
Introduction

Gas tungsten arc welding (GTAW) is a
widely used process for metal joining
(Refs. 1–3). Its arc is established between
the tip of a nonconsumable tungsten elec-
trode and the workpiece (Ref. 4) with a
shielding gas (Refs. 5, 6) applied to pro-
tect the arc and the weld pool area. The
GTAW process can be used in welding a
wide variety of metals. It is typically used
for root passes on pipes and thin-gauge
materials. Its arc is very stable and can
produce high-quality and spatter-free
welds without requiring much postweld
cleaning. A typical GTAW system consists
of a power supply, a water cooler, a weld-
ing torch, cables, etc. For most of its ap-

plications, direct current electrode nega-
tive (DCEN) polarity is used and approx-
imately 70% of the arc heat is applied into
the workpiece. Opposite to the direct cur-
rent electrode positive (DCEP) polarity,
the DCEN polarity produces a relatively
narrow and deep weld (Refs. 3, 7).

In order to achieve desirable welds,
filler metals are typically required during
GTAW. Currently, there are two com-
monly used approaches for filling the
joint: cold-wire GTAW process and hot-
wire GTAW process. In the cold-wire
GTAW process (Ref. 8), the filler metal is

directly added as is. To melt the wire
faster, in the hot-wire GTAW (Ref. 9), the
filler metal is preheated by a resistive heat
while it is being fed into the weld pool.
This resistive heat is generated by a sepa-
rate current (typically an alternating cur-
rent, AC) (Refs. 10, 11) supplied to the
filler metal that flows from the wire di-
rectly into the weld pool. The current is
properly adjusted so that ideally the tem-
perature of the filler metal can reach its
melting point as soon as it enters the weld
pool. In comparison with the cold-wire
GTAW, the hot-wire GTAW process is
more complicated and has a higher cost
with the additional power supply, but it
can provide a higher deposition rate.

Unfortunately, despite the increased
temperature of the filler metal when it en-
ters into the weld pool, the wire melting is
still finished by the heat generated from
the weld pool during the hot-wire GTAW
process. That is, part of the heat used to
melt the filler metal is essentially absorbed
from the weld pool. To melt the wire
faster, the arc would have to establish a
larger weld pool. Increasing the melting or
deposition rate is at the expense of an in-
creased weld pool. The arc energy and
deposition rate are thus coupled. This cou-
pling reduces the process controllability to
provide desirable arc energy and deposi-
tion rate freely to meet the requirements
from different applications. For overhead
welding where the maximal mass of the
weld pool is restricted, this coupling also
directly reduces the amount of the filler
metal that can be added in each pass. The
productivity is directly reduced because of
this coupling or undesirable process
controllability.

In order to improve the productivity and
controllability in GTAW, a modified filler
metal process for GTAW, the arcing-wire
GTAW process, is proposed. In this investi-
gation, the issues with conventional GTAW
were analyzed, and then the arcing-wire
GTAW process was proposed and realized.
Experiments were done to confirm the fea-
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ABSTRACT

Gas tungsten arc welding (GTAW) is a widely used process. It often requires adding
filler metals to produce desired welds. Unfortunately, both conventional cold wire and
hot-wire GTAW require heat be transferred from the weld pool to the wire in order
to finally finish the melting of the wire. The achievable deposition rate of the filler
metal is coupled with the arc energy and mass of the molten metal in the weld pool.
When the total mass of the weld pool is restricted as at the overhead position during
pipe welding, the achievable deposition rate of each pass is directly reduced by this
coupling. In this research, the authors proposed to completely melt the wire at high
speeds without heat transferred from the weld pool. In particular, a side arc is added
into the gas tungsten arc (GTA) between the wire and the same tungsten that estab-
lishes the GTA with the workpiece. While its anode provides a gas metal arc welding
(GMAW) melting mechanism to completely melt the wire at high speeds, the unde-
sirable dependence of deposition rate on the weld pool mass is also eliminated. As a
result, the deposition rate is increased and the ability to provide a desirable deposition
rate and base metal melting/penetration freely without coupling is established for
GTAW. Through the establishment of an experimental setup and the performance of
a series of carefully designed experiments, this proposed arcing-wire GTAW process
and its anticipated merits as aforementioned were experimentally demonstrated.
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sibility and effectiveness of the proposed
arcing-wire GTAW in decoupling the arc en-
ergy and the deposition rate. The achievable
combination range of GTAW current vs.
wire melting current are given to demon-
strate the desirable controllability of the arc-
ing-wire process for separate control of arc
energy and deposition.

Analysis of Conventional GTAW

In the conventional cold-wire GTAW

process, the filler metal is primarily melted
within and by the molten pool. In other
words, the heat used to melt the filler
metal is essentially absorbed from the
weld pool on the workpiece. The wire dep-
osition rate is limited by the heat input
into the workpiece. Attempting to increase
this rate will have to be at the expense of
increased heat input.

As a further development to the cold-
wire GTAW process, the hot-wire GTAW-
process was invented by Manz and then

developed by Linde Division of Union
Carbide in 1964 (Ref. 13). Figure 1 illus-
trates the block diagram of a typical hot-
wire GTAW system. As shown in Fig. 1, a
hot-wire loop commonly includes a wire
feeder, a wire heating power supply (typi-
cally alternating current), a contact tube,
and a ceramic isolation guide. After the
gas tungsten arc is established, the wire is
fed into the weld pool. As a result, the hot-
wire current loop is closed and the current
flowing through the wire generates the re-
sistance heat in the wire.

(1)

(2)

where P is the power of the resistance
heat; Iw is the current passing through the
wire; Rw is the resistance of the wire ex-
tension; ρ is the electrical resistivity of the
wire; l is the length of the wire extension;
and r is the radius of the wire. 

It is clear that the wire diameter and

ρ π( )=R l r/w
2

=p I Rw w
2
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Fig. 1 — Principles of hot-wire GTAW system (Ref. 12).

Fig. 3 — Arc-assisted hot-wire GTAW (Ref. 15). Fig. 4 — The comparison of hot-wire welding and modified filler metal
GTAW process. A — Arc and weld pool in hot-wire GTAW; B — arcs and
weld pool in arcing-wire GTAW.

Fig. 2 — Plot of deposition rate vs. arc energy in cold-wire and hot-wire
GTAW processes (Ref. 14).

Table 1 — Comparison of Energy Efficiencies

Case 1 2 3 4

Wire Material Carbon Steel Copper Carbon Steel Copper
Extension (mm) 20 20 15 15
Wire Resistance (Ω) 0.0081 0.00093 0.0061 0.00070
Cable Length (m) 10 10 20 20
Cable Resistance (Ω) 0.00214 0.00214 0.00428 0.00428
Wire Current (A) 200 200 200 200
Energy Efficiency: Hot-wire 79% 30% 59% 14%
Energy Efficiency: Arcing-wire 77% 75% 74% 73%
Improvement Ratio 97.5% 247% 127% 517%

A B
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length of wire extension determine the re-
sistance and thus the resistance heat. By
using this heat, ideally the filler metal is able
to heat up close to its melting point. As a re-
sult, the wire deposition rate can be in-
creased significantly. Figure 2 shows the
comparison of the deposition rate between
the cold- and hot-wire GTAW processes

(Ref. 14). It can be seen that the arc energy
in the hot-wire GTAW significantly in-
creases the deposition rate. That is, the dep-
osition rate is coupled with the arc energy.

In addition to the coupling between the
deposition rate and arc energy, there are
other issues associated with the hot-wire
GTAW. One of these issues is that its dep-

osition rate is still limited especially when
the electrical resistivity of the wire mate-
rial is relatively low. To resolve this issue,
a second arc was added to increase the
preheat temperature of the wire using the
system as shown in Fig. 3 (Refs. 15, 16).
This effort is a demonstration of the
awareness of the welding community
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A B

Fig. 5 — Arcing-wire GTAW system. A — System diagram; B — system.

Fig. 7 — Weld bead of Experiment  No. 1 (welding direction: left to right).Fig. 6 — Welding currents and voltages in Experiment No.1.

Fig. 9 — Weld bead of Experiment No. 2 (welding direction: left to right).Fig. 8 — Welding currents and voltages in Experiment No. 2.

Fig. 11 — Weld bead of Experiment No. 3 (welding direction: left to right).Fig. 10 — Welding currents and voltages in Experiment No. 3.
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about the dependence of the effectiveness
of the hot-wire GTAW on the wire mate-
rial. Another issue is that, in all cases for
hot-wire GTAW process, the resistance
heat generated within the cable becomes
significant in comparison with the effec-
tive heat that preheats the wire. This part
of resistance heat is not only wasted but
also calls for an increased
diameter/weight/cost/operation-inconve-
nience of the cable.

To overcome the issues associated with
the hot-wire GTAW, the wire melting
mechanism in GMAW is introduced into
the GTAW, and the arcing-wire GTAW is
proposed.

Arcing-Wire GTAW

The authors propose an innovatively
modified GTAW, namely the arcing-wire
GTAW, as being compared with the hot-
wire GTAW in Fig. 4. As shown in Fig. 4B,
a wire with higher potential than the tung-
sten is sent into the main GTA. The po-
tential difference between the wire and
tungsten can be established using a second

power supply. As a result, a side arc is es-
tablished between the tip of the tungsten
and the filler metal inside the main GTA.

The primary difference between the
hot-wire GTAW process and the arcing-
wire GTAW process lies in the melting
mechanism for the filler metal. As can be
seen in Fig. 4A, in the hot-wire GTAW
process, the filler metal is preheated at
first by the resistance heat generated by
the current inside the wire, and then
melted within the weld pool. Similarly, as
in cold-wire GTAW, the heat that finishes
the melting of the filler metal is still the
heat absorbed from the weld pool. There
is no gap between the filler metal and weld
pool. However, in the arcing-wire GTAW
process shown as Fig. 4B, the wire is actu-
ally completely melted by the side arc es-
tablished between the tungsten and the
wire. The wire can thus be melted similarly
as in GMAW process at high speeds de-
spite possible low resistivity of the wire.
Further, this melting process does not de-
pend on the weld pool. The coupling be-
tween the deposition rate and arc energy is
decoupled.

Comparative Analysis

Melting Speed

The hot-wire GTAW uses the resistive
heat to preheat the wire at power Pw =
I2

wRw = IwVw where Iw ,Vw, and Rw are the
wire current, voltage, and resistance. In the
arcing-wire GTAW, this resistive heat still
heats the wire, but an additional power, 
IwVanode where Vanode is the anode voltage
drop, is added. The heat the arcing wire
GTAW provides to heat/melt the wire is 

(3)
times of that provided by the hot-wire
GTAW. Because Rw is small for the metal
wire as an excellent conductor, Vw = IwRw
is typically much smaller than Vanode un-
less an extremely high current is used. The
wire in the arcing-wire GTAW is melted at
the same speed as in GMAW for the same
(wire) current. It is true that the hot-wire
GTAW also uses part of the heat from the
weld pool to finish the melting of the wire.
However, the deposition rate achievable
by hot-wire GTAW is much lower than
that achievable by GMAW. Because the
deposition rate achievable by arcing-wire
is the same as that by GMAW, the deposi-
tion/melting rate for the arcing-wire is
much improved.

Energy Efficiency

Denote the resistance of the cable as
Rc. This is apparent that the energy effi-
ciency for hot-wire GTAW is

=
+

= +

k
I V l V

l V

V V1 /

w w w anode

w w

anode w
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Fig. 12 — Welding currents and voltages in Experiment No. 4.

Table 2 — Arcing-Wire Experimental System Components

Equipment and Accessories Model, Material or Size

GTA power supply Thermal Arc Power-Master 500
Wire heating power supply Miller PM 200
Wire feeder Miller S-74D
GTAW torch Weldcraft WP-18P 500-A GTAW torch
Filler metal torch Bernard GMAW gun — 400-A Q-gun
Diameter of filler metal 0.045 in.
Shielding gas of GTAW torch Pure argon
Shielding gas of filler metal none

Fig. 13 — Weld bead of Experiment No. 4 (welding direction: left to right).

Fig. 14 — Welding currents and voltages in Experiment No. 5. Fig. 15 — Weld bead of Experiment No. 5 (welding direction: left to right).
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(4)
For the arcing-wire GTAW, this effi-

ciency is 
η2 = (IwRw+Vanode)/(Vanode +Vcathode
+ Vvolume +IwRc + IwRw) (5)

where Vanode +Vcathode + Vvolume +IwRc
+ IwRw is the welding voltage measured at
the power supply with Vanode , Vcathode ,
and Vvolume being the anode, cathode, and
arc volume voltage.

The resistivity of the wire extension in-
creases with the temperature. The median

between the room temperature 20°C and
melting point of the filler metal is used as
the average temperature to compute an
average resistivity for the wire extension in
order to calculate the wire resistance. With
reasonable estimates, Vcathode = 1 V, Vvol-
ume = 2 V, and Vanode = 10 V, the resist-
ance for the wire extension and cable, the
energy efficiency for the hot-wire GTAW
and arcing-wire GTAW under Iw = 200 A,
and the energy efficient improvement
η2/η1 ratio can be calculated as listed in
Table 1 for different cases assuming that
the diameter of the wire and copper cable
is 1.2 and 10 mm, respectively. The mate-

rials’ properties used in calculation in-
clude: 1) melting point for carbon steel,
1500°C; 2) melting point for copper,
1084°C; 3) resistivity for carbon steel, 1.43
× 10–7 Ω/m (20°C); 4) resistivity for copper:
1.68 × 10–8 Ω/m(20°C); 5) temperature co-
efficient of resistivity for carbon steel,
0.004/°C; and 6) temperature coefficient
of resistivity for copper, 0.003/°C. As can
be seen, the energy efficiency is, in gen-
eral, significantly improved especially for
short wire extension, a long cable, and
metal with excellent conductivity. In addi-
tion, while the energy efficiency for the
hot-wire GTAW varies significantly, it is al-

η =
+

R

R R
w

c w
1
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Fig. 17 — Weld bead of Experiment No. 6 (welding direction: left to right).

Fig. 19 — Weld bead of Experiment No. 7 (welding direction: left to right).

Fig. 16 — Welding currents and voltages in Experiment No. 6.

Fig. 18 — Welding currents and voltages in Experiment No. 7.

Fig. 20 — Welding currents and voltages in Experiment No. 8.

Table 3 — Specs of Experiments 1–4

Parameter Experiment 1 Experiment 2 Experiment 3 Experiment 4

Iw (or I2 in plot) 50 A 100 A 150 A 200 A
Wire feed speed (1.2 mm) 100 in./min 150 in./min 190 in./min 250 in./min
IGTA ( or I1 in plot) 200 A 200 A 200 A 200 A
Travel speed 20 cm/min 20 cm/min 25 cm/min 30 cm/min
Nozzle to work dist. 3⁄8 in. 3⁄8 in. 3⁄8 in. 3⁄8 in.
Shielding gas (100% Ar) 20 ft3/h 20 ft3/h 20 ft3/h 20 ft3/h
Resultant ρ 17% 31% 43% 54%

Fig. 21 — Weld bead of Experiment No. 8 (welding direction: left to right).
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most constant for the arcing-wire GTAW.
Use of the arc as the major heat source is
responsible for this excellent characteris-
tic of arcing-wire GTAW.

Arc Controllability

GTAW competes with GMAW by its
excellent arc controllability. In GMAW,
the wire is melted by the arc anode effec-
tively to realize high productivity. How-
ever, the arc root or cathode where the
electron emission occurs is highly mobile
on the workpiece (Ref. 17), causing the arc
in GMAW to be not as stable as in GTAW

where the electron emission occurs at the
tungsten. Further, to achieve a spray trans-
fer, which is often the preferred mode for
many applications, the current must be
greater than the transition current (Refs.
18, 19). While the pulsed arc control (Ref.
20) offers an ability to achieve the tradi-
tionally preferred spray transfer at a wide
range of average current, and surface ten-
sion transfer (STT) (Ref. 21) and cold
metal transfer (CMT) (Ref. 22) change
the short-circuiting transfer from a tradi-
tionally unstable process with spatter to a
stable process with spatter minimized. The
current waveforms are not freely deter-

mined by the applications and the effec-
tiveness of these methods dictates the cur-
rent waveform. The arc controllability of
the GMAW process is still not comparable
with the GTAW, which can deliver any cur-
rent and current waveform in reasonable
ranges with no practical constraints/
coupling.

In the arcing-wire GTAW, the current
and current waveform applied into the
workpiece is independently controlled
with no constraints as in conventional
GTAW. Hence, the arcing-wire GTAW
melts the wire with the same productivity
as GMAW, but it maintains the ability to
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Fig. 22 — Welding currents and voltages in Experiment No. 9.

Fig. 24 — Welding currents and voltages in Experiment No. 10.

Fig. 26 — Weld bead of Experiment No. 11 (welding direction: left to right).

Fig. 23 — Weld bead of Experiment No. 9 (welding direction: left to right).

Fig. 25 — Weld bead of Experiment No. 10 (welding direction: left to right).

Table 4 — Specs of Experiments 5–8

Parameter Experiment 5 Experiment 6 Experiment 7 Experiment 8

Iw (or I2 in plot) 200 A 150 A 100 A 50 A
Wire feed speed (1.2 mm) 230 in./min 180 in./min 140 in./min 90 in./min
IGTA( or I1 in plot) 150 A 150 A 150 A 150 A
Travel speed 25 cm/min 25 cm/min 20 cm/min 20 cm/min
Nozzle to work dist. 3⁄8 in. 3⁄8 in. 3⁄8 in. 3⁄8 in.
Shielding gas (100% Ar) 25 ft3/h 25 ft3/h 20 ft3/h 20 ft3/h
Resultant ρ 61% 50% 38% 21%

Fig. 27 — Weld bead of Experiment No. 11 (welding direction: left to right).
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freely deliver the current and current
waveform per the requirements from the
application. As can be seen in the experi-
mental verification section, the fluctua-
tions in the current and voltage in the
arcing-wire GTAW is only slightly in-
creased from that in autogenous GTAW
without wire. The excellence of the arc
controllability in GTAW is approximately
retained by the arcing wire GTAW.

Weld Controllability

Welding processes deliver mass and
heat input into the workpiece to produce
welds. A requirement for an ideal arc
welding process is the ability to provide
desired mass and heat input in a reason-
able range without coupling. In this study,
this ability is referred to as the weld con-
trollability and measured by the range of
ρ, the ratio of the melting heat in the total
heat input into the workpiece.

In GMAW, mass and heat input are
coupled. A simplified equation to calcu-
late the power for the total heat input into
the workpiece is IV = I(Vw + Vanode +
Vcolumn + Vcathode) where I, V, and Vw are
the welding current, welding voltage, and
wire extension voltage, and arc anode volt-
age, respectively. IVcolumn is actually lost
through radiation, and IVw is much
smaller than I(Vanode + Vcathode). Hence,
the power for the total heat input into the
workpiece is approximately I(Vanode +
Vcathode). On the other hand, the mass
melting speed is determined by IVanode.
Hence,

ρ ≈ Vanode/(Vanode + Vcathode) (8)
and this fixed ratio is relatively large in

comparison with the
lowest achievable by
GTAW.

While a great ρ
generally benefits typ-
ical GMAW applica-
tions that require wire
deposition, it ad-
versely affects the abil-
ity of GMAW in
applications that re-
quire a certain work-
piece heat input to
achieve the penetra-
tion but does not re-
quire substantial mass
input. A root pass in
welding a groove is
such an application re-
quiring a low ρ. While
the GMAW lacks this
weld controllability,
the arcing-wire GTAW
can deliver the same
adjustable low ρ and have  ρ  =  0 as a
conventional GTAW process.

Ideal Weld Controllability

As aforementioned, the range and ad-
justability of ρ measure the weld control-
lability of an arc welding process. In
addition to the root pass where an ad-
justable low ρ is needed, many applica-
tions require a high ρ to deposit metal at
high speeds with the lowest heat inputs.
Conventional GTAW and GMAW both
lack the ability to provide a high ρ because
GTAW relies on the heat from the weld
pool to finish the melting of the wire and

GMAW has a fixed ρ. However, the arc-
ing-wire GTAW can theoretically provide
ρ = 1 with a zero base metal current.

The arcing-wire GTAW theoretically
has the ability to provide a full range ρ ∈
[0,1], although effective use for extreme ρ
is yet to be explored. Overlaying/cladding
and cover pass welding can be considered
applications where a high ρ benefits. Also,
depositing on sheet metal may also bene-
fit from a high ρ. While the authors are
concerned with the ability of the arc weld-
ing process, specific applications are be-
yond the scope of this first investigation of
the proposed arcing-wire GTAW, which
aims at demonstrating the feasibility of the
process only.
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Fig. 28 — Weld bead of Experiment No. 12 (welding direction: left to right). Fig. 29 — Weld bead of Experiment No. 12 (welding direction: left to right).

Fig. 30 — Valid area of currents combination.

Table 5 — Specs of Experiments 9–12

Parameter Experiment 9 Experiment 10 Experiment 11 Experiment 12

Iw (or I2 in plot) 50 A 100 A 150 A 200 A
Wire feed speed (1.2 mm) 70 in./min 130 in./min 170 in./min 225 in./min
IGTA (or I1 in plot) 100 A 100 A 100 A 100 A
Travel speed 15 cm/min 20 cm/min 25 cm/min 25 cm/min
Nozzle to work dist. 3⁄8 in. 3⁄8 in. 3⁄8 in. 3⁄8 in.
Shielding gas (100% Ar) 20 ft3/h 20 ft3/h 20 ft3/h 20 ft3/h
Resultant ρ 32% 50% 64% 71%
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Verification Experiments and 
Discussion

An experimental system has been es-
tablished to demonstrate the feasibility of
the arcing-wire GTAW process. This sys-
tem is shown in Fig. 5 with details given in
Table 2. A series of experiments was con-
ducted. Both the GTA power source and
the wire heating power source were work-
ing in constant current (CC) mode such
that the GTA current (IGTA) and the wire
melting current (IW) were controlled at
desired levels. To prove that the arcing-
wire GTAW can decouple the deposition
rate and arc energy, and that the arcing-
wire GTAW is stable within a relatively
large range, experiments were conducted
with different (IGTA,IW) combinations.
The IW was limited within 200 A because
of the capability limit of the wire heating
power source. The workpieces used in the
experiments were 3⁄8-in.-thick C1018 cold
rolled steel plates, and the experiments
were performed as bead-on-plate. For this
thickness of plate, when IGTA was lower
than 100 A, the appearance of the weld
bead was not acceptable, although the
process was still stable and the wire was
sufficiently melted. Hence, the lower limit
of the GTA current reported in this re-
search is 100 A. For IW, the lower limit was
set as 50 A.

All of the experiments were divided
into three groups according to the GTA
current. Group 1 includes Experiments 1–
4. Group 2 includes Experiments 5–8.
Group 3 includes Experiments 9–12.

Group 1: Experiments  1–4

In Experiments 1–4, the GTA current
was fixed at 200 A and the wire melting
current was set at 50, 100, 150, and 200 A,
respectively. The melting heat, total heat
input, and ρ all increased with the melting
current. The wire feed speed was adjusted
according to the wire melting current used
so that the wire could be melted steadily.
The experimental conditions are detailed
in Table 3, and the recorded currents and
voltages and the pictures of the weld beads
are given in Figs. 6–13. In the legends, I1
and V1 refer to the GTA current and volt-
age; and I2 and V2 are the wire melting
current and voltage.

As can be seen in Figs. 6–13, the
process was stable in all experiments.
There is no spatter, and the bead is uni-
form and consistent. Surface oxidation is
observed, but it should be improved
through better shielding. An integrated
torch set or enlarged shield area may elim-
inate possible oxidation and should be
considered in possible future efforts for
commercialization.

As can be seen, in all cases, the fluctu-
ations in the current and voltage for the

GTA (between the base metal and work-
piece) increased in the arcing-wire GTAW
from autogenous GTAW. However, the in-
creases are slight and not nearly compara-
ble with those in typical GMAW. The
excellent arc controllability associated
with conventional GTAW is reasonably re-
tained in the arcing-wire GTAW. Using the
measured voltages and desired currents, ρ
is calculated for each experiment in the
group and listed in Table 3. As can be seen,
the arcing-wire process delivers ρ ranging
from 17 to 54% simply by changing the
wire current. Hence, the arc controllability
and weld controllability of the proposed
process and its convenience in achieving
controllabilities are demonstrated.

Group 2: Experiments 5–8

In Experiments 5–8, the GTA current
was reduced to 150 A. The wire melting
current was set at 200, 150, 100, and 50 A,
respectively. The wire feed speed was ad-
justed according to the wire melting cur-
rent so that the wire could be melted
steadily. The recorded currents and volt-
ages and images of weld beads are given
in Figs. 14–21.

As can be seen in Figs. 14–21, the
process was stable in all experiments.
There is no spatter, and the bead is uni-
form and consistent. Again, the fluctua-
tions in the GTA current and voltage are
only slightly increased. ρ is demonstrated
in the range from 21 to 61%. The process
feasibility and controllability are verified
for a different GTA current.

Group 3: Experiments 9–12

In Experiments 9–12, the GTA current
was reduced further to 100 A, and the wire
melting current was set to 50, 100, 150, and
200 A, respectively. The wire feed speed
was adjusted according to the wire melting
current so that the wire could be melted
steadily. The recorded currents and volt-
ages, and images of weld beads are given
in Figs. 22–29.

As can be seen in Figs. 22–29, the
process was stable as well. There is no spat-
ter, and the bead is uniform and consistent.
The slightly increased fluctuations in the
GTA current and voltage from those in au-
togenous GTAW again verify the retention
of the arc controllability. ρ is extended to
71%. Because ρ can be easily made zero
without feeding the wire, a range from 0 to
71% for ρ is demonstrated. Further increase
in ρ can also be demonstrated, but making
welds meet typical weld geometry require-
ments may require appropriate grooves
such as V-groove or thin-section sheets,
rather than making welds on relatively thick
plates as in this preliminary study, which
aimed at demonstrating the process 
feasibility.

Analysis and Discussion

The heat needed to melt 1 kg of vari-
ous steels from the room temperature is
less than approximately 1000 kJ. From
Fig. 2, the hot-wire GTAW requires 10
kW arc power to achieve 9 kg/h deposi-
tion rate. The heat used to melt the wire
is 9000 kJ/h. The total heat input into the
workpiece is more than that provided by
the arc, which is 10 × 60 × 60 = 36,000
kJ/h,  because the wire power supply also
provides heat. The melting heat ratio in
the total heat input is thus lower than
9000/36,000 = 25%. The ρ in the hot-wire
GTAW is not comparable with 71% that
has been experimentally demonstrated
for the proposed arcing-wire GTAW
process. The controllability of the arcing-
wire GTAW is greatly extended from the
hot-wire GTAW. The 71% is also, of
course, much greater than that for
GMAW (DC straight-polarity) which is
approximately 33% because the voltage
of the cathode on steel (workpiece) is ap-
proximately twice of that for the voltage
of the anode (steel wire) (Ref. 23). 

The weld controllability may also be
used another way in an adjustable pa-
rameter window to demonstrate as shown
in Fig. 30 where the two coordinates are
the wire current and GTA current, 
respectively.

This demonstration appears easier to
understand from application’s point of
view. Figure 30 includes all experiments
conducted with each red cross to indicate
the parameter set that has been experi-
mentally verified for the proposed arcing
wire GTAW.

As it can be seen, the arcing-wire
GTAW process is considered applicable in
the full parameter window permitted by
the equipment used. This is because ex-
tending the red crosses to the left such that
Iw=0 does not need proof since it is sim-
ply the autogenous GTAW; extending the
red crosses to the right is subject to the
limitation of the equipment used; lower-
ing the red crosses down requires an ap-
plication where an extreme low heat input
and high deposition rate are needed such
as depositing in a V-groove, which is be-
yond the scope of this feasibility study;
raising the red crosses up implies high
input with low mass input,  which can be
easily done by cold-wire, hot wire, and arc-
ing wire GTAW. The distribution of the
red crosses in the rectangular window
demonstrates the ability to provide decou-
pled mass and heat input independently.

Conclusion and Future Work

An innovatively modified filler metal
process for GTAW, i.e., arcing-wire
GTAW process, has been experimentally
demonstrated.
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Analysis suggests that the deposition
speed achievable and the wire melting
mechanism for arcing-wire GTAW are
similar with those for GMAW, but the arc-
ing-wire GTAW offers the arc controlla-
bility similar to conventional GTAW.

The slightly increased fluctuations from
those in autogenous GTAW suggest that the
excellent arc controllability provides accu-
rate current and voltage in GTAW.

Experimental data and comparative
analysis suggest the arcing process im-
proves the measure of the weld control-
lability, i.e., the ratio of the wire melting
heat over the total heat input, from
(0.25%) in hot-wire GTAW to (0.71%).

While this study focuses on the
demonstration of the feasibility for the
proposed arcing-wire GTAW, future stud-
ies will aim at applications that can take
advantage of unique capabilities to
achieve what conventional GTAW and
GMAW cannot achieve.
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