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Physical characteristics and efficient and stable combustion mechanism of
coupled four-tungsten-electrode TIG arc

LIANG Xiaomei , DU Bing', ZHOU Xin'*, TENG Bin’, HUANG Ruisheng’,
ZHANG Yandongz, CHEN Xiaoyu2

(1. China Academy of Machinery Science and Technology Group Co., Ltd., Beijing, 100044, China; 2. Harbin Welding Institute
Limited Company, Harbin, 150028, China)

Abstract: With the help of a high-speed camera, the image signals of the four-tungsten-electrode TIG arc during the ignition
discharge process and stable combustion process were collected, and the characteristic parameters of the arc were quantitatively
changed. The influence of the tungsten electrode spacing, arc length, and deposition current on the coupling process and stability of
the four-tungsten-electrode TIG arc were analyzed, thus obtaining the stable combustion mechanism of the four-tungsten-electrode
TIG arc and the key factors affecting the multi-arc thermal effect. The results show that for a certain range, the stability of the
single-tungsten-electrode arc is better with the deposition current of < 160 A, the arc length of < 5 mm, and the tungsten electrode
spacing of < 6 mm. Compared with that of tungsten electrode spacing, the influence of arc length and deposition current on the
shape of the arc is relatively small. Tungsten electrode spacing can significantly affect the stability of the four-tungsten-electrode
TIG arc. When the tungsten electrode spacing is 2 mm, the four-tungsten-electrode TIG arc attracts each other under the action of
self-magnetic contraction and Ampere’s force; the four-tungsten-electrode TIG arc forms a common conductive channel. In this
case, the stability of the four-tungsten-electrode TIG arc is the best, and the effective utilization rate of the heat source is the highest.

When the tungsten electrode spacing is 8 and 10 mm, both the arc stability and the effective utilization rate of the heat source are
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significantly reduced. When the tungsten electrode spacing is 2 mm, the melting energy is approximately 9.2 times that when the

tungsten electrode spacing is 10 mm.

Highlights: (1) The physical characteristics of the four-tungsten-electrode TIG arc during the ignition discharge process and stable

combustion process were revealed.

(2) The effect of key heat source parameters on the stable combustion of the four-tungsten-electrode TIG arc was

obtained according to the process of arc plasma morphology change.

(3) From the perspective of electron migration, the mechanism of stable combustion and effective utilization of the

four-tungsten-electrode TIG arc was clarified.

Key words: four-tungsten-clectrode TIG arc; induced discharge; common conductive channel; physical mechanism
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F 1 304 FFEWME HS13/5 B 5 (RESFHE, %)

Table 1 Chemical compositions of 304 stainless steel and HS13/5 welding wire

AL C Si Mn S P Cr Ni Mo
304N 0. 040 0.43 1.17 0.0014 0.0280 18.05 8.08 0.054
HS13/548%2 0.016 0.46 0.54 0.0083 0.0019 12.30 4.51 0.480
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Fig. 1 Schematic diagram of the additive manufacturing
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Fig. 6 Arc plasma area during first arc to second arc
ignition process
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(c) 6 mm

(a) 2 mm (b) 4 mm

(d) 8 mm (e) 10 mm
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Fig. 8 Tetra-tungsten arc shape with different distance between tungsten electrodes. (a) 2 mm; (b) 4 mm; (c) 6 mm; (d)

8 mm; (e) 10 mm
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Fig. 9 Plasma morphology with different Distance bet-
ween tungsten electrodes. (a) arc plasma area;
(b) variance of arc plasma area
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Fig. 14 Cross-sectional area of four tungsten electrode heat source fusion joint for different tungsten electrode
spacing). (a) 2 mm; (b) 4 mm; (c) 6 mm;(d) 8 mm;(e) 10 mm
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