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Fig.1 Schematic diagram of T-TIG welding system

distance between electrodes’ tip) is regulable within the
range from 1 mm to 6 mm. When D < d (the diameter of
the electrode ) , we must use slanting electrode showed to
adjust the distance. The two shapes of electrode are shown
in Fig.2, and 0 is the tip angle of a electrode including
slanting and normal shapes.

For working in high current, the welding torch is e-
quipped with a cooled water circulating system. During the
welding process, the two arcs generated from their own e-
lectrodes pull each other according to Lorentz force, and
synthesize into an .integrated coupling arc. After the half-
year use, this welding torch has been proved to stable in
capacity. Each current can be strong up to 400 A and

meets the needs of research and application.

2 T-TIG coupling arc pressure
2.1 Distribution of T-TIG coupling arc pressure

Arc pressure is significant one of arc physics fea-

\

Slanting Normal

D=d D>d

Fig.2 Different shape electrodes

tures. Excessive arc pressure can bring unstable welding

process and many defects'®.

In this paper, the distribu-
tion of T-TIG coupling arc pressure and conventional TIG
single arc pressure were measured by using the static
small-hole method.

The welding parameters are tabulated in Table 1.

Table | Welding parameters of single and coupling arc
Current/ A Arc length/mm Distance/mm Diameter/ mm Tip angle (°)  Shape of electrode
Single arc 200 3 — 3 30 Normal
Coupling arc 100 + 100 3 4 3 30 Normal

Fig. 3 shows that single arc pressure becomes larger with
the increase of current value. Its distribution curve falls
abruptly in the range near the center, and is basically in
concordance with the hyperbolical curve!®). The coupling

arc pressure distribution showed in Fig. 4 is quite differ-

ent. In the peak value area, the pressure falls slowly, and
the form shifts from the “pinnacle-shape” of the single e-
lectrode to “ platform-shape”. It is not until when radius
reaches the distance 1.5 mm from the center that the pres-

sure value falls abruptly. Meanwhile, it is evident that the
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peak value of coupling arc pressure with 100 A +100 A is
lower than that of single arc with 200 A, and is approxi-
mately equal to single arc 100 A. So we can get this im-
portant characteristic that coupling arc pressure can be

suppressed a low level compared with single arc.

600 | —=— Current 100 A
—=— Current 200 A
) 500
&
=™ 400 F
&
g2 300
g
& 200
< 100}
0 L
6 4 -2 0 2 4 6
Radius/mm
Fig.3 Single arc pressure distribution

120 F Current 100 A+100 A

Arc pressure P/Pa
3

-6 -4 -2 0 2 4 6

Radius/mm

Fig.4 Coupling arc pressure distribution

2.2 The reason for T-TIG coupling arc pressure re-
ducing

Fig. 5 shows the shape comparison between single and
coupling arc under the same light exposure using a CCD
camera. Slanting electrode is used in coupling arc, the
distance is 2 mm, other welding parameters are the same
as that in Table 1. The anode is cooled water copper
block. From these figures, we can find that the shape of
coupling arc is different from that of single arc. The profile
near the cathodes is approximately two times wider than

that of single arc, where the current density is lower than

single arc. But it nearly has the same profile as single arc
near the anode. This change results in decrease of electro-
magnetic force difference between the region near the an-
ode and the cathode!'”). Therefore the arc pressure is held
down according to the change of electromagnetic force.
Since arc pressuge can be suppressed, T-TIG welding
can be achieved in the high current region without exces-
sive arc pressure. This characteristic lays the physical
foundation for T-TIG to be applied in high efficiency weld-

ing.

(a) Single arc

(b) Coupling arc

Fig.5 Comparison of the visible profiles between single
arc and coupling arc

3 Preliminary welding experiment

From the above research, T-TIG welding arc can
keep high current with its less arc pressure. So prelimina-
ry experiment of thin plate welding is designed in this pa-
per. In this experiment, the mode of high current and
high speed is selected because deposition is not most im-
portant for thin plate. The material of workpiece is Q235
steel, the size is 200 mm x 100 mm x2 mm. The distance
of two electrodes is 2 mm, the current is 150 A +150 A,
welding speed is set at 600 mm/min. As a comparison,
conventional TIG is designed with the same welding pa-
rameters. Fig.6 and Fig. 7 show the welding results. From
the two photos, we can realize that the weld of T-TIG
method is sound under high current, but the workpiece u-
sing TIG method has the defects of undercut and burn
through because of high welding speed and high arc pres-
sure brought by high current. So with the new T-TIG
welding method, welding speed can be increased, welding

efficiency is improved in thin plate welding.
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Fig.6 Welded workpiece with conventional TIG
with high welding current

Fig.7 Welded workpiece with T-TIG with
high welding current

4 Conclusions

The conclusions in the present paper are summarized
as follows.

(1) We verify that T-TIG welding is achieved
through a coupling arc generated by two independent arcs
pulling each other according to Lorenz force by using self-
designed welding torch.

(2) The coupling arc has lower arc pressure than
single arc under the same current. So it can be loaded
with higher current to achieve good weld without the flows
such as burn through and undercut.

(3) The preliminary welding experiments prove that
T-TIG welding method can be applied in high speed and
high current welding of thin plate.
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