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Abstract: This paper proposes an evaluation method that integrates continuous dynamic analysis and reliability
mapping to address the challenge of dynamic stability assessment of mechanical systems under variable operating
conditions. The effectiveness of this method is verified using self~impacting seals as the object. By constructing a
continuous response surface via Radial Basis Function (RBF) and conducting derivative analysis, a significant
critical instability is identified within the 0.57 - 0.62 MPa pressure range, with rotational speed showing negligible
influence. Global and local instability factors are further incorporated with a stress—strength interference model to
establish a quantitative pressure—reliability mapping. The framework effectively pinpoints instability zones and
yields practical engineering guidelines, including "pressure—zone operation" and "parameter sensitivity design." It

provides a systematic approach for the reliability design of self—=impacting seals and can be extended to other
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mechanical systems with nonlinear dynamic responses.
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Fig.2  Vertical experimental platform
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Fig.8 Leakage analysis curve affected by pressure
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Sensitivity analysis of leakage under different working conditions
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Table 2 Assessment of stability level of leakage system

affected by variable operating conditions
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