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Research progress of rotary steerable system and its control methods

LI Wei'?, MOU Lei'?, ZHOU Xiancheng'?, TAN Xianhui'?, FU Quan'?

(1. School of Mechanical and Electrical Engineering, Southwest Petroleum University, Chengdu 610500, China;
2. Key Laboratory of Oil and Gas Equipment Ministry of Education, Chengdu 610500, China)
Abstract: Rotary steerable system is a shining pearl in directional drilling technology and an important technical means
to realize the low-cost and efficient development of oil and gas resources. First of all, the basic structure of the rotary
steerable system was introduced. According to the different steering modes and bias effects, the rotary steerable system
is divided into five categories: static push-the-bit type, dynamic push-the-bit type, static pointing type, dynamic point-the-
bit type and mixed type, for which the steering principle was analyzed one by one. Secondly, according to the research
and application of rotary steerable system technology at home and abroad, the development status of push-the-bit, point-
the-bit and mixed types of the rotary steerable systems was systematically analyzed, with the advantages and disadvant-
ages of different technologies summarized. Meanwhile, the basic situation and progress of the development of rotary

steerable control system were summarized from the three directions of modern control, intelligent control and com-
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pound control. Finally, discussion was performed on the future development direction of rotary steerable technology, as
well as the difficulties in the design of rotary steerable control system and their solutions. On this basis, it was pointed
out that: (1) The current push-the-bit and point-the-bit type rotary steerable systems of China should be improved to pro-
mote the build-up rate, stability, automation and intelligence of the system, and the research on guiding technology, two-
way communication, downhole closed-loop control and other supporting technologies should be carried out, so as to fur-
ther improve the industrial application capability of the system. (2) Theoretical research should be conducted for the four
subsystems of surface monitoring, two-way communication, measurement-while-drilling and bottomhole assemble of the
mixed type rotary steerable system. (3) In response to the challenges of diversified drilling environment, refined control
ability and intelligent control requirements, it was proposed that the research on control technology of rotary steerable
system should focus on three directions in the future: comprehensive application of various control methods, adaptive
fault tolerance to the complicated environment and unknown challenges, and decision/control integration based on the
intelligent technology. In summary, this study can provide a useful reference for the development and improvement of
the future rotary steerable system in China. For the control system, a set of control strategies that could effectively cope
with future challenges is formed in combination with artificial intelligence technology based on the comprehensive de-
velopment of various control methods.

Keywords: rotary steerable system; steering principle; RSS control method; nonlinear control; intelligent control
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Table 2 Domestic and foreign benchmarking analysis of push-the-bit type rotary steerable system
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Table 3 Domestic and foreign benchmarking analysis of point-the-bit type rotary steerable system
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A DR 5 PRI, Rt n PO AT ARILER
ERPR15(0)/30 m, FAALH400 r/min, THE150°C, dF
Geo-Pilot” Dirigo  #iE AVKAKARSIIET . AXMEHIBE LR SRR 11, 5k
W PR, ISR, SHIR TR PESWEIR . TEE I TAE A A, BRERY
; YERIZ15(°)/30 m, FRRAHH400 /min, THE175°C, &  SREEAIERER, AHEEREREAT,
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JEHR R S
Revolution  HEAPRI0()/30 m, FAHE207 MPa, Tifii175°C, JHR . " . U
WSH  (Size: 475, 675, JRUKF, SEMIER, MK, TiosEs, i o I BOA, RS
825. 900) & A ATHR
BERPRIA11.09(°)/30 m, TI7ERE47.14(°)/30 m, B SR v A
e GwW TUELE R 100%, FAMA. Bt BRI G oo e MR, G,

g, 2heaity

TREMEZE, SrERERZE, HHREA R

BHA J7 225 2505 I W BUS i B PR 26 . B A i
AR IRE R TR AT FRA F Y GW 48 ) 2% 5 )
A4, WIKEEEEA A EMPERRE e S
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BUB B AR G 1 8 Pl R G0 . W) 3 £ A7 7E
W22 [ ik, Rl B e AR R A T HAR
SEME, TR, ATEETEIR T 76 S R 45 R
SR TR EE RS R
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2.3 BANEFESERSEHE

H I, 45 AT IR 2 ) #7E 2 vn R  sUbERE T 4
A, AU D —2 A F] 58 4% 48 (PowerDrive Archer),
JERLT 475, 675 I~ ZR51, AR 18(°)/30 m, fix K4
350 r/min, i 150°C, S Ak 5 5 e e A% 5 ] 3R
b, BLEE T PowerDrive X6 il PowerDrive Xceed [
SR AR T W DU AT A A e BE R, B s
REF R ATEEE . PR R . e SRR EN
A I BAH LI AE L, G422 X S 1 AL | S
i JFHE | AP | 18 BRSO [ TR AT

3 RSS EHIFHARFRHE

RSS J&—FhARL M R ¢, W HoRG a4 2 2 a0 H.
PRIXERY, PR B R BNV 2 amAR Lt A | i A

AT RS, 280 RSS MyFal 2 408 5 R HIL
PRGN, el 6 BRI 2 H MWD, JF
AR RO AR AR Sk AT Sk A | DT R
PR IRAR AL AR T2 dhy PRI T s 00 0 4
— AR, NEMRIEIUE R A s slE T TA, S
PR ER i TR 48 R S i BB R G
AL il S A7 17 7 7 A SRS 2 P B 2 2 & A T,
T R PRI A I TR &R
PEb A8 A SE PR AN I 5 FEAR I IR B R4 T LA, IF
WHPHEZERE . R =22, I F R R
i UE R PSS A5 R G i, DA “PRAT 27 Ao
fy. T LRI (R, MWD KRG I 2
A P Tk b5 5 A% I T Wi b o I AR 3
FGEh TAREITARIE B S50 DR, 5 Bl 725 191
TEPIE I, ELRE I N AR A s U d 4 4
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UG ESE

15 % —

4 ¥ R
2 T -
1 & 2y 14t

| mwo [T el e |~ pocsk |
Ttk [

54

B SR AUAR 77 L F A IR
6 Ml RSS =ik &
Fig.6 Typical RSS control system
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PO PT 232545 il e, 0 45 1 5 f A L A, i
A A B A, AR ZE/N, (H R PRI i SE IR X6
Z G RESE A ; N. Panchal 255 45 A4 18 i o 5
il #% (Constant Build Rate, CBR), 5| A &5 i [] 4 il 7
B AP, BRAIR T 00 AR X R GE Tk RS ;R
| CBR M A T AR BHER )& B EA 2, 1T, In-
yang 2P g gE T CBR #E il #F, it —Fh Smith Pre-
dictor-CBR(SP-CBR) & 1ill#%, #5117 RG & FetE; Wang
Weiliang 250 B+ P A1 2 O B 5 X 8 25 45
il SZ R, 4 ) — R TR B ST i (Model Act-
ive Disturbance Rejection Control, MADRC) = [ % J]
BAG07k, HAAE AL TS F b7 e Al 125 3k
HRAMER T, SAE50 0 H BTt fil & A L 3 2 45 161
#rAH b MADRC A B 47 () PERE FI BT T4 HE /15 ML T.
Bayliss U7 2548 e Hoodt il S AR M — R i
Hil#F AT TSI B AR AR S A AL AN S5 A A AN s 1 L
P PR I, (X S 2R BT B IR M, o
K2R

BEXTARFTHE . AN P RN 45 DR 28 43 4 1l R
Gifae ME RS B PEA R A PR AR, Sun Hui 2511 25 400k
AL 25 R0 A, e T A PR A R
H (Explicit Force, Finitely Sharp, Zero Mass, EFFSZM)
BAAURY L1 F 3 AR il e, A BN S PR AT,
R S AR T A RN 7 3 T BRI &, ML V.
Aksim 251 B4R H S0 o R s ) 5 0k A7 A [ R
BE, I AR AU ERICAER; M. V. Aksim 45
I B IO 2%, 22 BT sh AR g A AP sh
HHLSAE T, S84 TEBR T E N R, TR AT
Ba et A= B, PR, R R IS R SE A TE BR; 1 .
Inyang 251 J5 T UL PR H Y — Pl EU (51 R 2345 1
i, WEE D TN R | PR A AN R
F5E

FHHR SR 2 G IR B e A e i — A~ F2 %
K25, N. Wouw 25 HI Cai Zhen 2518 3L TR 2 1t 7
R R = eI IR LI BT — R sh RS
AP A%, TERA DR A A A T R B30 ) B 3k 4 1
A () HF IR B2 5E; N. A. H. Kremers 457 5 - v
A TR A Ak R P R ), i e T SO 5 1
B RS, AR08 T IFIRIRE, BXFTSEON
B PRI (B 5 R AP Sh B R AP S AL
Georgiou 25" £LF 15 1F A48 (Robust Positive Invari-
ant, RPI) & 55 € #2245 A4 700 42 1] (Robust Model Pre-
dictive Control, RMPC) 4% & 1) H] BA S e 4 il 1, B 3%
iR [ SE SR | 22BN T R0 T A A A e B
(R T, SCERI BR 1R 25 e/ M o

% R B R sh %t RSS 5 il M RE AU 2 M, ML A.
Ahmoud 2 ZE P T —FP LRI R SN | B Sk
Bl iE S0 A A N SO A i SR e, FH T SR R
SRR R FEIT RSN LS, L Bourgoyne 157 3% 7Rl Sk
BE, W T R IR B, BEAR TGSk B 4 Zhang
Yuantao 2P M T —Fb [ 35 W B 3 B5E (Second
Sliding Mode, SOSM) # il Sl , 51 A 3 Ly 42 it e
I T AN M L AR BR ], SOSM #& il #5 1 Bk T
B AEHIR, [ ORATIE R AF i il v R A ik

g5 I, AN A UL ATE T AL 3 RSS IS EA
B M, X2 RSS 45 v BT T I 1 3 2 [m] i 2 —,
GyAh, BRI AR L EA SRR AL THRE T, daT
FHT RSS WIS EOHHR L B 5 4 35 & P il e
BITE T RE MR T SR R m W R 4, M H— &R
e LS TARIRAS | FRAKG B 22 5 85 7E RSS
AT AL L BGEAE, A Prdi s R R
AN I B 0 502 R TR R A e 5 SR, 7 RSS
)z, BT SRR E A R R B e
JE R A [ U 5 B2 E— 25 IR 5 W AR o] A8 285 s il
N2 RGN FEH BRI N TESE Bl 5 0, Ah RN o
ARG A RAFAE PRSI0, 76 RSS #5256 4532
TR, (AL S8 SMC BRI I Fn42 RS BE A T Heds, &
B T AR Tl A AT A ST S, IV 2 F5 13
AR SO T 45 M RSS 45 il 4 4R
BRAS R G I FHASOR, AR SCRS IR AT BRAS — — 53k
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BReIRE T AT BOMEED | B85
RIS A DT, Wit B A 22 2] g, HEs,
PSR BE T A AR A, JEARYE I e ISR AR 38 N Bl AR
PASE LM AT 5500, Mg | Mg | LR
RGP S 2 M e B E s T — 50,
BRERE T T AR S A R S AN A R G
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| FIAR (Fuzzy) #E B PHIS 7E LR R 2 PID #51i 4%
SHRUNRE ST, IR T —Fh Fuzzy-PID [ 1%
PR, DA R 0 R B RS i,
TP Y s g B st A B N IR R G
JE J7%i i ; Duan Zhengyong %5 $ T —Fldk F T4
il 2U RSS(Modulated Rotary Steering System, MRST)
Fa e -5 (BORY 11 & %7 PTAZ BELJE 4231 ik, AT R 3 &
5 fh ) Ry 7 2 T s A 8 S B AR bl R T
MRST FY 3L 1 R 28 AN i e, B B i B A
FFRE M BT b2 > 1Y AC(Actor-Critic) HE4E,
Zhang Chi %57 5 A IR [ 3 s H ki 22 4% (Radi-
al Basis Function Neural Networks, RBFNN) A1 H & W
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A FK (Adaptive Dynamic Programming, ADP) 4] i,
TEZ AR actor-critic RL 45l 2%, FIIHH B0 pRi £k (act-
or) FIE PRk (critic) AYUTAUFEIETBR SR , 76
filh E A X ] 2 BUBDR 2 38 4% ] (Interval Type-
2 Fuzzy Logic Control, IT2FLC) ¥ il #% 1M bk R & AE &
PEFIAH M, Ry itk — 2D AR I RO R ] — B 8 5
{PGAE € I %% (Low-Pass Filters, LPF) e B4 il far i v
B e AR S, ST IR e A A R, TR ISR T e A
#%%; Ke Chong 5% Fi| F ## 45 [ £% (Neural Networks,
NN) KA R B A6 BE DAARA SR A i A, A4
7T A 250 IS N AHEPERUR & XK (Single-
Neuron Adaptive Critic Dual-Heuristic Programming,
SNAC-DHP) #& i, %71 B OC S T A e
T2 USSR RGEGEEL, vellk 14t R
Gri AR “YEREBEE” , TR T b i R 2
FEPREN, $Em T RGN,

2 b PIniA, BEE N TR RE(AD SOR AR K i, (il
R e HITE RSS X A= R G AT @)
NHETR . FERIAE 3 D I71H: — 2 TE e
IR 25 0 2% (%) 8 R4S Tl 2 15T, AN T-S B4 i 2%,
actor-critic RL 4% il i % 5 —J& 5 T BLAUH il B A
AL FARAMEE G 1R ReFE T 7%, W Fuzzy-PID H i Ly
P, O A GG PLARRH JE 4 i 45 =R A T g
ST RS I RSS $55 i RGP
33 SEEEHRAHRER
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AT ILLR A PR el i DLl ik, e T

BARP ] 7 VR AN LUGR S S A i M RE

Sh U B W AR S % RSS B0, F. Abdulgalil”
Bt T —Fh B T BRI 1Y PID #26#%, 247 i 4% i
iy AR AR ) 2% R AR ) 2R AR S &, DAL S A o
BRZENE AT, A ZOHRR TR IRSIIE T REE
Pk B A R T —Fh LT RBF 128 45 1Y
A 7 i AR 2 A o, i A RBF 125 I £ 817 P 2%
V] 1 Rl 2 0 2% NS, - ) P s T M o R e
P, FH LA 0 8 A il 122 ) SR WA 0 s )45 1) 2 b
JE, P s B B TN, (A A o R DA SIS
AR DA PRIE S M A () R 6o b2 > Y actor-
critic (AC) HE 22, Zhang Chi 25 1 5] A FH 43 W A6 5
il (Integral Sliding Mode Control, ISMC) 78Rk &2 4t 1l fig
RIS (B T LA S s | A e i s A S 2 A
AR S, 4 A A A N2 4 45 il (Adaptive Fault-Toler-
ant Control, AFTC) 5%, il actor-critic RL 142 ] 3
PRI ZE M 4% (RBFNN) 15031 1 — MR ¢ T HESR, fii
RSS REGSHER . ~F-H B2 7l Bhak

R ki Eo e s e A D S S O E o DR =
AR ) AT R R P SR AN . B AR A i 2
TR A RS &, F 0 KARE 2 R E R
Y [ A 00 % B i B, LA R I 92 il i 1 i 1145
7 TR s Ett— 209

Zi LTk, Ao i JLZ AR 7 i B AR Y
ik s W3 4, X TR RS NOZLR B SR ITEMN
Posi, Rifis AR

T4 XPERARRLSTHI G AL

Table 4 Comparison of several control methods summarized in this paper
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BRRIE. FUENPERESE N s IR R PR DR
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EE o ik R

SGARTORE, BEHEIEY]
ZIFER A RS, R R

4 RSS REIZFIFAREEZERE

FEXt RSS A A& IR, XFH EIARR RSS A& Jede i
AR #EE.

(1) JF et s A ) e s, 5 m R G Uh Ak A
KA o AKEGIAT 5514 THI e - OR SR, o fig i
TR, MR Jot R T oy A AR A, XL OB X RSS

PTRE LT RN 78 57 R B R A BRI . PRI, 1% 5 50 36 1
A SRR MRS, TR RIS 6 e T
Xof 1, TR W I 2R 455 . RJ) i TR 2R 8 I BHA (R 1) 2 St 1]
BU AT AL, 3T Rl AR RvEtE. Ashik. &
RETLFREE L& BHA % B HERESE; TR S AR L 3w
I T FERER . MWD/LWD FIHHR 4 il 45
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(2) TR & 3B % 3 1) 2R 48 A9 R Al BRAE F 5
Xk A I DU 2 B e SR SR RRAE L R
BERAE T15 oM L T BRI R GERIH IR LIk )
SRR BYBIE TS, (5] iF I R T e 4 X e
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SureSteer~RSM 675 e 317 7.78 1.5 8.375~8.75 55 80 22.25
APS Technology
SureSteer~RSS 475 = 475 2.7~3.1 6.0~6.75 12.0 200 13.35
AutoTrak Curve X 38 6.75 N/A 8.375~9.875 15.0 400 24.92
AutoTrak G3 eFE 58 9.50 N/A 12.00~28.00 6.5 400 44.50
AutoTrak X~treme e 76 6.75 N/A  8.375~10.625 6.5 400 16.02
Baker Hughes
9.5"AutoTrak V gL 24 9.50 N/A 12.00~28.00 0 300 31.15
6.75" AutoTrak eXact eFE 38 6.75 N/A 8.375~9.875 15 400 24.92
6.75"AutoTrak Curve Pro  #EFEX 38 6.75 N/A  8.375~9.875 15 400 24.92
Enteq Upstream SABER HEL 6 5.125 3.5 6~6.75 8 400 15.58
VectorZIEL 800 #eHEL 30 8.00 N/A 12.5~13.875 5 400 24.92
National Oilwell Varco
VectorEXAKT 900 L 26 9.00 N/A 14.75~17.5 0 400 40.05
Sanvean Technologies 9.625"Rotary Steerable Scout HEFEZL 1822  9.63 2.75 12.25~16.00 3 400 37.82
PowerDriveOrbit G2 475 #EFERL 1338 4.75 N/A 5.875~6.75 10 350 13.79
PowerDrive X6 5 1522 11.00 N/A 20~28 12 350 100.00
SIb
PowerDrive ICE #e5ExC 1405 9.00 N/A 12~18.5 8 350 164.6
PowerV 825 i 1384 825 N/A  10.625~11.62 0 350 120.15
o o HALO 650 L 355 6.50 N/A  7.875~9.875 15 350 26.70
Scientific Drilling
International HALO 500 R 355 5.00 NA  5.875-6.75 15 350 13.35
Weatherford Magnus 675 HeFEL 215 6.75 2.00 8.375~9.875 10 300 22.25
Halliburton iCruise™ = 6.75 2.00 18 400 28.92
TerraVici Drilli X
erraviel Uiing TerraPoint 475 frst 20 0 475 475 6.00~6.75 15 300 1112
Solutions
PowerDrive Xcel 675 fEm= 24.93 6.75 N/A  8.375~10.625 8 350 24.48
Schlumberger
PowerDrive Xceed =L 27.89  9.00 N/A 12~17.5 8 350 33.38
Weatherford Revolution 475 HBm 129 4.75 1.75 5.875~6.75 10 200 11.12
Geo~Pilot® Dirigo Hm=x 227 6.75 2.75 15 400 40.05
Halliburton
Geo~Pilot” Duro FRm 227 6.75 2.75 15 400 40.05
PowerDrive Archer 675 A 16.15  6.75 N/A 8.375~9.675 15 350
Schlumberger
PowerDrive Archer475  IBAG 14.98 4.75 N/A 5.875~6.75 18 350

1. FPEFERIEF2021 Rotary Steerable Drilling Systems Directory[EB/OL]. www.offshore.mag.com.
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