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Abstract: As the demand for deep and ultra-deep energy resource exploration continues
to rise, high-end oil and gas drilling equipment faces significant challenges, including
harsh environmental conditions, extreme operating scenarios, fault coupling, and
maintenance difficulties. The current operation and maintenance practices largely rely
on manual experience and periodic inspections, which fail to enable early fault
prediction and timely response, leading to prominent safety concerns. To address the
issues and challenges encountered during the operation and maintenance of high-end
oil and gas drilling equipment, this paper proposes an innovative intelligent and safe
operation and maintenance technology. Aiming for comprehensive, element-wide, and
full life cycle operation and maintenance, the study constructs a closed-loop intelligent
operation and maintenance process based on life cycle management and proactive
maintenance optimization. By integrating digital empowerment technologies with
domain-specific operation and maintenance technologies, the approach promotes the
transformation from traditional to intelligent and safe operation and maintenance
models for oil and gas drilling equipment. An intelligent and safe operation and
maintenance system for drilling equipment is developed, incorporating functional
modules for condition monitoring, health assessment, fault diagnosis, and intelligent
decision-making. The system is successfully applied to the intelligent operation and
maintenance of drilling equipment on an offshore drilling platform, providing a
valuable reference for the rapid application of intelligent and safe operation and
maintenance technologies in the oil and gas industry.
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Fig. 1 Composition and challenges of high-end oil and gas drilling equipment
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Fig.6 Intelligent safety operation and maintenance system development scheme: (a)
Software development scheme for platform-side and land-side systems; (b) Technical
architecture of platform-side system; (c) Technical architecture of land-side system
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Table 1 Scale and key configuration of intelligent safety operation and maintenance

system
i, 5 T SHUIR
B 105 68
100 £ 216 4b
AEI RIS 5023 i
PR B PRBh. ML 10 kHz; HFRIEEEE: 0.5Hz
A E it AR ATRAY, SUARY

12 % 3 Dy e SRR R AR . THACER . AHbAAAk . SCEFHRE. Wi A
pay it EQTEEIT: SN i A S LN AL TN S R R N 5 7S
{57720 P& 4 /Modbus/Profibus; 1~ &-Filiti: MQTT T AEEE
Hlfead A% FIREBIEAMEEAE 30 R . M1 S8R KIAAE 1

1) IR Bl

LS & RG], B 7 BR TR aia g RGPS RN T)
e o, B 7(a) RAS B S, 2SR 1 3 K LT A Sk e 24,
WRSN W EIESE, FEATARYE A T AR AR TR AR B B, S
S S AT AL IS S IR IREE . B 7(b) AR LGB S AR IES: 30 RN
WahZEasE, SNARNESRIEEN, FFER&IEFEBITH RIRIILE,
UL A TAEIER . I8 5IR3NPRHE 1SO 10816-3 BEATXFLLA#T, &0 i d%
P T “ RUF” XA, #E—BiilE 1R BHLEITIRERE, AdlgiEad

R EE S




1261 Bep) B ERiA R KRR P
0.84 "
oo 1L == 3

3/10 3/15 3/20 3/25 3/30
’é: LS9 | S AR R R :
I NN g BN | 1 I——'LI'IIIIL.
ﬂ 3/10 3/15 3/20 3/28 3/30
&
R 921 meai R R ;
B ooe™ 1 nr"‘““-‘—"“‘l ]
0,00 L ]
3/10 3/15 3720 3/25 3/30
1. 16
T
0. i)'E'J m ! 1‘“-nJ
0. 00
3/10 3/15 3/20 3/25 3/30
LI QE D
(b)

K7 BRELAEBHERGHIPRERMIIRE: ()T IR ENUIRS N A i (b)F
TR NSRRI 5 IR B 21 1A

Fig.7 Condition monitoring functions of the intelligent safety operation and
maintenance system: (a) Condition monitoring interface of the main power generator;
(b) Vibration severity trend chart of key vibration measurement points of the main
power generator
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Fig.8 Fault diagnosis functions of the intelligent safety operation and maintenance

system: (a) Fault diagnosis interface of the drilling pump; (b) Similarity deviation

degree; (c) Worn suction valve body of the drilling pump
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Fig.9 Abnormal warning function of intelligent safety operation and maintenance

system: (a) Drilling abnormal working condition judgment interface; (b) Abnormal

double judgment condition
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Fig.10 Intelligent decision-making function interface of intelligent safety operation and

maintenance system
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