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A practical exploration of intelligent operation and maintenance system
for deep drilling equipment
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(1. State Key Laboratory of Deep Earth and Mineral Exploration, Chinese Academy of Geological Sciences, Beijing
100037, China; 2. China University of Petroleum—DBeijing, Beijing 102249, China)

Abstract: The operating environment for deep drilling is extreme, where critical components are prone to issues such
as wear, fatigue, and seal failure. Traditional operation and maintenance (O&.M) models, primarily based on
scheduled maintenance and reactive repair, struggle to meet the requirements for continuous operation and operational
safety. Addressing the intelligent O&.M requirements for deep drilling equipment, this paper systematically analyzes
key requirements including user roles, system deployment, data acquisition and transmission, application scenarios,
and functional configuration. It proposes a technical scheme for multi-source heterogeneous data integration and
transmission, establishing an integrated approach that coordinates WITSML/ETP, OPC UA, and Kafka. A
distributed and elastic "cloud-edge-device" collaborative architecture is constructed, introducing K3s and KubeEdge for
edge service deployment and cloud-edge collaboration, while employing time-series databases and graph databases for
data and knowledge management. Based on this, a prototype software for the intelligent O&M system is developed,
integrating functions such as digital twin, real-time monitoring, and early fault warning. The applicability of the system
under engineering conditions is validated using steel wire rope electromagnetic inspection as a case study. This research
provides an implementable technical architecture and pathway for intelligent O&.M of deep drilling equipment, offering

engineering reference value for enhancing equipment operational reliability and O&.M efficiency under extreme conditions.

s B #3:2026-01-10; &[5 H#3:2026-02-11 DOI:10.12143/j.2tgc.2026.05.007
EETE BRI &R0 5 580 75 i o 1R 25 558 BB A2 4 22 G REDLITF i B s Y 0 A (45 : 2024 YFB 3409304 )

E—1EE:

BIEIEE:

D W M, 2, DURE L 1987 4E A L im0 AR I, R0 AR L, 1, SR B O 46 5 T 2R T AR b mtl B 3 X T KA 265,
litongtong(@cags.ac.cn.
SRB, I DU, 1985 4F A v g T AR I, Mo J5E TR ol T b, M RN IR R 5 A T T A b T P X O R 26

zyi@cags.ac.cno

SIAEEC Dy I , 5K 3 , TEAR , 45 RN PR 5 1 RIS AR IR IR R [T ] B IR LR, 2026, 53(5) : 64-73.
LI Tongtong, ZHANG Yi, WANG Wei, et al. A practical exploration of intelligent operation and maintenance system for deep drilling

equipment[ J]. Drilling Engineering, 2026,53(5) :64-73.



W53 EH 5 Dy Wi it 45 < R A R R R B S R R R A S S 65

Key words: deep drilling; drilling equipment; intelligent operation and maintenance; cloud-edge collaboration; data

integration; digital twin; edge computing; early fault warning

0 51§

B & Bl AR Ml ] TR AE A, I TR S R )
TR BB A A R T AN KR AT,
PB4 % 57 58 B AR B 5y Rk A
AR W 5 R i, AT fE 2 BUIE TR AL,
RN 4, R SN, DOE B s
18 hy F 0 1% Gt iz dE R X T A T2 0, R0
SR R R 1R R A8 R AN 5 Bk DL TE R
FH ,E LU 2 T 4 R % S2/E Mk i 7 5K o B9 48
L R 2 S TR AR TR S B IR B R 5 R
# I B Re A BT R R E R AT AR T 4
PSR R EE R, SRR, Tl
R 25 T A L O Y K R L S A
TR SECF 2R RN L R R s AT RS
F14) SEZ S JESR T AL R 9 R 5 A R SR SR IR T BB

T T TR AR R RE SR R 4L (EISC)
T ] 5 58 I AR ol FF i G A8 W L S o TR L 2 R
F 5 A TR GV, T N R F) X8 S AR
U AR R TR B AT £ (SOFELnk) , [
1) Y A A 4 2R i R AE B, B RS MR I Ll
TE 5 iz 4k Ik 55 B A e BLAR A S 2 o R
£ {F (DecisionSpace 365) , 4K & T Jilt Ho T %k §5 2= 18]
(Open Subsurface Data Universe, OSDU) , 52 B 5
Al E s 5 0 0 B ARAE S U ELIT KL Ak 2 i
P AR A B S ke Y BB R T R T A A
F- 5 (ForeSite) , & T Iy 52 804 40 A SR ARL T3, R
AR IE AT B RR S A 5 B At RS B 4R S A
SERE A &8l R 2= i & 0 oF & 1028
MR TE 20 55 7 G850 8 B 22 0 5 4 s 4k
BRI R U ) D7 A T BB TR S B X
B TR T IR A A R 0T AE I R BOHE A HE AL T
[T R SR Ty e N (o TN R 4 T 7 = I/ S W
F A7 A 3 T I 55 O % A B PR S 2 L 2 TR
SRR iR TS A R, DL e & S A B iz
TFERE )N R AR, I, ARG E RSB 1T L
il FF1 R, PR R T ) R RN TR 3 5 ) A g A U AR R e
P HAT B L

A SO RS AR Y 5, P R L =i
17 G G e S AT I Y 5 B N e

T i B R 23 A KRG T 58 O o8 R RiE
18 4k RGBT TT K, D9 TRR B IR 2 4 e s 4

ARG TR S LR S 4%

oF o

1 $REEEHEIARERK

1 4t iz 4t LU € WA A8 R R s 4R 12 o 3, 8O K
A NZ 5, 2 5 BT BUAS e i A b B R 18
PR e o DRFRBG R T 00 2%, 0] 53 W AR AR AN ) il
aof A K BE U L 7 T e AR T T, XU AT
AE H 5 AR B R i R A AL o 5 e R, SR AL
R 2 R M RRAE B IR 5 R AN S8 A X, 12
Wi 451832 N DA 25 S5 5, R 48 SR i E R 1 5 — 3L
YA . sk K M iC & 5 2 A PLH
PAICHE Ay ] 48 7R 1) MR B8, B35 5 )5 J5 P ) Ak
HOR M AZ B BRW b R I R S BT AL
RS b T, 5 1] R S A 16 i ok 1) B IR AE
RE LA 1 TRl RN 22 4 5 S SR AR Y 2R

55 1 [ B, Tl K A e 1D R et B ke A Y
i 4T SR TR IR T B Tl HB R (30 %
R =R NG B 22 A SRR R B R &
J il L A AR A AR L W B o B R U bk
REFF S A& T TREHAM. XAY
JE AR S B SR e TR AT AR B R K A
LR e BLSLT K o AT, B A 18 4k C N = i
e g il ol Kk R Ty ), AHOGHE T R B A
TS0 73 A B T A A g R] A — S AR B b AR
RS, R TR A T M S iE g OR S . FEIL Y
ST TR AR A 18 M IEAE h LA 2R B0 A R A48
o ERT7 3, B A ) DR W S b
IF) P 5 A AR 1 8 s A, A 1R .

2 REPHREEERBET KON

Wit 2 A% T Al R e 1o A3 i B 58 9 e 4% 4t i 4
TE S IR RS 4 0PI ] P 45 D5 T B9 R L A 2R
o TR HLE T il S R K L A R ik
EmIRU U Tl S 3 IO (o DT BB (S N i D]
P o O R BR B R A M 22 A, AT A R S TR () T T
R 5 09 8 e Az 4 AR A S0 BUIR A W e
e 5 02 Y P SRR B AR R o PRl 8 TR S Al %



66 BhiR T 7

2026 9 H

RGETHEER : ERMQIS+EIEN R+ 210 IR R

® SRR (i 5 W 57)
o NTH PR B
- MG RUKMIRS (S Bk
- MR THE SRIRAT A

@ BETHEE
- BHHNE 5
o B MRS RN I
> HEPEHAKS

CERAIND |

® HHRHMETLIE

© ZIGHEN R R IE %K
* ksl

- ESMHERMELE

(BRR) |

@ HEIMERT

T STt IRIN
o BEER A B RS
- RN EESI5S

(HEAE) ]

©® @ (A [ |
o JEHRIENR R

.« BRI E

- BERAESFT

TAEELX IloT

St U B
RAE M v asEeET A

¢ SR

@ WETHH [k BHFHRELO)]

BETE
< SEIN LR

=HE
R 1T

— REAL AT

BREBHER: MNMERKZNBF

@ RESFTREAN [fR: ERMHRE@]

| v I FEEEEZ
v ZYEREREL
v SRR

@ RFEF EhE (R T/ R4E1E@]
N v T

N

N

YEE SRR LA
I I R 3l A 1

@ LEFHE R thEMRS O]
v OEFEE FARKRIL LS
v TR &
v LEERE K SIBER

N ® HRAMF
(R MIRH%LO +25¥1EO)
J IR E B S R
v BERILE B 5 S AL
J YEHERGIE AR

E1 RMGERESEREZEENTREHELRER
Fig.1 Trend of transition from traditional to intelligent O&M for deep drilling equipment
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Fig.2 Data governance and system validation for drilling equipment
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