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Abstract

As a core infrastructure for cross-regional energy transportation, the welding quality of natural gas long-distance pipelines directly
determines the operational safety and service life of the pipelines. Aiming at common defects such as porosity, lack of fusion,
and cracks in current pipeline welding construction, as well as the insufficient adaptability of welding processes under different
working conditions, this paper conducts research from four dimensions: welding material selection, process optimization, equipment
upgrading, and quality control, combined with engineering practice. Through comparative experimental analysis of the welding
effects of low-hydrogen electrodes and cellulose electrodes, the advantages of flux-cored wire semi-automatic welding in large-
diameter pipeline construction are verified; a full-process temperature control scheme based on ‘preheating-interpass temperature
control-post-heating hydrogen removal’ is proposed. Combined with the real-time parameter monitoring function of digital welders,
the welding defect rate is reduced to below 0.8%. The research results show that the synergistic application of multiple technologies
can significantly improve the stability of welding quality, providing technical reference for the welding construction of natural gas
long-distance pipelines.
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