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Abstract

Given the prominent characteristics of high-pressure natural gas pipeline valve internal leakage—including strong concealment,
progressive evolution, and risk amplification through coupling effects—such leaks compromise pressure regulation accuracy in gas
transmission systems, affect process stability, and increase risks of energy consumption escalation, equipment abnormal wear, and
station switching incidents. This study addresses the challenges of detecting, classifying, and managing internal leaks under non-
disruptive operation conditions. Starting from the formation mechanisms and fault manifestations of internal leaks, we systematically
analyze the response patterns of key physical parameters (pressure, flow rate, acoustic vibration) under high-pressure conditions.
Subsequently, we propose online diagnostic techniques and condition recognition methods for complex noise environments. By
integrating risk differentiation across leakage severity levels, we establish a hierarchical maintenance strategy and diagnosis-
maintenance coordination mechanism. The final closed-loop operation and maintenance framework—comprising “online detection —
condition assessment — maintenance decision-making — performance feedback” —provides valuable guidance for valve condition-
based maintenance, operational risk control, and lean operation practices.
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