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Many new welding methods have emerged to improve connection results, including
friction stir welding (FSW). FSW is a welding method that is widely used in welding
aluminium alloys. FSW method on AA1100 aluminium material has not yet obtained the
maximum bending strength so it is necessary to study the improvement of the quality of
FSW joints using the welding method on both sides or double side friction stir welding
(DFSW). This study aims to determine the effect of pin length and downward force on
double side friction stir welding (DFSW) on the bending strength of AA1100 aluminium
. The independent variables of this study are pin length (1.5 mm, 2 mm, 2.5 mm) and
downward force (30 kg, 35 kg, 40 kg, 45 kg). The controlled variables are shoulder
diameter of 25 mm, machine table translational speed of 10 mm/min, spindle rotation
speed of 1750 rpm, base plate temperature of 250°C, and AA1100 plate thickness of 3.6
mm with butt joint type welding connection model. The method used in this research is
experimental using the factorial design of experiment (DOE) data analysis method. The
results of this study indicate that pin length and downward force have a significant effect
on the bending strength of DFSW welded joints on AA1100. The maximum bending
strength value of the welded joint was 289.59 MPa at a pin length variation of 2 mm and
a compressive force of 35 kg. The percentage of weld defects including tunnel and flash
in welded joints with maximum bending strength is identified as the least and the micro

test results also show the least FeAl3 particle grains.

Keywords: Aluminium AA1100, bending strength, double side friction stir welding, downward

force, pin length

1. INTRODUCTION

Currently, the era of industrial revolution has entered
the 4.0 stage. In the face of progress in the era of
industrialization, science and technology related to the
production process and material connection are also
experiencing rapid development. This is characterized by
the emergence of many new methods that have been found
to solve material joining problems that expect maximum
material strength and can reduce operating costs.

Friction stir welding (FSW) is a solid-state welding
technique that was discovered in 1991 and has since gained
attention in various industries [1]-[3]. Here are some key
points about FSW:

- FSW is a non-consumable electrode welding process
that joins materials without melting them, making it
suitable for dissimilar metal/alloy joining [4], [5].

- It is used in applications such as shipbuilding,
aerospace, automotive, and general fabrication due to its
ability to produce excellent mechanical properties with less
distortion [6]-[8].

- The process has been utilized for joining materials like
duplex stainless steel, aluminum alloys, and copper,
demonstrating its versatility [9]-[11].

- FSW is considered effective for joining high-strength
aerospace aluminum alloys and other high-temperature
metallic alloys that are challenging to weld using
conventional fusion welding methods [12]-[14]

While the abstracts provide valuable insights into the
applications and materials involved in FSW, they do not
delve into specific details about the process itself, such as
the tool stirring action, material flow, and thermal and
kinetic fields [15]-[17]

Therefore, for a comprehensive understanding of FSW,
additional sources beyond the provided abstracts may be
necessary.

Aluminium and its alloys are one of the metals that are
widely used in the manufacturing industry because they
have various advantages including relatively light weight,
good formability, corrosion resistance, and tensile strength
can be increased by cold working or heat treatment and
have a low melting point [18]-[20]. The use of aluminium
, especially type AA1100 in the industrial world, is widely
used for reservoir tanks, pipes and others. In general,
aluminium connections use the rivet and TIG welding
methods. Both of these connections are very limited when
viewed from several aspects, for example, rivet connection
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results will increase thickness, use added material and there
is also material wasted from the rest of the drilling. As for
TIG welding, it requires control of the straightness of the
joints to obtain high-quality welding results. When viewed
from the technology being developed, it is not effective
[21], [22].

Friction Stir Welding (FSW) was invented at The
Welding Institute (TWI) UK in 1991 as a solid-state
welding technique applied to aluminium alloys, in the
FSW welding process does not involve the use of filler
metal and therefore any aluminium alloy can be joined
without regard to compositional compatibility which is a
problem in fusion welding [23]-[25].

Previously, two-sided friction stir welding research has
been carried out using 1100 H14 Aluminium material. The
results of double-sided welding are better than usual
welding [26], [27].

One of the factors that reduce the strength of the
material as a result of welding is to withstand bending
loads, this is especially true for components that are joined
by the welding process because the bending strength is
much smaller than the construction without welding and it
should also be noted that bending failures in welds can
occur under compressive loading conditions [28], [29].

The maximum bending strength of friction stir welding
results can also be known from observations of the
microstructure of the joined material, especially in 1100
series aluminium alloy materials in the nugget / stir zone
area FeAl3 boundaries are numerous with Al matrix sizes
tending to be small and soft [30]-[32].

Based on the background described above, to obtain an
optimal double side friction stir welding connection, further
research is needed on the effect of pin length and pressing
force on double side friction stir welding on the bending
strength of AA1100.

2. RESEARCH SIGNIFICANCE

Connections on aluminium materials need to receive
more attention because currently, the industrial world is
competing to create lightweight and strong products. Over
time, the industry is also required to remain
environmentally friendly. Therefore, Friction Stir Welding
(FSW) can be an alternative method for connecting
materials (welding) on aluminium. The connection results
from FSW have not yet obtained optimal results, so further
research needs to be done.

3. RESEARCH METHODS
The installation scheme of the DFSW research on the
bending strength of AA1100 is in Figure 2 as follows.
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Fig 1. Setup of Research Installation

In this research, the material joined by the DFSW
welding process is Aluminium Alloy 1100 (AA1100) with
a size of 150 x 100 x 3.6 mm each. The DFSW process uses
a milling machine where the translational speed parameter
is 10 mm/min and the spindle rotation is 1750 rpm. The
DFSW tool is made of AISI H13 steel. The size of the
shoulder diameter is 25 mm and the pin diameter is 5 mm
with the tool tilt angle set at 0°. Using a heating element
with 500 Watts of power placed inside the JIG DFSW
heating plate. The function of the heating element is to heat
the material at the beginning of the welding process. The
width of the heating plate is 10 mm and the heating plate
temperature is controlled at 250°C. For bending testing
using the ASTM E190-14 standard [6] which can be seen
in Figure 3.
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Fig 2. Bending test specimen according to ASTM E190-14

4. RESULTS AND DISCUSSION

Data obtained from bending tests of double Side
Friction Stir Welding (DFSW) connection results on
AA1100 as shown in table 1 as follows.
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Table 1. Bending Test Result Data

PIN LENGTH

(mm)

DOWNWARD

BENDING STRENGTH (MPa)

FORCE
(kg)

v

AVERAGE

Parent Material

325,45

323,37

326,37

327,64

325,71

1,5

30

251,53

253,34

259,69

248,65

253,30

35

283,21

286,50)

281,45

284,16

283,83

40

234,32

230,35

229,03

236,97

232,67

45

219,59

217,37

224,34

216,54

219,46

30

269,21

261,05

263,77

266,49

265,13

35

297,87

288,09

286,88

285,52

289,59

40

260,66

254,63

249,80

247,35

253,11

45

238,62

225,70)

241,77

244,68

237,69

2,5

30

215,79

223,73

226,89

230,35

224,19

35

243,18

235,65

235,23

242,27

239,08

20

206,61

221,01

212,51

219,59

214,93

45

206,61

202,13

195,51

199,34

200,90

The effect of pin length and compression force in
DFSW on the bending strength of AA1100 joints can be
seen in Figure 4, respectively.

Main Effects Plot for Kekuatan Bending (MPa)
Fitted Means
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Fig 3. Graph of Effect of Pin Length and Press Force on Bending
Strength

From Figure 4, it can be seen that the variation in pin
length affects the bending strength which is characterized
by a difference in bending strength between variations in
pin length. The 1.5 mm pin length variation has an average
bending strength of 247.32 MPa and the 2 mm pin length
variation has the highest bending strength of 261.38 MPa.
Then in the 2.5 mm pin length variation, the bending
strength decreased to the lowest value with an average of
219.78 MPa. It is suspected that this is due to the proper
stirring and forging process in the 2 mm pin length
variation so that the heat generated is more stable.

In the compressive force graph, the bending strength
value rises at a compressive force of 30 kg to the highest
value at a compressive force of 35 kg and then there is a
decrease in the bending strength value up to a compressive
force of 45 kg. The lowest bending strength value is found
at 45 kg compressive force which is 219.35MPa and the
highest bending strength value at 35 kg compressive force
is 270.84 MPa.

Interaction Plot for Kekuatan Bending (MPa)
Fitted Means

Gaya Tekan * Panjang Pin

S

Mean of Kekuatan Bending (MPa)

30,0 350 400 450
Gaya Tekan

Fig 4. Interaction Plot

Figure 5 shows that there is a compressive force of 30
kg, 35 kg compressive force, 40 kg compressive force, 45
kg compressive force has a pattern that is almost the same
but not parallel, namely an increase in bending strength
value at a pin length of 1.5 mm to a pin length of 2 mm and
then a decrease in bending strength value up to a pin length
of 2.5 mm. From the interaction effect plot, it can be
concluded that the interaction between pin length and
compressive force on bending strength value is
characterized by lines that are not parallel or different
slopes in each variable. The highest bending strength value
is found in the variation of 2 mm pin length and 35 kg
compressive force which is 289.60 MPa while the lowest
bending strength value is found in the variation of 2.5 mm
pin length and 45 kg compressive force which is 200.90
MPa.

5. CONCLUSIONS

Based on the results of the research and discussion in
the previous chapter, the conclusions are obtained, among
others:

1. Pin length has a significant effect on the bending
strength value of DFSW results on AA1100. In the
1.5 mm pin length variation, the average bending
strength value is 247.32 MPa, in the 2 mm pin length
variation, the highest average bending strength
value is 261.38 MPa and in the 2.5 mm pin length
variation, the bending strength value decreases to
the lowest average value of 219.78 MPa.

2. Compressive force has a significant effect on the
bending strength value of DFSW results on
AA1100. In the variation of 35 kg compressive
force, the average bending strength value was
270.84 MPa and in the variation of 45 kg
compressive force, the bending strength value
decreased to the lowest average value of 219.35
MPa.

3. The maximum bending strength of the welded joints
of 289.59 MPa or 89% of the bending strength of the
parent material was obtained from the interaction
between the pin length of 2 mm and the compressive
force of 35 kg. Macro observations showed that in
this variation the least weld defects were identified
and microstructure observations also showed the
finest and most evenly distributed FeAl3 particle
grains.
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