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Research on optimization measures of key instrument for

myriametric scientific drilling
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Abstract : Scientific drilling 1s an important technical means for obtaining underground physical data, anaylzing

underground structures , and verifying important geological theories. The key underground instrument is an important
basic guarantee for ensuring the smooth implementation of drilling projects. However, during the myriametric scientific
drilling process, the requirements of underground working conditions and craftwork such as high temperature , high
pressure, long drilling period, and large specification parameters seriously challenge the working performance of
underground instrument. To the end, this paper analyses the structural characteristics and failure reasons of key
underground instrument such as drill string, downhole mud motor, and auxiliary synergistic tools under the myriametric
drilling working condition, and proposes corresponding measures on optimizing the structure of drill pipe joint, designing
metal gear drill, improving the structure of hydraulic oscillator and injection-type torque thruster, and materials selection
and setting up surface strengthening techniques, which can provide technical reserves for earth interior detection.

Key words: scientific drilling; myriametric working condition; key instrument; drill pipe joint; metal gear drill; metal

hydraulic oscillator; injection-type torque thruster; optimization measures; deep earth exploration
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Fig.1 Diagram of thread pair structure of drill pipe joint
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Fig.2 Structure diagram of screw drill
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Fig.3 Structure diagram of turbo drill
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Fig.4 Diagram of conventional hydraulic oscillator
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Fig.5 Structure diagram of drill pipe joint with

assembled shoulder
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Fig.6 Structure diagram of wireline coring rod with

segmented thread pair

1-12-1 3-1
[ izl

11— 3R A AR IR L 21— 4 Sk R AR IR 4L
31— A AT RIS 12— B Sk 2 R R AL
22— R4Sk PR R A 5 32— BRH Sk A R R
B7 SBEXBgRINSZ—HTTE
Fig.7 Structure diagram of segmented thread

pair with quarter section

FEA SR 4 Sk Ze R IR B0 1-1 A 4k Ze R IR
SU1-2 WURHE N Py, 2~ 183k AR IR 40 2-1 BR 4 k

TRIR B 2-2 MR EE O P, A HE Sk AR IR 8L 3-1  BE
Sk A7 ERUR 4L 3-2 (MR IR N Py, H P,>> P> Py, T 5
il N MRS N TAE R RIY o 788 $ 3k 5 b
F 338 1 IR A R e B L AR v S A B SL T
Fr % ILET £ B8 15 AR 8 AL T AR B &
JE B AT 0.1~0.2 mm [i] B, SR 5 B 332 3k [ 22 i
NEAAESRBEA A 6, 1-1 7= A fl i (78 S, , 2-1 774
W S #e S,, 3-1 7 A Hhm i %8 S,, H.S,=P,0/(2x),
S,=P,0/(2xn),S,=P,0/(2x) , R4 P,>P,>P,, fif L)
S,>S,>S,, B 2-1 A X} F 1-1.3-1 7= 4 In] £ 09 o1
3K 1-1 52 B 1) A5 i e ) Fi 3-1 32 B 1) A5 9 4
3 T 98 /0 i O 0 1-1 45 3-1 A 7 288 1 52 3) A 4
fikt s 7, T BR800 21 7K 268 T %) 422 floh ., S B 4
ZS AR GRS
3.2 e Bt

R T U AL B B B R S R R E A T
R ME R, B — b 4 4 Jm R R B A T
B 7 (UL B 8) , 3 2k 45 3 AY TC U AL A 15 1 5 4%
AL KA A m AR RIAT B 55 & B HES 4
G, I I 3E T I T, A A DR R I ] Y [
Ik A A2 A L A AR DG IE A Y BR sk B e
WO R R AT IR I8 B R HE B B s AR AR
TR Bl 1 I O B 1 ALK RS S 28 -, T R R B
R ) i o R AR I 5 AR T IR R A L e
HRCHLAR , v] S IR T R VR S A
B A B Ry R D R R M S I TR )
PR AR S HF .

Ak VE R Y 2, 5 1 2 3 B L S A
3, R WK 3l R BCE R 5, Wik 3
e Ui £ 5 =Z [0 B s B A 4, e A 6 S48
7R ] Bl 1) A AR O R 5 P, O A S A
ity TR Ay 4 J % B, 38 U A 6 IR FR T T AR SR T
AR IR 5 TC U BT PN T 1% (50 IR T 5 S B )
FEAL EL T 5 NS R SR 9 MREUE B R B
T4, SR A 6 5 UG AR 7 B a2 7 5 o v
10 I 5% 2h il S ¥R 803 4%, Tow 5 F 423k 15 %
2 AE R i 10 b ia B A A L I O R £ 5 U Y
BB T Sk N AL Nk 155 i 1 s oK 11,
13 54k Ty b 7K 12, 52 B0 AR R e 7 5 R 484 3kl vl
Bk .

NP 2T AR BIAT B R T TG ik B iR
R 3 W R A VBCR T 5 L BC IR A 6 SE I EC I , O i i



55 50 5 4 1) FrOW S KRB A RO ML AR A 5T 21

N\~

S

I— kd%k 22— 55 I 53— b S WK  4— 3 Ui
Ji 5 S—Te Ut e 5 51— ¥t 1 A I 38 18 5 5—2—
Ui a7 4 9 38 T 5 6—THC U A8k 5 6~ 1— T il A AL 1T 5
6-2—BC Ui B W 17— AR AT A5 R 1Y 58—
il 9— F SR 10— Wi ; 11— B 3h
R 12— HE J7 SR 13— W 3 il R ; 14— [
TEHE Sk 5 15— T4k s 16— 4 e s 17— Il AR R 3
B8 £e¢RXHEERTEERRFTHNEESEN
Fig.8 Structure diagram of metal and hi-torque

downhole motor with non-circular planetary gear
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Fig.9 Structure diagram of metal hydraulic oscillator
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Fig.12 Working process of valve control mechanism

on torque thruster

(a) [m] i« PR fd 188 g 06 Bt 61 3, 6, R 30748 K
F120°, 0, H 20°H4 K 5] 100°;

(b) K i : 0,28 K 1207, 0,75 2} 100°, 9K JE il 3 5¢
A8 TE T AL TE OGP I 7 A K e R A T

() 4 i < e iR 02 T RSt &1 5% 3, 6, ]l 120738/
] 30°, 0, H 100° /N3] 20° 5 0, %k /N 2] 30°H, Bl T 4T
i T R Sk AT AR b

(d) [l i PRI 0 I 22 3 B 5 30, 6, 3078
K#N 120°, 6, 20°3# K #) 100°, #E A F— G

AR SO H A B 0 A bl 2 B 1 b
VBRI 04 18 45 ARG Fl il 1) 22 20 00k Jo) ) 25 3, 2% i
TR IO T AR ) L e ik RIS T IR A 1
T JUT 5 HE B R v T 1] A AL B R SR X
N ACHL g i 2% Oy 3 Tl 2 Fh b 2/ Al Sk AN E K i
& A B T A
3.4 BERE R R iH AR AR T

B TR 25 R T AR D T T AR DG TR TR
LR O ML sl e E 5 00 JF R O B HL L (Y Atk



55 50 555 4 10 F

1555 TR B A TG HEDL B AL RS ERT 5T 23

b X B A A B E A T A4 R O X s s I AT
P AL HE AR HLE AR RE A A R, B AR 4R
4 BT A0 3 TR 7S Ve B B A S A A 3 BB
FFAG R E 1R Bk 4 i L T 48 Bl B i A 3 i o2
Jil T R T DR v U < R R R Y
HR P HLR Y i W0z 2l @) 20 1 8 Bk 6 b1 B BoR
PO LB R A 2 AR BT 2 DA 5 3R 1 Y
Tk B e i PE R

4 B51F

i I A RS SEHL R B S5 R R RS TR T R Y
KRBT HT, IT I TR G SRR T 5, % 4 i LR
TAEVERE , (il H 0 22 A m] R SR EEARE B9 T T T K
BBl 8, AT — 5 W B2 3 S TR R

(DEET LT, 5 BT 1 K 5 B 2R 28R
3] 56 5 R AR 2 T 13 DK B Sl R TR 1 2 4 I )
S, I & oy s 5 R AT 45 Sk Aoy Be IR SURI 25
Fy A AIE 5T, T 45 e Al A A IR A2 T 0 R TR Al Y )
ET 8

(2) it e et AR R 1 1) 4 42 O T 30 0 il
Bl TR BE 2 B R, O e 4R T AR R 14 48
B Iyl 2 Gtk A8 1Y O I A IC R 45 4 5 B
T i A R BT, S T R R HLE T B 0 B
BF e 41 {4 S8 3%

(3) 2 B Xk J7 AR 2 Al 4 1) TR JBE MK A
oK P Al AR 00 [ L, 8 T L AR O i 5 R
AT R g T A K T IR A U
J1 bl 4% B AR BT, DAl T T OR B AR Y Y
AR TR A F ) SR AL T A R O R

(4) L3 5 B AL L A 4544 0 F0 15 i 45 & e b1 o
L 32 B 3% ThI Ak BRH AR K5 A5 2802 Al T K B 2 B 4R Y
ARE BRI AR R A R I T I
M J2 55 PR Ry Bl A R A =R P R — T A
Oy TR 2 Bl AR ) v TR R B PR R S

% % Lk (References) :

(1] Ek, 5k A6, BT % R R 2= B R 00 SC B I B[], B2 4l
2018,63(26):2698-2706.
WANG Da, ZHANG Wei, JIA Jun. The key problems of ultra—
deep drilling engineering[J]. Chinese Science Bulletin, 2018, 63
(26):2698-2706.

[2] ABCE, E s, 2, 55 . EORBE AR E R A R T 1%
HEWIT] B, 2023,37(1) : 1-14.

(3]

(4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

70U Changchun, WANG Chengshan, PENG Cheng, et al. De-
velopment of the Chinese continental scientific deep drilling: Per-
spectives and suggestions[ J]. Geoscience, 2023,37(1):1-14.
YAO Genshun, WU Xianzhu, SUN Zandong, et al. Status and
prospects of exploration and exploitation key technologies of the
deep petroleum resources in on shore China[J]. Journal of Natu-
ral Gas Geoscience, 2018,3(1):25-35.
05U XU B L S S A IR T B T R 2R R 3
KB A8 MR [C L B A i A AR 2808 S0 2022
337-348.
HU Fangting, LIU Hongtao, ZHAO Mifeng, et al. Failure
analysis and preventive measures of drilling tools forcomplex ul-
tra deep wells [C]. International Petroleum and Petrochemical
Technology Conference, 2022:337-348.
WL W — W, L R W IR R R
[J] AR T2, 2021,43(1) £ 15-20.
YANG Mingqing, YANG Yipeng, BIAN Wei, et al. Drilling
progress and technological improvement of ultradeep wells in Russia
[T]. Oil Drilling &. Production Technology, 2021,43(1):15-20.
Tr A, Ph A S5 T OR B B PR A A B4 O fl I O e
L] BT S4,2023,41(6) : 108-120.
YIN Hao, LIANG Jian, SUN Jianhua, et al. Development trend
of drill string optimal configuration in myriametre scientific drilling
[T]. Science &. Technology Review, 2023,41(6):108-120.
T A% R W IR AT B B OR AR S g it e A D] B R T
2010,33(3):81-82,144.
YANG Sen, ZHAO Yinghui. Statistical analysis of the screw
drill failure[ J]. Drilling &. Production Technology, 2010,33(3):
81-82,144.
AR, LD R AR T OK GE TR RUOHL B B A it 43 A ().
Al B, 2008(10) : 8-11,44.
LI Minggian, ZHAO Hongchao. Failure mechanism and mea-
sure analysis of motor stator of screw drill[J]. China Petroleum
Machinery, 2008(10):8-11,44.
B, T, RO, AR R B BT S SR [T ] A i AL,
2021,49(10):1-7.
GUAN Feng, WAN Feng, WU Yongsheng, et al. Research status
of turbodrill[ J]. China Petroleum Machinery, 2021,49(10):1-7.
T 5E XN Gest , FAEN, 55 1E S A8 B B AH HE LT ] A7 3l
HLIK, 2020,48(11) :1-9.
FENG Ding, LIU Tongliang, WANG Jiangang, et al. Ad-
vances in foreign turbodrill technology [J]. China Petroleum
Machinery, 2020,48(11):1-9.
L5, L], ARR A K T 4R 5 06l BHL B 2 R e IR S R
BT AR T2, 2019,41(1) :23-30.
KONG Lingrong, WANG Yu, ZOU Jun, et al. Development
status and prospect of hydro—oscillation drag reduction drilling
technology[ J]. Oil Drilling & Production Technology, 2019,41
(1):23-30.



24

iR TR

20234E7 H

(12]

(13]

[14]

(16]

[17]

G PR kA, A LDyl g Bt S0 BT ] A
ALK, 2019,47(3) :19-23.

HAN Fei, LUO Huaidong, ZHANG Quanli, et al. Design
and simulation analysis of torque thruster[J]. China Petroleum
Machinery, 2019,47(3):19-23.

JEREMR, 5K 42 0, 5K AR . TorkBuster $ 7 oft i #5 76 70 301 Hi X
g B 7). 8 5R T2, 2012, 35(2) :15-17,7.

ZHOU Xianglin, ZHANG Jincheng, ZHANG Dongqing. Ex-
perimental application of TorkBuster torsional impactor in Yu-
anba Region[J]. Drilling & Production Technology, 2012, 35
(2):15-17,7.

HE, FV L R =, 5 R PCGZ B ISR EEOR [T]. A1l
A ,2015,43(1):38-43.

LI Ruiying, WANG Feng, CHEN Shaoyun, et al. ROP im-
provement in deep formations in the Daqing Oilfield [J]. Petro-
leum Drilling Techniques, 2015,43(1):38-43.

o b R 2 B S PR RO T . — R B R U ATk
202310270077X[P].2023-03-20.

Institute of Exploration Techniques, CAGS. Drill pipe joint
with assembled shoulder: 202310270077X[P]. 2023-03-20.

o b 5T R 2 B B R B AR BIE T BT . — R R RS TR A
3k i ¥ 42014 - 2023102283625 P1.2023-03-10.

Institute of Exploration Techniques, CAGS. Drill pipe and con-
necting mechanism for drill pipe joint: 2023102283625 [P].
2023-03-10.

o T 5 R 2 B B R B RIS BT . — A G TR R A R R AT
B T 30 46 H 2020108466999 P 1. 2022-11-22.
Institute of Exploration Techniques, CAGS. Metal and hi-torque

[18]

[19]

(20]

[21]

[22]

downhole motor with non—circular planetary gear: 2020108466999
[P]. 2020-08-21.

F T 5B I8 B R B R IE 5 T . — b A i B I T K 1 R
#§:2022113705772[P]. 2022-11-04.

Institute of Exploration Techniques, CAGS. Hydraulic oscilla-
tors for oil drilling: 2022113705772[ P ]. 2022-11-04.

o T b JSTRE 2 B I8 P BOR BT T B — UL D ok o
[H:2022113714112[ P]. 2022-11-04.

Institute of Exploration Techniques, CAGS. High frequency
torque thruster: 2022113714112[ P]. 2022-11-04.
U (PN T G S o3 R VS LR 7S ERE ok LY SR ON R PR
B R [T]. 36 TR CE 44 TR ,2017,44(2) : 60-66.
LIANG Jian, GU Yanhong, YUE Wen, et al. Analysis on cor-
rosion failure of aluminum alloy drill pipe for scientific ultra-
deep well drilling [J]. Exploration Engineering (Rock &. Soil
Drilling and Tunelling), 2017,44(2) : 60-66.

SRR, skt 2, SR B Qi R RO 1 O B BOR BIF T 5 0 T
(I fifedE A, 2023,30(4) :101-103.

CAI Zhen, ZHANG Jianxin, Guo Shaopu. Research and analy-
sis on key technologies of ultra deep well drilling in oilfield [ J].
Petrochemical Industry Technology, 2023,30(4):101-103.
ARTE K, TG A0 . R A TR R [T ). A i ALa
2013,41(6) :1-5.

70U Deyong, YU Peng, YANG Guang. The latest develop-
ment of hard rock breaking tools[J]. China Petroleum Machin-

ery, 2013,41(6):1-5.

(/¥ E L)



