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Abstract: [Objective] Pilot-operated surge relief valves play a critical role in safeguarding oil pipelines against surge pressure-induced
damage. Therefore, investigating the factors affecting their set pressures is essential for precise control over their set values. [Methods]
Analyzing the structural composition and operational mechanism of pilot-operated surge relief valves, this study investigated the influential
factors of their set pressures. It explored influences such as spring force, friction force, sealing structures between the guide valve core
and guide valve seat, and pilot valve piston configurations. Specifically, the configurations of springs and pistons were identified as critical
influencing factors. Drawing from these insights, the study proposed key measures for ensuring precision in setting the pressures of pilot-
operated surge relief valves. Additionally, an experimental system was established to validate the analysis results. [Results] When choosing
a specific pilot valve spring, enlarging the piston area of the pilot valves within a specified range resulted in enhanced overall accuracy in
the set pressures of the pilot-operated surge relief valves. Maintaining a constant piston area and the chosen spring unchanged, a higher set
pressure was proportionate to increased set pressure accuracy. With a consistent pilot valve piston area, elevating the spring force broadened
the adjustable set pressure range of the pilot-operated surge relief valves. Subsequent experimental verification was conducted using different
pilot valve piston and spring configurations. With set pressures held constant, the actual opening pressures of the pilot-operated surge relief
valves converged closer to their set pressures as the piston area increased, signaling improved accuracy in the set pressures. Conversely, at

constant piston sizes, higher set pressures resulted in closer alignment of the actual valve opening pressures with their set values, reflecting
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enhanced accuracy in the set pressures. [Conclusion] For enhanced accuracy in the set pressures of pilot-operated surge relief valves, it

is recommended to select springs and pistons based on their structures and materials, aiming for optimal combinations tailored to specific

conditions in engineering applications. (4 Figures, 1 Table, 21 References)

Key words: oil pipeline, pilot-operated surge relief valve, set pressure, water hammer, seal
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Fig. 1 Structure of pilot-operated surge relief valve system
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Fig. 2 Structure of main relief valve in pilot-operated surge
relief valve
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Fig. 4 Schematic of experimental system for set pressure of pilot-operated surge relief valve
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Table 1 Measured opening pressures of pilot-operated surge relief valves at different set pressures and piston outer diameters
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20 0.8 0.809 1.125% | 25 2.4 2421 0.875% || 35 1.6 1.609 0.556%
20 0.8 0.792 —1.000% | 25 2.4 2.366 —1.400% | 35 1.6 1.600 —0.012%
20 0.8 0.818 2.250% || 25 3.2 3.245 1.400% || 35 1.6 1.593 —0.431%
20 0.8 0.798 —0.200% | 25 3.2 3.227 0.831% || 35 1.6 1.586 —0.875%
20 0.8 0.822 2.750% || 25 3.2 3.182 —0.563% || 35 2.4 2421 0.875%
20 0.8 0.784 —2.000% | 25 3.2 3.200 —0.006% | 35 2.4 2.420 0.825%
20 1.6 1.629 1.800% || 25 3.2 3.160 —1.250% || 35 2.4 2411 0.475%
20 1.6 1.577 —1.438% | 25 3.2 3.181 —0.594% | 35 2.4 2.399 —0.054%
20 1.6 1.611 0.687% | 30 0.8 0.812 1.500% || 35 2.4 2.380 —0.825%
20 1.6 1.596 —0.238% | 30 0.8 0.810 1.250% || 35 2.4 2.375 —1.042%
20 1.6 1.638 2.375% | 30 0.8 0.795 —0.625% || 35 3.2 3.220 0.628%
20 1.6 1.571 —1.800% | 30 0.8 0.801 0.175% || 35 3.2 3.172 —0.875%
20 2.4 2.438 1.600% | 30 0.8 0.786 —1.750% || 35 3.2 3.213 0.391%
20 2.4 2.391 —0.375% | 30 0.8 0.789 —1.375% || 35 3.2 3.197 —0.109%
20 2.4 2.448 2.000% | 30 1.6 1.624 1.500% || 35 3.2 3.215 0.469%
20 24 2.394 —0.250% | 30 1.6 1.619 1.194% || 35 3.2 3.185 —0.469%
20 2.4 2.361 —1.625% | 30 1.6 1.590 —0.631% || 40 0.8 0.805 0.625%
20 2.4 2.376 —1.000% | 30 1.6 1.598 —0.137% || 40 0.8 0.796 —0.500%
20 3.2 3.248 1.500% | 30 1.6 1.618 1.125% || 40 0.8 0.807 0.875%
20 3.2 3.221 0.656% | 30 1.6 1.578 —1.375% || 40 0.8 0.794 —0.750%
20 3.2 3.185 —0.469% | 30 2.4 2431 1.300% || 40 0.8 0.806 0.750%
20 3.2 3.180 —0.622% | 30 2.4 2.378 —0.917% || 40 0.8 0.795 —0.625%
20 3.2 3.231 0.969% | 30 2.4 2.417 0.725% || 40 1.6 1.610 0.625%
20 3.2 3.141 —1.844% | 30 2.4 2.391 —0.367% || 40 1.6 1.612 0.750%
25 0.8 0.814 1.750% || 30 24 2.428 1.167% || 40 1.6 1.591 —0.563%
25 0.8 0.812 1.500% || 30 2.4 2.369 —1.300% || 40 1.6 1.600 0.006 %
25 0.8 0.809 1.125% || 30 3.2 3.235 1.094% || 40 1.6 1.590 —0.637%
25 0.8 0.802 0.262% | 30 3.2 3.167 —1.031% || 40 1.6 1.596 —0.250%
25 0.8 0.795 —0.625% | 30 3.2 3.217 0.522% || 40 24 2.419 0.792%
25 0.8 0.783 —2.125% | 30 3.2 3.201 0.016% || 40 2.4 2.418 0.750%
25 1.6 1.626 1.600% | 30 3.2 3.181 —0.588% || 40 2.4 2.383 —0.708%
25 1.6 1.571 —1.813% | 30 3.2 3.165 —1.100% | 40 2.4 2.403 0.108%
25 1.6 1.610 0.612% | 35 0.8 0.806 0.750% || 40 2.4 2.418 0.750%
25 1.6 1.592 —0.481% | 35 0.8 0.809 1.125% || 40 2.4 2.382 —0.750%
25 1.6 1.620 1.256% | 35 0.8 0.808 1.000% || 40 3.2 3.211 0.344%
25 1.6 1.574 —1.600% | 35 0.8 0.799 —0.075% || 40 3.2 3.217 0.544%
25 2.4 2.437 1.525% || 35 0.8 0.789 —1.375% || 40 3.2 3.181 —0.591%
25 24 2.372 —1.162% | 35 0.8 0.792 —1.000% | 40 3.2 3.201 0.031%
25 2.4 2.416 0.646% | 35 1.6 1.617 1.062% || 40 3.2 3.187 —0.416%
25 2.4 2.395 —0.192% | 35 1.6 1.616 1.013% || 40 3.2 3.185 —0.469%
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