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Abstract: The influence of friction pressure on welding
quality when friction stud welding 1017 low carbon steel
with AISI 304 austenitic stainless steel is investigated in
this study. friction stud welding is employed in industrial
applications instead of conventional welding processes
Due to the friction welding process didn't need to reach
the melting point of welded metals. Welding is performed
on these dissimilar metals by utilizing a lathe machine with
a load cell connected to a weight indicator and a
manufacturing grip to fasten the plate at a rotating speed
of 1600 RPM, a friction time of 20 seconds, and a friction
pressure of (15, 20, and 25) MPa. After the welding
procedure is completed, the specimens are subjected to
tensile, torque, and hardness tests to evaluate the welding
quality. In addition, optical microscope research was
carried out to determine the microstructural aspects. The
effect of friction pressure on welding quality was
investigated based on the information generated from the
results. The increase of friction pressure during the
process from 15 MPa to 25 MPa leads to an increasing
ultimate tensile strength from 203 MPa to 210 MPa
approximately. Also, the torque values raised from 179
N.m to 198 N.m in the same case.

Keywords: Friction stud welding; welding quality; friction
pressure; dissimilar welding; AISI304; AISI1017

1. Introduction

In the stud welding procedure, a metal fastener
(stud) is welded onto a metal workpiece,
meaning that at any time during the processing,
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the material is in a solid state [1]. Stud welding is
a common welding technique in the construction
industry [2]. Arc stud welding items can be used
in a variety of mechanical applications, including
manufacturing, mechanical structures, and the
automobile industry [3]. However, when
underwater welding is required, arc stud welding
is not suited. In regions where arc welding is
prohibited due to the risk of causing a fire or
explosion, friction stud welding has been used to
attach grating to offshore oil platforms. Anodes
were previously installed in some of the tanks
using a friction stud welding process to avoid
damage to the painted surfaces during
commissioning. When properly tested, friction
stud welding can even be performed in zones
with potentially explosive atmospheres [4-5].

Friction stud welding is a solid-phase welding
process that uses a high-speed stud that is pressed
against a substrate and generates heat through
friction [6]. Friction stud welding is an excellent
choice for deep-water naval applications, short-
term emergency repairs, and submarine rescue
[7]. Metals have substantially greater melting
points than the highest temperatures reached. It's
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a one-of-a-kind friction welding technology.
Friction stud welding equipment is provided for
usage on construction sites, offshore,
underwater, and in workshops [8]. Friction
welding can be used to join various ferrous and
non-ferrous metals that cannot be welded by
using conventional fusion welding techniques
[9]. Friction welding allows two dissimilar
materials to be joined in a full-strength weld
without affecting the quality or strength of the
weld. Friction welding creates a full-surface weld
formed of a completely new substance that
combines the two original components [10].

For joining two components, friction welding
uses the conversion of mechanical energy into
thermal energy. Solid-phase metallurgical
bonding is achieved because the source material
does not melt during the performing process.
This is in marked contrast to fusion welding
procedures, which often require the creation of a
melt pool [11-12]. Friction welding has several
advantages, including considerable material
savings, short production times, and the ability to
join dissimilar metals or alloys [13]. Because of
variations in the physical, metallurgical, and
mechanical properties of the metals to be joined,
combining dissimilar metals is more difficult
than joining similar metals, resulting in the
production of brittle phases that degrade the
mechanical properties of the weldment. Welding
austenitic stainless steel to low alloy steel results
in alloying element segregation at grain
boundaries, lowering the weld's mechanical
characteristics and corrosion resistance. As a
result, while welding stainless steel, precautions
must be taken, such as selecting the correct
welding conditions [14]. Friction stud welding
parameters are friction pressure, forging
pressure, friction time, forging time, and
rotational speed [15-17].
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Many studies were performed on the effect of
these parameters on the quality of weldments
when connecting objects by using a mill and
friction machine such as:

Verma et al [18] compared the effects of 730 and
1133 rpm rotational speeds on connection
strengths of connected specimens by friction stud
welding process and found that the effect was
positive where the joints had higher strength at
the larger rotational speeds. After that, the
friction time influence was discovered by an
experimental study by Serkan et al [19], where
they found that raising the friction time resulted
in a significant increase in hardness. The forging
pressure parameter effect on mechanical
properties was investigated by Gawhar et al [20].
They found that the hardness values and the
welding strength increased with increasing the
forging pressure.

The current study dealt with the friction pressure
parameter applied by using a lathe machine and
a set of a load cell, manufacturing grip,
manufacturing adapter, and weight indicator to
investigate the welding quality of stud-plate
joints welded by friction stud welding to evaluate
the effect of friction pressure on the quality of
welding.

2. Materials and Method

An austenitic stainless-steel stud (ASS 304) and
low-carbon steel plate (LCS 1017) were used in
the investigation, with chemical composition and
mechanical properties shown in Tables 1 and 2.
The dimensions of the stud were (16x75 mm),
while the plate dimensions were (6x50x50 mm).
The tools used in this study are the load cell,
weight indicator, and manufacturing grip for
fixing the plate. The parameters of the process
are a rotational speed of 1600 RPM, friction time
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of 20 seconds, and friction pressure of (15, 20, 3. The lathe is turned on and keeps going at the
and 25) MPa as shown in Table 3. 1600 RPM rotational speed.
Table 1. Materials Chemical Composition 4. The two parts are brought together for

Fe C Mn Si Cr Ni

rubbing by axial force to obtain the heat

° - .
1017LCs 8 o o 3 % 3 produced from the friction.
< ‘—! < N o “' ) )
3 e ° @9 o e 5. After 20 seconds of time of applying the
friction pressure, the pressure applied and the
-O - -
ASS304 8 IS 3 Q9 o ™ heat generated contribute to the plastic
S o o © © o . .
s s o o o = deformation of rubbing surfaces.
6. The next step is breaking the speed and
Table 2. Materials Mechanical Properties giving a forging pressure for a while so that
The Tensile Yield strength the joints cool and the welding completes.
Materials strength (MPa)
(MPa) after the bond between the stud and the plate
1017 LCS 405 340 occurs, the welded specimen is removed. Fig.
ASS 304 700 450 2 shows 304 ASS stud -1017 LCS plate
Table 3. Process Parameters welded joint.
Specimen  Rotational Friction Friction )
No. speed time pressure Load Weight
(RPM) (Sec) (MPa) Cell . . . Indicator
S1 1600 20 15 Grip '
S2 1600 20 20
S3 1600 20 25 Fixed
Part
. Rotated
3. Experimental Procedure Part

3.1. The Procedure of the Process

The materials LCS 1017 and ASS 304 that whose A
chemical composition was mentioned in Table Figure 1. Complete set of Friction Stud Welding tools
1were used in this procedure. The procedure is as
the following:

1. first, the plates and studs must be clear of any
contaminants.

2. The assembly of the set as the stud fixed in
the rotated chuck of the lathe while the plate
is fixed in the manufacturing grip which is
regard attached to the load cell settled on the
tool post, the weight indicator is electrically
turned on and connected with the load cell as
the Fig. 1.
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3.2. Visual Inspection and Microstructure Test

The purpose of the visual examination is to check
the flash uniformity of welded joints, and the
magnitude of the heat-affected zone, in addition
to detecting cracks and surface voids. While the
microstructure test helps to understand the
behaviour of the material after the process which
affects the physical properties of the material
such as strength, hardness, toughness, and
corrosion resistance. The specimens were
prepared for microstructure by cutting, coarse
and fine grinding, and etching were used to
prepare the joints according to ASTM E3. The
microstructure of 1017 low carbon steel was
revealed for 15 seconds in Nital solution, which
is 98 percent water and 2% HNO3, whereas the
microstructure of 304 ASS was revealed for 20
seconds in a solution consisting of (3 ml HCL +
2 ml HNO3 + 2 ml acetic acid) [21]. The optical
microscopy MEWJI type with a magnitude of
200X was used for the microstructure test.

3.3 Tensile Test

The test was performed according to ASTM
A370-14; standard test methods and definitions
for mechanical testing of steel products. The
purpose of the tensile test is to find out how
strong a weldment joint is when welding
dissimilar metals. For performing the test, there
was a need to fix the plate while the stud was
pulled vertically by the machine's jaws and that's
why a fixture was made; Fig. 3 shows the fixture
constructed for fixing the plate in the tensile test
machine. The WDW 200E type Tensile test
machine was used. The photo of the sample and
the fixture in the tensile test machine is shown in
Fig. 4.
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Figure 3. The manufactured fixture according to ASTM
A370-14

Figure 4. The sample and the fixture in the tensile test
machine for testing

3.4 Torque Test

In the torque test, the stud should be torqued till
the failure occurs. The torque tool assembly
should be arranged according to 1ISO14555-2006,
Fig. 5. The instrument used for performing the
torque test is a digital torque wrench with the
range (20-200 N.m) shown in Fig. 6. During the
test, the nut is tightened with a torque wrench
against a washer bearing on the sleeve by
applying the load with some shear effect on the
stud till fracture and then taking the value of
fracture torque.
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Steel nut

Washer

Sleeve

TORQUE TEST
Figure 5. Torque Test Tools Assembly

Figure 6. Digital Torque Wrench

3.4 Hardness Test

The Rockwell B hardness (HRB) test of the
welded samples was carried out in three lines (A,
B, C), on the sectioned specimens, each line has
five points {low carbon steel (LCS), low carbon
steel heat affected zone (LCS HAZ), welding
zone (W2Z), Austenitic stainless steel heat
affected zone (ASS HAZ) and austenitic stainless
steel zone (ASS)} as shown in Fig. 7. This test to
evaluate the wear resistance of the material and
to determine whether the joints are suitable for
the purpose. The hardness test machine used in
this test was INNOVA-Nexus 700 as shown in
Fig. 8.
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Figure 7. Specimen Divided to 15 Points for HRB Test

\ ’'®

Figure 8. INNOVA, Nexus700 Hardness device

4. Results and Discussion

4.1 Visual Inspection and Microstructure Test
Results

In all three specimens, the flash around the stud
shows uniformity and continuity and there are no
cracks or surface voids. The amount of flash
increases with increasing the friction pressure
applied. The formation of flash almost from the
304 ASS. Due to that 1017 carbon steel is cold
worked (rolling) so the surface barrier should
expose to high energy to overcome and that needs
for certain pressure a more period, this leads to
softening of stainless steel before overcoming the
carbon steel barrier and hence the flash is formed
mostly from austenitic stainless steel [22].

The microstructure of three specimens revealed
that there are three zones; the welding zone (WZ)
has a very fine grain structure due to the full
recrystallization, and the size of grains starts to
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be bigger in the heat-affected zone (HAZ) due to
partial deformation and the associated reduction
in strain and strain rate. The third zone is the base
metal (BM) which has a coarser grain structure
and maybe grain growth occurs depending on the
peak temperature of the welding process [13].
Fig. 9 shows the welding zone (WZ) and heat-
affected zone (HAZ).

Figure 9. Microstructure of welding and heat-affected
zones

4.2 Tensile Test Results

The results of the tensile test of the three
specimens (S1, S2 &S3) were in Table 4 and Fig.
10.

In Fig. 10, the Bar charts show the results of the
S1, S2, and S3 Specimens Ultimate Tensile
strength. The highest value was (210.45 MPa) of
S3 of friction pressure 25MPa while the lowest
value was (203.52) MPa of the specimen S1 of
15 MPa of friction pressure. The value recorded
of S2 with the 20 MPa is (208.94 MPa).

Table 4. Tensile Test Results

Specimen No. Ultimate Tensile Strength (MPa)
S1 203.52
S2 208.94
S3 210.45
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208.94
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Figure 10. Tensile Test Results

4.3 Torque Test Results

The torque test of welded samples is shown in
Table 5 and Fig. 11. The torque results obtained
in Fig. 11 of S3 measured a maximum torque of
198.4 N.m when the friction pressure was bigger
(25MPa), while S1 had a minimum torque of
179.2 N.m with (15 MPa) friction pressure. S2
also recorded 195 N.m when its friction pressure
was (20MPa). That means the increase in friction
pressure leads to an increase in both tensile and
torque values.

Table 5. Torque Test Results

Specimen No. Torque (MPa)
S1 179.2
S2 195
S3 198.4

200 198.4

195
190
185
180
175
170
165

Torque (N.m)

195
179 I I
15 20 25
Pressure (MPa)

Figure 11. Torque Test Results
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4.4 Hardness Test Results

The Hardness results of inspected specimens
showed in Table 6 and Fig. 12. The obtained
values showed that the highest hardness region
was the welding zone. Line A and C have bigger
results than Line B due to the linear distance
traveled at the edges of the sample is greater than
the distance traveled in the center, and this means
greater friction, and therefore a greater
temperature that finally leads to a greater
temperature gradient with the surrounding
environment resulting in higher hardness values
[23].

Table 6. Hardness Test Results

No. LCS LCS Wz ASS ASS
zone HAZ HAZ zone
S1 LA 107.1 110 11593 110.39 115.2
LB 106.12 104.85 11554 107.04 115.29
LC 101.43 110.76 115.63 107.86 113.45
S2 LA 105.33 107.72 11545 110.15 114.78
LB 106.22 100.29 115.16 106.8 115
LC 108.98 105.73 117.91 112.67 115.83
S3 LA 103 107.18 1146 11199 112.67
LB 107.31 106.26 113.8 111.51 112.09
LC 107 109.66 118.56 115 115.82
115
a
g 110
e
T 105
100
LCS LCSHAZ Wz  ASSHAZ  ASS
Zones
s1 s2 s3
a. LineA
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b. Lineb
120
v 115
()]
S 110
S
(1]
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100
LCS LCS HAZ Wz ASSHAZ  ASS
Zones
S1 S2 S3
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Figure 12. a, b, and ¢ Shows the Lines Drawn by
Hardness Test on The Specimens

4. Conclusions

Low carbon steel and austenitic stainless steel
metals were welded by friction stud welding
process and the effect of friction pressure
parameter was studied. The results were as the
following:

1. There are three zones recognized in the
welded joints which are the welding zone
(W2Z2), heat affected zone (HAZ), and base
metal zone (BM), where the welding zone
(WZ) has the smaller grain size. The grain
size grows when the distance increased
away from the welding zone.

2. The most flash formed during the process is
in the austenitic stainless steel side and its
quantity increased with increasing the
friction pressure.

3. The increase in friction pressure led to an
increase in the values of tensile strength due
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to the rising bond strength at higher
compressive forces.

4. The torque values significantly rose when
friction pressure increased.

5. The highest hardness value was in the
welding zone, however, even in the welding
zone, the hardness value of the edges
increased when compared to the center
because the heat generated on the edges was
higher.
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