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[ Abstract ] Addressing material redundancy and manufacturing challenges arising from conservative design approaches in

large-diameter fully welded ball valves, this study establishes a lightweight design theoretical framework based on

mechanical performance constraints. Starting from the mechanics of thick-walled cylinders and shells, the research

provides an in-depth analysis of stress evolution mechanisms and concentration zone formation under multi-field

coupling conditions. It systematically elucidates the application logic of topology, shape, and dimension optimization,

revealing the dialectical relationship between material reduction and stiffness preservation. By developing a coupling

model linking stress distribution with lightweight performance metrics, the study clarifies the structural reconstruction

mechanism that achieves stress homogenization and maximizes material utilization efficiency. Although lacking

quantitative data, this work contributes a rigorous qualitative theoretical framework that reveals the fundamental

principles of valve design, providing essential theoretical support for developing high-performance, low-cost valves.

[ Key words Jlarge-diameter fully welded ball valve; valve body stress distribution; lightweight design; thick-walled cylinder theory;

topology optimization; structural integrity
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