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Pulsed Laser Irradiation for Triggered Discharge in Arc Welding System
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We propose a new method that uses a plume produced by a pulsed laser for triggering arc discharge in a
tungsten inert gas (TIG) arc welding system. When a pulsed laser is focused onto an aluminum alloy plate
(anode) placed under a tungsten rod (cathode), an arc is discharged between the electrodes through a plume
generated from the laser focusing spot. The disadvantages of the conventional triggering methods that require
high-frequency generation, high-voltage pulse, or may cause sticking of the rod to the plate are removed in the
new method. We also investigate the minimum laser energy required for triggering, and find that laser irradia-
tion in Ar gas is preferable for triggering arc discharge in the TIG arc welding system.
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1. Introduction

In the tungsten inert gas (TIG) arc welding system, arc plasma
is produced between the cathode (tungsten rod) and the anode
(workpiece)." Technology for reliable triggering of arc discharge
is very important for efficient productivity in manufacturing pro-
cesses that use arc welding. Arc discharge is usually triggered
with initial ionization of gas between the electrodes by a high-
frequency generator or a high-voltage pulse generator.?? How-
ever, high-frequency radiation may disturb surrounding radio,
electronic and computer equipment, and the high-voltage pulse
method may require an additional electric circuit to prevent over-
load incidents.? 3 Touch-starting is another method often used
for triggering.? In the touch-starting method, the rod is lowered
to the workpiece until it makes contact, then the rod is quickly
withdrawn a short distance to trigger the arc. This method does
not require any power generators except for the welding power
source. The advantage of the touch-starting method is its sim-
plicity; however, the touch-starting method also has a disadvan-
tage in that the rod tends to stick to the workpiece, causing elec-
trode contamination by the transfer of tungsten to the workpiece.?

The plume formed by pulsed-laser irradiation can also be em-
ployed to trigger an arc discharge. When a workpiece surface is
ablated by the laser, a plume is ejected from the surface,® and
since the plume consists of vaporized materials including ion-
ized particles, the plume can be used as an electrical path be-
tween the electrodes. To realize the condition, the rod is located
above the laser focusing spot. When the plume reaches the tip of
the rod, the workpiece and the rod are electrically connected.
This laser-starting method compensates for the disadvantage of
the touch-starting method. In the case where the workpiece has
an oxide film on its surface, triggering arc discharge occasion-
ally fails under conventional methods due to increased resis-
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tance on the workpiece surface. This passive oxide film is natu-
rally formed in air on workpieces made of aluminum (Al) alloys
or stainless steel. However, the laser-starting method can avoid
this problem since pulsed-laser irradiation can vaporize the ox-
ide-film. The vaporized oxide film becomes a part of the plume
and is utilized for triggering the arc discharge.

In this study, we demonstrate the triggering of arc discharges,
utilizing the plume produced by laser irradiation in the TIG arc
welding system. An Al alloy plate was placed under a tungsten
rod and irradiated by a laser pulse to generate a plume. Trigger-
ing reliability using this method depends on the reproducibility
of the plume formation. To avoid oxidation, argon (Ar) or he-
lium (He) gas is usually used to shield the rod and molten metal
of the workpiece from air; therefore, formation of the plume is
related to its interaction with Ar or He. Plume shapes were ob-
served to evaluate their form. We also measured the minimum
laser energies needed to trigger arc discharge as a function of
distance between the electrodes.

2. Experimental conditions

Figure 1 shows the schematic diagram of the experimental
setup. A direct current-type TIG arc welding system with maxi-
mum current of 300 A and a pulsed Nd:YAG laser were em-
ployed. This TIG arc welding system had a high frequency gen-
eration circuit to start arc discharge. In the experiments, we de-
activated the high frequency generation circuit since it was not
required in the method we have proposed. The cathode and the
anode consisted of a 3.2-mm diameter tungsten rod and an Al
alloy (AA5083) plate, respectively. The rod had a conical tip
with solid angle of 60 degrees, and the welding torch holding
the rod was equipped with a 12.7-mm diameter gas lens nozzle.
Ar or He gas was ejected from the nozzle with a gas flow rate of

The Review of Laser Engineering  April 2003



Pulsed Nd:YAG laser
(A=1084 nm)
4= ArorHegas

Direct Current type
tungsten inert gas
(TIG) arc welding
system

Gas lens nozzle

i
<+ Flow of Ar or He gas

™~

Pulsed laser Cathode: Tungsten rod

/
<+ Anode: Aluminum alloy
plate

Fig. I A schematic diagram of the experimental setup to
trigger arc discharge. A direct current-type TIG arc
welding system and a pulsed Nd:YAG laser were em-
ployed. The cathode and anode of this system con-
sisted of a tungsten rod and an Al alloy plate, respec-
tively. The laser was focused onto the Al alloy plate
by a 150-mm focal length lens at an incident angle
of 32 degrees.

10 Vmin. The wavelength, pulse width and diameter of the laser
beam were 1064 nm, 7 ns, and about 8 mm, respectively. The
laser energies ranged from 35 to 135 ml. We focused the laser
onto the plate with a 150-mm focal length lens at an incident
angle of 32 degrees. The surface of the plate was placed 7.7 mm
from the optimal focus position on the convergent side of the
optimum focus (see d in Fig. 1). The laser spot on the plate was
an oval shape, whose major and minor axes were 480 pm and
410 um, respectively. Two CCD cameras were installed perpen-

dicular to the rod to observe shapes and the reproducibility of

the plume formation. A conical rod tip was placed at the edge of
the plume, then an approximately 60-V bias was applied be-
tween the electrodes to trigger an arc discharge via the plume.
Distance between the electrodes in TIG arc welding usually
ranges from 2 to 3 mm. In our experiments, however, the dis-
tance between the electrodes was varied from 1.5 to 3.0 mm in
0.5-mm steps. We measured the minimum laser energy required
for the triggering for each distance. Another setup, which was
composed of a vacuum chamber and a pulsed laser, was as-
sembled separately to observe the plume formation in a vacuum.
The plate was installed in the vacuum chamber and irradiated
by the laser under same laser focusing condition as the experi-
ments in the shielding gas described above.

3. Experimental results and discussion

Figures 2(a), 2(b) and 2(c) show the plumes in a vacuum, Ar
and He for the 60-mJ laser energy, respectively. As shown in
Fig. 2(a), the plume expanded normal to the plate surface in a
vacuum, and the plume’s length was longer than 10 mm. Fig-

(b)
Tungsten
rod

(c)
Tungsten
rod

e

Irregular
component

Fig. 2 Optical images of plumes produced by pulsed laser
irradiation with energy of 60 mJ in (a) a vacuum, (b)
Ar, and (¢) He atmospheres, respectively.

ures 2(b) and 2(¢) indicate that plume sizes observed in Ar and
He were smaller than that in the vacuum, and that the shape of
the plume in Ar was different to that in He. These results indi-
cate that plume expansion was suppressed by Ar and He. Obser-
vations ol the plume show that plume formation in Ar was re-
producible, although that in He was not. It is possible that differ-
ences in the shape and the reproducibility between the plumes
in Ar and He could be caused by plume interaction with each
gas. As indicated in Fig. 2(c), the plume in He had an irregular
component, while Fig. 2(b) indicates that the plume in Ar did
not have such a component. In both the 35- to 60-mJ and the 60-
to 135-mlJ ranges, we also found that plume formation in Ar was
stable, whereas that for He was unstable. In addition, we noted
that the size of the plume in Ar or He increased as the laser
energy increased. Therefore, when the distance between both
the electrodes is increased, the laser energy must be increased to
trigger an arc.

Figure 3 shows the minimum laser energies required for trig-
gering in Ar and He as functions of distance between the elec-
trodes. The minimum laser energy increased as the distance in-
creased, which has already been suggested from observations of
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Fig. 3 Circles and triangles show minimal laser energies re-
quired to perfectly trigger arc discharge in Ar and
He atmospheres as functions of distance between the
tungsten rod and the Al alloy plate, respectively.

plume formation described above. As Fig. 3 shows, triggering
in Ar can be performed with the lower laser energy than that
required for triggering in He. This difference might be related
to the unstable plume formation in He; as observation of the
plume in He shows, the irregular component shown in Fig. 2(c)
was unstable and did not always reach the edge of the rod. The
same behavior was observed for each laser energy in the 35- to
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135-mJ range. Occasionally, triggering occurred in He at the
distances of 3.0 mm, 2.5 mm and 2.0 mm for the laser energies
of 135 mJ, 62 mJ and 45 mJ, respectively, which are the same as
the minimum laser energies for triggering in Ar, shown in Fig. 3.
In these conditions, He cannot be used to trigger arc welding
since it is not reliable, due to fluctuations of the plume.

4. Summary

We succeeded in triggering arc discharge in the TIG arc weld-
ing system with a plume produced by pulsed laser irradiation in
Ar or He. When the distance between the electrodes is in the
2.0- to 3.0-mm range, reliable triggering occurred with the plume
in Ar in the 40- to 130-mJ range of laser irradiation energy. We
found that a much higher energy input is required to trigger arc
discharge in He with any reliability for the 3.0-mm distance.
Therefore, laser irradiation in Ar gas is preferable for triggering
arc discharge in the TIG arc welding system.
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