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Abstract
The associations of tungsten inert gas (TIG) and metal inert gas/metal active gas (MIG/MAG) welding process intends 
to take advantage of the higher productivity of the MIG/MAG process with the greater heat control imposed by the TIG 
process. In this context, the present study aims to evaluate the effects of the TIG–MIG/MAG process with both electrodes 
in direct (negative) polarity in weld bead geometry. A pioneering research on TIG–MIG/MAG process was carried out for 
the purpose of writing this article. Therefore, weld beads were made by the conventional MIG/MAG process and by the 
TIG–MIG/MAG process. Two input parameters, the MIG/MAG polarity and the TIG current, were evaluated. The output 
responses such as bead width, reinforcement, penetration, melted area, and convexity angles were evaluated. Macro-
graphs were performed to measure the geometrical parameters of the weld bead. The results of these measurements 
were evaluated by a variance analysis. The results show that the polarity variation has an influence to modify the weld 
bead geometry in a TIG–MIG/MAG welding process. It was also noticed that the insertion of TIG current caused the ten-
dency to greater wettability, penetration, melted area, width, and smaller reinforcements of weld beads.
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1 Introduction

The search for improvements in productive capacity, 
resource utilization, product quality, reduction of produc-
tion costs, among others is encouraging the research pro-
gress related to the improvement of welding processes. 
The hybrid welding is described by El Rayes et al. [1] as 
the junction of two welding processes resulting in a new 
one with unique characteristics. According to the authors, 
the expectation to increase the areas of application and 
capabilities of associated processes present a significant 
advantage. A research related to the combination of two 
or more welding processes was performed in the 1970s [2]. 
This research aims to create processes that lead to results 
that could not be reached individually. Thus, they enable 
the emergence of new techniques and procedures with 
potential to improve aspects related to productivity, qual-
ity, and process operation.

The tungsten inert gas process (TIG) and metal inert 
gas/metal active gas (MIG/MAG) are widely used in the 
industrial sector. They provide high production of various 
materials and welds with low operating costs. The combi-
nation of both processes results in the TIG–MIG/MAG weld-
ing process. This combination intends to take advantage of 
the particularities of each one to produce improvements in 
weld quality. Figure 1 schematically illustrates the process. 
The authors [3–6] present studies in TIG–MIG/MAG pro-
cess. The results show that the TIG arc in a stable process 
has influence to stabilize the MIG/MAG arc and preheat the 
base metal. Thus, an increase of spreading and wetting of 
the molten metal was noticed [5]. This preheating capa-
bility of the base material generates a difference in the 
geometry of the weld beads according to the parameters 
used in the process [6].

An appropriated selection of welding parameters is 
a fundamental aspect when a good quality of the weld 
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bead is aimed at. The studies found in the literature on 
TIG–MIG/MAG involve various parameters and variables 
aiming at advances in areas such as welding speed [5, 8], 
improvement in appearance and geometry of the weld 
beads [4, 6, 9], heat distribution in the joint, and so on 
[10, 11]. It is noteworthy that all studies use the same 
configuration seen in Fig. 1. Thus, there are shortcomings 
related to parameters such as inverse polarity (electrode 
negative) in the MIG/MAG process that, among other 
things, is able to change the performance of the process.

For the MIG/MAG welding process, Lancaster [12] and 
Talkington [13] showed that welding in negative polarity 
(also known as direct polarity) allows a higher electrode 
fusion rate for the same welding current. However, the 
resulting weld bead has low penetration compared to 
positive polarity (also known as inverse polarity). This is 
because there is less heat input onto the plate in direct 
polarity. Another aspect is the convex shape of the weld 
bead, which can make its use unfeasible. For the same 
welding current, [14] achieved in approximately 60% 
higher wire feed speeds at direct polarity. In this context, 
the TIG–MIG/MAG welding process in this configuration 
intends to combine the high melting capacity of the 
MIG/MAG electrode in direct polarity with the additional 
heat input onto the plate by the TIG process.

The knowledge of all the aspects and variants of a 
process is of great importance. The control of all param-
eters involved support to achieve optimum productivity 
and efficiency. This work aims to evaluate the TIG–MIG/
MAG hybrid welding process in direct polarity (negative 
for both torches).

The reduction in the weld bead convexity effect is 
expected when compared to the conventional MIG/
MAG process. The effect of the TIG arc associated with 
the MIG/MAG arc on the other weld bead parameters 
will also be evaluated.

2  Experimental procedure

To perform the experiments, it was used a welding bench 
dedicated to the TIG–MIG/MAG process. A multiprocess 
power source model DIGIPlus A7 was used for MIG/MAG 
part of the process. An inverter power source model LHN 
220i PLUS was used for TIG part of the process. A spe-
cific support was applied to integrate MIG/MAG and TIG 
standard torches. A welding positioner model TARTILOPE 
V2 was used to move the torches.

A set of six experiments was done by depositing a 
weld bead on plate. The material used was SAE 1020 
carbon plates with dimensions of 200 × 50.8 × 6.35 mm. 
It was defined a factorial design consisting of two fac-
tors, the parameters of control, that is, the polarity of 
MIG/MAG circuit (inverse and direct) and the TIG current 
intensity (0, 50, and 150 A). The tests without current 
in TIG circuit (0 A) correspond to the conventional MIG/
MAG process (tests 1 and 2). Table 1 shows operating 
parameters kept constant in all experiments.

The MIG/MAG current was set at 250 A. Under these 
conditions, the characteristics of the electrical signals 
and sound are typical of spray metal transfer. The voltage 
levels and power and welding speed were adjusted for 
each of the polarities, ensuring a constant relationship 
between welding speed and wire feed speed. Table 2 
shows the parameters of the MIG/MAG process result-
ing from the adjustment of both polarities.

The following response variables were evaluated: 
reinforcement, penetration, width, molten area in the 
base metal, and convexity angle of the weld beads. After 
experiments’ performance, the specimens were cut and 
the cross sections were metallographically analyzed. The 
cross sections were prepared in a grinding machining 
model “Teclago PVV” with grits 120#, 180#, 220#, 360#, 
400# and 600# in this sequence. Furthermore, the speci-
mens were etched using Nital (10%) to reveal their mac-
rostructures. The pictures were taken with a digital USB 
microscope.

3  Results and discussions

Table 3 shows the cross sections of the samples mark-
ing their fused areas. Table 4 displays the images of the 
surfaces of the plates.

Table 3 shows the effect of the parameters on the 
geometry of the weld. It can be seen aspects related to 
wettability, penetration, and width of the strands accord-
ing to the variables studied. Table 4 displays images of 
the surfaces of the plates. These results are similar to 

Fig. 1  Schematic model TIG–MIG/MAG welding [7]
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those reported by [15]. Due to the characteristics of the 
process, the weld beads made in direct MIG/MAG polar-
ity have the following characteristics: high instability in 
their format strings with greater convexity and greater 
amount of spatter, especially for the current intensity of 
50 A. Table 5 shows the results of measurements of the 
cross sections of the experiments.

With these data, a variance analysis of was performed 
by listing the control parameters with the response param-
eters. A 95% degree of reliability was considered. P value 

equal or less than 0.05 has significant influence on the out-
put response. The results of the analysis of variance can be 
seen in Fig. 2.

Any of the variables employed had a significant influ-
ence on the reinforcement response. Both, penetration 
and melted areas, suffer significant influence of all the 
input parameters. The width and the convexity angle have 
only the effect of MIG/MAG polarity. In general aspects, 
the MIG/MAG polarity has more significance in the inten-
sity parameters than TIG current. For a better analysis and 
understanding of the variable response behavior, the data 
related to its interactions were plotted in graphs.

Figure 3 shows the effect of these parameters on the 
width. It is observed that the insertion of the TIG arc in 
both polarities tends to increase the width of the weld 
beads. The TIG arc increases the area of the heated plate 
in the inverse polarity, and hence the wettability. Inverse 
polarity causes an increase in the bead width compared 
to direct polarity as mentioned in [15]. The increase of 
100 A in TIG current generated small differences in weld 

Table 1  Fixed operating 
parameters

Parameter Quantification

TIG electrode diameter 2.4 mm
TIG electrode type AWS A5.12-98-2-EWTH
TIG electrode point angle 30°
TIG shielding gas flow 100% Ar 10 l/min
TIG torch angle 0°
Distance between the TIG electrode and workpiece 5 mm
TIG polarity negative
MIG/MAG electrode wire type AWS A5.18 ER70S-6
MIG/MAG electrode wire diameter 1.2 mm
Distance between the MIG/MAG contact tip to the plate (stick-out) 20 mm
MIG/MAG shielding gas flow Ar + 8%  CO2 at 15 l/min
MIG/MAG angle torch − 30°
MIG/MAG current A ≈ 250
Distance between electrodes 12 mm

Table 2  Operational variables parameters

Parameters Levels

MIG/MAG polarity Inverse (electrode +) Direct (electrode −)
MIG/MAG voltage 30.0 V 32.4 V
MIG/MAG wire feed 

speed
8 m/min 11 m/min

Welding speed 80 cm/min 110 cm/min

Table 3  Images of cross 
sections of the experiments

Plate thickness of 6.35 mm

ITIG = 0 A ITIG = 50 A ITIG = 150 A

MIG/MAG in 
direct polar-
ity (nega-
tive)

MIG/MAG 
in inverse 
polarity 
(positive)
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bead width for MIG/MAG welding torch in direct polar-
ity. In the study of the Ref. [6], it was also noted that the 
intensity of TIG current showed no significance to the 

weld bead width. For inverse polarity current increment, 
it was noticed a weld bead of smaller width than that 
observed by the conventional process. A similar result was 

Table 4  Images of the samples surfaces

MIG/MAG in direct polarity (−) MIG/MAG in inverse polarity (+)

ITIG = 0 A

ITIG = 50 A

ITIG = 150 A

Table 5  Measured values of 
the geometric parameters

Tests MIG/MAG Polarity ITIG (A) Reinforce-
ment (mm)

Width (mm) Penetra-
tion (mm)

Melted 
area  (mm2)

Convexity 
angle (°)

2 Inverse (+) 0 2.90 12.50 2.15 16.75 37.0
3 50 2.92 13.58 1.89 18.33 31.5
4 150 2.85 11.78 2.82 21.56 41.0
1 Direct (−) 0 3.80 7.99 1.56 7.83 68.5
6 50 3.16 9.81 1.22 8.11 54.5
5 150 3.57 9.80 2.01 11.17 55.0

Fig. 2  Results of variance analysis
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also noted in the Schneider [9], when best widths were 
obtained with intermediate levels of TIG current. Talking-
ton [13] obtained in inverse polarity the largest weld bead 
widths for the MIG/MAG process.

Figure 4 shows the graph of interaction between vari-
ables to the reinforcement. The reinforcement according 
to the analysis of variance is only influenced by the vari-
able polarity MIG/MAG. It is noted that the MIG/MAG in 
direct polarity has the weld bead reinforcement greater 
than the MIG/MAG in inverse polarity. This is the behavior 
identified in the literature with regard to the strengthen-
ing of the characteristics for each of the polarities.

The inclusion of TIG current in the process leads to a 
decrease in reinforcement. This decrease is due to the 
increased width of the strands. When one has wider weld 
beads then strengthening needs to decrease, a fact also 
noted by [16]. The increase in current TIG has very small 
variations related to reinforcement. The variable seems not 
to be significant in the analysis of variance as well as in the 
study of [6]. For the direct hybrid process, the lowest value 
is given with the current intensity of 50 A. In the study of 
[9], the smallest reinforcements were also found in lower 
levels of TIG current.

Figure 5 shows data related to penetration. This output 
variable suffers significant influence of the two analyzed 
parameters. It is noticed that there is less penetration in 

direct polarity, because in this configuration, the process 
requires a smaller amount of heat transferred to the part 
due to the characteristics of the processes. The insertion of 
the TIG arc with a current intensity of 50 A shows a lower 
penetration. This may have occurred due to the increase of 
the width of the strands. When a larger heated area energy 
transferred to the base metal is no longer concentrated, 
then a slightly reducing penetration takes place, as seen 
in [16]. The increase in the intensity of penetration TIG 
current of 150 A may be explained by Rodrigues [17]. He 
noticed that for the MIG/MAG process, in spray operating 
mode, higher current flows cause greater movement of 
the drops leading to an increased weld penetration. The 
study [18] shows that increasing the current TIG there is an 
increased penetration.

Figure  6 shows the dimensions of the molten area 
measured below the reference line of the plate, where one 
observes a tendency of increase of the molten area with 
the increase of the TIG current. It is also identified that the 
direct polarity produces strands with smaller melted area 
values.

Figure 7 shows the information related to the convex-
ity angles. These angles determine the wettability of the 
weld. The literature shows that the smaller the angles, 
the greater the wettability. It can be seen that with the 

0

5

10

15

20

0 50 150

W
id

th
 (m

m
)

TIG Current (A)

MIG/MAG in
direct polarity (-)

MIG/MAG in
inverse polarity (+)

Fig. 3  Interaction effect of direct and inverse polarity on width

0

1

2

3

4

5

0 50 150

R
ei

nf
or

ce
m

en
t (

m
m

)

TIG Current (A)

MIG/MAG in
direct polarity (-)
MIG/MAG in
inverse polarity (+)

Fig. 4  Interaction effect of direct and inverse polarity on reinforce-
ment

0

1

2

3

4

5

0 50 150

Pe
ne

tr
at

io
n 

(m
m

)

TIG Current (A)

MIG/MAG in direct
polarity (-)
MIG/MAG in
inverse polarity (+)

Fig. 5  Interaction effect of direct and inverse polarity on penetra-
tion

0

5

10

15

20

25

0 50 150

M
el

te
d 

ar
ea

 (m
m

2 )

TIG Current (A)

MIG/MAG in
direct polarity (-)

MIG/MAG in
inverse polarity (+)

Fig. 6  Interaction effect of direct and inverse polarity on melted 
area



Vol:.(1234567890)

Research Article SN Applied Sciences (2020) 2:164 | https://doi.org/10.1007/s42452-020-1953-7

insertion of the TIG arc there is a tendency toward greater 
wettability. This increase already discussed above is now 
proven by the convexity angles.

4  Conclusions

One can achieve from these experiments in the evaluated 
parameters:

• Based on the P value, the polarity of the MIG/MAG elec-
trode had a significant effect on penetration, width, 
fused area, and wettability angle;

• In the TIG–MIG/MAG welding process, by varying the 
polarity of the MIG/MAG circuit and the intensity of the 
TIG current, it is possible to act on the geometry of the 
weld bead.

• The weld beads made with the MIG/MAG torch in 
direct polarity were more convex for higher levels of 
reinforcement and lower penetrations, while in inverse 
polarity the weld beads were wider with higher pen-
etrations and lower reinforcements.

• The presence of the TIG arc was able to reduce the con-
vexity of the weld beads, regardless of the polarity.

• The results indicate that it is possible to combine the 
highest fusion rate of the MIG/MAG process in direct 
polarity with the lowest convexity of the weld bead due 
to the effect of the TIG arc.

• For the levels and factors evaluated it was observed 
that the most influential factor in the results was the 
change in polarity of the MIG/MAG process.
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