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Abstract Tungsten inert gas (TIG) and metal inert gas (MIG)
welding are the most popular gas-shielded arc-welding pro-
cesses used in many industrial fields. MIG welding is a high-
efficiency process compared to TIG welding. However, im-
provements are needed to reduce spatter and improve weld
metal toughness. Although pure argon shielding gas is desir-
able for weld metal toughness, MIG arcs are unstable in pure
Ar to the extent that executing welding is difficult. We have
found that MIG arcs become stable even using pure argon by
simply using a hybrid TIG and MIG system. This process has
the possibility of becoming a new welding process giving high
quality and efficiency. In this study, we investigate the influ-
ence of the balance of current between the TIG and MIG arcs,
which is most important in determining arc stability and arc
penetration. We have confirmed the suitable range of condi-
tions both experimentally and through numerical simulation
and have applied this process for butt and fillet joints. We
show that the welding time can be reduced to 17~44 % of the
time required using a conventional TIG process.

Keyword ATIG welding - MIG welding - Argon - Shielding
gases - Hybrid welding - Efficiency
1 Introduction

Tungsten inert gas (TIG) and metal inert gas (MIG) welding
are the most popular gas shielded arc welding processes used
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in many industrial fields. TIG welding is a high-quality pro-
cess which has features of less spatters and better weld bead
surfaces than welding using MIG with pure Ar. However,
improvement in the efficiency of TIG welding is needed
because of its slow speed and the small amount of deposited
metal. On the other hand, MIG welding is a high-efficiency
process with high rates of metal deposition, but still needs
improvements in quality, spatter production, oxidation of the
bead surface, and weld metal toughness [1].

For MIG welding, although pure argon shielding gas is
desirable for weld metal toughness, the MIG arc is unstable in
pure argon because of instabilities in the cathode spots on the
base metal surface. As a result, there are problems such as
weld defects and irregularity of the weld bead [2, 3]. If the
shielding gas includes a small amount of an oxidizing gas
such as oxygen or carbon dioxide, arc stability is improved
and suitable welding execution is possible. Thus, mixed gases
of Ar+0, or Ar+CO, are used for conventional MIG welding.
However, these gases are used, it is impossible to avoid the
oxidation of the bead surface and increased oxygen content
in the weld metal, which causes a decrease of weld metal
toughness.

We have found that MIG arcs become stable, even with
pure argon, by adopting a simple hybrid system of TIG and
MIG. With a TIG-MIG hybrid arc system, the cathode spots
of MIG arcs do not behave unstably, and stable welding
becomes possible [4]. Therefore, this process has the possi-
bility as becoming a new type of welding process combining
the high quality of TIG with the high efficiency of MIG.

Use of hybrid multi-heat sources is a useful method to solve
problems which cannot be solved by using a single heat source.
Various hybrid welding processes which have been used previ-
ously are now discussed [5—7]. The double-electrode GMAW
and arcing-wire GTAW is a GMAW or GTAW system applied
with a bypass current from an additional electrode. The aim is to
increase the deposition rate without increasing heat input [8—15].
Although this system is similar to the present study, there are
differences. For arc stability in pure inert gases, we use a simple
adjustment of the basic current balance and also a suitable
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Fig. 1 Schematic diagram of experimental set up

electrode configuration, without the need for special properties
of the power source or special circuits of the apparatus.

In this study, we investigate the influence of the TIG-MIG
current balance, which is the most important condition that
affects arc stability and arc penetration. We confirm the suit-
able range of currents by experiments and numerical simula-
tions. We applied this process to butt joints, and show that the
welding time can be reduced to about 17~44 % of the time for
conventional TIG welding.

2 Experimental procedures and numerical simulation
models

Figure 1 shows the dimensions and configuration of the
experimental welding torches and power sources. Table 1
shows the welding conditions of this study. In the configura-
tion, the TIG arc was leading and the MIG arc trailing, with a

Fig. 2 Schematic diagram of simulation model

specified distance between the two. The TIG arc was ignited
first, a weld pool was formed on the surface of the base metal,
and then the MIG arc was ignited.

The first experiment was performed to determine the stabil-
ity of the TIG-MIG system for the conditions shown in Table 1.
Comparisons were made of arc stability, bead appearance, cross
section, and current—voltage characteristic, with results for
conventional TIG and MIG arcs. The shielding gas was pure
Ar and Ar+2 % O,, which are popular MIG shielding gases.

The second experiment was performed to evaluate the
influence of the current balance between TIG and MIG.
MIG current was fixed to 270 A, the metal transfer mode
was set up as streaming transfer, and the TIG current was in
the range of 150~500 A.

To compare with the above two experiments, we did a
numerical simulation based on the current path and temperature
distribution of the TIG-MIG hybrid arc. To simulate the

Table 1 Welding conditions

Parameters 1st experiment 2nd experiment 3rd Experiment
(Basic condition) (Change of TIG current) (Application for joints)
Joint Bead on plate Butt joint, fillet weld
Base metal Stainless steel type304, Stainless steel type304,
t12mm t12mm and t6mm
Current TIG : 350A MIG: 270 A TIG: 150~500 TIG: 400A MIG: 280 A
AMIG: 270 A
Welding speed 30 cm/min
Wire feed speed 10 m/min 11 m/min
Distance between TIG 4 mm
and MIG arc
TIG electrode DCEN, La2,0;, @ 4.0 mm,
Tip angle: 30°
TIG arc length 5 mm
MIG wire DCEP, type308, & 1.2 mm
MIG wire extension 25 mm
Torch angle TIG/MIG TIG-MIG:—30/+30 MIG: —30/+30
+15
Shielding gas Ar Ar, Ar+He
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asymmetric interaction of the TIG and MIG arcs, a three-  (4) The surface of the weld pool is flat and does not change

dimensional model was used as shown in Fig. 2. Main assump- shape.

tions on the model were as follows: (5) Metal transfer of MIG wire is only considered for heat
(1) LTE approximation holds for the arc plasma. transport.

(2) All flows are laminar flow. The detail of equations and assumptions is reported in our
(3) Electrodes are a solid phase. previous report [16].
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Fig. 3 Experimental data of TIG-MIG hybrid welding on basic condition a bead appearance, b cross section, ¢ image of high-speed camera, and d
current—voltage wave of MIG
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In the final experiment, test plates were welded with butt
joints and a fillet joint. The purpose of this experiment was to
evaluate the weldability of practical joints and to compare
efficiency and quality with conventional TIG and MIG
welding processes. Efficiency was assessed by comparing
welding times with times of standard TIG conditions. We
made V-notched sharpy impact tests and also measurements
of oxygen content in the weld metal to evaluate weld bead

quality.

3 Results and discussion
3.1 Stability of the TIG-MIG hybrid system
3.1.1 Experimental results

Figure 3 compares bead appearance, cross sections, images
from a high-speed camera, and current—voltage characteristics
of conventional MIG welding with results from the TIG-MIG
hybrid system.

The bead appearance of conventional MIG using pure
argon showed irregularity of the bead and a clean width with
no oxidation around the bead, which is evidence of irregular
behavior of the cathode spots. On the other hand, MIG and the
TIG-MIG hybrid with Ar+0O, shield gas had no irregularities
of weld bead or a clean width. It is suggested that the MIG arc
was stable because of the effect of the oxygen content in the
shielding gas. Furthermore, the bead surface of the TIG-MIG
hybrid was not oxidized by the Ar+O, shielding gas. Com-
parisons of penetration depth could not be made because large
heat inputs were not possible for use with pure argon because
of the instability of these arcs.

Observations of the TIG-MIG hybrid arcs indicated repul-
sion effects on both arcs by electromagnetic forces from the
mutual arc currents. The metal transfer mode was stable
streaming transfer without spatter. Curves of current and volt-
age indicated stable welding without any short circuit from
wire to base metal. On the other hand, for MIG with pure
argon shielding, arc instabilities were indicated both from
high-speed camera photographs and current—voltage curves.

3.1.2 Comparison with results of numerical simulations

Figure 4 shows the results of numerical calculations of the
temperature distribution of the TIG-MIG hybrid arc. The
repulsion of both arcs is shown in the simulation results, and
is the same as indicated by the experimental data. Thus, the
form of the arc from the numerical temperature distributions is
roughly in agreement with experimental observations.

Figure 5 shows the current density distribution of the TIG—
MIG hybrid arc. Current values are classified into five paths as
illustrated in Fig. 5 as follows:

@ Springer
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Fig. 4 Temperature distribution of each model

(1) TIG electrode

(2) TIG electrode—base metal
(3) TIG electrode-MIG wire
(4) MIG wire-base metal

(5) MIG wire

Figure 6 shows high-speed camera pictures of the TIG-MIG
hybrid arc and the TIG arc under the same conditions as the
simulations. The current-voltage curves of the TIG-MIG hybrid
and conventional TIG for both simulations and experimental
results are shown in the each figure. The TIG voltage for
conventional TIG is higher than the TIG-MIG hybrid, although

(e) 270A \

(©)32A /
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Fig. 5 Simulation results current density distribution and current path
classification

(d) 238A
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Fig. 6 Image of high-speed
camera picture and current—
voltage value

(1) TIG-MIG hybrid arc

both current values are the same, which suggests the generation
of a direct current path between the TIG and MIG electrodes in
the experiment. The results support the validity of the numerical
model.

3.2 Influence of the balance of current between TIG and MIG
3.2.1 Experimental results

Figure 7 shows the bead appearance and the cross section as a
function of TIG current in the range of 150~500 A. MIG
current was fixed at 270 A and the wire feed rate fixed at 10m/
min, to maintain metal transfer in the streaming mode. A
stable arc was generated in the range of TIG current from

(i) TIG arc

2500 500 A, i.e., in the range such that TIG current is greater
than MIG current. A clean area was not seen around the bead
in this current range. On the other hand, with the TIG current
range from 150 to 200 A, TIG current is less than MIG
current, and the MIG arc was unstable, producing much
spatter. Also, a clean area was seen around the bead, as in
the case of pure argon-shielded MIG welding.

The penetration depth increased for TIG current in the
range of TIG current greater than MIG current. However, in
the range of TIG current less than MIG current, the penetration
depth was independent of TIG current. These results suggest
that the TIG current needs to be greater than the MIG current
for arc stability. Then, increased TIG current increases the
penetration depth.
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Fig. 7 Influence of leading TIG current on experimental results

@ Springer



16

Weld World (2014) 58:11-18

TIG S50A 5.7V
MIG 270A 22.0V
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MIG 270A 21.9V

(iv) TIG 300A

3.2.2 Comparison with results of numerical simulation

Figure 8 shows temperature distribution from the numerical
simulation, and Table 2 shows the current values of each path
under the condition of TIG current 50~500 A. The following
results were obtained:

(1) The direct current path (c) had a maximum of 32 A for a
TIG current of 300 A.

(2) The value of the current path (b) increased along with TIG
current because of saturation of the current in the path (c).

(3) Because electromagnetic forces depend on the current,
increase of the value of current in path (b) causes in-
creased repulsion. Thus, the repulsion between both arcs
increased, with TIG current and, as a result, MIG arc is in
opposite direction in condition (v) and (vi).

Table 2 Value of classified current pass on each condition of value (a)

Input  (a) TIG electrode 50 100 200 300 400 500

Output (b) TIG electrode—base metal 30 67 172 268 372 480
(c) TIG electrode-MIG wire 20 23 28 32 28 20
(d) MIG wire—base metal 250 247 242 238 242 250

Input  (e) MIG wire 270
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Fig. 8 Temperature distribution of each condition of TIG current 50~500 A
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(4) As a result of separation of both arcs by increases in
repulsion, the value of current in path (c) decreases in
condition (v) and (vi).

Figure 9 shows the comparison of simulation results with
experimental results, for the correlation of two property as
shown below:

* The share of value of current paths (b) to current path (a)
» The change of the experimental penetration depth from an
increase of TIG current

The share of current (b) compared with (a) depends on TIG
current and becomes more than 80 % in the range of the TIG
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Fig. 9 Comparison simulation results and experimental results
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Fig. 10 Experimental data of application for practical joints a form of groove, b cross section, and ¢ bead appearance

current from 200 to 500 A. For low currents in the range from
5010200 A, it is thought that the TIG current is insufficient for
melting the base metal. Then most of the current becomes the
direct current of path (c), which does not contribute to the heat
input of the base metal. Thus, the development of current in
path (b), which contributes to heat input, becomes effective for
TIG currents of more than 200 A.

3.3 Application for the practical joints
Figure 10 shows results for the welding of butt joints and fillet
joints using the TIG-MIG hybrid system. For each weld thick-

ness, good joints were made without detection of defects using
radiography. There was no appearance of surface oxidation of

Table 3 Comparison of welding time for TIG and TIG-MIG

Parameter Welding (a) t12 (b) t6 (c) t13
process butt joint butt joint fillet joint
Welding speed  TIG 5~20 10~15 5~10
(cm/min) TIG-MIG 30 30 30
Number of pass  TIG 6 2 2
TIG-MIG 4 1 1
Welding time TIG 30 133 20
(min/m) TIG-MIG 133 (44 %) 33(25%) 33(17 %)

(ratio of time)

the bead, as occurred for conventional TIG welding using pure
inert shielding gas.

Table 3 shows the results of efficiency based on welding
time, comparing the hybrid system with standard TIG welding,.
Only welding speed and the number of passes were considered
for efficiency. The welding time was reduced to about 17~
44 % of the times for conventional TIG, confirming a signif-
icant improvement in efficiency using the hybrid system.

Table 4 and Table 5 shows the results of V-notch sharpy
impact tests and measurements of the oxygen content in the
weld metal, base metal, and MIG wire. Because of low oxygen
contained in the weld metal and base metal, a significant high
absorbed energy value of about 200 J was obtained. Thus,
high-weld metal toughness, equivalent to standard TIG
welding, is expected.

Therefore, these results suggest that the welding time can
be reduced to about 17~44 % of the conventional TIG
welding process without any degradation in quality by using
the TIG-MIG welding process.

Table 4 Result of V-notched

sharpy impact test (condition (a)) Test Absorbed energy ()
specimen @————
NO. Single Ave
197
190 195
199
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Table 5 Oxygen

content of weld metal Sample O (ppm)
(condition (a))

Weld metal 25

Base metal 46

Wire 34

4 Conclusion

In this study, we found that a pure argon-shielded MIG arc can
become stable by using a simple TIG and MIG hybrid system.
The influence of TIG current on the welding properties such as
stability of the arc, penetration depth, and repulsion between
both arcs were investigated by experiments and numerical
simulations. Tests for efficiency and weld quality have been
made for practical joints and compared with results from
conventional TIG and MIG welding. The following conclu-
sions have been made:

(M

@

3

4)

In the TIG-MIG hybrid systems, both arcs perform well.
MIG arcs are stable, without spatter or irregular behavior
of cathode spots, even though the shielding gas is pure Ar.
For the TIG-MIG hybrid arc, it is suggested from both
experimental and numerical simulation results that a
current path is generated between TIG and MIG elec-
trodes. It is thought that this phenomena contributes to
the stability of the MIG arc using pure argon gas.

For the current balance, the TIG and MIG arcs of the hybrid
system, the TIG current needs to be larger than the MIG
current to keep the MIG arc stable when using pure argon.
Penetration depth increases with increase of TIG current as
long as the TIG current is larger than the MIG current.
Good butt and fillet joints were obtained with no defects
detected by radiography. The welding time is reduced to
about 17~44 % of the times used by conventional TIG.
Moreover, it is confirmed from V-notch sharpy impact
tests and the measurement of oxygen content in the weld
metal that toughness should be equivalent to standard
TIG welding.
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