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Thermo-mechanical coupling simulation and parameter optimization of narrow gap TIG

oscillation welding side wall

GAO Hui'?, QU Jiajun'*, LI Xianhui'’

(1.School of Mechanical Engineering, Beijing Institute of Petrochemical Technology , Beijing 102600, China;
2.Advanced Connection Technology Center of Energy Engineering , Beijing Colleges and Universities, Beijing 102600, China)

Abstract This study addresses undercut defects in narrow-gap TIG oscillating welding through thermo-mechanical sequential
coupling simulations (Abaqus) and response surface methodology (RSM) optimization, to develop a coordinated multi-parameter
control strategy. A dynamic oscillation model using a double-ellipsoid heat source was established to analyze how oscillation
width, welding speed, and dwell time aftect temperature distribution, residual stress patterns, and molten pool dynamics.
Through Box-Behnken experimental design, optimal parameters were identified and validated through practical multi-layer single-
pass welding trials, followed by cross-sectional analysis and hardness measurements. The results show that parameters of 16 mm
oscillation width, 0.75 mm/s welding speed, and 2 s dwell time effectively prevent undercuts, ensure proper fusion between
layers and base material, and improve weld hardness consistency. This research establishes a theoretical framework for
optimizing narrow-gap oscillating single-pass multi-layer welding processes.

Keywords narrow gap;undercut;finite element simulation ; parameter optimisation ; welding experiments
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