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Research Status and Development Trend of Drilling Digital Twin Technology
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Abstract: Driven by the technological impetus of the Fourth Industrial Revolution, the oil and gas drilling
industry is rapidly advancing towards informatization, digitization, and intelligentization, with drilling digital twin
technology emerging as a frontier and hotspot in the field. Drilling digital twin technology aims to map real drilling
operations into virtual space and establish integrated, multi-disciplinary, multi-physical, and multi-scale virtual
simulation models throughout the entire lifecycle of drilling. This enables functions such as pre-drilling rehearsal, in-
drilling optimization, and post-drilling analysis, ensuring safe, efficient, and cost-effective drilling while enhancing the
drilling efficiency of complex oil and gas formation. The current application status of digital twin technology in drilling
engineering was introduced, and drilling digital twins were categorized into rig digital twins and wellbore digital twins.
A five-dimensional system architecture for drilling digital twins was proposed. Furthermore, future development trends
in drilling digital twins were analyzed, including real-time and efficient transmission of drilling data, refinement and
quantification of geological models, multi-domain integrated modeling and simulation, dynamic adaptive updating of
simulation models, the integration of mechanistic and data-driven modeling, safe and efficient human-machine
interaction, and cloud-edge collaborative software system architecture. Relevant suggestions for the development of
drilling digital twin technology in China were also proposed. The research findings could serve as a reference for
establishing a drilling digital twin technology system and provide guidance for promoting intelligent innovation in the
drilling industry.

Y %5 H H#A: 2024-08-28

TEBEN: Rk (1982—) , B, ERAITIREA,2004 F L TFomksd (£4) o IR2EL,2010F (PR omAF (LFT) BA
FIEFLE LR, HE WL AFN, ZEAFHTLIMA TR LA SRALZ AT TR E XS T4, E-mail:
songxz@cup.edu.cn

EEWMB: DR ARMAFALARABFSHAHZEALAR “DAFAKRAFE TR (H5:52125401) BRELFLITXARD “LRbA
IR 5 ik (%% 2019YFA0708300 ) J A # B


https://doi.org/10.11911/syztjs.2024096
mailto:songxz@cup.edu.cn

F52% % 548

R E 45 F EARRFRIKEL A S e 11

Key words: drilling engineering; digital twin; system architecture; technological status; development trends

21 22 Lok, 38 S R TT & BRIS BR R Wi
B, AR T RBH M IEA 7 “CwHEIRE”
SE AR TT R oA R IR TR
&7 AT A TR N O B R T K R 5 40
SR Bl TR 13 M TR S A B SR ER
R (5 BT & R SAS 1 30% LA L, PR S 3%
B TR R IR T I A AR TT 4 R AR B A LA
T X SR, 2 2R S 2 AR AE AR T
BE YR A LR R R R Ml TR A% R 2 4 58 o
B, W RS R R R IG BOCBR R . BEE N TR RE .
KEAE . =R BN AL BT AR
BT TR BE R G K, B RE B O i AR Sty
AR I 70 2 A R Al KU A L T
. R RS g SR B E Y, o E
F I A R RO R R R F B, BB AR
Fe AR A S 52 By B4 S R 0Lk 5 2 T B
EL R B AT LA BB Ak 2 R (A T RAA S, AR
JE F0ZS 1) ST A LIS 45 B 187 A0 S e L s e B, 52
PR AL 2 TOU 1 A 4 e e B AL | R R % Al i v
i B ARAL BRI HT AR TR, 8BRS T AR A
i JE 1A 3 25 05 ERPE S AR B R, DT s /b b T
WA BRI T & 22500, S @B R . A,
B T2 e R B Sk A e U, fE e A Ak
FREI . E AT 2 A BRI oAb Tk
BB, SEAMALLA 2 2. BEERGE T
Bl I B0 AR R R B P A E 5 BROIR 1) i
b 2B T BT AR R G, 45 3R
Bl RO AR A HOR S BT ), DAHE S A BT
A AR K e KR

[ G AT 7oy RN

“Hr sk (digital twin) 7 % 5L i Michael
Grieves T 2002 4“4, BVl i Fo P b F B r 9y
AR A G Ak e ik, IR X HL AT BUS A 1 ol
AT B, Bow s Al g it B e
T Bty A S0 SR HE AT R A 5, ST A B
SEORGEAE AT T B R AP RE AR MR A T A L 40T
R AR A T 3, JH v 49 L ST R A 52 i 400 ok S5 45 74
FIZR A B AR A BT 2R A A, T ) B AR A A A
JAA B E AR R BT AR AR

b RV EE T NI ANy T = R =1}

Je BT BT AR A A B S, £ 4 ) B S A B LA R
SF L as AT HLBURIA T D B AR S S Y R AU
P R E S N IR 3% SR A T gl 6 e ot
RN Y OCHE T vk, RE A8 1 A I [ A 15 1) 4 2 S A A
—E XM TS ERE . BT RERARSER N E
0T HAAR A, A G HAOR T2
ff 7 P R A 52 B AL (AL B A im0k
B B R, HOEERCR R, TR A T 58 B i
NG BRFREEEOHE , 0 T DA TE A 3 S e iy 2 A
FLEVRETE SR (BRCT 2R AR R B B ok 11 4 B T
Gz, B I )2 R Y SR, R RS B
A PR

B 2R BOR B E T4 TR B s i
AT, RN R TR SR A D | R R
B A, TR TS CR R, ANE S PR AR T
fift o A BT AR TOR Il A AR, e A
FEAbAT #5670 R WSO 4, ARk 22Tl
[ Z S 5 B2 A b sE 4ok, 4R
VATl J2 T i L 2 70 R e ) 2 4
AR BRI BN = B T R | BE A A BE
DRI AR A0y o i 2 Al , A A BRAT A B A
JE A E L

2 BB AR AR BORBE IR

BT AR RO R Al I TR S B AR AR
ARAAGE G, W BRI RO 2R AR, R i
T4 2 i SR S A AR, B R R RE AL 2 Y 5K i
PRZ —o HA@ERRE N D@ 828 &
R TR T 16 A B SR A A AR X B L D
S F R FEAT S W, I HEAT 22 BB Rl A
Bo 2) F T S R A S Kl , ML B AT
SRR 4 A2k A HE 40025 () A8 Bl L BE 2 K I
F1% T A L R DU TR, O AL AR AL AR L PR ORI R 2
T3 B DL % T RGBT 1) | B | JF
MR AU | XU P 7 . D RO AR S5l i 7 1 R 4,
Bef . APFE AT 2008 2 RGOS, LK
ZoER ZY R ZRENZ S BN SRR
Azt B AT B 3) kTR I SR R AU A )
W AB AT 2R RO S R AR SRR S
LA 1) K I7 A SRR AR AT, B
He i A v 4 Ry Bl I A0 Ak £ 13 A 30 A Y il o [



12 % bzl 4k

#® # R 2024 4 9 A

Nl g i 15 2 NI €95 % 17 B i S
A TR AR RS BB, S B AR T S L Bl
RS I A M 55 D RE . 4) 35T Unity 3D, 3D MAX
ST RAL T, Bl BT 2R A S B TR A RN
I AT, WK A SIETT CRAE T R
A, BV RIS IHERE . 5) @S5 55
LT PrEl BT . TRRAE £ 07 B EE, R R
FSCFEO, AR R, BT i 6) F
FHAMLAE BB e il S AR B i 40U 7 A= 1Y
PR AR AL | I 4 B 6 R AR T S I Se A, e 45t
LG I3 T 4 2 i Jo] B A SR R 4%

Bl BT AR AR T oy R B LB AR A R B

i e e

Hdli )

bl
WAL

2R 2 B COLIE 1) o BEPLEC T 2R A T2 B B Bl
ROPHE S N 2SS W B2 N N A S5 N 2 B
g R RS RERGE MG RGN 8 KRG
B0 L, XA BL B A A A | (e Akas 4T | e
2 W7 AN PO A A A R A RN A R R A, K
BB HL I B BE PR IR o I (R B0 2R A 2
i B PEAT A L, BF T R AL I A B | B
PEBCE B RE L JFIRBIE | g B L R
PR i B MR KUBS: 25, sl BT T Al i
e, N TR REAE T B, X F R Bl OF i # kAT
AR RS, S BB I I AR RO —I N — R
e UL Sk me A AR R A R DR

FEAMTT gt

W

Hoqly B

1 SHBFFEERMERER

Fig.1 Basic composition of drilling digital twin
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Fig.2 System architecture of drilling digital twin
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