
methods. Parameters used must be adjusted such that a 
reduction in the volume of the pin when it comes to 
friction with work material can be minimized. It aims to 
maintain a constant heat input welding along [5]. 
Advantages in this welding process is not require filler 
material and energy inputs are low so that more economic. 
The shortage of this process is the tool being used 
vulnerable to damage because it operates at a high enough 
temperature and therefore required to use the tool of the 
material is strong and heat resistant. 

Technically, the working principle of FSW 
welding is like in Figure-1. The friction tool, which is 
equipped with two objects pin, will continually generate 
heat, resulting in the local heat that is able to soften and 
connect two such objects [6]. It became a fundamental 
principle of the creation of a friction welding process in 
the friction stir welding process. Tool moves at a constant 
speed and moves transversely along the line of welding. 
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Figure-1. Process of friction stir welding [6]. 
 
EXPERIMENTAL METHOD 

Welding process is done by using a milling 
machine. The tool used was a tool formed with a lathe as 
in Figure-2. The material to be joined is aluminum alloy 
AA 5052 with 4x85x200 size. The workpiece is clamped 
using a clamp vice.  The tool was rotated and penetrating 
into the workpiece. Experiments carried out by doing 
some initial experiments in order to obtain study variables 

such as the value of the round and feeding tool that can be 
used to connect the material and further testing the 
mechanical properties of the weld which includes tensile 
testing, bending, hardness and SEM. There are two sizes 
of shoulder diameter that is used is 17.8 mm and 25 mm 
with a round that can be used is 855 rpm, 1300 rpm and 
1950 rpm while feeding large 50 mm/min, 135 mm/min, 
208 mm/min. 

 

 
 

Figure-2. Dimension of tool. 
 

 
 

Figure-3. Dimension of tool. 
 

After the welding process, further cutting the 
workpiece and moulded to make test specimens tensile 

and bending test. The shape and size of the specimens are 
shown in Figure-4.  
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Figure-4. Specimen for tensile test and bending test. 
 
RESULTS AND DISCUSSIONS 

The mechanical properties of the weld were an 
important factor that determines the quality of the welding 
connection. The mechanical properties of FSW welds on 
aluminum alloys (AA 5052) such as tensile and bending 
strength of the material weld results can be explained as 
follows. 

Tensile Strength 
Results of research shows the tensile strength of 

FSW results on Aluminum AA 5052 for the variation of 
rotation, feeding and two shoulder diameter of the tool, 
which can be seen in Figure-5. 

 

 
(a) 

 

 
(b) 

 

Figure-5. FSW result of tensile strength for shoulder diameter of a) 17.8 mm and b) 25 mm. 
 

From Figure-5, the tensile strength of welding 
results showed a tensile strength in contrast to the 
variation of rotation and feeding as well as the diameter of 
the tool shoulder. The highest tensile strength for shoulder 
diameter of 17.8 mm by 222.1 MPa was obtained at 1300 
rpm with a feeding rounds of 50 mm/min with the 

achievements of the percentage of the tensile strength for 
base metal by 85% while the lowest tensile strength of 70 
MPa was obtained at 1950 rpm rotation with feeding 208 
mm/min with the achievements of the percentage of the 
tensile strength for base metal by 26%. Diameter 25 mm to 
shoulder the highest tensile strength of 213.4 MPa was 
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obtained at 855 rpm with a feeding rounds of 50 mm/min 
with the achievements of the percentage of tensile strength 
for the base metal by 82% while the lowest tensile strength 
of 83.4 MPa was obtained at 1300 rpm rotation with 
feeding 135 mm/min with the achievements of the 
percentage of the tensile strength for base metal by 32%. 
Decrease in strength occurs with the addition of welding 
speed or feeding because the feeding of high agitation and 
material connected unification not occur optimally, 
resulting in the two metals cannot be used to perfection. In 

addition to the high welding speeds produce welding 
defects in the weld metal surface such as cracks and small 
holes, causing the tensile strength decreased. 
 
Bending strength 

The results show that the bending strength gained 
from FSW aluminum AA 5052 with a variation of the 
round, feeding and two shoulder diameter tool can be seen 
in Figures 6 and 7. 

 

 
(a) 

 

 
(b) 

 

Figure-6. FSW result of face bend for shoulder diameter of a) 17,8 mm and b) 25 mm. 
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(a) 

 

 
(b) 

 

Figure-7. FSW result of root bend for shoulder diameter of a) 17, 8 mm and b) 25 mm. 
 

From Figures 6 and 7, bending strength of face 
bend show with three variations of rotation and feeding 
were provided as well as two diameters of shoulder, 
bending strength high of 422.6 MPa are round 1300 rpm 
with the feeding 208 mm/min and a diameter of shoulder 
17.8 mm. The bending strength lowest was 1950 rpm 
rotation with feeding 208 mm/min and a diameter of 17.8 
mm shoulder is equal to 18.3 MPa. The highest percentage 
of bending strength against bending strength the base 
metal is 106.98% while the lowest was 4.76%. While the 
root bend bending strength showed the highest bending 
strength 420.9 MPa contained on rotation 855 rpm with 
the feeding of 135 mm/min and shoulder diameter of 25 
mm. The bending strength lowest was 1300 rpm rotation 
with feeding 208 mm/min and a diameter of 17.8 mm 
shoulder is equal to 20.2 MPa. The highest percentage of 
bending strength against bending strength the base metal is 
109.56% while the lowest was 5.26%. Low bending 

strength due to the high rotation experiencing greater heat 
input so it can reduce bending strength welding results. 
The value of bending strength specimens welding results 
was greater than the base metal due to the formation of the 
optimal tacking while welding. 

This experiment can also be performed to 
calculate the power consumption for the welding process 
as well as was done by Nur et al [8]. They were analyzed 
the use of power consumption in the turning process of 
aluminum alloys. 
 
CONCLUSIONS 

Research has been performed on welding friction 
stir welding (FSW) aluminum AA 5052 using the round 
(855, 1300 and 1950 rpm) and feeding (50, 135, 208 mm 
/min), as well as the size of the tool shoulder diameter 
(17.8 and 25 mm), it can be concluded: 
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 Related to the Mechanical properties of the weld, 
better results was obtained in the testing of tool 1 with 
a shoulder diameter of 17.8 mm 

 The highest tensile strength of 222.1 MPa and 213.4 
MPa was obtained at feeding rounds of50 mm/min for 
different speed of 1300 rpm and 855 rpm.  

 The highest bending strength of to 422.6 MPa and 
410.2 MPa was obtained at different speed (1300 and 
855 rpm) and feeding (208 and 50 mm/min). 
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