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Abstract - In this study, an attempt was made to obtain a
welded joint from the underwater friction welding (UFW)
process. The workpiece material used in this experiment
was AISI 1018 low carbon steel. The experiment was
carried out on a friction welding machine which was
designed and manufactured for this purpose. The UFW
process was carried out by varying the spindle rotation
used to rotate one of the workpieces. The friction force was
kept constant. The quality of the welded joints resulting
from UFW was determined by measuring the
misalignment that occurs in the weld joint, the macro and
micro structures formed, as well as the mechanical
properties of the welded joint. For comparison, friction
welding in air (FW) was also carried out. The results
obtained indicate that low spindle rotation results in high
misalignment of the welded joint between the two
workpieces. During the UFW process, rapid cooling occurs
so that the microstructure of the weld metal, TMAZ and
HAZ is dominated by a fine pearlite phase so that the
hardness and strength of the weld joint are higher than
those produced by FW process in air.
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I. INTRODUCTION

Underwater wet welding (UWW) is a welding technology
where the metal joining process is carried out in water. The
UWW process is used for the construction of offshore oil
platforms, construction of mining for gas and other minerals
on the seabed, ship repair, underwater pipeline installation,
structural repairs in ports and bridges and many other
maritime applications. Various types of welding processes that
have been successfully carried out underwater are Shielded
Metal Arc Welding (SMAW), Flux-cored Arc Welding
(FCAW), Gas Tungsten Arc Welding (GTAW) and Friction
Stir Welding [1]. In the shielded metal arc welding (SMAW)
process, the arc and the heat that occurs will be in direct
contact with water. There are many obstacles that must be
overcome when doing underwater welding, such as high
cooling rate, porosity in the weld metal, instability in the
welding arc, welding defects and decreased corrosion
resistance of the weld metal.
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The cooling rate in the UWW process can reach 2-3 times
greater than that of air welding [2]. This very high cooling rate
causes high hardness in the HAZ area, porosity in the weld
metal, slag inclusion, cold cracking, changes in mechanical
properties and changes in the microstructure of the weld metal
to marten site which will reduce the fatigue resistance of the
joint [3 — 7]. The effect of rapid cooling on welded joints can
be reduced, one of which is by increasing the heat input
through the use of high welding speeds [2].

Porosity in the weld metal can occur when hydrogen gas
is trapped in the molten metal during the welding process.
Hydrogen gas around the welding arc arises due to the
dissociation process of water due to heat in the welding arc
[8]. During the welding process, hydrogen gas enters the
molten metal and because of the high cooling rate in water, the
gas does not have time to escape. The presence of porosity in
the weld metal can make the weld metal brittle and cracks
arise which can cause failure of the welded joint [6,9].
Porosity can also cause the tensile strength and fatigue of the
weld metal to be welded under water is lower than that of
welding in an ordinary atmosphere [10]. The porosity of the
weld metal resulting from the UWW process can be reduced
by performing multipass welding [11].

During the underwater wet welding process, water in
direct contact with the welding arc causes instability in the
welding arc [12]. The instability of the welding arc is caused
by the hydrostatic pressure of water which varies according to
the depth of the water [10]. An unstable arc causes the fusion
process to be disrupted so that the quality of the weld metal
becomes poor

Underwater welding process also affects the corrosion
resistance of the welded joint. The corrosion resistance of
welded joints is affected by the magnitude of the given heat
input. Wang et al conducted a study to determine the effect of
heat input on the corrosion resistance of E40 steel welded
joints using underwater welding [13]. The results obtained
indicate that the greater the heat input, the better the corrosion
resistance. Research conducted by Sun et al also showed that
the local corrosion resistance of welded joints carried out
under water also increased with increasing heat input [14].
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Underwater wet welding has also been carried out for
solid state welding processes, such as the friction stir welding
process, especially for joining aluminum alloys [15-18].
Underwater friction stir welding (UFSW) process is a welding
process that has many benefits such as low production costs,
high flexibility and does not require a highly skilled operator
[19]. The UFSW process can also increase the strength and
hardness of the welded joint [15-17, 20-22]. The increase in
the strength of the UFSW welded joint is due to the cooling
process that occurs very quickly so that the grain coarsening
does not occur and the weld joint has fine grains. Dissolution
of the precipitate also does not occur [23]. The heat that
occurs due to friction can be absorbed by the water around the
weld metal joint and affects the thermo-mechanically affected
zone (TMAZ) and heat affected zone (HAZ) so that in these
areas there is no coarsening of the existing precipitate [23].
That is why the TMAZ and HAZ areas have high hardness
values [15]. Water around the weld joint can also reduce heat
input which causes fine microstructure in the weld metal area
[24].

Meanwhile, to the best of our knowledge, not many
research results have been reported for underwater friction
welding processes. One of the research results ever published
(in Japanese) is the result of a study by Sakurada et al in 2002
[25]. Information from the abstract of the paper states that the
temperature that occurs in the UFW process is lower than the
FW temperature in an ordinary atmospheric environment so
that the area where the hardness value decreases at the weld
joint is reduced and the resulting elongation is low.

There are still many technological barriers that must be
overcome so that the UFW process can produce good quality
welds. Considering that the application of the UFW process
has good potential, such as for underwater construction and in
the maritime sector, the UFW process is feasible to try.

Il. EXPERIMENTAL SETUP

AISI 1018 low carbon steel was used in this experiment.
For each UFW experiment, a pair of workpieces were made
where each workpiece was cylindrical with a diameter of 15
mm and a length of 150 mm. Friction Welding experiments
were carried out on a friction welding machine that has been
designed and manufactured for this purpose (see Figure 1a).
For the UFW experiment, a chamber that will be filled with
water was made with dimensions of 160 mm x 110 mm x 170
mm. The first workpiece was gripped on a rotating chuck and
the second workpiece was gripped on a stationary chuck. The
friction pressure applied through the second workpiece was
3.5 MPa. Spindle rotations to rotate the first workpiece
were400 rpm, 629 rpm and 864 rpm. The friction time used

© 2024-2017 IRJIET All Rights Reserved

International Research Journal of Innovations in Engineering and Technology (IRJIET)

ISSN (online): 2581-3048
Volume 8, Issue 5, pp 99-103, May-2024
https://doi.org/10.47001/IRJIET/2024.805015

for the UFW process was 4 seconds. The UFW experiment
process can be seen in Figure 1b.

Visual inspection and dimension measurement of welded
joints were carried out to see the quality of the joints. The
shape of the flash produced was visually observed and the
alignment of the welded joints of two workpieces with the
UFW process was also carried out. The macrostructure and
microstructure of the areas at the weld joint were observed
using a metallurgical optical microscope. Hardness testing and
tensile testing were also carried out to see the mechanical
properties of the resulting welded joints. As a comparison,
friction welding experiments in air (FW) were also carried out.

I1l. RESULTS AND DISCUSSIONS

Table 1 shows the results of misalignment measurements
of welded joints formed in the friction welding process, both
in air and under water. Misalignment measurements were
carried out and the alignment that occurs should not be greater
than 1.5 mm. Alignment that occurs in the friction welding
process at 400 and 629 rpm are all greater than 1.5 mm (see
Figure 2a) , while at higher spindle rotations, i.e. 864 rpm, the
alignments are 0.61 and 0.84 mm (see Figure 2b). This shows
that the welded joint quality is influenced by friction rotation,
where the higher the friction rotation, the lower the
misalignment that occurs.

@

(b)

Figure 1: (a) Friction Welding Machine; (b) Chamber for UFS
Experiments
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Table 1: Misalignment

Exp. Spindle Misalignment
e Rotation Welding
A (rpm) (mm)
1 864 Friction Welding 0,61
Underwater
2 864 Friction Welding 084
3 629 Friction Welding 1,87
6 629 Underwater 200
Friction Welding '
7 400 Underwater 230
Friction Welding '

Figure 2: Misalignment of Welded Joints

Figure 3 shows the macro structures and micro structures
of the welded joints resulting from the UFW (3a) and FW (3b)
processes at a spindle rotation of 864 rpm. From the figure it
can be seen that the welded joint on the UFW is well formed,
while the welded joint on the FW is not well formed. It can be
seen that there are voids in the FW weld joint. Meanwhile, the
microstructure of the UFW welded joint shows elongated
grains, which indicates plastic deformation of the grains due to
large friction forces. The pearlite phase with a fine size is
visible in the HAZ area which indicates a rapid heat treatment
cycle of heating and cooling due to the weld joint being in
direct contact with water during the UFW process. The large
heat input and rapid cooling are thought to be the cause of the
formation of more fine pearlite phases and the absence of
grain coarsening.
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Figure 3: Macrostructures and Microstructures of Welded Joints,
(a) UFW; (b) FW

Figure 4 shows the results of tensile testing of welded
joints using the UFW and FW processes. The tensile test
results show that the strengths of the welded joints from UFW
and FW are much smaller than the tensile strength of the base
metal. The tensile strength of the UFW welded joint is 230
MPa and the tensile strength of the FW welded joint is 140
MPa, while the tensile strength of the base metal is 404 MPA.
This much lower tensile strength is due to the welding joint
being formed imperfectly. This can be seen on the fracture
surface of the tensile specimen after the tensile testing process
(see Figure 5). From the fracture surface on the workpiece, it
is clear that a perfect weld joint was not formed. This is due to
the lack of friction pressure and spindle rotation so that the
friction that occurs does not result in a good welded joint due
to the limitations of the machine used. In the future, adequate
friction welding machines need to be designed and
manufactured, especially to obtain better quality of UFW
process welded joints.

The distribution of hardness in the welded joint can be
seen in Figure 6. The hardness value produced in the welded
joint in the UFW process is higher than the hardness value
produced in the FW process. This is in line with the resulting
microstructure, where the microstructure of the UFW welded
joint has a large amount of fine pearlite phase compared to the
microstructure of the FW welded joint.

IV. CONCLUSION

The Underwater Friction Welding (UFW) experiment has
been carried out well. From the results of misalignment
measurements, friction welding carried out at low spindle
rotation produces large misalignments. From the tensile test
results, it can be seen that the workpiece breaks at the welded
joint with a lower tensile strength than the strength of the base
metal. From observing the fracture surface, it can be seen that
the welded joint is not fully formed so the strength is low.
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Figure 4: Tensile Test Results

Weld Metal Weld Metal

Figure 5: The Fracture Surfaces of weld joints, (a) UFW; (b) FW
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Figure 6: Vickers Hardness Distribution of Welded Joints

Meanwhile, from observing the microstructure, it can be

seen that the weld metal resulting from UFW has more
pearlite phases with a finer size than the microstructure
resulting from the FW process. This can explain why the
tensile strength and hardness of the workpiece produced by
UFW are higher than FW.
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