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Abstract: Painting workshops coating defects are the key bottleneck that keeps first —pass yield from
improving. Car—body quality defects are governed by a complex interplay of process parameters, equipment
states, material changes and environmental factors, making the probability of any specific defect hard to
forecast. Traditional six—sigma and SPC methods focus on single—variable monitoring and fail to uncover the
mechanism in which "multiple coupled events trigger a defect". We propose an FP—Growth—based framework
that mines defect —event associations. First, process alarms, equipment events and new —batch material -
change events are "eventized" and "time—window—aligned" with quality defects to create a transactional data
set. FP—Growth is then used to extract high—frequency precursor rules efficiently. Finally, a defect—event
prediction service is designed that estimates the probability of a defect 5~10 minutes ahead and issues an
early warning. The study offers a lightweight, reusable algorithmic paradigm for the intelligent transformation
of painting workshop quality management.
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