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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
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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.

Key words: oil and gas drilling equipment; intelligent safety operation and maintenance; full -lifecycle management; proactive

operation and maintenance optimization; petroleum geology.
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Fig.1 Composition and challenges of high-end oil and gas drilling equipment
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Fig.2 Implementation process of intelligent security operation and maintenance
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Fig.4 Framework of intelligent safety operation and maintenance system for key equipment of drilling platform



58 1y S JEVRE < g i T AR TR A T BB A A B A A R 5 2959
5 s
@ Y. Rt
7 — il W
WU BB WEEW mESES RaEm R
T 28 %
o : .
| AU | | s
mapmuen || wammars || g || pgm | WA Sl
SRS C@f
= O
I T LT ‘ .- g
N — o ST e
AR I I et |
~ - N | | -weEm - pesw I
s g i R B <
’7—’| PR L R AR AR - %\ < I AREE - KREm I
GEZE e T st | |
AR | WO || remesE mpEm |
Wik — S 4 #
| B wev | o — ik (s SRR | - tsimmE - Z%as |
| oo | T | mmee - s |
o — L -  — — — -

PS5 b oG BB A A )5 (0 AR MRy 5

Fig.5 Comprehensive intelligent monitoring solution for key equipment on the platform

4 v A URE R A AR K s gk
F i N N

T T SO B B i A IR R S R R s
BB R BRI RS
Fis X G TR R e A is dE R G, W AL R
B R E S BITHN B 6 RS L2
B 4E R G AERR A 4 Fros - R G50 Y 6 v Rl
vy, 1 15 Ui 7 G0 R 30 Gt 58 B TR R 2 B
OB R = i B oL F B s AT O
15 5 B 38 o 105 38 TR AL i 2 il b v R 4 . il b
Uity FR G K T O {5 OC S B A W 12 B L T R
BT Sl 55 AL IR XA [A] Al 55 5S4 T AR B
A 2 A 32 5 R T S B 0GB A R A T Ll
Bz W GBS R G BRI R s S T e
vty BB [R) AT A4 O 7 W 45 7 5 AR B AT AR O, S B
WA A AR A N DL s e B S PR
41 H$hAFEXBEEERUENFTR

B I 6 OC B R A 2 RE IS DN Oy Z2 AN L5 R
B A5 R nl B F RS SR RE 30 S B8 o A S5 T
fie . 1 4t i@ iF Modbus/Profibus LA } il $% 28 M SF &
A 5 ) 7R G0 3 O A B ol TR R ) AR AR S R
i, 5 5 A &R 0 BOE LK, 207 7
AT Bl R 2 U5 S A B X T TR B RO

[P A N IR s B |- IR L 1 QU LN SR
e JRRs 38 3 i A A A R R R ORIOR BB e S
PRSI R A B R A FR O 2R 28 e MUK B8l AR i =
HR 55 #5% I 42 BUAE it L S5 BT 5 O B iR 4% 9 S B
W . 301 2% R 4R 2% X B0 Tl ik B 2 )5 A% iy 227 65 Ik 5%
s R 30 2 IR 55 4 1008 0 BB B B X I A s AT
S KCIR AR AT PR PEAL L IR B S £ s 0 0
3 3k TR S I [R] 2 2t b Al 5% i, R e A g 5
KB T X R i — 20 W2 408, S I 4% A 2 4 2
I feiz 4k .
42 BRLRLETHRZURGEFEFER

TERT IR 4,179 Fr A i A 4 W0 7 28 L 1, Ay
i — 25 ) A S P B R A 5 R B A3 AT Y R S AR
PRI 7 58 . V- 65 i Rl e s 2R 0 SR 340 R FH T i
I3 8 B/S T & 7 XA g A AL G C/S 384, BT
T 22 498 FL A U RB AR LR & L R SR AP TR A, AT SR
Z PR RN WE SRS . Btz Ah , F I RIA R
ginl e T2 A BMIREE S , R I B/S 228 ] LA
RO B MR AR A . R R T R AN 6a
FEoR o A 2 B RS RS E UL Rk SS )ZE
F G AR Python i 5 AT 0 5 5 N AR P
(H % , Lk Flask A0 Web R4 HESR , 4 55 1o FH A2
4w #2£4% O (application programming interface, API) it
s Web ST 8 F |, [F] B4 % Numpy . Scipy %55 =7



R

http://www.earth-science.net

51 %

REE

UTfEE

Amchart

N
5 °

> = estFu
BENTTA s LR
Numpy A
Scipy
Scikit learn t I
] Salalchemy ]

TensorFLow

t

[

|

|
R, \

WHDCHR A
|
S &
RS FERER g
| R
< sha
B 046 4 B
e
ol 1
| I—rT
E@ —=
L R 77 06

Bl b

tit 2
& A EAE

i || |t | & [ | [Caree |
& =1 |' i i oo =)
[ | [ mmaw | [ mmwn | [ g | [ i |b‘

Bl

K6 RREL i RGEIT R R

Fig 6

- 15 i B iy b 3y 2R GE A OF 5205 5850, V- B3 RGLHR

THFESL I SRR T A2 RSS2 1, 1 i
K Vue HEZE | fifi FH 5725 JavaScript A1 XML 45 J5 b 52
PRESCHE A2 B, 308 5 B 5 0T T R R 24 L) 4 SR
BAS Web GUE . [A] B, 17 3 A 48 5 Echart . Element UI
SR P A P AU U Y 5 IS 2L B A T
AL L2 B H A 2 IR 55 )22, S AR R 28 4 1) Y i
B 2
FEHARERE 7 6 i 5 Bl v 3R 45 B T IR
—ETIF kT E AN E R GA7AE B0 1 5> T3 E R
W, LB AR A 433 0 P 6b A AL 6¢ TR . - £ B 7R
TH 0 K R A 5 e WA 55, RG & TF
B AR 55 A%, 7T 0 IR B N T A IR A BB
PR B AT D, T 58 B AF Al U A5 18 AT 1Y I 4R HHE
1 2% T Ak 32 SR K S W 0 0 A A, . il b v K 4
ZF 5 B E IS TR o BT LRE R G TRl
s oL, s E S L S AR G
FEAAF B R AR 25T B 0 W T I SR R

Intelligent safety operation and maintenance system development scheme

UK 5o i i R G HOR ALY

Rl SHRECHZRZAESXERE

Table 1  Scale and key configuration of intelligent safety op-
eration and maintenance system
Fic . 331 SRk
R 105 /&
e 0 216 b
Bl T H 502339
R A P sh I 10 kHz L7 Al 8000 0.5 H
LSS HELETY AR A
NG SRR A TR A A SR W B A
i IRE  ZUEIRRLS SRS GRS AT Rk
WEHR A OEEF/ Modbus/Profibus; - — Bl : MQT T T
BARAEAE IS IR EHRA M GEAF 30K s i - I S BRI

WA A s e, T 18 I il IO B A s AT R
P BEAT 52 3 Ay . A S AR 8 O AR E AL Y APTHE D
LA S H L R R — B S AT R &R
RAG ARG AT BN R, LB R 5% 1R e iz 4
L



8 M 1y S JEVRE < g i T AR TR A T BB A A B A A R 5 2961

*2 BERIENH

Table 2 Theoretical engineering benefits

EETE LI F AR LAY &
ST XA I i R R PR O R A A R I R e A R Y TR A T 17.5d T 15%~20% , 35 20~21 d
AR AR TR L T U2l I A2 0 AR 8 R AT <SP 3448 2 ) 28 d W 20%  FEE 24 d
AR LA OROCAS BRAR DAL e R 1 R0, Wl 28 R A B O A T b R / AR 8% ~12% , 15 242 100 7 %8

RSN - BRER ERRE HHEEXREEERENRS

3] e AVR SR BOACKIER A S518 UG 8 SK2

=== |ZmZ|ZlZ 22

ATOC A20C AJ0C MOT ASOC AGOT
B10°C 820°C B30C B4O'C BSOC B60C

Brg01 Brg02 Brg03 Brg04 Brg0S Brg06 Brg07 brgos

" i AR

mroce  §-coR
Lrew

1% % bar

o5 | HELE SR ) m

3/10 315 3/20 3125 3/30
1.89
126 | AL ) il R e AR ) N

0.63 p— — " N\ ————— . NRURUNURN g

0.00 \ ‘ \ ‘ J \
3/10 3/15 3120 3/25 3/30

1.92 ‘

Lo || MBI 4 N

0.64 |- \ [ U T N N :
L | L Ju | —— . J U
0.00 ‘ ; ‘ ‘

3/10 3/15 3/20 3/25 3/30
1.16

0.87 | % FHLIRKE] i ik i f&rﬁ M

0.58 b~y v \ e~y "
\ [ \ (U \ | \ AN
029 NN b W |

—J

0.00 I I I I
3/10 3/15 3/20 3/25 3/30

F7 e axis 4k R GRS I D g
Fig.7 Condition monitoring functions of the intelligent safety operation and maintenance system

a. 3 R HUIR S W0 541 5 b. 32 05 S v AL B I 20 00 1) 4 3 2 R A

WA (mm/s)

43 AL %%%‘%é? 05 F5 BB A 11 200 43 b 1 85 K 2 1l

BT RGN S G IJF R B 24 oooéﬂﬁg&%}i:— Ty e A B A0 5 0
7 R MU RE K A is 4k R 48 C 1 S 1 S T VR A j(ﬁ':\iﬁ'%?f "“%k".SHQ{WJ U PTG
A BRAMN, RO E SR LR . & BEi2 W7 RE &%U&F‘*H@ﬁ A 3 i B AR R



2062 HIRFL 2

http://www.earth-science.net

%51 %

A RES MR RERONRNe

ATusHRan

BABIEYILGEIRE 2 (2 984, 0.858)

i
= a2
=
08l wmwmwmm%m<3mzomg////)\
AR 2
AR
ffffff [ 52 1A

1 1 1 L L 1
0 500 1000 1500 2000 2500 3000
I i) ¢ (min)

A RES NP1 REREDY

ENENNNERXRONER

P8 B REZ 4218 4 R G 12 BT D) g
Fig.8 Fault diagnosis functions of the intelligent safety operation and maintenance system
a. BT IR B2 T I 5 b AR B0 Ml 2 P J3E 5 . PR 4B B il R WA 1R R A

PG, 7 2 GRS W I e a2 Wy 0 0
A R TR SR A5 T THD AR S B S8R, 6 E BT 4R R T 1%

A 2
431 CRE\EW LIRS O R AL, A

TR TR L 2B RENRE I EE . Hd,
P& 7a kbR 285 W0 SR T 9% B TE AR B T 3 ) R HL L B
OGN S8, R 3h R R 1SS 8, IR ]
R 41 45 A T 0 B A DG A v 10014 41 8 1, S5 3 S 4K
14 S AT R Ak W 4 5 R BRI Th Dy A H LG B
I A5 7E 3% 22 30 K N AR 2l ZURE R 3R] & D iR 3
G5 P24k, /55 % & IE W7 ks L,
T AL EGR & TAEIE® . g 5 R 3 B8 i 1SO
10816-3 #EA7 X% bb 73 A , &0 s 4R sh ZURE ¥ ik T R
U K] HE— 2N B R R ALE RS RS R
M Y15 4 52 B S8

432 HEIZE LI SRR IR R N B, 1518
JE/R TR R L e RGN 2 E R . o,
P 8a Ny e B2 W ST, 3 25 s Bl F AR s 17 RS Y
R GE R e S I B 3 SR e rh L YRR, DUAS [R]
0 R33N [R] B 1 00 23 A, DL 45 i 5
TR 0 A0 R BE Al B R A R A 2 i
ERTEEBREE , Rt — L@ i 58 R
TTRR AR PR E AL 5] R SR Y OGBS B, DT B E
B AL, S5 B AR R ) e e 2 W A5 E A7 #Y PR 3R
I T A S IR Bl A R O3 IR Bl A
ST AR 3l HE e 45 S s D0 2 B 15 B v 1 A
LB P, 45 21 B 8b B 7 B9 A HE it 28, 1% & G R0R
ol H Al 2R W i S O AR A S R S BT R R
WA I S AN 2 W A TRERT 7 X i T 58 e M Y 46T 2 AT 4
fifp R A T, R B S WA W IR B A A AR



8 L S R

BB L A s Y S R R A 2963

HHRE IR S NRE

& SSHSMEN A 5RO R Esrieg

B vs DHERME

(= MSEfRISEE (0=2.5)

A #2405 12N

MSERERE

b 15 T T T
0 (5 060, 1.209 8),
12 \ ‘('\_ﬁ*w“«/' N e
oK
= \
= 0 -
& 09)
0.6 | —— ERE Bl B 1E .
Il Il Il Il Il Il Il | Il Il Il Il Il Il Il
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
5
T T T T T T T T T T T T T T T
4| |
g . 5060,2.5
s 6-2.5 ( ) 1
Fe L
Bl
iE
= 2L
N
=
I
/
ol
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000 6500 7000 7500
INF AV (s)
B9 Bl 4is RGN % A2 D)k

Fig.9 Abnormal warning function of intelligent safety operation and maintenance system
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