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Abstract
Traditional gas tungsten arc-based additive manufacturing (GTA-AM) system normally applies high-level deposition current to
achieve a high deposition rate. Due to the induced high arc pressure, defects (e.g., humps) may always happen, which made the
deposited beads unsuitable for additive manufacturing (AM) purposes. To solve this issue, a twin electrode approach has been
applied in an implemented GTA-AM system, which achieved high deposition rate while kept the arc pressure with a relatively
small value. The objective of this paper is to investigate the principles of using the twin electrode GTAW approach in an AM
context. This paper first explored the maximum allowable wire feed speed (MAWFS) with regard to the deposition currents
ranging from 200 to 450 A. A piecewise linear model was established to represent the relationship between the MAWFS and the
current, which formed a basis for defining the feasible range of travel speed at a given deposition current. To validate the proposed
principles, a case study was conducted, in which a set of deposition parameters were determined for fabricating a cube part. The
deposition rate of twin electrodes GTA-AM is up to 2.7 kg/h, which is almost twice as much as that of traditional GTA-AM.
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1 Introduction

Additivemanufacturing (AM) is a near-net shaping technology
for fabricating parts directly from the CAD model. Compared
with the traditional manufacturing technologies such as turning
and milling, AMwas considered as a promising approach with
many advantages, such as less procedure, higher flexibility,
and higher material utilizing rate. Wire and arc additive
manufacturing (WAAM) employs the arc as the heat source
to melt fed wire, which is proved to be an effective approach
for depositing metal parts with a moderate complexity [1]. In
the literature, many WAAM systems have been implemented
in the recent decade. For instance, Ma et al. [2] developed a
hybrid manufacturing system, which jointly applied subtrac-
tive manufacturing and additive manufacturing to fabricate

large thin-walled aluminum structures. Williams et al. [3] de-
veloped a WAAM system, which supports fabrication of air-
craft parts with a large size, e.g., wing spar and external landing
gear. In the work of Li et al. [4], inclined multilayer multibead
steel parts were deposited by using a robotic WAAM system.
Recently, the WAAM was applied as the main enabler for
repairing surface defects of metal parts [5].

According to the power source and wire-feeding mode,
WAAM can be classified as gas tungsten arc additive
manufacturing (GTA-AM) and gas metal arc additive
manufacturing (GMA-AM). In comparison with GMA-AM,
the deposition process of GTA-AM is more stable since the
wire-feeding process is independent of the arc length. Various
metallic materials can be deposited by using GTA-AM, in-
cluding steel, nickel alloy, aluminum alloy, and titanium alloy.
[6]. Wang et al. [7] deposited a Ti-6Al-4 V thin-wall structure
by GTA-AM and tested the microstructure and mechanical
properties of the fabricated structure. Bai et al. [8] investigated
the thermal cycles of the GTA-AM deposition process for
2219 aluminum alloy and reported the diversity of microstruc-
ture at different positions of the deposition structure. Geng
et al. [9] analyzed the droplet transfer type of GTA-AM in
order to optimize the wire feed angle and to prevent the for-
mation of the gap defects between deposition beads.
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Among the abovementioned research efforts with regard to
the GTA-AM, the deposition rate of fed material was less than
1.5 kg/h [10], which confined its application in fabrication of
large-scale parts. During the GTA-AM process, the molten
pool is formed by the heating of the arc. The fed wire was
melted into droplets by the arc and fed into the molten pool to
form a deposited bead. The deposition rate is dependent on the
melting speed of the fed wire [11]. Accordingly, to improve
the deposition rate, it is necessary to increase the arc heat input
and to feed more wire [12].

Increasing the deposition current is a common way to pro-
vide more heat input, as a result, a high deposition rate can be
achieved. However, since traditional GTA-AM system em-
ploys a single tungsten electrode, the arc pressure will rise
rapidly with the growth of deposition current [13]. The in-
creased arc pressure has a great impact on the flowing state
of the molten pool, which produces many types of forming
defects, such as undercutting and humping. To avoid the for-
mation of such defects, the deposition current of traditional
GTA-AM was limited to a small value (usually less than
200A). Therefore, deposition of well-formed bead with a high
deposition current by GTA-AM is one of the research
hotspots.

In the welding field, Kobayashi et al. [14] proposed the
twin electrode gas tungsten arc welding technology and ap-
plied it to construct large storage tanks. This approach
employed two independent electrodes insulated from each
other in one torch. Every electrode was connected to a
GTAW power supply. The two sub-arcs generated by the
two electrodes could attract each other by Lorentz force,
forming a coupled arc [15]. Leng et al. [16] studied the physics
characteristics of this coupled arc and reported that the arc
pressure of the coupled arc was lower than that of the conven-
tional gas tungsten arc with the same welding parameters.
Wang et al. [17] investigated the behavior of the coupled arc
plasma andmolten pool by numerical simulation and analyzed
the weld bead penetration. It can be concluded from the relat-
ed work that the twin electrode GTA approach enables a high
deposition rate of the fed material, which has many potentials
for AM purposes.

In the context of AM, the forming appearance of the
deposited beads is a crucial factor that influences the qual-
ity of the fabricated part. Accordingly, it is necessary to
investigate the forming characteristics of beads under var-
ied manufacturing parameters of twin electrode GTA-AM.
This paper aims at improving the deposition rate of GTA-
AM by employing the twin electrode gas tungsten arc as
the heat source. To this end, the forming characteristics of
beads deposited using high deposition currents (up to 450
A) were investigated, and the process window for produc-
ing well-formed beads was proposed. Section 2 introduces
the implemented system and the applied methods.
Section 3 presents the experimental results and findings.

Section 4 validates the feasibility of fabricating metal
components with twin electrode GTA-AM. The main con-
clusions of this paper are given in Section 5.

2 Experimentation overview

2.1 Experimental system

An overview of the developed twin electrode GTA-AM
system is shown in Fig. 1. It contains a motion plat-
form, a twin electrode arc welding torch, and two Rilon
WS-400 GTAW power machines, a BY1 wire feeder, a
computer, and a signal transmission module. The motion
platform has 4 degrees of freedom (DOF) including 3
translational DOF along X-axis, Y-axis, Z-axis, and 1
rotational DOF around Z-axis. The twin electrode arc
welding torch was water-cooled and had two mutual
insulated tungsten electrodes central symmetrically fixed
in it. The distance between the tungsten electrode tips
was 1.5 mm. The positive electrodes of the GTAW
power machines were fixed to the substrate, while the
negative electrodes of the GTAW power machines were
connected to the corresponding tungsten electrodes. Two
independent current circuits were formed.

The wire was always fed to the forward position of the
molten pool through a nozzle fixed in front of the torch. The
computer is the control center of the system for setting the
velocity of the travel speed of welding torch, striking or
extinguishing the arc, adjusting the deposition current and
wire feed speed, and showing the status information of the
deposition process through a human-machine interface. It also
supports reading and running the deposition job programs
written according to the time sequence of deposition
parameters.

Fig. 1 Schematic diagram of twin electrode GTA-AM system
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2.2 Materials

In this work, a 1.2-mm diameter H08Mn2Si steel wire was
employed as filling material deposited on a 300*150*10-mm
Q235 mild steel substrate. The chemical constituent of the
wire and the substrate are shown in Table 1. The twin elec-
trodes were 3.0-mm diameter cerium tungsten sticks. The
electrodes were milled to the slanting shape with the tip angle
of 30 deg. During the deposition process, the twin electrode
distribution was always perpendicular to the deposition direc-
tion. The shielding gas was Ar.

2.3 Experimental procedure

The deposition parameters of twin electrode GTA-AM include
deposition current, travel speed, wire feed speed, arc length,
wire feed angle, and shielding gas flow. In the conducted
experiments, the twin electrodes were loaded with the same
current. It implies that the overall deposition current was as
twice as the current flowing through every electrode. This
paper mainly investigated the influence of the first three fac-
tors on the forming characteristics of deposition beads, be-
cause they are the main deposition parameters of GTA-AM.
The other factors were fixed as constant. The considered
values and ranges of the deposition parameters are listed in
Table 2.

In order to get the process window of twin electrode GTA-
AM, the single-bead deposition experiments were designed in
two stages. The objective of the first stage was to establish the
correlation between the deposition current and its maximum
allowable wire feed speed. Since twin electrode GTA-AM
striving after a high deposition rate, it is necessary to feed as
much wire as possible in the premise of depositing the well-
formed bead. Thus, the maximum allowable wire feed speed
at each deposition current was explored.

The specific settings of the experiments are detailed as
follows: the applied deposition current started from 200 A
with an increment of 50 A until maximum allowable wire feed
speed reached the upper limit of the wire-feeding machining
(5 m/min). For each deposition current, the beads were depos-
ited with different wire feed speeds and the same travel speed
until serious forming defects appeared on the surface of the
deposited beads.

The objective of the second stage was to explore the travel
speed ranges that enable obtaining well-formed beads.
According to the result of the first stage, the maximum

allowable wire feed speed was set as the wire feed speed in
the second stage. The forming characteristics of deposited
beads were evaluated based on a consideration of their
forming appearance and cross-sectional profiles. The data
with regard to the cross-sectional profile of beads was aggre-
gated by a META SLS-050 line–structured laser sensor with
the measurement accuracy of 0.05 mm. The line-structured
laser was vertically projected on the surface of the beads, as
shown in Fig. 2a. The aggregated original image and the point
cloud data after image processing were shown in Fig. 2b and
c, respectively.

3 Results and discussion

3.1 The maximum allowable wire feed speed at each
deposition current

The experiments were done as Table 3, and some typical de-
position beads were shown as Fig. 3.The outlines of the beads
deposited by the current of 250 A at different wire feed speeds
were shown in Fig. 4. In general, the twin electrode GTA-AM
technology has the ability to deposit the well-formed beads
with the deposition current from 200 to 450 A while the tra-
ditional GTA-AMusually sets deposition current below 200A
to avoid forming defects caused by high arc pressure. During
the experiments, it was observed that when the deposition
current was within the range from 200 to 350 A, the forming
characteristics of the deposition beads varied from well-
formed to slightly poor spreading, seriously poor spreading,
and finally wire inserting with the growth of wire feed speed.
However, when the deposition current was more than 350 A,
the forming characteristics of the deposition beads turned
from well-formed to wire inserting directly. The evolution of
deposition bead forming characteristics and causes of forming
defects are discussed following.

On one hand, the wire feed speed has an impact on the
spreading process of deposition bead on the substrate. The
main forces on the molten pool include gravity, arc pressure,
and surface tension. The gravity and arc pressure promote the
sinking down of the molten metal, while the surface tension

Table 1 Chemical constituent of the substrate and wire (wt. %)

Elements C Mn Si S P

Q235 0.12~0.20 0.30~0.70 ≤ 0.30 ≤ 0.045 ≤ 0.045

H08Mn2Si 0.06~0.15 1.40~1.85 0.80~1.15 ≤ 0.025 ≤ 0.025

Table 2 Experimental condition of twin electrode GTA-AM

Parameter Value of ranges

deposition current (A) 200~450

Wire feed speed (m/min) 0~5

Travel speed (mm/s) 0~10

Ar gas flow (L/min) 11

Arc length (mm) 5

Wire feed angle (deg) 20

Initial temperature (°C) < 50
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prevents the molten pool from overflowing. Fig. 3a to d are
the typical forming appearance of well-formed beads without
any defects, and the contact angle between the substrate and
the bead is smaller than 90 deg since the molten pool is able to
reach a steady state with these forces and spread on the

substrate. The outline of the well-formed bead is a curve
smoothly connected with the substrate line.

If the wire feed speed grows further, more molten metal is
fed into the molten pool, so the volume of molten pool in-
creases. But it was noticed that the width of molten pool (the

Table 3 Forming characteristics
with different deposition currents
and wire feed speed

Exp.
No.

Deposition
current I (A)

Travel speed v
(mm/s)

Wire feed speed vf
(m/min)

Forming characteristic

1 200 3 1 Well-formed

2 200 3 1.5 Slightly poor spreading

3 200 3 2 Slightly poor spreading

4 200 3 2.5 Seriously poor spreading

5 200 3 3 Seriously poor spreading

6 200 3 3.5 Seriously poor spreading and
wire inserting

7 250 3 1.5 Well-formed

8 250 3 2 Well-formed

9 250 3 2.5 Slightly poor spreading

10 250 3 3 Slightly poor spreading

11 250 3 3.5 Seriously poor spreading

12 250 3 4 Seriously poor spreading and
wire inserting

13 300 3 2.5 Well-formed

14 300 3 3 Well-formed

15 300 3 3.5 Slightly poor spreading

16 300 3 4 Slightly poor spreading and wire
inserting

17 350 3 3.5 Well-formed

18 350 3 4 Well-formed

19 350 3 4.5 Slightly poor spreading and wire
inserting

20 400 3 4.5 Well-formed

21 400 3 5 Wire inserting

22 450 3 5 Well-formed

Fig. 2 Detection method and
result of deposition bead outline
data: a detection method, b
original image, c point cloud data
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distance between two feet of the bead) nearly did not change
as the heat input to the substrate is constant, so that the surface
tension makes the molten pool higher and plumper, thus the
contact angle increases. When the contact angle is around 90
deg, the bead forming characteristic becomes slightly pool
spreading as Fig. 3e. The outline of the slightly pool spreading
bead seems discontinuous to the substrate line at the bead foot
areas because these areas are nearly vertical to the line-
structured laser, which decreases the density of the test point
over there. For the multibead overlapping deposition process,
the arc heat cannot approach to the former bead foot area,
which will increase the risk of causing non-fusion defect. So
it is better to avoid the appearance of the slightly pool spread-
ing bead.

If the wire feed speed keeps on growing, the effect of grav-
ity will be more remarkable than surface tension. The width of
molten pool is still maintained, but the molten metal starts

sinking down, and extending along the transverse direction,
which makes the contact angle bigger than 90 deg, and the
distance between two feet is not yet the widest part of the
bead. The line-structured laser can only project to the area
above the widest part of the bead but cannot reach the area
below that, so the detection contour is separated from the
substrate line. In this case, the bead is seriously pool spreading
as Fig. 3f, and it is scarcely possible to obtain a flawless
deposition part.

On the other hand, the maximum allowable wire feed speed
is limited by the arc heat. While the wire feed speed grows to a
certain extent, the arc heat is insufficient to melt the wire in
time. So the wire will crash on the bottom of the molten pool,
then it will be bended and protrude out of the molten pool.
Once the frizzy protruded wire contacts the twin electrodes, it
will be melted and spread along the gap between the twin
electrodes, and finally connects the twin electrodes together.
Therefore, the electrodes will be polluted and the distribution
of deposition current will be changed, resulting in an unstable
process.

Thus, according to the experimental result in Table 3, the
effect of wire feed speed and deposition current on forming
characteristics was shown as Fig. 5. There are 3 zones in Fig.
5: well-formed zone, poor spreading zone, and wire inserting
zone. Two boundary curves are respectively named after pool
spreading curve and wire inserting curve. These two curves
intersect at nearby 350 A.

The arc heat to melt the wire is a factor affecting the
forming characteristics. The wire inserting curve in Fig. 5
reveals the ultimate ability of arc to melt the wire at various
deposition currents from 200 to 450 A, which reflects the
relationship between heat input and deposition rate. The arc

Fig. 3 Forming appearance of
typical deposition beads, a Exp.
No.7, b Exp. No.14, c Exp. No.
18, d Exp. No. 22, e Exp. No. 9, f
Exp. No.11, g Exp. No. 16

Fig. 4 The outlines of the beads deposited by 250 A at different wire feed
speeds

Int J Adv Manuf Technol (2019) 104:4517–4526 4521



heat transferred to wire per unit time can be described by the
following equation:

q ¼ ηUI ð1Þ
where η is the thermal efficiency of arc to heat the wire [18].
And U is the arc voltage, which is constant in this research.
Figure 6 shows the arc shapes at different deposition currents,
which were collected by Xiris-xvc1000 wide dynamic cam-
era. It was found that the lower deposition current, the
slenderer arc shape. Most of the arc zone is in contact with
the wire at low deposition current, which is conducive to heat
transfer. So the thermal efficiency of arc is high. With the
increase of deposition current, the arc shape enlarges, which
reduces the proportion of arc zone contacted with wire in total
arc zone. The part of arc zone far away from the wire nearly
does no help to melt the wire. It leads to the slightly decrease
of thermal efficiency of arc. Thus, the change of thermal effi-
ciency with deposition current is the reason that the heat input
increased is not proportional to the increase of the melt speed
of wire. But the thermal efficiency will not decrease indefi-
nitely. As the convergence of the thermal efficiency when the
current exceeds 300 A, the heat input increased is proportional
to the increase of the melt speed of wire.

The arc heat to form the molten pool is also a factor affect-
ing the forming characteristics. When the deposition current is
low, the heat input to form the molten pool is also low. It
narrows the molten pool and decreases the width of deposition

bead. In this case, the molten pool is easier to become higher
and poor spreading with the growth of wire feed speed. When
the deposition current is high, the molten pool gets wide
enough to accommodate more molten metal, but the arc heat
may not melt that much wire in time. So the wire was fed into
the molten pool before melted, and the wire inserting defect
appeared instead of poor spreading defect.

In order to improve robustness of results, the topmost
square point of each column in Fig. 5 is chosen as the maxi-
mum allowable wire feed speed at each deposition current. A
piecewise linear function with a demarcation point of 350 A
was employed to describe the relationship between the maxi-
mum allowable wire feed speed and deposition current. It
satisfies the following:

v fmax ¼ 0:02I−3 ; 200A < I ≤350A
0:01I þ 0:5 ; 350A < I < 450A

�
m=minð Þ ð2Þ

In the following experiments, the wire feed speed and de-
position current are matched according to Eq. (2).

3.2 The feasible travel speed ranges at each
deposition current

The experiment results were shown as Table 4. The forming
characteristics mainly include well-formed, well-formed but
exceeding limited height, and discontinuous. The outlines of
beads deposited by 350 A deposition current at different travel
speeds were given as Fig. 7. It was found that the width and
height all grew with the decrease of travel speed, because the
arc duration per unit length got longer, which increased the
total heat input and molten metal input. But with the highest
point of molten pool approaching to the tips of twin elec-
trodes, once the interferences of the deposition process give
it an upward fluctuation, short circuit will happen so that the
deposition bead has tungsten inclusion defect and the elec-
trodes are polluted as well. Besides, the large molten pool
leads to serious heat sink, which is harmful to properties. So
in this work, 3 mmwas set as the limited height of a deposition
bead, and the deposition parameters to obtain the exceeding
limited height bead are forbidden to use for the sake of
avoiding the risk of short circuit. It determines the lower limit
of travel speed. Conversely, when the travel speed is too fast,

Fig. 6 The arc shapes of different deposition currents a 200 A, b 350 A, c 450 A

Fig. 5 The forming characteristics distribution with wire feed speed and
deposition current
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the arc heat input to the substrate is too small to form the
molten pool. In this case, the bead is made up of a series of
droplets, so its forming characteristic is discontinuous. It de-
termines the upper limit of travel speed. The forming appear-
ances of discontinuous beads were given as Fig. 8.

Figure 9 presents the feasible travel speed ranges, and it is
also the process window of twin electrode GTA-AM. It was
found that the upper limit curve increases with deposition
current while the lower limit curve first increases and then
converges. For the upper limit curve, as the heat input per unit
time raises with the deposition current, the energy accumula-
tion rate increases. Thus, it needs less time to melt substrate
and forms a molten pool, which means that the travel speed to
get the well-formed bead could be faster. For the lower limit

curve, when the deposition current reaches a higher level, the
deposition bead is difficult to get higher as the following rea-
sons: (i) The growth rate of wire feed speed with deposition
current decreases after 350 A as Eq. (2), but the width of
molten pool is still grow as usual, so the quantity of molten
metal is not enough tomake the bead grow higher. And (ii) the
increasing of gravity promotes the molten pool sinking down
and makes the molten pool plumper, instead of higher. So the
lower limit curve first increases and then converges.

In comparison with traditional GTA-AM process, the de-
fects such as undercutting and humping did not appear during
the twin electrode GTA-AM process. High arc pressure and
high travel speed are the necessary conditions of undercutting
and humping. For the traditional GTA-AM technology at high

Table 4 Forming characteristics
with different deposition currents
and travel speeds

Exp. No. Deposition
current I (A)

Travel speed

v (mm/s)

Wire feed speed
vf (m/min)

Forming characteristic

1 200 1 1 Well-formed but exceeding limited height

2–5 200 1.5, 2, 3, 4 1 Well-formed

6 200 5 1 Discontinuous

7–8 250 1.5, 2 2 Well-formed but exceeding limited height

9–12 250 2.5, 3, 4, 5 2 Well-formed

13 250 6 2 Discontinuous

14 300 2.5 3 Well-formed but exceeding limited height

15–18 300 3, 4, 5, 6 3 Well-formed

19 300 7 3 Discontinuous

20 350 2.5 4 Well-formed but exceeding limited height

21–25 350 3, 4, 5, 6, 7 4 Well-formed

26 350 8 4 Discontinuous

27 400 2.5 4.5 Well-formed but exceeding limited height

28–33 400 3, 4, 5, 6, 7, 8 4.5 Well-formed

34 400 9 4.5 Discontinuous

35 450 2.5 5 Well-formed but exceeding limited height

36–42 450 3, 4, 5, 6, 7, 8, 9 5 Well-formed

43 450 10 5 Discontinuous

Fig. 8 Forming appearances of discontinuous beads, a Exp. No. 6, b Exp.
No. 19

Fig. 7 The outline of the beads deposited by 350 A at different travel
speeds
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deposition current and high travel speed, the molten metal in
the front of molten pool is pushed backward by arc pressure
and leaves a liquid film below the arc, and the arc moves away
from the above of liquid film quickly. So the liquid film will
be frozen into solid and prevent the flow of molten pool,
which results in the inhomogeneous deposition bead [19].
But for the twin electrode GTA-AM technology, the coupled
arc pressure is much lower than that of traditional gas tungsten
arc with single electrode, which weakens the motion force to
push the molten metal backwards and prevents the forming of
liquid film. So it is feasible for twin electrode GTA-AM to
deposit well-formed bead at high deposition current and high
travel speed. Themaximum travel speed is up to 9 mm/s when
the deposition current is 450 A, and the wire feed speed is 5
m/min.

4 Experimental validation of twin electrode
GTA-AM

4.1 Single-layer multibead component

A single-layer component with 5 overlapping beads was first
deposited by twin electrode GTA-AM technology. As recom-
mended by the process window proposed in this paper, the

following deposition parameters were set: 450 A deposition
current, 5 m/min wire feed speed, and 5 mm/s travel speed. By
using the selected deposition parameters, the geometries of the
deposited beads were measured as 2.12 mm height and
10.05 mm width. The applied overlapping distance was 7
mm. Accordingly, the expected width of the layer was 38.05
mm. The deposition layer was shown as Fig. 10, and the
aggregated cross-section outline was given as Fig. 11. The
measured width of the layer was 37.56 mm. The average
height of each bead in this layer was 2.16 mm. It can be seen
that this deposition layer was well-formed without any
forming defect, and the expected geometries was achieved.

4.2 Multilayer multibead component

In order to further validate the feasibility of fabricating metal
components with twin electrode GTA-AM, a forming experi-
ment of multilayer multibead block component was conduct-
ed with the deposition parameters mentioned in section 4.1.
This structure includes 9 layers, and each layer has 3 overlap-
ping beads. The deposition direction of each bead is the same.
The deposition sequence in each layer is from the middle to
both sides. The geometries of the target component were
100 mm length, 24 mm width, and 19 mm height. The

Fig. 9 The feasible ranges of travel speed

Fig. 10 Overview of the single layer component deposited by twin
electrode GTA-AM

Fig. 11 The cross section outline of the deposited single layer

Fig. 12 Overview of the multilayer multibead component deposited by
twin electrode GTA-AM, a side view, b global view
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deposited block component was shown as Fig. 12. Forming
defects did not occur during the deposition process. A com-
mon problem of WAAM [20] also arises in twin electrode
GTA-AM process, the arc-striking ends were higher than the
middle part and the arc-extinguishing ends was lower than the
middle part. At these two ends, the arc length deviated from
the set value of 5 mm, which results in the change of process
stability and affect the forming characteristics. Except the arc-
striking and arc-extinguishing ends, the deposited block com-
ponent is well-formed. The measured width of this component
is 23.52 ± 1 mm. The measured height of this component is
19.14 ± 0.3 mm. The expected geometries were achieved.

According to material balance rule, deposition rate (DR) is
equal to the wire feed mass per unit time, and it can be calcu-
lated with the wire feed speed vf, the wire diameter d, and the
density of wire ρ as:

DR ¼ πρd2v f =4 ð3Þ

Table 5 listed the present work and some recent studies on
traditional WAAM technology using similar filling materials.
The deposition rate in Table 5 was given by the author directly,
or calculated with the values in corresponding articles accord-
ing to Eq. (3). The maximum deposition rate of twin elec-
trodes GTA-AM for mild steel is up to 2.7 kg/h at the exper-
imental conditions described in section 2. The result shows
that deposition rate of twin electrodes GTA-AM is almost
twice as much as that of traditional GTA-AM and is almost
at the same level with GMAAM. Thus, employing the heat
source of twin electrode gas tungsten arc is an effective meth-
od to improve the deposition rate of GTA-AM.

5 Conclusions

1) The feasibility of twin electrode GTA-AM to deposit the
well-formed bead at high deposition currents up to 450 A
has been validated. It is able to avoid undercutting and
humping defects caused by high arc pressure.

2) With the growth of wire feed speed, the connect angle
between deposition bead and substrate increases. The
maximum allowable wire feed speed to ensure the

deposition bead well-formed at each deposition current
is explored by experiments. The wire feed speed higher
than that will lead to poor spreading defect or wire
inserting defect.

3) The width and height of deposition bead both decrease
with the growth of travel speed. The feasible travel speed
range at each deposition current with its maximum allow-
able wire feed speed is experimentally found. It can reach
9 mm/s at the deposition current of 450 A.

4) The verification experiment has proved that twin elec-
trodes GTA-AM is able to fabricate metal components
without defects at a high deposition rate. Its deposition
rate is up to 2.7 kg/h, which is almost twice as much as
that of traditional GTA-AM, and is almost at the same
level with GMA-AM.
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