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Abstract

Friction Stir Welding (FSW) was promoted as new welding
method, a cheap and eco-friendly welding with good quality joint.
Aluminium Alloy used widely in industries, including marine
industry. AA 5XXX and 6XXX series are materials used for
shipping manufacture and offshore construction, because of its
corrosive resistant and good strength properties after joining.
Similar butt joint welding using the FSW method for a number of
aluminum alloy series AA 5052, AA 5083, AA 6061, AA 6063.
Welding samples were made using AWS standards and then given
radiographic testing to determine the general condition of the
welds. Then a tensile strength test was carried out using a
ZwickRoell tensile testing machine and a hardness test using a
micro hardness Vickers Buehler with ASTM standards on the
welding results to analyze the mechanical properties of the welded
joint zone, as well as compare each result and get the ratio of the
quantity of mechanical properties of the joint results the weld to
the base material. After that, the results and discussion were
obtained that the weld area showed different mechanical
properties for each series of aluminum alloys. The value of the
tensile strength when compared to the tensile strength of the base
metal is around 60-75%, while the hardness value is around 75-
80.6 HV for all the welded samples.
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1  Introduction

Welding is a joining process that utilizes heat energy between
two or more parts of materials, which can be similar or dissimilar.
Welding has an important role in the engineering and repair of
materials, which generally are metallic. So this makes it one of the
supporting factors for the industrial, especially industries that use
metal or like as the main material for production. And the marine
industry is one of the producers that use a lot of metal as a
production material, mainly aluminum metal or its alloy
(Aluminum Alloy).

Aluminum Alloy has many series of types, and with different
properties and uses. One of that is often used in the marine
industry is the 5XXX and 6XXX series. The 5XXX series
aluminum alloy is a type of aluminum alloy series which generally
has a dominant composition of magnesium and chromium
compared to other alloy compositions. Meanwhile, the 6XXX

series is generally combined with magnesium and silicon as the
dominant elements.

Friction Stir Welding (FSW) research on Aluminum Alloy has
been carried out, including comparative studies of residual stress
and mechanical properties of FSW and TIG welds on structural
steels [1]. Study of tool rotation speed and welding speed on
mechanical properties of welded aluminum alloy with the FSW
welding process [2]. Research on the effect of tool parameters on
mechanical properties, temperature, and force generation during
FSW [3]. Research to evaluates the welding results between AA
5083 and AA 6061 with the FSW process, which aims to
determine the effect of the process parameters and their
optimization on the quality of the welds and the formability of the
material after the FSW process [4]. Research about the effect of
process parameters on the welding of two different series of AA
materials AA 6061 and AA 7075 was also carried out [5]. The
experimental study on FSW between AA 6061 and AA 5083 using
the Taguchi technique [6]. Then research [7] conducted an
experimental FSW study of AA 5058 and AA 6061, measuring the
relationship between tool rotation speed, welding speed, and tool
angle, with the aim of analyzing the effect of FSW process
parameters on the test response. Furthermore, research on the
analysis of mechanical properties differences in AA 5083 welding
which is distinguished by the position of the welding direction,
parallel direction and perpendicular direction to the material roll
[8].

Research on friction spot welding of dissimilar AA 6063 and
AA 5083 [9]. Experimental study on the hardness and fatigue
behavior in joining of AA5083 and AA6063 by FSW method [10].
Mechanical properties of AA 6063 joined by FSW method and
tungsten inert gas welding [11]. Research on the effect of friction
stir welding on microstructure and mechanical properties of AA
6063 [12]. Research on the effect of tool pin profile on mechanical
and microstructural properties of friction stir butt and scarf welded
of aluminum alloy 6063 [13]. The study investigated the
weldability of AA 5052 by underwater friction stir welding [14].
Experimental study of weld defects and mechanical properties
during underwater FSW welding of AA6061 - AA6063 [15].
Research on the effect of FSW welding parameters on the
microstructure and mechanical properties of 6061 aluminum alloy
joints [16]. Research on the mechanical properties of AA7075-
AA5182 joined by the FSW method [17]. Research on the
mechanical properties of friction stir welding results of AA5083-
AAG6061 [18]. Research investigated the effect of tool offset on the
mechanical properties of AA6061-T6 and AA7075-T6 joint in
parallel FSW welding process [19]. Experimental study of friction
stir welding of AA 6061 [20].

The marine industry certainly requires welding activities. So
far, various welding methods have been applied, including the
FSW welding method, which has been widely used for welding in
the marine industry because it is relatively better and
environmental friendly when compared to other welding methods.
Aluminum Alloy material series 5 and 6, generally widely used in
the marine industry. This type of alloy has good mechanical
properties such as high tensile strength and corrosion resistance,
which makes it often applied to shipbuilding and offshore
construction.

Regarding the mechanical properties, a problem is found, how
the value of the tensile strength and hardness of the results of
similar welded joints from aluminum alloy series AA 5052, AA
5083, AA 6061, AA 6063. So it is necessary to conduct a research
to analyze the mechanical properties of the welding of that four
series of aluminum alloys. Thus, the purpose of this study is to
analyze the mechanical properties of the results of similar welding
on several series of aluminum alloys that are widely used in the
marine industry, as well as to compare each result and be able to
determine the quantity ratio of the mechanical properties of the
welded joint to the base material.
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2 Research Methods

Aluminum alloy series AA 5052, AA5083, AA 6061, AA
6063 is used in this research, with thickness 5mm for each of
them. Friction stir welding process uses a milling machine with
parameters feed rate of 21 mm/minute, tool rotation of 910 rpm,
tilt angle of 0°. As for the pin tool used is AISI H13 steel with a
shoulder diameter of 20 mm and depth of 5 mm, and the indent
depth reaches 4.6 mm. FSW is carried out by applying the AWS
D17.3/D17.3 M:200X standard. Then the results of the welding
are given radiographic testing to determine the general condition
of the welds. After that for mechanical testing of tensile strength
using a ZwickRoell tensile testing machine by applying the ASTM
E8M-04 standard and hardness testing using a Vickers Buehler
Microhardness tool by applying the ASTM E384-69 standard.

After carrying out welding and testing, the results of the test
value are obtained, and then processed in such a way to be data
that will be analyzed and discussed. At the end, from the results
and discussion, conclusions are drawn. In generally, the flow of
this research is shown by the following flowchart.(Fig. 1)

Introgjuctlon R Resear(_:h
and Literature preparation
|
Welding o -
Friction stir
h
result_s and welding
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Radiog_raphic > Meche_lnical
and visual testing
Discuccion ¢ Dgta
and processing and

Fig.1. Flowchart of Research Methods

3 Results and Discussion

3.1  Friction Stir Welding

After the friction stir welding process is carried out, the results
are obtained as below. Furthermore, this sample will be analyzed
first to see if there is significant defect, either outside or inside the
weld, before we make specimens for mechanical testing in
accordance with the applicable standard of testing rules / SOP.
The welding results for AA 5051 and AA 5083 are as shown in
Fig. 2 and 3. It can be seen clearly that the welding results
obtained are quite good and there is no major defect.

rﬁ-

Fig. 2. Welding Results of AA 5051

Likewise, the results of AA 6061 and AA 6063 welding are as
shown in Fig. 4 and 5. The results can be classified as quite good
and there is no significant defect that can be seen. So, that welding

results can be continued to the radiographic testing to check the
conditions in the weld.

Fig. 3. Welding Results of AA 5083

If the radiographic results are deemed well enough, it can be
proceed to the mechanical testing, otherwise the welding will need
to be repeated.

Fig. 4. Welding Results of AA 6061

Fig. 5. Welding Results of AA 6063

3.2  Radiography

Radiography testing is needed to detect a defect possibility in
the weld area, which is a non-destructive test. Here are the results
of the radiography.(Table 1)

Table 1. Radiography Results
Type 5052 5083 6061 6063

Root defect - - - -
Crack - - - -
Incomplete - - - -
Penetration
Incomplete fusion \ \ \ \
Defect - - - -
Reject - - - -

From Table 1, it can be seen that for welding AA5052, AA 5083,
AA 6061, AA 6063, there are no serious indications that indicate
damage or defects in the weld results, even though there are
indications of incomplete fusion. Thus, this does not make it a
sample/welding result that must be rejected, or in other words this
acceptable. So because of the radiographic results show that all
welding samples are classified as good or acceptable, the welding
samples can be continued to the mechanical testing.

3.3 Tensile Strength

The tensile test aims to know the tensile strength of the
material weld area. Fig. 6 is the data on the average tensile test
results at the maximum point (break point) for each sample of
aluminum alloy, which is presented in graphical form
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Fig. 6. Graph of Maximum Tensile Strength Value (Break Point)

The graph above shows that the tensile strength of weld results
for each series of aluminum alloy is different. If we pay attention
to AA 5083, it is the one that has the highest tensile strength value
of weld results, which is 239.8 MPa. Compared to the value of the
tensile strength of AA 5083 material itself which is 317 MPa, the
value of the tensile strength in the weld area has a ratio about 75%
of the value of the material tensile strength. From this result, it can
be said that FSW welding on the AA 5083 is quite effective and
optimal.

The result of welding AA 5052 is 192.7 MPa. That value is
about 66% of the maximum tensile strength value of AA 5052
material which is 291 MPa. Then for AA 6061 material has a
tensile strength value in the range between 290 MPa, so based on
the tensile strength value of AA 6061 welding as shown in the
graph above, the ratio is about 62%. After that, the last one is AA
6063. The tensile strength value of AA 6063 welding shows data
that the tensile strength is 110.8 MPa, which is compared to the
strength of the base metal, the ratio is about 60%. Tensile Strength
Comparison of Weld Area and Base Metal is shown in Table 2.

Table 2. Tensile Strength Comparison of Weld Area and Base
Metal

Aluminum Alloy Weld Area Base Metal
AA 5052 192,7 MPa 291 MPa
AA 5083 239,8 MPa 317 MPa
AA 6061 179,5 MPa 290 MPa
AA 6063 110,8 MPa 186 MPa

The tensile test results obtained in this research are also in line
with other linear research. Among them are related to aluminum
alloys of type 5052 [14], [22], [23] and type 5083 [6], [8], [10],
[18], [21], and aluminum alloy 6061 [4], [6], [16], [18], [20] and
AA 6063 [10]-[13], [15]. All of them generally confirm that the
tensile test value in the welded area is below the value of the base
metal. The results and discussion of this research indicate that the
weld area have a tensile strength under level value of the base
metal tensile strength, with a decrease in strength about 25% -
40% of the initial tensile strength of the base material.

If we look at all the samples, all of them have the tensile
strength of weld is relatively smaller than the tensile strength
range of base material. This could be because the heat supply
intake generated due to the rotation of the tool pin for joining the
material is not proportional enough for its supply and spread. The
reference quoted from the scientific literacy of Aluminum
Welding, informs that FSW welding results on aluminum or
aluminum alloys without incomplete fusion and significant defects
will be able to increase the tensile strength of the weld area to be
greater. As for the average percentage ratio of tensile strength to
the base metal, either in this research or other literacy research, the
average percentage ratio is around 50s/60% to 75%.

3.4 Hardness

Fig. 7 is a graph of the results of hardness testing for the
weld of each sample of aluminum alloy used in this research. The
hardness test of the weld in this research was carried out by
dividing the testing area into three zones. The first is the base
material/parent material zone, this zone is a zone that is not
exposed to direct welding and does not receive/directly affected
by heat during the welding process. Then the second area is the
Heat Affected Zone (HAZ) which is the area which is directly
affected by the heat generated in the welding process. And next is
the weld zone, the zone where welding occurs directly, which in
this case for FSW is often also referred to as the stir zone. The stir
zone is the area that is exposed direct to pin rotation also
softening and bonding of the material occurs.

HV
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== AA6063
30
0

Base 1 HAZ1 Weld HAZ 2 Base 2
Fig. 7. Graph of Hardness Value (HV)

The graph above shows the results of the hardness test in the
three zones previously described of the four aluminum samples
used. Index 1 and 2 show the position of the two sides of the
sample, namely the left and right of the weld. For AA 5052, the
hardness value is 93 HV for base 1, 80 HV for HAZ 1, 66 HV for
weld, 70 HV for HAZ 2, and 80 HV for base 2. Then for AA
5083, hardness value for base 1 is 85 HV, HAZ 1 is 76 HV, for
weld 74, while for HAZ 2 and base 2 is 68 HV and 72 HV
respectively. Furthermore, for AA 6061 the hardness value is 101
HV on base 1, 73 HV on HAZ 1, 70 HV on weld, 65 HV on HAZ
2, and 94 on base 2. Last for AA 6063 the hardness value for base
1 and HAZ 1 respectively 89 HV and 64 HV, for the weld is 85
HV, for HAZ 2 has a hardness value of 71 HV, while base 2 is 69
HV.

The results of the hardness test are also in line with other linear
research. Among them are research on aluminum alloy 6061 [4],
[6], [16], [18], [20] and AA 6063 [10]-[13], [15]. As well as
aluminum alloy series 5052 [14], [22], [23] and series 5083 [6],
[8], [10], [18], [21]. The value of the hardness test in the welding
results are varies according to the weld area (base, HAZ, weld/stir
zone). However, the value for the weld area in a range and average
from the hardness test data, it can be stated that for AA 5052 has a
hardness value range of 66-93 HV and an average of 77.8 HV.
While the AA 5083 has a range of values 68-85 HV and an
average of 75 HV. Then for AA 6061, it has a value range of 65-
101 HV with an average value of 80.6 HV. And for AA 6063 it
has a range of values 64-89 HV with an average value of 75.6 HV.

The results of the hardness test in this research as well as the
research literacy show that in general the hardness value of all
aluminum alloy samples in the weld/stir zone and HAZ is
fluctuating and does not exceed the value of the base material.
This could be due to the imperfect stirring process causing low
heat supply and uneven distribution, as well as indications of
imperfect joining. Therefore, the hardness value in the weld area
(weld/stir zone and HAZ) is lower than the hardness value of the
parent metal.
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4 Conclusion

Based on the results and discussion of the research that has
been carried out, it is concluded that the FSW welding of AA
5052, AA 5083, AA6061, AA 6063 can be said to be quite good
and acceptable although imperfect. This has an impact on the
mechanical properties of the weld area.

The average tensile strength results for each sample obtained
are 192.7 MPa for AA 5052, 239.8 MPa for AA 5083, 179.5 MPa
for 6061, and 110.8 MPa for 6063. Which means it is presented as
a percentage to the tensile strength of the parent metal, the
percentage ratio is about 60% to 75%. In line with that, the results
of the tensile strength values in other research literacy also
confirm the same thing.

The hardness value at the five point of three zones, the results
of the hardness test in this research indicate that in general the
hardness value of all aluminum alloy samples in the weld/stir zone
and heat affected zone fluctuates and does not exceed the value of
the base material, and this also occurs in other research literacy.
As for the hardness values, each obtained 77.8 HV for AA 5052,
75 HV for AA 5083, 80.6 HV for AA 6061, and 75.6 HV for AA
6063.

References

[1] P. K. Chaurasia, C. Pandey, A. Giri, N. Saini, and M. M.
Mabhapatra, “A comparative study of residual stress and
mechanical properties for FSW and TIG weld on
structural steel,” Arch. Metall. Mater., vol. 63, no. 2, 2018.

[2] V. K. T. P. A. R. Ansari, “Study the Effect of Tool
Rotation Speed and Welding Speed on Mechanical
Properties of Welded Aluminum Alloy (Welding through
Friction Stir Process)”.

[3] M. Akbari, M. R. M. Aliha, S. M. E. Keshavarz, and A.
Bonyadi, “Effect of tool parameters on mechanical
properties, temperature, and force generation during
FSW.,” Proc. Inst. Mech. Eng. Part L J. Mater. Des. Appl.,
vol. 233, no. 6, pp. 1033-1043, 2019.

[4] M. Ghaffarpour, S. Kolahgar, B. M. Dariani, and K.
Dehghani, “Evaluation of dissimilar welds of 5083-H12
and 6061-T6 produced by friction stir welding,” Metall.
Mater. Trans. A, vol. 44, no. 8, pp. 3697-3707, 2013.

[5] S. Ravikumar, V. S. Rao, and R. V Pranesh, “Effect of
process parameters on mechanical properties of friction
stir welded dissimilar materials between AA6061-T651
and AA7075-T651 alloys,” Int. J. Adv. Mech. Eng., vol. 4,
no. 1, pp. 101-114, 2014.

[6] E. L. Mangla, E. Rajiv, and E. R. Chaudhary,
“EXPERIMENTAL STUDY OF FRICTION STIR
WELDING OF AA 6061 & AA 5083 USING TAGUCHI
TECHNIQUE.” IJREAS, 2014.

[7] M. llangovan, S. R. Boopathy, and V. Balasubramanian,
“Microstructure and tensile properties of friction stir
welded dissimilar AA6061-AA5086 aluminium alloy
joints,” Trans. Nonferrous Met. Soc. China, vol. 25, no. 4,
pp. 1080-1090, 2015.

[8] R. Nopriantoko, “ANALISIS SIFAT MEKANIK
PENGELASAN AA5083 DENGAN PROSES FSW
PADA ARAH SEJAJAR DAN TEGAK LURUS ROL,” J.
TEKNOKRIS, vol. 23, no. 2, 2020.

[9] Z. 14, Z. Xu, L. Zhang, and Z. Yan, “Friction spot welding
of dissimilar 6063/5083 aluminium alloys,” Mater. Sci.
Technol., vol. 33, no. 14, pp. 1626-1634, 2017.

[10] S. Kumar, A. K. Srivastava, R. K. Singh, and S. P.
Dwivedi, “Experimental study on hardness and fatigue
behavior in joining of AA5083 and AA6063 by friction
stir welding,” Mater. Today Proc., vol. 25, pp. 646648,
2020.

[11] K. Balasubramanian, N. Balaji, and E. K. Rajesh,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

“Mechanical Properties of Aluminum 6063 Alloy Joined
by Tungsten Inert Gas Welding and Friction Stir Welding
Methods,” Int. J. Emerg. Technol. Eng. Res. Vol., vol. 6.

J. S. Sashank, P. Sampath, P. S. Krishna, R. Sagar, S.
Venukumar, and S. Muthukumaran, “Effects of friction
stir welding on microstructure and mechanical properties
of 6063 aluminium alloy,” Mater. Today Proc., vol. 5, no.
2, pp. 8348-8353, 2018.

P. Goel et al., “Investigation on the effect of tool pin
profiles on mechanical and microstructural properties of
friction stir butt and scarf welded aluminium alloy 6063,”
Metals (Basel)., vol. 8, no. 1, p. 74, 2018.

S. Shanavas, J. Edwin Raja Dhas, and N. Murugan,
“Weldability of marine grade AA 5052 aluminum alloy by
underwater friction stir welding,” Int. J. Adv. Manuf.
Technol., vol. 95, no. 9, pp. 4535-4546, 2018.

R. B. Dhabale and V. S. Jatti, “Experimental Study of
Defects and Mechanical Properties During under-Water
Friction Stir Welding of Al6061-6063 Alloys,” in Techno-
Societal 2018, Springer, 2020, pp. 615-623.

S. Choudhary, S. Choudhary, S. Vaish, A. K. Upadhyay,
A. Singla, and Y. Singh, “Effect of welding parameters on
microstructure and mechanical properties of friction stir
welded Al 6061 aluminum alloy joints,” Mater. Today
Proc., vol. 25, pp. 563-569, 2020.

E. Cetkin, Y. H. Celik, and S. Temiz, “Microstructure and
mechanical properties of AA7075/AA5182 jointed by
FSW,” J. Mater. Process. Technol., vol. 268, pp. 107-116,
2019.

D. Devaiah, K. Kishore, and P. Laxminarayana, “Effect of
welding speed on mechanical properties of dissimilar
friction stir welded AA5083-H321 and AAG6061-T6
aluminum alloys,” Int. J. Adv. Eng. Res. Sci., vol. 4, no. 3,
p. 237069, 2017.

A. Ghiasvand, S. Hassanifard, M. M. Jalilian, and H.
Kheradmandan, “Investigation of tool offset on
mechanical properties of dissimilar AA6061-T6 and
AAT075-T6 joint in parallel FSW process,” Weld. World,
vol. 65, no. 3, pp. 441-450, 2021.

Q. M. Doos and B. A. Wahab, “Experimental study of
friction stir welding of 6061-T6 aluminum pipe,” Int. J.
Mech. Eng. Robot. Res., vol. 1, no. 3, pp. 143-156, 2012.
K. Nakowong and K. Sillapasa, “Optimized Parameter for
Butt Joint in Friction Stir Welding of Semi-Solid
Aluminum Alloy 5083 Using Taguchi Technique,” J.
Manuf. Mater. Process., vol. 5, no. 3, p. 88, 2021.

Z. Zhang, X. Yang, J. Zhang, G. Zhou, X. Xu, and B. Zou,
“Effect of welding parameters on microstructure and
mechanical properties of friction stir spot welded 5052
aluminum alloy,” Mater. Des., vol. 32, no. 8-9, pp. 4461
4470, 2011.

M. N. Ilman, “Microstructure and mechanical properties
of friction stir spot welded AA5052-H112 aluminum
alloy,” Heliyon, vol. 7, no. 2, p. e06009, 2021.

Desiminating Information on the Research of Mechanical Engineering - Jurnal Polimesin, Vol.20, No.2, 2022. 216



