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Abstract

The optimization of mechanical manufacturing process and the implementation of rational mechanical design are the key points
to improve the efficiency of manufacturing industry and reduce costs. This study focuses on the core issues such as structural
optimization, material selection and manufacturing process matching in mechanical design, and explores the impact of rational design
on mechanical properties and production efficiency. The mechanical properties, machining accuracy and production cost of different
design schemes are analyzed, and the optimization methods based on computer aided design (CAD) and FEA are introduced. The
experimental results confirm that the mechanical parts designed with topological optimization can reduce the weight by 15%-
20% and the material cost by more than 10% under the condition of ensuring the strength. The assembly process optimization
based on the modular design concept can increase production efficiency by 25% to 30%. This study provides theoretical basis and
practical guidance for the mechanical manufacturing industry to carry out rational design, and has key significance for guiding the
manufacturing industry to develop in the direction of high efficiency and energy saving.
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