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Abstract

To address the issues of over-reliance on imported core tools for intelligent testing and insufficient
independent technological controllability in deepwater/superdeepwater oil and gas exploration,
the research and development of an intelligent testing and circulation valve tool for deepwater/su-
perdeepwater was carried out. This tool integrates dual functions of circulation control and test
control, and can adapt to the operational requirements under complex deep-water well conditions.
The paper focuses on two core links: tool design and testing. In the design phase, the overall struc-
tural scheme planning and detailed design of key components such as the circulation valve, test
valve, air chamber, hydraulic chamber, and electro-hydraulic bridge were completed. The motion
coordination was verified through dimensional chain calculation, and the structural stability of
components under extreme environments was ensured by combining strength check and finite el-
ement analysis. In the test phase, seven sets of special test platforms were built in accordance with
industry standards, and systematic tests were conducted on sealing performance, strength charac-
teristics, operational reliability, and electro-hydraulic cooperative control performance. The re-
sults show that each component of the tool has good sealing performance and timely action re-
sponse, and the overall performance meets the requirements of deepwater/superdeepwater oil and
gas well testing operations, providing technical support for the localization of marine deep-water
intelligent testing equipment.
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Figure 1. Flow holes machined on both the mandrel and outer cylinder

B 1. S RINME I TR AL

2) AAEAEFRAME I T AL L 2

P PRV TR oL, R SR HERCR &

SRl PR FEIZ SRR T i, AR AR AR AR ALE B E i
3) WEAFRIHEAME AL LA 3

Pome Ol BT BN T B, B, R

Beri: PR E B TR R LRI AN, Bl B L R OR

4) EEFBOHE AN E L 4

Pori: SMEE BRI RREEEN, Shsd rh A 1 XU/

Beis R b R EOIN T , 6 h R EA H58 5

DOI: 10.12677/jogt.2025.474087 780 AR IR T =R


https://doi.org/10.12677/jogt.2025.474087

Figure 2. Flow holes machined on the outer cylinder
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Figure 3. Sealing elements designed on the inner bore of the outer cylinder
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Figure 4. Sealing elements designed on the outer circumference of the mandrel
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Figure S. Spool valve mechanism
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Figure 6. Flat flap valve metal sealing mechanism
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Figure 7. Spherical flap valve metal sealing mechanism
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Figure 8. Full-spherical ball valve metal sealing mechanism
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Figure 9. Internal pressure stress and displacement analysis of the air chamber mandrel under 15,000 PSI
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Figure 10. Internal pressure stress and displacement analysis of the hydraulic chamber mandrel under 15,000 PSI
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Figure 11. External pressure + external pressure difference stress analysis of the electro-hydraulic bridge body under 21,000

PSI + 15,000 PSI
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Figure 12. Internal pressure + internal pressure difference stress analysis of the electro-hydraulic bridge body under 21,000

PSI + 15,000 PSI
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Figure 13. Tensile stress analysis of the electro-hydraulic bridge body under 300,000 Lbs
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Figure 14. Compressive stress analysis of the electro-hydraulic bridge body under 300,000 Lbs
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Figure 15. Circulation valve sealing test fixture
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Figure 16. Pilot valve test fixture
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Figure 17. Air chamber test fixture
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Figure 18. Seal plug test fixture
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Figure 19. Schematic diagram of electro-hydraulic joint commissioning test
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Figure 20. Hydraulic and electronic control joint commissioning test fixture
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Table 1. Performance indicator comparison table
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