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Graphical abstract Abstract

Design of Experiment The MIG welding process is widely used in industry because it is cost-
effective, can be done with all positions, and has high productivity.
The accuracy of the welding process and the relative welding
parameters influence the welding quality. A CNC welding system
can be used in welding to produce precise and stable welds. The
experimental welding process in this study used materials ASTM A36,
the welding process on a CNC MIG machine with current and travel
speed parameters. The experimental results of the welding process

Results identify defects with the Non-Destructive Test (NDT)-Liquid Penetrant
TereleSttenaly Test (LPT)/Dye-Penetrant  Test and Destructive Test
o l (DT) including Tensile Test, Hardness Vickers, Macrostructure, and

Microstructure, aimed at determining defects that occur. The results
of the NDT and DT tests showed that there were porosity defects on
the surface, slag, and incomplete penetration in the internal area
of the metal weld. The welding results are best visually with a dye
penetrant fest at a current of 70 A a travel speed of 100 mm/min,
TEe and 80 A fravel speed of 150mm/min and 200 mm/min. The
o hardness fest results show that there is an influence on the welding
current and travel speed. The tensile fest results of welding results
show the influence of current and travel speed, where the highest
= o tensile strength at a current of 90A is 278 MPa, and the tensile
e " s ot sni e strength at a travel speed of 200 mm/minute has a tensile strength
lacrostructure Mros!rucluve Of 286 MPO'
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1.0 INTRODUCTION The MIG welding process is widely used in industry

because it is cost-effective, with all positions, and has
The metalinert gas (MIG) welding process is one of the high productivity [1,2]. Some of the disadvantages of
gas metal arc welding (GMAW). In the MIG welding the MIG welding process include producing a lot of
process, an inert shielding gas is used to pass through sparks, smoke, and an unstable arc [3]. Heat
the nozzle and produce an electric arc, and all types generated during the MIG welding process can
of materials can be used in the MIG welding process. change the microstructure and hardness of the
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welding area [4]. Several parameters that influence
the MIG welding process include current, voltage, gas
flow rate, and the stickout between the nozzle and
plate in the butt joint welding process [5].

Adin and Iscan (2022) have researched the
influence of the current and position angle of MIG
welding on medium carbon steel, that can affect
tensile strength and elongation [6]. Abbasi et al. (2012)
conducted experiments on the MIG welding process
and analyzed the effect of welding speed, and heat
rate on penetration, the characteristics, and the
shape of the bead [7]. Furgan and Amarnadha (2020)
studied the MIG welding process on mild steel
materials regarding the effect of current, voltage, and
speed on the tensile strength and hardness of the weld
area [8]. Majeed ef al. (2021) opfimized welding
parameters on the carbon steel using MIG welding by
welding speed, current, and wire feed speed, which
influence the tensile strength and hardness of the weld
area [?]. Hooda et al. (2012) opfimized the tensile
strength of MIG welding on medium carbon steel plate
materials, carried out longitudinal tensile tests with that
strength results stronger than traversal tensile tests, and
compared the microstructure tests [10]. Frih et al
(2015) identified the impact of MIG welding porosity on
microstructure and hardness, where the welding area
where porosity occurs has low hardness [11]. Fahad
and Alkhafaiji (2022) identified the influence of speed
and current parameters on welding defects in low-
carbon steel, which have identified visually the visible
welding quality. The form of porosity, underfill and
crack defects. Current and speed affect the hardness
of the welding area [12].

Qays (2022) conducted research comparing the
results of MIG welding with other welding, evaluating
the mechanical properties of the welding results,
where the results of MIG welding have the best
mechanical properties compared to other processes,
and the HAZ size is smaller [13]. Djuhana and Muljadi
[2019] researched A36 material to determine the
microstructure and mechanical properties using a
current of 95-120 A at a current of 95 A, which has a
hardness value close to the hardness value of the base
material [14]. Kedir et al. (2022) analyzed the
characteristics of butt joints MIG Welding with a plate
thickness of 2 mm by testing macrostructure,
microstructure, and mechanical properties, showing
that welding parameters contributed fo the
characteristics of the welding results [15].

Several efforts can prevent defects in the result
welding process and improve the welding process
quality. A welding process's accuracy and relative
welding parameters influence the quality of the
welding results [16]. Salunke et al. (2020) carried out
improvements and new welding techniques with an
automation system to improve the quality of welds on
pipes and shafts using constant parameters [17].
Dmello et al. (2017) designed and manufactured a 2-
axis MIG welding process automation system for flat
welding processes [18]. Ghazvinloo ef al. (2010) have
researched the influence of voltage, current, and
welding speed parameters using a robotic MIG

welding system and stated that a linear increase
between current and voltage is influenced by
penefration depth [19]. Sudhakar, ef al. (2018) have
researched automatic welding on ASTM A106 Grade
B material and stated that welding with automatic
settings can improve the quality of welding results,
automatic welding results are defect-free, and
welding results are consistent [20]. Mustafa and Rao
(2016) stated that welding machine automation has
many benefits, such as maintaining healthy workers
and reducing errors and problems during the welding
process using constant welding tfravel speed [21].
Frolov (2020) states that the cost-reduction welding
process by building an automation system, can
reduce welding failures [22]. The continuous
movement of the welding process needs planning well
[23], and a precise movement system can produce
precise results in welding [24]. The Computer
Numerical Control (CNC) welding system is a system
that can be used in the welding process to produce
precise and stable weld results [25]. The welding
movement in the CNC system depends on the
frajectory profile of the automatic system [26].

Based on problems during the welding process,
especially with the A36 material, which is easy to find
and widely used in industry [27], the effect of welding
process parameters with a CNC welding system needs
to be evaluated, especially regarding the fravel
speed and electrical current on physical welding to
regarding welding defects. This research aims to
evaluate the influence of looking for the best travel
speed, current, and welding results, by evaluating
external and internal defects through macrostructure,
microstructure changes, and mechanical properties.

2.0 MATERIALS AND METHODOLOGY

2.1 Materials

The experimental process in this research uses ASTM
A36 low-carbon steel material. ASTM A36 material with
mechanical specifications and chemical composition
in Table 1 and Table 2, and chemical composition of
filler wire ER70S-6 in Table 3, with a wire diameter of 0.8
mm.

Table 1 Properties Mechanical ASTM A36[28]

Mechanical Tensile Yield Elongation Hardness,

Properties Strength Strength (MPa) Brinell
(MPa) (MPa)

Values 400-550 250 20.0% 119 -159

Table 2 Chemical Composition (wt %) of A36 [27,28]

Element [ P Si Mn S Fe Cu
Composition  0.026 0.04 040 1.03 005 980 02
(Max)

Table 3 Chemical Composition (wt%) of filler wire ER70S-6 [27]

Element P Si Mn S Ni [of Cr Mo \4

Composition  0.018 0.828 1.543 0.05 0.014 0.082 0.033 0.15 0.3
(Max)
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2.2 Methodology

CNC - MIG Welding system has movement with the
main components of the X, Y, and Z axis system,
equipped with a CNC confrol system that is integrated
with a MIG welding machine, as shown in Figure 1.
CNC-MIG welding process using a Miller ST44 welding
machine and pure gas CO2 (99.99%). Figure 1 shows
the automatic welding process with the CNC - MIG
Welding.

Specimen CNC-Control

(b)
Figure 1 Set-Up (a) CNC MIG welding, and (b)Specimen

Qe

Figure 2 shows the visual display of the UGS
software for the automatic butt joint welding trial
process using CNC-MIG. A G-Code was created so
that it could be processed further to provide
commands for the butt joint welding process.

UGS Software

l

Welding Proses |€«—— Set-Up Specimen |€—{ Sei-Up Parameters

Aspire Software [—»| G-Code Program |—3

A

Test

Yes

NDT/DT

(a)
5 ' ’
(o)

Figure 2 Set Up CNC Confrol (a) process procedures of CNC-
MIG Welding, and (b) G-Code in the Software UGS

The welding process procedure with a CNC-MIG
Welding machine is shown in Figure 2(a). Steps in the
welding experimental process using a 3-axis CNC-MIG
machine;

i The first step is to create a toolpath for forch
movement using Aspire  Software. The
movement foolpath that has been created is
converted to a G-Code program for welding
process movements.

i. In the second step, the G-Code toolpath
program is used in the UGS software (Figure
2(b)) to control the torch movement program
on the CNC-MIG Welding machine with
hardware control to control the forch fravel
speed, control the on/off of the wire feeder and
the CO2 gas shield.

ii. The third step is to set the welding parameters,
setting the gas pressure and height of the
contact tip work distance to the specimen on
the CNC MIG welding machine.

iv. The fourth step is sefting the input current
parameters.

v. The fifth step is conducting CNC MIG welding
experiments.

The dimensions of the welding experimental
specimens refer to ISO 9692-1:2013(E) [29,30], as in
Figure 3.

(b)

Figure 3 Design of experiment welding process (ISO 9692-
1:2013(E)), (a) Dimension of the specimen and, (b) toolpath
welding process

Figure 3(a) dimensions of the experimental
specimen, where the plate length is 150 mm with a
width of 39.2 and a total width of 80 mm, with the but
joint welding position, where the penetration depth is
1.6 mm, and the bevel angle is 60°, the plate thickness
is 6 mm and the distance 0.55 mm tip wire contact.
Figure 3(b) illustrates the toolpath in UGS software with
a forch movement length of 140 mm.

The welding process results were evaluated using
The Non-Destructive Test (NDT)-dye penetrant and
Destructive Test (DT). DT includes tensile tests, hardness
tests, macrostructure, and microstructure tests.

After carrying out NDT testing on the welding
results, sample preparation is then carried out for
testing hardness, macrostructure, and microstructure.
Macrostructure, microstructure, and hardness test
samples were made by cutting the welding results in
the middle part that was free of defects. Tensile test
preparation is carried out by making different samples
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and continuously welding using dimensions according
to ISO 6892-1:2009 [31].

The etfching process for macrostructure and
microstructure test specimens isimmersed in HNOs and
96% alcohol for 5 seconds.

The tensile test process of the welding results is
shown in Figure 4. The dimensions of the fensile test
object are shown in Figure 5 and the shape of the
plate model. Referring to the test standard: ISO 6892-
1:2009 [31].

Metal
Weld ——¥

(a) (b)
Figure 4 Set up of tensile test, [a] fracture mode, [b] tensile
test process

Metal Weld ,P 5

I RN

~
30 | 50 ‘| k'
120

10

Figure 5 Dimension of tensile test specimen [5]

The hardness test process uses the Innova Verzus
700AS type test machine. Figure 6(a) Vickers hardness
testing process, where the hardness test specimen
made from welding results, the specimen resulting
from the welding experiment is cut in the middle as
shown in Figure 6(b) to carry out the hardness test, the
hardness test taken in the metal weld area with the
amount 7 points as in Figure é(c), where the distance
between the hardness test pointsis £ 1 mm.

(a) (c)
Figure é Hardness Vickers test, [a] Hardness fest process, [b]
hardness specimen test,[c] point of hardness test

Specimen
= Tensile Tes

The results of welding experiments carried out
macrostructure testing fo determine internal defectsin
the welding area using an Olympus GX71 digital
microscope are shown in Figure 7.

Figure 7 Digital microscope Olympus GX71

The etching process for microstructure and
macrostructure fest samples is carried out by
immersion for approximately 5 seconds in a solution of
HNOs and 96% alcohol. Measurement of the size of
weld defects using imagelJ software, distance in a
figure with a pixel aspect ratio of 1 has a value of
407.5028 pixels: 2 mm.

3.0 RESULTS AND DISCUSSION
3.1 Non-Destructive Test

The MIG welding process results evaluated defects
with a non-destructive test (NDT) using a dye
penetrant test/liquid penetrant testing (LPT). NDT aims
to visually identify external defects from the welding
process result [32].

Figure 8 shows the results of welding experiments
and dye penetrant tests with tfravel speed variations of
100mm/min, 150mm/min, and 200 mm/min and a
constant current of 80A, where the results of
experiments with input variations in travel speed and
current. The results of the dye penetfrant test show
defects visually on the surface [33] with ared indicator.
Figure 8(a) There are welding defects in the form of
underfill at the start point and endpoint positions.
Figure 8(b) shows welding defects in the shape of
craters at the start point, endpoint, and porosity
positions in the middle area of the surface. Figure 8(c)
shows welding defects are underfiled at the start
point, and endpoint, porosity, and incomplete fusion.
The torch movement process is too fast in the middle
area and has more porosity defects compared to the
welding results with a fravel speed of 150 mm/min and
100 mm/min. The results of the dye penetrant test on
fravel speed variations have better welding results
visually, and fewer defects occur at an input travel
speed of 100 mm/min.
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The results of welding process experiments and dye
penefrant tests with current parameters of 70 A, 80A,
and 90A, and constant travel speed (100 mm/min),
can be seen in Figure 8(d) are shown underfill defects
at the start point and end-point positions and
incomplete fusion in the middle area, Figure 8(e) and
Figure 8(f) show welding defects that occur only in the
underfill at the start point and end-point positions, so
based on the results of the visual dye penetrant test
and the defects that occur, the best welding results
are at a current of 80A and ?0A and a fravel speed of
100 mm/min.

Figure 8 Results of welding and dye penetrant test, current
parameters; (a) 70A,100 mm/min, (b) 80A,100 mm/min, (c)
90A,100 mm/min; Travel Speed Variation;(d) 80A,100
mm/min, (e) 80A,150 mm/min, and (d) 80A,200 mm/min

Table 4 shows the criteria for defects that occur as
a result of the LPT, visually referring to ASTM E165 [34]
grouped as indicatfions of defects in the rejected
criteria for all specimens occurring at the endpoint
due to accumulation during the welding process, the
accepted criteria at the start point on specimens a, d
and e, for indications of defects in the middle position
occurring in specimens a, e and f.

Table 4 Criteria Indication of defects

Specimens Size of Position Indication Remark
discontinuity
(mm)
a 1 Start point Underfill Accepted
- Middle Not defects Accepted
b 8 Start point Creater Rejected
6 Middle Porosity Rejected
C 4 Start point Underfill Rejected
3 Middle Porosity Accepted
8 Middle Incomplete Rejected
Fusion
d 2 Start point Underfill Accepted

Specimens Size of Position Indication Remark
discontinuity
(mm)
6 Middle Incomplete Rejected
fusion
e 2 Start point Underfill Accepted
- Middle Not defects Accepted
f 4 Start point Underfill Rejected
- Middle Not defects Accepted

3.2 Destructive Test
a. Tensile Test

The specimen tensile test results are shown in Figure 9.

[a]

03]

g @

& &

% <
[¢]

8 5

Figure 9 Test Specimens(a) Welding Results, (b) Preparation
Tensile test, (c) Test specimen results from tensile test

Tensile tests were carried out on three specimens
for each parameter. Tensile testing of the welding
process results with current parameters of 70 A, 80 A,
and 90 A and a constant fravel speed of 100
mm/minute. Tensile tests were done with three tests on
each variable current parameter. The ftensile fest
results are shown in Figure 10.

350 T T T T

200 4 = Tensile Strength
& 250 4 E
=3
£ 200 1 N
=]
5
= 150 4
w
© N
‘@ 100
c
7]
[t
50 + -
0 -
T T T T T
70 75 80 85 90
Current (A)

Figure 10 Tensile test results-current variations
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Figure 10 shows the tensile test results of current
parameters. The welding results with a current of 70 A
show an average tensile strength value of 72.3 MPa
with a standard deviation of 51.84. The welding
process results in a current of 80 A showing a value of
245.3 MPa with a standard deviation of 16.77. The
welding process results in a current of 90 A and has a
tensile strength of 278 MPa with a standard deviation
of 46.35. Tensile test results on welding results with
varying currents show that the tensile strength of the
welding results is below the tensile strength value of the
A36 base material (Table 1), and the condition of a
metal weld is fractured in the weld area. Figure 10
shows the influence of current on welding results [35].
The greater the current given during welding, the
greater the tensile strength value, and current
contributes greatly to tensile strength [36].

Figure 11 shows the tensile test results on welding
results with travel speed variations of 100 mm/minute,
150 mm/minute, and 200 mm/minute with a current of
80 A. The Tensile test results at a travel speed of 100
mm/minute have an average tensile strength of 245.3
MPa with a standard deviation of 16.77. Travel Speed
of 150 mm/minute has an average tensile strength of
272 MPa with a standard deviation of 14.79, and travel
speed of 200 mm/minute has an average tensile
strength of 286 MPa with a standard deviation of 27.08.

320 T T T T

®m  Tensile Strength

300 4 -

280 -

260 [ ! -
240 I .

220

Tensile Strength (MPa)

T T T T T T
100 120 140 160 180 200
Travel Speed (mm/s)

Figure 11 Tensile fest results of travel speed variations

Table 5 presents the fracture mode of tensile test
results, with overall results of fractures occurring in
metal welds in brittle mode.

Table 5 The fracture mode of tensile test results

Specimens Location Av. Tensile Fracture
Strength Mode
(MPa)

a Metal Weld 72.3 Brittle
b Metal Weld 245.3 Brittle
c Metal Weld 278 Brittle
d Metal Weld 245.3 Brittle
e Metal Weld 272 Brittle
f Metal Weld 286 Brittle

b. Hardness Vickers

The Vickers method's hardness test uses a load of 20
kgf and an indentation fime of 15 seconds. The
hardness fest method according to ASTM E-384
specifies a diamond indenter with an angle between
facing surfaces of 136° [37]. In this study, hardness
testing (Vickers) was carried out fo know the
distribution of hardness in the area of the metal weld.

The welding process results are made for hardness
specimens tested in the welding area. The hardness
test is carried out on the metal weld as shown in Figure
6, where the hardness fest of welding process results
with current parameters are presented in Figure 12,
and the hardness test of the welding process results
with travel speeds are shown in Figure 13.

T T T T

—=— 70A
—+— 80A

240 Base

Metal ' | —
~ 220 ! | ' Metal

n

o

o
1

Hardness Vic
> o
o o
1 1

140

120 ~

100

-2|0 -10 0 10 20
X-distance from the center of the metal weld (mm)

Figure 12 Hardness Vickers test results (current)

Figure 12 presents the results of hardness test data
processing (Vickers) in the metal weld area, Heat
Affected Zone (HAZ), and Base Metal. The hardness
test results with a current of 70 A in the metal weld area
have an average hardness test result value of 130.6
HV. The hardness test results with a current of 80 A in
the metal weld area have an average hardness test
result of 282 HV, and the hardness test results with a
current of 90 A in the metal weld area have an
average hardness test result of 233 HV. The welding
results with a current of 90 A in the metal weld area
have lower hardness test results than currents of 70 A
and 80 A. The 90 A current has an increase in heat so
increasing the current reduces hardness [12].

Figure 13 shows the results of the hardness test in the
weld metal area, HAZ, and base metal using the
movement speed parameter. Hardness test data
processing (Vickers) with an input movement speed of
100 (mm/minute) in the metal welding area has an
average hardness test result value of 282 HV. At an
input travel speed of 150 (mm/minute), the hardness
test results in the metal weld area averaged 465.6 HV.
At an input travel speed of 200 (mm/minute), the
hardness fest results obtained in the metal weld area
were an average of 533.5 HV. The hardness test resulfs
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on the welding process result with fravel speed
parameters show that the greater the fravel speed
input value, the smaller the hardness value obtained,
and the hardness of the welding results is greater than
the material A36 [38] has 190 HV [39].

600 T T T T

—a— 100(mm/min.)
—e— 150(mm/min.)
—a— 200(mm/min.)

550

500+

(HV
PN
8 2

HAZ HAZ

Base Base

|
Metal 3 E 3 H Metal

Hardness Vickers

-zlo 1I 0 lIJ 1|0 zlo
X-distance from the center of the metal weld (mm)

Figure 13 Hardness Vickers test results (fravel speed)

Table 6 presents a comparison of the results of the
hardness test and fensile test due to current and travel
speed. The increase in the travel speed that occurs
affects the hardness test and increases the resulfs of
the tensile strength test [40].

Table é Hardness Test Results Vs Tensile Strength Results

Current (A) Travel Speed Av. Av.
(mm/min.) Hardness Tensile
Vickers Strength
(HV) (MPa)
70 100 130.6 72.3
80 100 282 245.3
90 100 233 278
80 100 282 245.3
80 150 466.6 272
80 200 533.5 286

c. Macrostructure

Macrostructure testingis carried outto defermine
internal defects in the welding results. Figure 13 shows
the results of metallography tests on experimental
results with current variations of 70A, 80A, and 90 A with
a travel speed of 100 mm/minute. The results of the
metallography test with 12x magnification are shown
in Figure 14(a) with a current of 70 A. The
metallography results show that internal defects in the
welding results are slag on the bottom (yellow arrow
direction) an area of 0,28 mm?2 and porosity on the top
surface (red arrow direction) due to oxygen and
nitrogen that is frapped [32], Figure 14(b) results of
welding with a current of 80A show slag defects (red
arrow direction) has area of 0.25 mm?2 and incomplete
penetfration occurs (yellow arrow direction), Figure

14(c) results of welding with a current of 90A show
incomplete penefration defects (yellow arrow
direction) a 0.33 mmZ2. The welding results with a
current of 70 show better welding results

] s [70A]
el )

Porosity

Figure 14 Macrostructure test of welding process with current
parameters, (a) 70A, (b) 80A, and (c) ?0A

Figure 15(a) shows the results of metallography
testing on metal welds at a tfravel speed of 100
mm/minute, which shows slag defects (blue arrow
direction) have an area of 0.24 mm2 and incomplete
penetration (yellow arrow direction). Figure 15(b)
shows the welding results using a travel speed of 150
mm/minute. There are porosity defects on the surface
(blue arrow direction) and incomplete penetration
(yellow arrow direction). Figure 15(c) shows the
metallography results of welding at 200 mm/minute.
There are porosity defects on the surface (blue arrow
direction), slag defects (direction blue arrow) has an
area of 0.24 mm?Z, incomplete penetration (blue arrow
direction), and travel speed parameters, which have
incomplete penetration at a fravel speed of 100 m/s.
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Incomplete penetration defects are caused by the
influence of fravel speed and angle or position of
welding [41].

100 mm/min.]

Porosity

Incomplete Penetration

2mm

Figure 15 Macrostructure test of welding process with travel
speed parameters, (a)100 mm/minute, (b)150 mm/minute,
and (c) 200 mm/minute

c. Microstructure

Microstructure testing is carried out on welding results
to determine the effect of current and fravel speed on
the welding microstructure, especially in the Heat
Affected Zone (HAZ) and filler area. Microstructure
testing is carried out on welding results to determine
the effect of current and fravel speed on the welding
microstructure, especially in the HAZ and filler area.

Figure 16 shows the results of microstructure
metallography with fravel speed variations of
200mm/minute, 150mm/minute, and 100 mm/minute
with a current of 80A. Figure 16(a) and Figure 16(b)
show the results of welding with a travel speed of 200
mm/minute and a travel speed of 150 mm/minute in
the HAZ showing pearlite (black), and the filler area is
bainite and ferrite (white) [42], Figure 16(c) results of
welding with a fravel speed of 100 mm/minute shows
that the HAZ is pearlite and ferrite, and the filler area is
bainite and ferrite.

[200 mm/min_]

incomplete penetration

Pearlite

Figure 16 Microstructure, (a) 200 mm/minute, (b)150
mm/minute, and (c) 100 mm/minute
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Figure 17 shows the welding results with current
parameters of 90A, 80 A, and 70A with a fravel speed
of 100 mm/minute with a microstructure in the HAZ in
the form of pearlite and ferrite. The filler area shows the
grains bainite and ferrite. The current parameters do
not significantly affect the microstructure of the
welding process resulting show a consistent and stable
welding process.

FEn

HAZ:

Pearlite

Figure 17 Microstructure (a) 90A,(b) 80A, and (c)70A

4.0 CONCLUSION

In this study, the results of welding experiments with
variations in fravel speed and current using a CNC MIG
welding machine can be concluded that the welding
results are best visually with a dye penetrant test at a

current of 70A and a travel speed of 100 mm/min, and
80 A travel speed of 150mm/min and 200 mm/min. The
hardness test results show that there is an influence on
the welding current and travel speed, where the
hardness value is large at a current of 90A and a fravel
speed of 100 mm/min, and 80 A at a travel speed of
200 mm/min. The macrostructure test results show
several defects in each welding result in the form
of porosity, slag, and imperfect penetration defects.
Microstructure test results in the HAZ in the form of
pearlite and ferrite. The filler area shows the grains of
bainite and ferrite. The current parameters do not
significantly affect the microstructure of the welding
process resulting in a consistent and stable welding
process. In the variation of travel speed, the results of
welding with on travel speed of 100 mm/minute show
that the HAZ is pearlite and ferrite, and the filler area is
bainite and ferrite, which is different from the
microstructure results at 150 mm/min and 200 mm/min
containing pearlite grains. HAZ contains bainite and
ferrite grains in the filler area. The tensile test results of
welding results show the influence of current and travel
speed, where the highest tensile strength at a current
of 90A is 278 MPa, and the tensile strength at a travel
speed of 200 mm/minute has a tensile strength of 286
MPa.
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