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Welding Deformation Control Technology for Large-Diameter Stainless Steel Flanges
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[ Abstract JLarge-diameter stainless steel flanges serve as critical pipeline connectors in major infrastructure projects, where welding
quality determines system sealing reliability and structural integrity. Under welding thermal cycles, these flanges are
prone to deformation due to their large geometric dimensions, leading to issues such as excessive flatness of sealing
surfaces, which increases medium leakage risks and installation costs. This paper, grounded in welding thermal process
theories, moves beyond empirical reliance to focus on the physical essence of welding deformation and the inherent
logic of control technologies. By elucidating the theoretical pathways of deformation evolution under multi-field
coupling , it deduces how welding thermal input regulates residual stress fields and deformation modes. A
comprehensive deformation control framework is established, and the synergistic integration logic between structural
design and manufacturing processes is explored. The study demonstrates that welding deformation control
fundamentally intervenes in thermal cycles and stress evolution pathways, guiding controllable material deformation
and stress redistribution. This provides universal theoretical support for manufacturing and reliability assurance of
large-diameter stainless steel flanges.
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