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ABSTRACT: The work aims to study the PAW-GTAW hybrid welding process, achieve a synergistic effect of “1+1>2”, and
obtain higher-quality and more efficient hybrid welded joints. A self-designed PAW-GTAW hybrid welding platform was con-

structed for experimentation. Firstly, by capturing the changes of each process arc before and after coupling and measuring the
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arc voltage and current signals, the static characteristics of the arc before and after coupling were further analyzed, thereby pre-

liminarily exploring the mechanism of the PAW-GTAW hybrid welding process. Secondly, quantitative comparisons of weld

penetration depth and bead width before and after coupling were conducted to elucidate the mechanism by which the coupled

arc improved surface formation. The coupled arc significantly enhanced the stability of the plasma arc voltage while reducing

the average PAW voltage after coupling, with minimal changes observed in the GTAW arc. The hybrid weld exhibited a syner-
gistic penetration effect of "PAW penetration depth +GTAW penetration depth < PAW-GTAW hybrid welding penetration depth",
and the bead width increased by 0.99 mm compared with single PAW welding. The PAW-GTAW hybrid welding process dem-

onstrates a “1+1>2" advantage in welding speed and penetration depth. The coupled arc notably improves weld surface forma-

tion, indicating that the hybrid process not only increases arc energy density but also optimizes the thermal-mechanical distribu-

tion in the molten pool and the flow of molten metal.
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Fig.1 Schematic diagram of PAW-GTAW hybrid welding circuit
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Tab.1 Main welding process parameters before and after coupling

Experimental Plasma gas flow rate ~ Welding speed PAW current GTAW current ~ Heat source distance
group Qpa/(L-min™") v/(mm-min~") /A 1,/A Dpr/mm
GTAW 0 200 0 100 0
PAW 22 200 150 0 0
PAW-GTAW 22 200 150 100 9
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Fig.5 Comparison of arc morphology before and after coupling: a) single PAW arc at y direction; b) single GTAW arc at y direction;
¢) coupling arc at y direction; d) single PAW arc at X direction; ¢) single GTAW arc at X direction; f) coupling arc at X direction
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Tab.2 Surface forming and cross-sectional morphology of weld seam before and after coupling

Case Surface forming of weld seam

Cross-sectional morphology

GTAW

PAW

P-T
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Fig.8 Cross-sectional morphology of concave convex position weld seam; a) convex cross section; b) concave cross section
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Fig.10 Dynamic image of surface defect formation process in PAW arc welding molten pool
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