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Analysis and improvement of wireline well testing blowout preventer piston jamming based
on TRIZ theory
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Abstract: To address the frequent jamming of top sealing pistons caused by debris accumulation in 70 MPa domestic hydraulic blowout
preventers under high-pressure, high-temperature and sandy well conditions—which typically results in sealing failures and operational
downtime—failure mechanism analysis and structural improvement research were conducted. System boundaries were defined using the
TRIZ nine-window method, followed by the construction of functional models and cause-effect chains. Through these analytical tools,
“compacted sand shell adhesion, insufficient component clearances, and the absence of drainage channels” were identified as the core
factors contributing to jamming. Based on the principles of spatial separation and preliminary action, a composite improvement scheme
was proposed, featuring a 4° funnel-shaped reaming of the piston and a lateral three-hole uniform distribution on the piston rod. The
structural integrity and safety of the improved design under an ultimate pressure of 70 MPa were validated through finite element
simulations and mechanical model verifications. Field trials demonstrate that the safety factor of the improved piston assembly satisfies
the engineering requirement of n>1.5. During the wireline tripping process, smooth operation was observed with a 23.3% average
reduction in lifting tension and a significant enhancement in debris discharge capacity, effectively eliminating jamming-induced
operational interruptions and abnormal tension fluctuations. Without altering the original sealing logic, the technical contradiction
between high-pressure sealing and debris discharge was successfully resolved. This improvement is characterized by low cost and high
adaptability, providing an effective technical pathway for enhancing the reliability of wireline well testing operations in complex

environments.
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debris discharge design
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Fig.3 Nine-screen diagram of piston member system
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