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Abstract

This paper discusses the role of the hydraulic check valve in the emulsion pump station system. As
a critical component in the return circuit, the check valve ensures the normal operation of the fluid
supply system. Failures such as spool sticking, fracture, and seat cavitation can severely affect the
reliability and service life of the entire pump station. To address these issues, this study first provides
an in-depth analysis of the three core functions of the check valve: directional drainage, backflow pre-
vention, and vacuum blocking, along with the consequences of their failure. On this basis, key param-
eters are designed and calculated, including the cracking pressure setting based on backpressure re-
quirements and pressure pulsation, the flow diameter and flow resistance calculation of the valve
orifice, and the strength verification of the spool under impact loads to enhance durability. By
adopting a two-stage throttling structure, the pressure drop across the throttle is effectively con-
trolled, fundamentally suppressing cavitation and reducing pump station downtime caused by re-
lated failures. This improvement offers significant economic and safety benefits. The study provides
a valuable reference for the design and optimization of high-pressure hydraulic systems in mining
applications.
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Figure 1. Hydraulic circuit diagram of the check valve in the pump station system
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Figure 2. Photograph of the check valve in the pump station
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Figure 3. Structural diagram of the check valve
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Figure 4. Dimensional schematic diagram of the check valve
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Figure 5. Amesim model and simulation of the check valve
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Figure 6. Meshing and force analysis of the check valve

6. [ElKHTREIEMAER S FZ DT

E:Less Mass-Flow

=

Y (Von-Mis
LAl

i1
2023815913

34167 BX
3037
26574
2178
18982

Figure 7. Strength analysis of the check valve before optimization
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Figure 8. Strength analysis of the check valve after optimization
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Figure 9. Diagram of sticking on the valve seat guide surface
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Figure 10. Photograph of the fractured valve spool
[ 10, @ ErE

4.3. RESH

V] A kA R VR A T g TR A G, AR R ety e R T A o AUk i S A R
T (5 B T S SRR =, S ECRTTRAN™, AR SRR, 8 BT i 1 (1) [ 93 B4 17 4B 1 2

DOI: 10.12677/me.2025.135126 1132 i AR


https://doi.org/10.12677/me.2025.135126

JRBRHE

RERR, RIEE SR E RSk, ke 11 9. EEAR, B SRS 2 R L,
B W ANt A A R G

v

Figure 11. Photograph of cavitation on the valve seat
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Figure 12. Simulation comparison: conventional check valve vs. two-stage throttling check valve
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Figure 13. Prototype of two-stage throttling check valve
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