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Research on the Application Path of the Success Envelope Line in the Quality Control of Aerospace Products
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[ Abstract ] The number of test subsamples for aerospace products is limited; traditional quality control methods lack sufficient data
support during the design phase of testing plans, while quality evaluation has long relied on post-event root cause
analysis. The Success Envelope Line achieves a transition from failure-driven to data-driven prevention by constructing
quantitative channels based on historical success data; it complements FMEA and FTA, which address the two
complementary questions: "What should the normal state look like?" and "Why does it deteriorate?"? This paper
establishes a framework for transforming this method from a technical tool into an organizational-level institutional
practice: defining the applicable boundaries of the percentile method and the Bootstrap method under small-sample
conditions, clarifying that the same-distribution test serves as a prerequisite constraint for merging multi-source data;
identifying nine risk factors across three dimensions—technical, organizational, and data-based—and determining the
priority targets for prevention and control based on their occurrence frequency and impact severity; and proposing a
five-dimensional implementation path comprising strategic deployment, data governance, PDCA-based control, talent
cultivation, and system integration. These three innovations form a closed-loop system: the local computational
boundary management addresses data organization challenges; the cold-start strategy, combining similarity
quantification with Delphi expert weighting, fills the methodological gap in scenarios lacking historical data; and the
management mechanism featuring baseline envelope and dynamic envelope hierarchical operation ensures the
institutionalization of the approach, thereby providing a systematic solution for quality control throughout the entire
lifecycle of aerospace products.
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