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Research and Application of Intelligent Spraying Technology
for Whole Vehicle Markings on Railway Freight Cars

Hejun Dong
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Abstract

Traditional railway freight car marking relies on manual application methods, which suffer from low efficiency, poor quality,
and high safety risks—key industry challenges. This paper proposes an intelligent spraying solution integrating multi-source
information recognition, dynamic adaptive control, and rail-guided robot positioning. A dual-station rhythmic production line was
established, featuring a four-layer system architecture encompassing perception, decision-making, execution, and monitoring,
effectively addressing technical hurdles such as compatibility with diverse vehicle models, ink path stability, and response to vehicle
deformation. After 30 days of full-condition testing, the technology achieved a stable marking cycle of 7 minutes per vehicle, reduced
non-conforming mark rates from 8% to 2%, demonstrated positioning accuracy of 0.5 mm, covered 98% of mainstream vehicle
types, generated annual direct economic benefits of ¥1.15 million, decreased VOC emissions by 99.7%, and completely eliminated
aerial work risks. This innovation fills a technological gap in automated rhythmic marking lines for railway freight cars worldwide,
reaching internationally leading standards and providing a replicable technical paradigm for the intelligent transformation of the
freight car manufacturing and maintenance industry.
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