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Abstract

As engineering equipment advances toward high efficiency, intelligence, and green development, lightweight design of critical
components in heavy machinery has become a crucial approach to enhance energy efficiency and structural performance. Topological
optimization, as an advanced structural design methodology, can minimize material redundancy while ensuring mechanical
performance, achieving efficient resource utilization. This study establishes a lightweight design process centered on topology
optimization for load-bearing components in heavy machinery, encompassing stress analysis, multi-condition simulation, finite
element analysis, and multi-objective optimization. Typical components were selected for topological optimization, with prototype
fabrication combining 3D printing and traditional manufacturing techniques. Mechanical performance verification was conducted
through static, fatigue, and fracture tests. Results demonstrate an average weight reduction of 18% with significantly improved
load-bearing capacity and safety margins, fully meeting the practical requirements for high-performance, low-energy consumption
equipment. This research provides theoretical and practical references for structural optimization and engineering applications in
large-scale equipment manufacturing.
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