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ABSTRACT

Aiming to evaluate new formulations and their operational behavior underwater, two experimental tubular wires with
different chemical compositions in their internal flux were initially manufactured, employing a pilot machine and a
unique manufacturing process. Weld beads were deposited on a plate placed in a flat position inside a tank using a
mechanized system and the IMC 300 welding power source. The work was done at a depth of 0.3 meters of water, and
both reverse and direct polarities were used. Arc voltage at 28 V, wire feed speed at 4.5 m/min and welding speed at
250 mm/min were maintained in all experiments. As a result, the weld bead morphology and the electrical variables
related to arc voltage and welding current were analyzed. It was concluded that the metal transfer showed a predomi-
nance of short circuits and a decrease in the average value of the Short Circuit Index by 67% when using the positive
polarity configuration compared to the negative polarity. Moreover, the average penetration value was 38 % higher
for the oxidizing-based tubular wire than for the rutile-based tubular wire, which has a possible relationship with the
more significant presence of oxygen in the flux. In addition, the results present an analysis of the performance of the

process and the characterization of the weld beads obtained to guide possible modifications in the parameters.

Keywords: underwater wet welding, flux-cored arc welding, polarity, PTFE, electric arc welding.

INTRODUCTION

The maintenance of structures used for oil and
gas exploration, production, and transportation
poses a challenge for offshore industry companies
[1]. Consequently, the underwater welding tech-
nique facilitates the repair of their components,
which are often made of high-strength carbon
steels with a high carbon equivalent [2]. According
to Tomkow et al. [3], three methods are used in a
water environment: dry welding, local dry cavity
welding, and wet welding. Dry welding is the cost-
liest method because it requires constructing and
adapting special chambers that isolate the welder
and weld metal from the surrounding water [4]. In

addition, depending on the pressure, this method
can be carried out at atmospheric pressure or the
operating depth [5]. In local dry cavity welding, a
special torch adds a gas atmosphere that protects
the joint from welding [6]. On the other hand, un-
derwater wet welding is carried out with the arc in
direct contact with water. In this sense, Tomkow et
al. [7] mentioned that the stick electrode has been
widely used as a wet welding filler metal; combin-
ing low operating and material costs [8§—10].
Vashishtha et al. [11] emphasize that the heat
generated by the electric arc disassociates the wa-
ter molecule into hydrogen ions (H") and hydrox-
ide ions (OH"). This factor, combined with a high
cooling rate, causes the main problems such as
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pores and cold cracks. Therefore, researchers in the
underwater welding field need to study the opera-
tional behavior and the inherent problems therein.
One of the research centers specializing in under-
water wet welding is Brazil’s Robotics, welding,
and Simulation Laboratory (LRSS). The LRSS has
researched different areas, such as developing con-
sumables and studying operational behavior.
Regarding the development of consumables
for underwater wet welding, the LRSS has car-
ried out cutting-edge studies based on the modi-
fication of the chemical composition of the filler
metals applying the Shielded Metal Arc Welding
process: Turani and Bracarense [12] manufactured
basic coated electrodes using polytetrafluoroeth-
ylene (PTFE) as binder. Santos et al. [13] devel-
oped an oxyrutile electrode to decrease hydrogen
embrittlement in the welded metal and, conse-
quently, the appearance of cracks that reduce the
mechanical strength of welded joints. Using both
polarities, Menezes et al (2019) [14] compared the
operational performance of basic electrodes ag-
glomerated with silicate and polymer at a depth of
10 m. The authors concluded that the weld met-
als obtained with the experimental electrodes ag-
glomerated with polymer presented lower levels of
porosity and lower levels of diffusible hydrogen in
DCEP than the conventional electrodes. Moreover,
this research center has studied the physical phe-
nomena of the electric arc and its relationship with
the operational characteristics: Pessoa et al. [15]
evaluated the porosity along the weld bead at sim-
ulated depths of 50 and 100 m. Moreno-Uribe et al.
[16] studied the effect of depth and polarity on pen-
etration and melting rate in an experimental rutile
electrode. Moreno-Uribe et al. [17] analyzed the
stability of a commercial electrode compared to a
consumable developed especially for wet welding.
In addition, high-tech research centers are lead-
ing the study of wet welding in Germany and Po-
land. These institutes have conducted studies on dif-
fusible hydrogen content [18-20] and the evaluation
of the weld metal mechanical properties [21-23].
On the other hand, the Flux-Cored Arc Weld-
ing (FCAW, 114 according to EN ISO 4063:2023
standard classification of welding processes)
process stands as a promising alternative for per-
forming repair and maintenance work in which
the welder and joints to be welded are in direct
contact with the water environment [24-25]. Jia et
al. [26] mention that due to the ease of automation
and operation of the FCAW process, productivity
can be increased and costs reduced compared to
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manual welding. Furthermore, as Moreno-Uribe
et al. [27] and Modenesi ¢ Moreno-Uribe [28]
stated, the consumable used in the FCAW process
allows for adding elements to its flux. Due to this,
the literature has demonstrated the importance of
studying chemical compositions that will enable
obtaining weld metals with unique mechanical
[29-31] and metallurgical characteristics [32—34].

In this sense, Ferreira et al. [35] developed tu-
bular wires containing a metallic flux with nickel,
chromium, and iron powder, obtaining weld met-
als with ferritic or austenitic predominance de-
pending on the amount of alpha and gammagenic
elements added in the flux. Li et al. [36] fabricated
a 1.6 mm tubular wire using a metal sheet whose
chemical composition was 99.5% nickel, contain-
ing some minerals needed to protect the arc and
the welding pool from the surrounding water, to
weld dissimilar joints between low alloy 16Mn
and austenitic 304L steel grades. In the next paper
by the same research team structural integrity of
wet welded joints on two dissimilar materials us-
ing two flux-cored wires with different nickel lev-
els in the chemical composition of the flux was de-
scribed [37]. The advantages of using filler metals
containing nickel are related to increasing the Ul-
timate Tensile Stress (UTS) of the weld metal and
its toughness [38], as well as reducing the amount
of diffusible hydrogen [39], which allows decreas-
ing the susceptibility of cold cracking [40, 41].

Zhang et al. [42] demonstrated that adding cal-
cium fluoride to the flux-cored wire improves pro-
cess stability, decreases porosity, and increases the
tensile strength of the weld metal. On the other hand,
Amaral et al. [43] studied the effect of adding PTFE
in rutile-oxidizing flux-cored wires. The authors ex-
plained that the high thermal energy resulting from
the welding process breaks the polymeric network
bonds causing the release of fluor atoms into the arc
atmosphere, which form hydrogen fluoride, reduc-
ing the diffusible hydrogen content in the weld.

The present work evaluates the electrical be-
havior of the welding process and characterizes the
morphology of the cross sections of weld beads
obtained from laboratory-fabricated tubular wires,
which were employed to perform wet welding at
0.3 m depth. The importance of this work lies in
the fact that it shows the effect of the chemical
composition of the wire flux and polarity on weld
bead morphology and stability. Moreover, the lit-
erature indicates that using flux-cored wires with
PTFE additions is promising for reducing the dif-
fusible hydrogen content in the weld metal [43].
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METHODOLOGY

In this study, two tubular wires were devel-
oped (as presented in Table 1) with a diameter of
1.6 mm and an average filling rate of 21%. The
tubular wires were produced using experimental
equipment [44, 45] and were applied onto a 0.5
mm thick and 10 mm wide steel sheet.

Subsequently, weld beads were made in the flat
position (PA, 1G) inside a tank with an unsalted wa-
ter at a depth of 300 mm (shallow depth). The IMC
Inversal 300 manufactured by IMC Soldagem was
the welding power source, operating at a constant
voltage. A mechanized system moved the base met-
al while the torch was fixed at a 90° angle (see Fig-
ure 1). The welding current and arc voltage signals
were acquired simultaneously with an SAP V4 sys-
tem developed by IMC Soldagem, with an acqui-
sition rate of 5 kHz. The welding parameters were
obtained from previous research at the LRSS and
are shown in Table 2. Moreover, the base metal was
a 9.5 mm thick plate of ASTM A-36 steel, the chem-
ical composition of which is shown in Table 3.To
evaluate the electrical behavior of the process, 5
s of arc voltage and welding current oscillograms
were analyzed, corresponding to a region coincid-
ing with the cuts of the weld bead cross sections,

Table 1. Chemical composition of tubular wires

Table 2. Welding parameters

Parameters Description

Polarity DCEP (d.irect current electrode positiye)
DCEN (direct current electrode negative)

Arc voltage 28V

Wire feed speed 4.5 m/min

250 mm/min
30 mm
300 mm

Welding speed
Stick-out
Depth

to explore the relationship between the electrical
data and the morphology in this specific segment.
Furthermore, the average arc voltage and welding
current with their respective standard deviation
were measured. Moreover, the short circuit index
(SCI) was analyzed for a voltage reference value
of 14V, which was selected to divide the process
between the stable arc burning region (SAR) and
the region of arc voltage values referring to short
circuits (SCR). The SCI is explained in Eq. 1 as
the ratio between the amount of short circuits and
the analysis time defined (5 s).

Amount of short circuits

SCI =

Time (1
The coefficient of variation was used to esti-
mate the stability of the process. The coefficient of

Tubular wire type

Rutile + 13% PTFE

Oxidizing + 13% PTFE

40-50% TiO, (rutile)

Flux composition 13% PTFE

37-47% gas and slag-generating elements

50-60% Fe,O, (hematite)
13% PTFE
27-37% gas and slag-generating elements

1

Hall sensor

o Q

v : =

—— ! oY
Computer f—é — base mefal I
: /)
Tank

Figure 1. Welding process assembly and data acquisition

435



Advances in Science and Technology Research Journal 2024, 18(8), 433447

Table 3. Chemical composition of the base metal

C Mn Si P S Al

Ni Cu Other elements

0.147 | 0.6806 0.1935 0.0158 0.009

0.0284

0.0116 0.001 Balance

variation (Kv) was used in assessing the dispersion
in relative terms for each condition. In this sense,
Castellanos-Gonzalez et al. and Wang et al. [46,
47] suggest that a lower coefficient of variation
indicates better stability. In addition, histograms
and oscillograms were employed in this study to
elucidate the arc behavior during the process. The
samples were obtained of weld bead cross-section
to determine morphology. The samples were pre-
pared by conventional metallographic techniques,
and etched with Nital 5%. Then, photographs were
taken using a stereoscopic microscope to charac-
terize the dimensions described in Figure 2. More-
over, weld bead dilution was calculated using Eq. 2.

Dilution = —2— x 100 )
PA+RA
where: P4 — Penetration area, R4 — Reinforce-

ment area

To investigate the effect of the type of flux-
cored tubular wire and polarity on the electrical
behavior and morphology of the weld bead, three
tests were performed for each welding condition.
The results were then combined into a matrix
for further analysis using one-way ANOVA. The
statistical analysis was conducted using Minitab
software, with a confidence level of 95%. In this
study, one-way ANOVA was used as a statistical
tool to determine if there were any significant

Figure 2. Weld bead dimensions

differences in the response variable due to varia-
tions in the levels of the selected factors. A sig-
nificance level of 0.05 was adopted, which means
that if the obtained p-value is less than or equal to
0.05, it indicates a meaningful impact of chang-
ing the level of the factor on the response vari-
able. On the other hand, a p-value greater than
0.05 suggests a lack of statistical significance [4].

RESULTS AND DISCUSSION

Table 4 shows the experimental matrix with
the values obtained for the arc voltage and weld-
ing current for the two experimental tubular wires
in both polarities. In addition, the coefficient of

Table 4. Electrical parameters for the experimental tubular wires at 0.3 m depth”*

Test Tubular wire type Polarity 1 (A) SDI (A) Kvl (%) U (V) |SDU(V)|KvU (%)| SCI
1 Rutile-base DCEN 192.9 104.4 54.1 30.7 9.0 293 13.4
2 Rutile-base DCEN 203.4 89.3 43.9 29.8 7.4 248 11.4
3 Rutile-base DCEN 188.3 110.3 58.6 31.0 10.5 33.9 15.0
4 Rutile-base DCEP 2481 88.7 35.7 29.0 5.3 18.3 5.2
5 Rutile-base DCEP 240.7 76.9 31.9 28.8 5.0 17.4 6.6
6 Rutile-base DCEP 245.6 85.2 34.7 29.3 5.2 17.7 6.0
7 Oxidizing-base DCEN 241.0 89.0 36.9 30.7 9.0 29.3 13.4
8 Oxidizing-base DCEN 248.6 86.4 34.8 29.8 7.4 24.8 11.4
9 Oxidizing-base DCEN 2448 82.8 33.8 30.2 8.6 28.5 10.9
10 Oxidizing-base DCEP 239.7 87.2 36.4 29.8 6.6 221 2.8
11 Oxidizing-base DCEP 252.3 89.4 354 29.7 5.7 19.2 2.2
12 Oxidizing-base DCEP 246.0 86.2 35.0 29.5 6.0 20.3 2.5
Note: "Welding current (I), welding current deviation (SDI), coefficient of variation of welding current (KvI), arc

voltage (U), arc voltage deviation (SDU), coefficient of variation of arc voltage (KvU), short circuit index (SCI).
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variation of arc voltage and welding current and
the SCI value were calculated.

The arc voltage and welding current oscillo-
grams are shown in Figure 3 and Figure 4. About
metal transfer, it is clear that for both types of tu-
bular wire, there was a predominance of short cir-
cuits in both polarities. Nevertheless, the one-way
ANOVA verified with a p-value < 0.05 that the ef-
fect of polarity on the average SCI value was sig-
nificant. Therefore, in the DCEP polarity, there was
a 67 % decrease in the average SCI value compared
to the average value obtained in the DCEN polarity

Rutile-base tubular wire - DCEP

0 1 2 3 4 5
Time (s)

0 1 2 3 4 5
Time (s)

T 350
[}

£ 300
3 250

I
83200 | | ' il
5 150 :‘ | il ‘ | | |
1% Ml
o ' 4 5

(Figure 5). This can also be seen in the short cir-
cuit region in the histograms of Figure 6 and Figure
7, showing a smaller area in the distribution of arc
voltage values for the consumable in the positive
connection. Dutra [48] explains that these short
circuits are disturbances in the process due to arc
extinction at a specific frequency when the arc volt-
age value is below the voltage reference value of 5
V. Guo et al. [49] classified this behavior within a
short-circuit transfer mode. The authors evaluated
the detachment frequency and size of the molten
droplets using the X-ray technique. However, Guo

Rutile-base tubular wire - DCEN

0 1 2 3 4 5

Time (s)
500

0 1 2 3
Time (s)

Figure 3. Arc voltage and welding current oscillograms for the rutile-base tubular wire: DCEP and DCEN

Qxidizing-base tubular wire - DCEP

0 1 2 3 4 5
Time (s)

0 1 2 3 4 5
Time (s)

Oxidizing- base tubular wire - DCEN

0 1 2 3 4 5
Time (s)

Figure 4. Arc voltage and welding current oscillograms for the oxidizing-base tubular wire: DCEP and DCEN
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Figure 5. Effect of polarity on the average SCI value. The boxplots were corroborated
using one-way ANOVA with a 95% confidence level
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Figure 6. Histogram for the rutile-base tubular wire: DCEP and DCEN: SCR — short circuit region,
SAR - stable arc burning region, AER — arc extinction region
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Figure 7. Histogram for the oxidizing-base tubular wire: DCEP and DCEN: SCR —short circuit region,
SAR - stable arc burning region, AER — arc extinction region

et al. [49] mention that this type of transfer can be
divided depending on the forces involved and the
welding current and arc voltage levels present in
surface tension transfer and explosive short cir-
cuit transfer. The arc voltage and welding current
oscillograms show that when the arc voltage drops
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below 14V, the welding current exceeds 450 A. At
this point, a short circuit is established, and the lig-
uid metal is transferred to the weld pool due to the
combination of the magnitudes of the electromag-
netic force and the surface tension [49]. After this
event, the source dynamics allowed the restoration
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of the arc voltage value to the one configured in
the process (28 V). On the other hand, Castellanos-
Gonzalez et al. [46] commented that when the arc
voltage reaches the value of 60 V (commonly the
power source open circuit voltage), the welding
current value decreases close to 0 A, causing the arc
shutdown (arc extinction region in the histograms).

The average welding current value for the
oxidizing-base tubular wire showed no signifi-
cant change in the two polarities (values from
Table 4). In contrast, for the rutile-base tubular
wire, a 26 % increase in the average value of the
welding current was observed in reverse polarity
(values from Table 4). This phenomenon might
be related to voltage drops in the arc-electrode
connection, as Solano et al. [50] described. In the
case of oxidizing-base tubular wire, there was
probably no difference in the sum of the anode
and cathode fall values (Uatc). Instead, for the
rutile-base tubular wire, there was a lower average

35

30-

KvU (%)
[\%]
w

20

15
30 35 40

welding current for direct polarity, which gener-
ated considerable energy. Therefore, less welding
current is needed to melt the experimental tubu-
lar wire in this polarity configuration when the
source operates at a constant voltage.

Figure 8 shows a high positive correlation be-
tween the coefficient of variation of arc voltage
(KvU) and the coefficient of variation of welding
current (KvI). The method used to measure the re-
lationship between these variables was Pearson’s
Correlation [51]. Hence, only KvU was used to
estimate the stability of the process to avoid re-
dundancy in explaining the phenomenon. In this
sense, it can be seen that the effect of polarity on
the stability of the process is significant. The one-
way ANOVA with a p-value < 0.05 verified that
the average value of the arc voltage coefficient of
variation decreased by 32 % with the DCEP polar-
ity compared to the DCEN polarity (Figure 9). In
addition, the histograms’ stable arc burning region

r=0.720; Cl = (0.248, 0.91 5)‘
45 50 55 60

Kvl (%)

Figure 8. Scatter plot showing correlation between KvI and KvU. r is Pearson’s correlation coefficient
and C7 is the confidence interval

25

KvU (%)

20

15
DCEN

DCEP

Polarity

Figure 9. Effect of polarity on the average KvU value. The boxplots were corroborated
using one-way ANOVA with a 95% confidence level
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(SAR) also shows higher stability in reverse po-
larity. As explained by Bauné et al. [52], it is pos-
sible to characterize a trustworthy electric arc by
analyzing the height and width of the histograms.
Thus, in the DCEP polarity, it can be seen that
there was a more stable process because the SAR
of the histograms showed a high and narrow peak.

Furthermore, there was no statistical signifi-
cance after executing the one-way ANOVA of the
effect of the type of electrode-wire on the coef-
ficient of variation of the arc voltage (p-value >
0.05). Therefore, this work has demonstrated that
experimental tubular wires with an oxidizing-
base can be obtained with comparable stability to
those with a rutile-base.

Table 5 presents the morphology characteris-
tics of the weld beads obtained with the two exper-
imental tubular wires in DCEP and DCEN polari-
ties. It can be observed that for the oxidizing-base

tubular wire, there was no notable difference in
the penetration value when comparing the two
polarities. On the contrary, for the DCEN polar-
ity configuration with the rutile-base tubular wire,
the average penetration value of the weld bead
was 20 % lower than the reverse polarity.

Figure 10 shows the positive correlation be-
tween welding current and weld bead penetra-
tion. Pearson’s correlation coefficient (r = 0.747)
indicates a high correlation between the variables
compared. Karadeniz et al. [53] described that
the influence of welding current on penetration is
approximately 2.5 times greater than arc voltage
and welding speed. Moreover, Assun¢ao and Bra-
carense [54] explain that a higher energy density
due to the welding current increases the penetra-
tion of the weld bead.

Figure 11 shows the boxplot relating the type
of experimental tubular wire to the penetration

Table 5. Weld bead morphology of experimental tubular wires in 0.3 depth

Test Tubular wire type Polarity Penetration (mm) | Width (mm) Reinforcement (mm) Dilution (%)
1 Rutile-base DCEN 2.0 8.0 4.6 325
2 Rutile-base DCEN 1.6 8.5 4.5 35.0
3 Rutile-base DCEN 1.9 8.4 4.7 31.0
4 Rutile-base DCEP 2.1 9.0 3.1 48.9
5 Rutile-base DCEP 23 9.5 3.2 481
6 Rutile-base DCEP 25 9.3 3.0 47.0
7 Oxidizing-base DCEN 2.9 9.8 3.0 51.0
8 Oxidizing-base DCEN 3.2 9.6 3.2 54.2
9 Oxidizing-base DCEN 25 94 3.3 52.1
10 Oxidizing-base DCEP 2.9 10.6 2.8 51.4
1 Oxidizing-base DCEP 3.0 10.3 24 55.7
12 Oxidizing-base DCEP 2.7 10.0 2.5 53.5

32 .
L
>
2.8

24

Weld bead penetration (mm)

2,
16 . r=0.747; Cl = (0.302; 0.924)
180 190 200 210 220 230 240 250 260
Welding current (A)

Figure 10. Scatter plot showing correlation between Welding current and weld bead penetration:
r is Pearson’s correlation coefficient and CI is the confidence interval
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Figure 11. Effect of tubular wire type on the average weld bead penetration value. The boxplots were
corroborated using one-way ANOVA with a 95% confidence level

value. The one-way ANOVA verified that the ef-
fect of tubular wire type was significant on the
average penetration value (p-value < 0.05). In this
sense, the average penetration value was 38 %
higher for the oxidizing-based tubular wire than
for the rutile-based tubular wire. The presence of
Fe O, in the oxidizing-base tubular wire likely
contributes to these higher penetrations due to in-
creased oxygen levels. Amaral et al. [43] observed
elevated oxygen in rutile-oxidizing tubular wires.
In line with this, Heiple and Burgardt [55] found
in Gas Metal Arc Welding (GMAW) experiments
that higher oxygen in the shielding gas results in
a weld metal with deeper penetration.

Figure 12 shows the cross-sections of the
weld beads obtained with the two experimental
tubular wires in the two polarities. It can be seen
that the weld bead reinforcement is higher in the

weld beads obtained with the rutile-based tubular
wire, and the difference in weld bead reinforce-
ment in the DCEN polarity is more noticeable. In
addition, the boxplot in Figure 13 shows that the
average value of the weld bead reinforcement is
35 % higher in the rutile-based tubular wire, with
a p-value < 0.05.

Figure 14 shows that the average value of the
weld bead width is 13.7% greater in the oxidizing-
base tubular wire compared to the rutile-base tubu-
lar wire, with a p-value <0.05. Moreover, Figure 15
shows that the average value of weld bead dilution
is 31.2 % higher in the oxidizing-base tubular wire
than in the rutile-base tubular wire, with a p-value
< 0.05. This difference is why the highest average
penetration and width values were obtained with
the oxidizing-base tubular wire, which increases
the penetration area and, consequently, the dilution

Figure 12. Cross sections of weld beads (a) oxidizing-base tubular wire (b) rutile-base tubular wire
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Figure 13. Effect of tubular wire type on the average weld bead reinforcement value. The boxplots were
corroborated using one-way ANOVA with a 95% confidence level
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Figure 14. Effect of tubular wire type on the average weld bead width value. The boxplots were corroborated
using one-way ANOVA with a 95% confidence level
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Figure 15 Effect of tubular wire type on the average weld bead dilution value. The boxplots were corroborated
using one-way ANOVA with a 95% confidence level

of the weld bead.Figure 16 displays 50 mm sec- and excessive reinforcement. These discontinui-
tions of mid-section of the weld beads obtained. ties are common in wet welds [56]. Furthermore,
The beads presented porosity at the top, undercuts, the oxidizing-base tubular wire deposited weld
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Figure 16. Top view of the weld beads (a) oxidizing-base tubular wire (b) rutile-base tubular wire

beads with greater surface porosity in both polari-
ties than those obtained with the rutile-base tubular
wire. On the other hand, higher number of under-
cuts were observed in the weld beads deposited
with the rutile-base tubular wire in both polarities.
Moreover, excessive reinforcement was noted for
the weld bead obtained with the rutile-base tubular
wire in direct polarity (consistent with Figure 12)
and a fusion incomplete in some areas. According
to Chen et al. [57], the incomplete fusion in the
weld bead is attributed to arc extinction.

As can be seen, the weld bead produced us-
ing the oxidizing-base experimental tubular wire
in reverse polarity demonstrates notable advantag-
es, exhibiting minimal undercuts and a complete
absence of pores in the cross-section. Any pores
present are mainly located at the top of the weld
bead reinforcement. The lack of cracks, excellent
wettability, and acceptable quality positions this
experimental tubular wire as an up-and-coming
alternative. Furthermore, the presence of rein-
forcement pores is practically inconsequential in
industrial applications, as it is common practice
for welders to remove such reinforcements during
repair work through grinding [58, 59]. Importantly,
this experimental tubular wire showcases operabil-
ity and maintenance of the arc that is acceptable
and comparable to those achieved with rutile-base
experimental tubular wire. It is crucial to high-
light that oxidizing electrodes effectively diminish
the diffusible hydrogen content in the weld met-
al, thereby mitigating susceptibility to hydrogen
cracking [60—62]. Consequently, the anticipated
low diffusible hydrogen content in the weld metal
deposited with the oxidizing-base tubular wires
further underscores their potential as a superior
choice in welding applications [63, 64].

CONCLUSIONS

The present work demonstrated the study of arc
stability, short circuit dynamics and the character-
ization of the morphology of weld beads produced
with two experimental tubular wires. In general,
both tubular wires showed acceptable weldability
and weld bead appearance with acceptable quality.
The main findings are summarized as follows:

e The experimental oxidizing-base tubular
wire on DCEP polarity emerged as a prom-
ising alternative due to its exceptional arc
stability and satisfactory weld bead quality.
This study underscores the significance of
considering tubular wire type and polarity in
welding processes, as operational behavior
and weld bead quality vary accordingly.

e DCEN polarity adversely affected the arc sta-
bility of the rutile-base tubular wire, leading
to increased discontinuities; however, adjust-
ing parameters like arc voltage and welding
speed can enhance process performance and
weld bead quality.

e Both polarities exhibited a prevalence of short
circuits, but DCEP polarity demonstrated a
significant 66.7% reduction in the average
Short Circuit Index (SCI) compared to DCEN
polarity for both tubular wires.

e The oxidizing-base tubular wire consistently
achieved higher average weld bead penetra-
tion than the rutile-base tubular wire in both
polarities, with DCEN polarity for the rutile-
base tubular wire showing lower penetration
associated with welding current.

e The average value of the weld bead reinforce-
ment is higher in the rutile-based tubular wire
compared to the oxidizing-based tubular wire.
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e The average value of the weld bead width
was greater in the oxidizing-base tubular wire
compared to the rutile-base tubular wire.

e The average value of weld bead dilution is
higher in the oxidizing-base tubular wire than
in the rutile-base tubular wire. This differ-
ence is why the highest average penetration
and width values were obtained with the ox-
idizing-base tubular wire, which increases the
penetration area and, consequently, the dilu-
tion of the weld bead.
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