ISSN 1005 —2763 BB RE A F 46 K F 8 2026 4 8 A
CN 43-1215/TD MINING R & D, Vol.46,No.8 Aug. 2026

RBHIREIEAMEEBRERHE NREFHEHR

BRE & RBEA A
L Tl R HLT}HZI&%[%, Wik BRI 412007
2R WH BB A RSAEA . W Kb 410012)

WE RALERZETPHREAMEZEAY AN ERTHENE/ BRI T HAEAETL/ERN . L T/ RERZA A KKE D4
HEREEENBRIERZPTF ARG RESRBRIN, A MBI GERBE#EFHEE Bk, AT Ansys 343+ & A R E B K6
AMERBERBATTERAF oM, FEH AMEsim A LR Ee Bt T T AN, ERAGRESR AN L, X TRER,
o AfeRAREAM MET —HEATEDIEEXGREDR AR ETEWADRERTT ., AEAR
TREIATAREMARST AR AN Hh, RE . A TEAERBEENLEBE . T —AHREENMEE, AL
AP RN S B EEM RO RTH 20 mm $9AMEBBERK  ARERATAL G A ARBERAZT, FALE B R
B AT B E AR

KEBR KGR 7#]‘22%,&/};@% BN EEM

hE %S . TD424;P715 CERARIRAS : A XEHS 1005 -2763(2026)08 —0021 —09

Research on Flow Channel Optimization and Internal Flow Field Characteristics of Hydraulic Compensator for Deep-Sea Drilling
Qiu Xianyan', Zhang Xinming', Ai Yang®
(1.School of Mechanical Engineering, Hunan University of Technology, Zhuzhou, Hunan 412007, China;
2.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China)

Abstract: The hydraulic compensator in marine drilling equipment plays a critical role in regulating the pressure balance between
internal and external environments and the machine’s oil supply rate. Its working principle involves utilizing seawater pressure
to compensate for volumetric changes in hydraulic oil caused by deep-sea pressure and ambient temperature differences, thereby
preventing seawater backflow and subsequent equipment corrosion. A mechanical volume analysis on two compensators with
different shapes was conducted using Ansys software, and their hydraulic circuits were simulated via AMEsim. Based on the
original hydraulic circuit, additional components such as pressure reducing valves, check valves, and overflow valves were
incorporated to construct a hydraulic circuit suitable for active operation mode. A comparative analysis of flow velocity before
and after the improvements was performed. Furthermore, the influence of different structural parameters on the internal flow
field under deep-sea working conditions was investigated. Finally., a new hydraulic compensator was designed accounting for the
pressure and temperature conditions of the marine environment. The results demonstrate that the compensator with a
multilayer folded structure and an inlet/outlet size of 20 mm delivers optimal performance. Its hydraulic system can supply a
larger flow rate within a shorter time and exhibits enhanced adaptive adjustment capability for transient flow variations.
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Fig.1 3D model of hydraulic compensator
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Fig.2 Partial dimensions of rubber structure (unit:mm)
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Fig.3 Area division of the center of gravity region
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Table 1 Centre of gravity and area of single-layer

cross-section figure

5 y;/mm A;/mm?®
1 12.750 1 428.000
2 29.000 210.000
3 38.866 353.429
4 13.577 53.000
5 13.577 53.000
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Table 2 Centre of gravity and area of a double folded section

FEi yi/mm A;/mm?
1 12.750 1 428.000
2 34.625 136.875
3 34.625 136.875
4 45.342 22.089
5 45.342 22.089
6 13.577 53.000
7 13.577 53.000
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Fig.4 Control system model of rotary mechanism

of mobile swing tube robot
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Fig.6 Stress and deformation cloud diagrams of

single-layer compensator
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Fig.7 Stress and deformation cloud diagrams of

double-layer folding compensator
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Fig.9 Pressure variation cloud diagrams of compensators

with different-sizes of entrances and exits
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Fig.11 System model of improved rotary mechanism
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Fig.12 Flow rates before and after improvement
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