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Effects of Current Waveform on Arc Physical Characteristics and
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Abstract: To address the issue of insufficient penetration in TIG welding of 304 stainless steel medium-thick plates, this
study systematically investigates the effects of conventional direct current, high-frequency triangular wave, and trapezoidal
wave on the arc physical characteristics and joint microstructure properties by using high-speed imaging, synchronous elec-
trical signal acquisition, and microstructural characterization. The results indicated that the high-frequency trapezoidal wave,
due to its steeper current change rate, exhibited a more pronounced arc constriction effect and a more concentrated arc en-
ergy distribution compared to the conventional direct current and high-frequency triangular wave. When the high-frequency
trapezoidal wave was applied in TIG welding of 304 stainless steel at a welding current of 210 A, the joint penetration and
weld width reached 4.01 mm and 7.78 mm, respectively, representing increase of 34% and 19% over the conventional direct
current. The more significant stirring effect of the high-frequency trapezoidal wave on the molten pool resulted in a narrower
fusion zone and finer grain structure in the weld region compared to the other two waveforms. Consequently, the mechanical
properties of joints produced with the high-frequency trapezoidal wave were superior to those obtained with the other two
current waveforms. Specifically, when the high-frequency trapezoidal wave was used, the tensile strengths of the welded
joint reached 710.4 MPa, respectively, with an elongation of 54.4%.
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Table 1 Chemical composition of 304 stainless steel (wt. %)
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Table 2 Welding process parameters
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Fig. 2 Drawing of size of tensile specimens (mm)
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Fig.3 Arc morphology of TIG welding under different current waveforms
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Fig. 4 Variation patterns of arc width and area in 304 stainless steel

TIG welding under different current waveforms
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current waveforms
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TIG welded joints under different current waveforms
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