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Adaptive Design and Reliability Analysis of Parking Cylinder Operating Conditions
Qian Shu Lin Xmghu (Corresponding Author)
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[ Abstract ] As the core actuator of safety braking systems, the performance reliability of parking cylinders directly impacts
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equipment operational safety. This study investigates the adaptability of parking cylinders under complex operating
conditions. By analyzing load characteristics and environmental factors affecting performance under various conditions,
systematic design optimization strategies are proposed. The research covers structural strength design, sealing system
optimization, material selection, and reliability verification. Results demonstrate that adopting a multi-stage sealing
structure, optimizing piston rod guidance systems, and improving buffer device designs significantly enhance
environmental adaptability. Through establishing a failure mode analysis model to identify critical failure mechanisms,
corresponding preventive measures were developed. Durability test data confirm that the optimized cylinders maintain
stable performance even under extreme conditions, with significantly extended service life. This study provides both
theoretical foundations and practical guidance for enhancing parking cylinder reliability.
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