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Abstract

Coiled tubing drilling serves as a vital technology for the exploitation of deep and unconventional
oil and gas resources. However, the inherent non-rotatable property of coiled tubing strings creates
formidable obstacles for downhole directional drilling operations. This paper systematically reviews
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the research progress of orientation technologies for coiled tubing drilling orientators from four
dimensions: the structural design and driving modes of orientator actuators, kinematic and dynamic
modeling, trajectory tracking control strategies, and parameter optimization and verification meth-
odologies. The review reveals three developmental trends: the driving schemes of orientators are
evolving from purely hydraulic control to electro-hydraulic control and full electric control; model-
ing approaches have expanded from deterministic geometric characterization to probabilistic sta-
tistical analysis that accounts for multi-source parametric uncertainties; control strategies are tran-
sitioning from manual experience-dependent adjustment to intelligent closed-loop control. Never-
theless, existing research still suffers from conspicuous limitations, including insufficient integra-
tion of modeling and control, incomplete stability constraints for multi-objective optimization, and
inadequate experimental validation under complex downhole operating conditions. This paper in-
tends to offer theoretical and practical references for follow-up research and field engineering ap-
plications within this discipline.
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Figure 1. Block diagram of the evolution of coiled tubing drilling orientator technology
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Table 1. Comparison table of technical parameters for coiled tubing drilling orientators for different drive configurations

F 1. TERHHERAEEERHERBRRARSEI LR

K7 IR Syt EEEE RS i
e Bt T RRAR HER 2 L B T AL
R miggﬁgﬁﬁ / 530" L AR, B AR R

JE [ GREE G AR A ANAT IR

Pori: AIESENERE . KSR S5 R

o KBBESHEE , S o, RPSTELT A RO,
R ey POS 100N K00 WFAIRERE 120°C o s et 2o
E
Boe SR MBS - R - BUBRAEE)
e PR / / R BRI R R
* B SRUEET IS AR Bt R %
N ey
fodie SIS AR, B
. ‘ R M%, W9 THERSS
3RS 360" IF
EUTE S i bl / Ut TAEMEMEECKR, BT
- e = BORERE SA0R s B TR
S B 5
o | foie BRYRT MR I A T
gt A ARENE KA 800 Nom, / ) RIS AR B R

G 1260 N- — HAE S 5%
[ M B m & L EmRYS e mhEfe s

2.2. ERESEPATHAHEINFESINFERTE

SE [ PRAT HUAE) (R il S A A S D v 5 P U P (R B R it . ol TIE S BRI AR R O T 2 5y
FE—E AT E I, AT RERGHETA IR 58 [ 8% 12 30 2 S 8l 1 AT RO BA R, O T4 SRS ) i 5
AR EE,

FEXESIE BRI E M AR VIS ) 1 58 1 T T, 523 1T 58 T L i i Hors B2 5 U F A e
J& T RGRTIT. ZARAE 78 A A3 18] B R AR Tk, L T W SR RS 5 TR A L) o oAt
M, 578 T 07 360 THH A —F 2 PR KRARKZIIE. FEMEERL L 320 DU 5 v A
AR FEAY, QAL T TR TH A S SRR RO G B T, D SRR R IE T R T AR A G
KHE[8]. mEAAGE RS, WEREFOS G R/DERFNEY T mEMBRERSY, R 7R RE
ST, IS T A RE R g ORI ML R T . SR, S EAE(10]
St TR O R T %, SRR S SRR L T BHA 3 FITERE A, o 1 O AiA% Sk
RIS T BRI TR o SR RBNIZE T, Li S5 [11 5 T30 T U A T = Bl
TR, @57 T LR R BT 5 BUZ IR IAE 2 MR 5 R EERI” BRTAT I
BB I T ZHAFENE, FYEF[12]3 TR i B iR M T BHA =452 /pfi, 4 alixs
THNEESL T W 5 BAE X (RS, 45 T8 5 14 TR A i BE AL = s 22 s E 1 2R R
R TESEIL T B E P LA A ) AN E YRR AT SR, B P B AL T B A

Li F[1318 X N U EE, 2T AR ih RSB [ IESE #iIE BHA =4E) 788, 0t
TER M /77 RS TRE MM U R R, BTG FREIRERM . B ) e & R R

DOI: 10.12677/me.2026.145137 1386 i AR


https://doi.org/10.12677/me.2026.145137

NCE B

T T & 1 e el U SRR TR AR TR ST AT IR AR ) —HEREL A R R R
2B R HON RN R, M T BRI . ISR AR, B R A 1Y) R A R L
s DRI AT EVE R BN, A D R I AN E B XA, SRR HR B G e s
TR 2z, WHREREZFR/AD. Li F[1415EEH T ZHESBBENE, 2T 73T AHE L2
SE R BT I TT 5. BT REFIRSIAME SR, St 7 EESHE A, S T IESE I
AR A AR T IRAS T 17 304 TN 5 7R P R 4 o 2 o AT SRR R B . F T8 R IR R 25 0 A 5 5 1)
BT R R B A S A O . B IR R AR ], B B RE S R ) R P AR K B R TR A
{0 LAt A 5 M S S50 Al 1 AT A B S P 0 T R 3R o SR AN 5 T 3 T ) 17 i aer R AR B —
ke —fE, TWRRA g EEACTIIXE, DX E T8 24U 2 RS BERTHER e gk 2.

Table 2. Comparison table of orientator dynamics modeling methods
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Table 3. Comparison table of mainstream trajectory tracking control strategies
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Table 4. Summary table of orientator parameter optimization and verification methods
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Figure 2. Mind map for future technological development directions of coiled tubing orientator
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