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Abstract

In response to the problems such as large cycle time fluctuations, high defect rate, and insufficient equipment utilization in the
production of key components for rail transit vehicles, this paper focuses on the manufacturing process of the bogie frame and
constructs a process optimization method based on digital twin, intelligent detection, and flexible scheduling. By establishing a
mapping model between welding parameters and deformation amounts, combining machine vision and multi-source sensing to
achieve pre-recognition of process quality, and using genetic algorithms to dynamically configure resources at multiple workstations,
a comprehensive optimization path for quality, efficiency, and cost is formed. The application results show that the production
cycle time has been shortened from 12.0 hours per piece to 7.5 hours per piece, the defect rate has decreased from 3.5% to 1.2%,
the equipment utilization rate has increased from 65% to 88%, and the first-time inspection pass rate has increased from 93.1% to
98.4%. The study indicates that this method can effectively enhance the stability and flexibility of the production of key components,
providing a reference for the intelligent manufacturing of rail transit equipment.
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