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Low-current TIG arc-assisted high-speed laser welding
process for stainless steel plates

LIANG Guodong, FAN Xiangchen, LIN Ruliang, QIN Guoliang
(School of Materials Science & Engineering, Shandong University, Jinan, 250061, China)

Abstract: To overcome the technical bottleneck that high quality and high efficiency are difficult to simultaneously improve in
traditional welding processes of thin stainless steel plates, a low-current TIG arc-assisted high-speed laser welding process was
proposed, and the effects of welding process parameters on weld appearance were systematically studied using 1.2 mm thick 409L
ferritic stainless steel plates. The results show that when the distance between laser and tungsten electrode is 3 ~ 4 mm, and the
welding current is 50 A, the laser and TIG arc generate a strong coupling effect, which can effectively stabilize the arc while
achieving low heat input welding, and the welding speed can reach 4~5 m/min. Compared with the TIG welding process, the
welding efficiency of this process is improved by 2. 8 times; the heat input is reduced by 63. 1%, and the formation of undercut and
humping weld defects is fundamentally suppressed. This process exhibits wide applicability in the welding of stainless steel plates.
For 2.0 mm thick 304 austenitic stainless steel and 409L ferritic stainless steel plates, the welding speeds reach 3.2 m/min and
3.0 m/min, respectively, and the elongations after fracture are 88.9% and 76.4% of those of the base metal, respectively, realizing

the high-quality, high-efficiency, and low heat input welding of thin stainless steel plates.
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Highlights: (1) A low-current TIG arc-assisted high-speed laser welding process for stainless steel plates was proposed.

(2) The influence laws of key welding process parameters on arc stability and weld quality were revealed.

(3) The optimal process parameter window for laser-TIG hybrid welding of stainless steel plates was determined.

Key words: low-current TIG arc-assisted laser welding; thin stainless steel plate; high-efficiency welding; low heat input
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Fig. 1 Schematic diagram of hybrid welding head
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Fig. 2 Weld appearances at different laser powers in
low current TIG arc assisted laser welding. (a)
P =13kW; (b) P = 1.6 kW; (c) P = 1.8 kW; (d)
P=20kW
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Fig. 3 Comparisons of arc shapes and weld appearances at different TIG welding currents. (a) 7 = 30 A; (b) 7 = 40 A;

(©)I=50A; (d)1=60A; (e) =70 A
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Fig. 4 Comparisons of arc shapes and weld appearances among different distances between laser and tungsten. (a) d =
2mm; (b)d=3 mm; (c)d =4 mm; (d)d=5mm; (e) d=6 mm
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(d) v=6 m/min
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Fig. 5 Weld appearances at different welding speeds. (a) v =3 m/min; (b) v =4 m/min; (c) v =5 m/min; (d) v = 6 m/min
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Table 2 Maximum welding speeds and corresponding parameters for three welding processes
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Fig. 6 Comparisons of welding deformation and cross-
section morphology among three welding
processes. (a) TIG welding; (b) laser welding; (c)
low-current TIG arc-assisted laser welding
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Fig. 7 Microhardness distribution across weld joints for
three welding processes
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Fig. 8 Weld appearances and fracture locations of 409L
and 304 stainless steels with different thickne-
sses: (a) 1.2 mm thick 409L; (b) 1.5 mm thick
409L; (c) 2.0 mm thick 409L; (d) 1.2 mm thick
304; (e) 2.0 mm thick 304
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Table 3 Tensile properties of welded joints between
409L and 304 with different thicknesses
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