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Abstract: In the drilling construction of high-temperature geotherm in the Tianyang Basin, affected by the lithology
and high temperature of the hard rock strata of the metamorphic rock system, the cone bit has low mechanical drilling
efficiency, serious wear, and short service life, which seriously affects the drilling construction. As a result, the
application of PDC bit was explored. Aimed at the lithological characteristics, the key technologies such as the
selection and layout of bit body, blade, profile and composite pieces were explored and optimized in drilling practice. A
PDC bit with good impact resistance and suitable for metamorphic hard rock formations is developed, which effectively

improves the mechanical drilling speed and reduces the drilling cost, which provides technical support for the smooth
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implementation of the high-temperature geothermal drilling project in the Tianyang Basin.

Key words: high-temperature hard rock; geothermal drilling; PDC bit; composite sheet selection and layout

0 515

R BA 7 b BB R — IR B A M 2 K () 7 AR b
B — A~ NEE [ F& A (1 U 9 735 b, 735 b 9 78 15 )2 32 22
AR AR e T O RG  RD RR A, E  HE
XARAR L RAE 5 2R 200~500 m; 4 1
FEC R RETR LR AR, G FELENEK
RHE R, IE R R RRRL 2 S B = M N R R
Jorp R A L I AR R AN SR A R A K
BAN,

K BA 7 b P9 26 5 F B Y b B BT IR, 2020 4F 3
J, Ll PG A8 b T TR B 8 B A BRI OK BH 2 b
b PG Y5 B AR I IRA T RS M A AT IR
15 160.2 °C . 1 JE 1 1.12 MPa, H #i & i% 231.15
m*/h {1 5 A SR S A O 1k R H AR Hl X
2000 m P 3K 00 I B B R L E T S R K Y b A
L R T A 4 K BH A b R R M AR P R 2
FECNE B0, e b BRE 1 I & R AT A BE L VY fE TR 4%
AR 5 AL, 1L PE A A AR BT R )T Z 46 1L VG 4 T T
T2 40 58 e A PR 2 W) 2 2S5 il 32 b X R U b B BT R
TEA I H , AR H 0 7= 2 T & e 55 K SCH
JoT T b S5 R BN (1l AR 4 6 b b BT TR 8 %56 e )
T H F HG1 A DR4A H 1985450 T T4 .

1 HREEREX

K PH b X3 B A B L BTRE S« X PR R
FHAR T ORE R I B R O R SR ELN B L, F A
il S LA B T ARG Al S B A0 A A e B R
JE T iR R) RN 2 Y [ I 2 R Sk PR AR SR 22
o Bl Sk AR 7 23 BRI B, 35 3 sl R
A KA T E RS AT R R AR R ) A B R
B A A 4 3

FI AT A A B A BT 50 80R B o6 TR S B R
W, 3 % 55 2 A PR R AR AHE B A PDC Bk, Joig
S AE HUARCBG O 2 0 77 A 07 AR TR B
S5 [l i PDC B 3k O [ %2 32, A 25 18 I B2 Xl 7R
F RS 0, Bl Sk T 0 [ PDC Sk 2
S R Pk R AR CRE JEE o i I Ak 4 Pl M 22)
4 52 0, BT B3 3l DA O A Ol R A A e | R
AR M JE R

ULAF R, BEE AR BRSO G il iE TR
(4 % e BRI LT e eb i PR RE B O A L, PDC
Bk piop i VERERF B T —E P L PDC A Sk TE £
BB A 2 P AR R T — i RN A B RS
Hb PR TR T Al 08 M 2 S R IR A AR 25 5 L 32 PDC 4l
S il 3 A R 3 VM SR AR A RE ) 22 S R R,
BT M A B R A e )= (Y PDC Al Sk AT 52 ] 52 41

DRI, B X6 DR B 40 i DX 38l b 25 25 PR R AR, T R
PDC 85 3k WFFEHRAR , XA 52 R FH 4 3 b At 1%
il T AT 55 4 R 2 DX R IR IR B R
A LA A LR R H A R AR 48 60 22 56 B0, AR
T PDC i Sk 75 o il B5F 7 3 2 P a4 0 A R T
I Bl iy TR e Bl TR B R I A

2 PDC#53LigitmT

A BF5E R R, PDC g Sk 78 4 0 A 249 0 fifi
JEE A e 1 b 2 A R A AR B i R O LG R R
SR IR | DA T PR S B8 ARl Sk B ) GE R RN E
NS A i e )= = W SR = AN N < B i
PE, R, 0 oh i P BB J2 AR PDC B Sk BF5E 9 5 6,
(] B B9F 5% BB Tl S 30 A BB R R T, AR
Bl R ROR
2.1 kiR

Bl Sk AR b AT A3 o B AR SRR AR 2 iR AR
P B A 5 A 4 oy o e o T K, EL AT B A 0 BT S
P U o AR Tl BE L A A AR SR B Al S R T
VA 7R 32 R 0T A R B AT 5 4B 4 4 R b il 9 1 AR 1)
PR 22 AH X 5 0, DL SRS Sk R Bt o i g 07 A X A
%, BBINE ARG & R g il A1k 9 G 1, &
Je T BTN AR B AR VR TR A A RE TR
A TAD o e AR 5 O o R A S H R D AR
il B, XA B A B DR O Sk AR 0 e e i
MR Rl LA 32 8w i o i s, LB S 5
TS ;R R IR 42 K, T DUAE £ 19 52 804>
L8701 D | B B TN 1 N SR (8 K7 €6
Pt v R R R T e S L T AT R T Ak POk 4 i B
S AR g Be b 2 1l gE

LR 5 2 A M RRAE i TR AR A



Wo1ES 61

B A K PH A v I S AR R PDC Sk 1 F 5 07 T 127

R R HY PDC g Sk A8 91 .
2.2 HlmEfeE T

51 T S R Sk IR S U 0 285 R ) T A B AN [
TS B PDC N Sk, HOB B A b2 AR TR . MG
TfF 5% 2 W, Jac 4 49 406 780350 T 4 8 1) PDIC 8 Sk e 1 25
b 2 RO B A R B 9T 5319 PDC 4
S ) T A R T B P R (LR 1)

E1 Gk E A mRE
Fig.1 Short parabolic profile

2.3 JIHEEI

JI BV AL ) E B FIE R . )
SRR 2 Bl Sk A IR A g R v RS MR L (R
AFIE Al Sk 14 B0 2 0O 23 WA T 3 0B R L
Iy R TE MIRHEIE , HELIE A R T o we A 4
VA IR TE A T 1 am Sk 78 EE o AR v i AR
SE M AT ek /0N Bt Sk T 2 AN R sz T s ke i) o o 2%
Fap T A S T AR 4 A DA 2
PDC %3k I I 22 56 , R PDC 4 3k 7] 38 50 #3211
K6 JIH RV N ELZRTE 3 BT O 1B A
24 HEEHER®ESE

FHEEMNEARFMAHER KE &N AKE
GRS ST R . Db R R AR K OBE 5
(T 5 MR AE 5 A B I Pk BE AR, H R T AR |
IRy I R UL T o1y S S Il T R WA
R AR LR A B8 0, B 5 )23 J5E R 184 n D) 2 1 G g AR 44
D)/ RN E s 1P X o L) =X B o L 8 e TN = R )
09 (10) mm/@13 mm/P16 mm ., & & )2 E E N
2.5~3.2mmAiE A H .

FHOCBF I R o, HETE ™ 2 & F B 5 5
B 56 1 77 i A LU 3R A AE — 8 25 BB R I 2 1 T A
FHE PR R MR A R TRk, E A
FHOCRHBIE BAL A 7= Al B2 3 0 R A WA 2 G
FRE kL CBC O Bl i T2 HE T TR AR, B A

A R 15 B P &R BT KR B, A R
SR B OR

S5 4 LIAE I 22 560 FOE 5T X3 2 RR 1, AR IR
Wit PDC &S Sk H 1 H A28 013 mm & &
Fs R 2565 2 4G R PERE A B I H S BRI 4
W& EH T E7E A )ZER 3 mm bt opdi g4
11613 1 1313 81 & A .
25 HAHERAMK

H AT bR o A2 2 A R A i 3 AR 5
I 00 I AR A b 2 M R A R AT R R R R
Jil 1] 52 5 A VR P R IE A A3 2H X BR AT B . 4
G b 2 PERRE A — 24 PDC B Sk is 17 1y 2
EME NSk Pt sh i BE B Z A& R A
WK T AR Ak B SR A ik —— 2 9T A i
EE RN i 5 B 1 9 G e o) [ D DR S AR F e X =
RO LI EVIEN A Je A e L 2 A R s
FAR T A R L Z T 15~207,
2.6 T S 0 5 A 4 AR

Shy H R A S DR AR Al S AR R i BB e o ] 42 ok
PERE , 44 w5 Bl Sk B AR BT v s PR R 7E B Sk U HIS X
PR AR A e A T S B T 5 4 A L
2.7 T

e g e T T YA S A — HEEk
CRED AR s A1 6 38 0UHE 13 F#80  LA R =10 A )5
ik 2B 2 A R Fr i 6 3 = HE 16 5 B PDC
B3k 46 1T (UL 2) 38 3o AS [) 05 RR AR 4 S 19 512 8
N X EG A AT, SR S SO0 Ak i a4 AR B

3 EENASHME
3.1 s

WF 52 B 1 PDC 3k 1 5% 78 K BH 20 i 8 356 &
U b G R HG L I Aok g8 i L, HG L 3 A B K
WARETRE R RN R S MANRK R,
HATYMAURKA A ANA BabEh
F, e R A ERT AR R A Ol A
XF A 5T PDC Sk 09 0 RO, B 58 R 2 48 B
S JHC A IEAT B B2 A B R B S 4 A TR 6
HEOWHE 13 1 28 PDC #3k BC G I8 AT 4 B & A 4l i
MLl 0 A W 4 o (L3R 1) (R, Sk s TR oh B T
U EE RIS (LA 3) .

Sy BTN Rl T M 2 A A R R LR Y R,
i 3k e TOUHS 09 52 5 R 1 e A il AL RS A Hoaz Ak [nl



128 BRER TR

20244F 11 H

B2 i&itimITHPDCELLIH
Fig.2 Real products of the optimized and
improved PDC bit
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Table 1 The drill bit application

1 $hEMAER

. . . B/ (re R/ RIE/  HERK AR SFIPLMAS
JB/m IR/ mm BSKELSRRE BNE /KN min) (Les) MPa i /m il /h o /(meh )
320~428 311.2 = 80~120 404159 45.6 7 108 61 1.77
428~612 311.2 CEAHEI3 A 40~60 404159 45.6 7~8 184 54 3.41
612~655 311.2 6E =HE16 F  40~100 404159 45.6 8 43 24 1.79
655~760 311.2 =TI 80~120 404159 45.6 8 105 62 1.69
760~875 311.2 =TI 80~120 404159 45.6 8~9 115 55 1.85
875~978 311.2 =T 80~120 40-+159 45.6 9 103 60 1.71
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Fig.7 Physical photo of PDC bit
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Table 2 Statistical of drill bit application after optimization and adjustment

Jp A/ o ik —F# S TE /KN ??1%{ ﬁi:/ KIE/ R/ FH B/ %ﬁ]*ﬂﬂ‘ﬂ%‘éﬁ
mm it Wk (remin™") (Les™) MPa m h #/(meh")
311.2 PDC 1 2 40~60 40+159 45.6 9~11 327 104 3.14

Hel 311.2 PDC 2 1 40~60 40+159 45.6 10 177 55 3.22
311.2 PDC 1 3 50~80 40+159 45.6 8~11 202 72 2.81
311.2 PDC 2 2 60~80 40+159 45.6 8~10 146 53 2.75

DR4 311.2 PDC 3 5 60~80 404159 45.6 9~13 301 114 2.64
311.2 PDC 4 6 60~80 404159 45.6 9~14 341 127 2.69
311.2 Fie 5 1 100~140  40+159 45.6 13~14 56 59 0.95

3 Ao XoF S B IO FH A G B4 AT R B, R BT A
1 PDC B 3k 8 A 50 85 kP B WL MBS B it T
111% B itk R &F a4 & 1 283 %0 . 4l &l it 8] 75 iy
P T 123% 0 PDC &k B HLAR B 2 A0 77 1 #5
TC A Sk, BOAR A A A g U s il
R ) 3 8 28 56 4l 3k, oK B O 09 4l 3k A
AHEE T AR Bl Sk AR 1 17 %0, 28045 1 3

5 #it

(1)@ i % PDC g3k ik Rl mife e ) 38 % =24
Fr R P A B B AR AR BT AR T — S BT R
%5 ML R RE A M2 9 PDC &Sk L o 6 3 UHE 13 K
PDC #5492k I #F OB 4% 19 1313GOS B A B A

R AR v T AL B R S A AR A T R R
PR T, BEAR T BN R b A, LA R AP i 4k 2
GV R4

(2) B & 2HE s A, 78 e 2 b )2 o O A ke 3
GE R OR A DI 4 = Sk T b o RR ) AR A
[ F AL Al o A A1 P S L 3 2 HE AR i PDC gl
S AE BT AE I 2 M 2

(DE A H A SPLohditEae 2 PDC & Sk bt oh i
4 FE Aty L A o T A O B el R A R R AT
I b B AR TR R A R BB b BE L BE T
$i 5 PDC ik bt op i PR g L 32 5 T PDC Bk 78
K PH 753 R bR S b 2 v ) 4 7 o

(4) 7 B P A v T S P A i, LS B R A A



B51E 6

B A K PH A v I S AR R PDC Sk 1 F 5 07 T

131

JZ i WH Y PDC 4l Sk AR AL BG 805 2 58 4l Sk A
P HHE R G EE, T— B W gk W IR R
TR Z 1 PDC A2k o

2 % 3Lk (References) :

(1]

- Ui E U A TR St DX A B g i R TR 1 R 2R Y B
LTI B R TR, 2021,48(S1) : 258-263.

WANG Ping, SHI Pengfeng. Comprehensive treatment technol-
ogy for high temperature and high pressure blowing wells in hot
dry rock exploration in Datong[J]. Drilling Engineering, 2021,
48(S1):258-263.

B2 AR 4, R e, AF PG T ARG R T 8 AR BF
FEG ST ] B R TR, 2022,49(6) : 42-47.

XI Yizhen, ZHAO Fujin, JING Jing, et al. Research and practice
of cementing slurry technology for Well GR1 in Shanxi high tem-
perature hot dry rock[ J]. Drilling Engineering, 2022,49(6) :42-47.
ARBE M SCH BRI AF O RE L )Z g B PDC B 0 BIL B R 3
FmsEI]. TR B0, 2019, 26(6) : 635-644.

LI Qin, FU Wentao, HUANG Zhigiang, et al. Rock breaking
mechanism and experimental study of new PDC tooth in hard for-
mation [J]. Chinese Journal of Engineering Design, 2019, 26
(6):635-644.

MLALAE , F a6 XA 45 PDC P14 U7k R AR 2 5 AE B
PERERPEA BT ik [T] KRR T, 2023,43(4) : 137-147.
ZHU Xiaohua, WANG Yanfei, LIU Weiji, et al. A new meth-
od for evaluating the rock cutting and breaking performance of
PDC cutters in heterogeneous granites [ J]. Natural Gas Indus-
try, 2023,43(4):137-147.

PR, XU B . VDI AR AR R T2 B 2 e i L
et [T]. 4T 25 ) 5 TR 2440, 2018, 14(2) : 444-451.

ZHU Xiaohua, LIU Weiji, JIA Yanjie. Investigation on the
mechanism of laminated rock fragmentation under the action of
cutting and indenting[J]. Chinese Journal of Underground Space
and Engineering, 2018,14(2) :444-451.

R AR kR AE MR X DOS IR A1 = ML B
SRR LT] B R TR, 2023,50(4) : 142-148.

WANG Yongjun, LIANG Wei, DU Zhiqiang, et al. Exploration
of drill bit applied in chert dolomite strata in Well D05 of Xiong'an
New Areal J]. Drilling Engineering, 2023,50(4):142-148.
Wik M e BRI AR L 45 PDC Al 3k & & Bl ot Bs HLE R A 1
ACBEHRIT LI ] 0 28 15 T2 4R, 2019, 15(2) : 565-575.
YANG Yingxin, YANG Yan, CHEN Xinwei, et al. Discussion
on rock-breaking mechanism and individuation design of PDC
drill bit in compound drilling [J]. Chinese Journal of Under-
ground Space and Engineering, 2019,15(2) : 565-575.

e TR sk, R B A5 L R b 2 0k P PDC A Sk DD 5 5
PARFFE[T]. B0 TR G L4548 T8 ), 2018,45(10) : 185-189.
GAO Mingyang, ZHANG Kai, ZHOU Qin, et al. Wear of
PDC cutters in high temperature hard formation drilling[J]. Ex-
ploration Engineering (Rock &. Soil Drilling and Tunneling) ,
2018,45(10) : 185-189.

L AT ARG K, AF SRS PETE A P DC R Sk S LB T
WM IR ZE [T ). 45 i <, 2018, 26(4) : 149-153.
WANG Bin, LI Jun, ZOU Deyong, et al. Mechanisms and dis-

tribution pattern of abrasions on PDC bits for highly—abrasive hard—-

[10]

[11]

(12]

(13]

[14]

(15]

[16]

[17]

[18]

[19]

rock[ J]. Special Oil & Gas Reservoirs, 2018,25(4) :149-153.
VRSLI, SRR SR 0, 45 Rt o i B 5 7 BG4 Sk B B
il 55 LT ] B TR, 2021, 48(S1) : 366-369.

SHEN Lina, WU Haixia, CAI Jiapin, et al. Development and
application of high-efficiency and impact-resistance PDC core
bits[J]. Drilling Engineering, 2021,48(S1) :366-369.
FIEE AT SRV, AF RS PR RN R A Y )R A Sk
Bz HIWEELT ). PR TR, 2023,50(3) : 92-98.

WANG Yongjun, LIANG Wei, ZHANG Tao, et al. Research
on bit application of hard plastic mudstone formation in deep
geothermal drilling[ J]. Drilling Engineering, 2023,50(3):92-98.
E SRS HEE  ARUUA AF L e T BB T R 2T BB PDIC A
Sk Kot FHLT]. Bk T.22,2020,43(3) : 1-3.

HU Shukai, TIAN Feng, LI Hanyue, et al. Development and
test appllcation of high efficiency PDC bit for ultra-high temper-
ature geothermal well[J]. Drilling & Production Technology,
2020,43(3):1-3.

TR LA BeRE R, 56 56T PDC B Sk AIEVR, RE AL 5 & A
H AL T]. B TR G5 LA TR ), 2019,46(2) :80-85.
TANG Fenglin, SHEN Zhonghua, DUAN Longchen, et al.
Experimental research on integrative treatment of PDC drill bit with
cryogenic Nitrogen and magnetization[ J]. Exploration Engineering
(Rock & Soil Drilling and Tunneling), 2019,46(2) :80-85.
Heydarshahy S A, Karekal S. % 3k & % J& R X 5 5 250 0 1 5%
W[ A7 IR 5 0T %, 2017, 44(4) :630-637.

Heydarshahy S A, Karekal S. Influences of bit profiles on pos-
sible fracture modes [J]. Petroleum Exploration and Develop-
ment, 2017,44(4):630-637.

T WP AR AT R T . 3 AR O Bl A T B R ORE B R S
TR TR, 2021,48(S1) : 18-24.

FANG Xiaohu, CUI Xiangren, XIE Delong. Development and
prospect of the super hard materials applied to the drilling industry
in recent years[ J]. Drilling Engineering, 2021,48(S1):18-24.
Sy, B 22, S E PDC B Sk A 8 BORBE S LR IR [T). TR BE
], 2023,30(1) :1-12.

MA Yachao, TAO Lei, RONG Zhun. Review of PDC bit cut-
ter arrangement technology[J]. Chinese Journal of Engineering
Design, 2023,30(1):1-12.

S K5 E AR B IR PDC Sk U1 HI 15 70 95 B0y EL50 Hr [T,
T 5 S5 45, 2020, 48(5) : 240-245.

JU Pei, WANG Chuanliu. Simulation of the cutter arrange-
ment pattern of the arc PDC drill bit[J]. Coal Geology & Ex-
ploration, 2020,48(5) :240-245.

TR, B SCAE K S, A LR T HUs GRUJF &G JE T
ZHRT] S IR, 2018, 54(5) : 1038-1045.

ZHENG Yuxuan, SHAN Wenjun, ZHAO Changliang, et al.
The drilling technology for the GR1 well in hot-dry rock of
Gonghe, Qinghai Province [J]. Geology and Exploration,
2018,54(5):1038-1045.

LR, ST R BB R AR S G E D i T TR T RGE BT
R IFFE (D] B R TR, 2021,48(7) 1 1-8.

TAN Xianfeng, MA Zhemin, DUAN Longchen, et al. Appli-
cation of compound power drilling technology in hot dry rock
drilling[ J]. Drilling Engineering, 2021,48(7):1-8.

(¥ EX)



