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Abstract: Hydraulic equipment commonly is operated under complex conditions, characterized
by adverse factors such as intense vibration and impact. These factors, combined with the
uncertainty of structural parameters, can easily lead to pressure fluctuations in relief valves,
potentially resulting in equipment failure. To address this issue, a reliability analysis model for
the pressure fluctuation failure of direct-acting relief valves is presented, considering the
influence of environmental vibration and uncertainty factors. A dynamic model for the relief
valve under environmental vibration is developed, and then its corresponding dynamic
characteristics are analyzed. Moreover, based on the dynamic characteristics analysis of the relief
valve and the released value of the national standard, a limit-state function for pressure
fluctuation failure is established. Furthermore, the reliability sensitivity analysis is performed
using the Kriging model to evaluate the contribution of each parameter to the occurrence of
pressure fluctuation failure. The results indicate that the vibration frequency has the most
significant impact on reliability, followed by the spool mass and vibration amplitude, while the
controlled chamber volume and sensitive chamber volume show a minimal contribution. The
research results can provide a theoretical basis for regulating the pressure fluctuation failure of
relief valves under environmental vibration.
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