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Optimization of Cylinder Seal Structure and Leakage Fault Troubleshooting for Hydraulic
Gate Hoists

Zhou Yong
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Abstract: Hydraulic gate hoist cylinders are subject to the combined effects of high water-head loads, frequent start-stop
operation, low-speed heavy-load conditions, and humid corrosive environments over long-term service. Once rod seals, piston
seals, and static seals suffer from improper selection, insufficient groove accuracy, eccentric-load wear, or oil contamination,
external leakage, internal leakage, and pressure-holding drift may easily occur, thereby affecting the synchronization of gate
opening and closing as well as the operational safety of hydraulic structures. Based on current standards for hydraulic hoist
design, hydraulic cylinder testing, reciprocating seal grooves, and wiper ring grooves, this paper analyzes the load transfer and
failure mechanisms of cylinder sealing systems. It proposes an optimized combined sealing scheme consisting of heavy-duty
dust prevention, buffering and pressure reduction, primary sealing, oil return control, and guiding support, and constructs a
leakage fault troubleshooting process of “phenomenon confirmation—boundary isolation—pressure recheck—disassembly
inspection and verification—closed-loop acceptance.” The study argues that seal optimization should not remain limited to the
replacement of sealing rings, but should also involve the coordinated control of piston rod straightness, surface roughness,
guide clearance, oil cleanliness, and transient pressure. Through coordination among structure, materials, machining, assembly,
and condition monitoring, the risk of repeated leakage can be reduced, providing reference for the maintenance and technical
renovation of hydraulic gate hoists in water conservancy and hydropower projects.
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