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Abstract: In order to improve drilling efficiency and make proper use of the heat generated during drilling, this paper
investigates the thermo-mechanical rock fragmentation method by which ceramic material is added as a friction element
to the impregnated diamond bit to mmprove the mechanical properties of the working layer. A new type of
thermo-mechanical diamond bit was manufactured by calculating the size of the water ports and friction elements, and
designing the bit matrix and structure, and compared with the conventional six-water-port and the three-water-way bits
(the same structure as that of the thermo-mechanical diamond bit except for the friction element in the matrix) in lab
drilling test. The results showed that, compared with the six-water-port and the three-water-port bits, the
thermo-mechanical diamond bit with the friction element can generate heat and weaken the rock, and increase the
drilling speed. At the same flow rate, the maximum ROP was 33.3% higher than that of the six-water-port bit. The
matrix of the thermomechanical diamond bit had a small degree of wear than the three-water-port bit, and the
thermo-mechanical diamond bit can be used for drilling highly abrasive formations.
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Fig.1 Rock cracks produce outward expanding tensile
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Table 1 Calculation of the minimum water port width of

the drill bit

2 ek n/ AR ENRE 22 B SkoK B /e
(remin") T/C J¥ [,/mm
1 400 300 3.4582
2 470 300 4.0634
3 600 300 5.1873
4 400 600 0.1235
5 470 600 0.1451
6 600 600 0.1853
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Table 2 Formula composition of the bit

P Py WORLRL AR d/ W*jgfgp/
mm (geem™)
wC 20 0.061~0.074 15.5
YG6 7.5 — 15.1
Ni 2.5 0.061~0.074 8.9
Mn 2.5 0.050~0.061 7.43
663 7 4 67.5 0.050~0.061 8.8
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Table 3 Property parameters of the friction element Si;N,

605 44 K B
% p/(geem™) 3.2
AL p 0.26
HAER I E/GPa 310.14
P 0,/ MPa 765.92
YRS 0,/ GPa 3.27
Wi M Ko/ (MPasm'?) 6.22
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8.08(800 C)
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Fig.2 Matrix structure of the thermo-mechanical

impregnated diamond bit
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Fig.5 Thermo-couple installation and testing
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Fig.7 Height position of the friction element of the

thermo-mechanical diamond bit after drilling experiment

NI AN Sk | =K F1AG Sk RN A - BIL R A A Sk IR 1A
JES: T A2 5 R0 T 4 A IR 38 15 45 T P 8 B R o
3 X} L 8(a) #1 (b)) AT UL HY, #A-HLHE 25 &

T

B S

=K EEk
(b) Bk M A Th 454k
8 $hLBRUK R E E B AN E & IR T
Fig.8 Lip surface wear and side oxidation traces

of the drill body

VAV RE:IER

S =K B Sk i 1A RS T R 320 % P 00 R E L 7Sk
Bk O, i R T IR HILRE A Bl Sk O T OE P 4 O F
0 HH R IR L 7S K T At Sk Jif A 38 B 4E B 2 5 Rl
WAl A AR PR T =K B S A L, BACL R
B K R AR R 0 R R TS R ol T A BE T A
ERR S PN NN I SR N ) VR
o B 8(h) Ay R-HLRE A Bl Sk A=K 1 Sk ) 1fd £
BESE NI I A A AL LR (BT AE ), T 7S 7K H g
BA AR . X T EEICORE AR 1R
w1 AL 2 Mkl B iR RS2 AL . TR SRR
T 45 R BT I 25 08 T Bk B B 32 B R R R
{5 T R T Ve H0 R B AR A G 1A o ) A RS T
AR ) F e IR A AR B T A L T EL A
T B 22 K LR A0 2 05 B WA B, N
A RAF RV AT A I B R I R 2 T 2 SR AL EX
HEPRPERE S R A Ko

3 #ig

T 28 508 <5 W7 B Sk rPoin A BE R ST A B A
TRl R-PLEE A Bk T EEAT TR BRI . 5L
UK VR Sk RN =K FTA SR AR LG A3 81 T RUT 4598

(1) 55 B K F A Sk A=K ERG Sk A L, $4 -
BB 2 B Sk A BE 82 T A i BE % DR 458 A AT 535 1
EA AR A Sk Bl AR R A [R) Bl R VRO R A
AT HE 7K A Sk O AL AR Bl 3 48 7 33.304 ¢

(2) PR - BLRE Sl K 7 Al 2 3K 380 i I 28 40 7
JEE LE =K EA Sk /AN R, S - HILIAE 5 Bl Skl T T o
BTF S P 3t J2= 9 Al

(3) BARAF STV A -HLIE A B kA T W4
AT 5 SR, {EL I R 56 4 Ml DR gl 0T 4 I i R 4
405 09 B W, DR I TR S 28R ) B TR, T fiE 52 4 M
A AT SR AL IR AR B S5 R AT BT R AR o A R R B
FEh AT RE 2R AR IR A < 5L JT R A AR D Bk
R AR M R L 4L 64 5 L TT 5 4 WA
KL, B vei PR B R e 0 Bl B TSR

5 % 3Lk (References) :

(1] PhSr b, Beifg e 24 56 S REECR ST 7 207 8 11 B4 WA
Bk BORTZE D] 480 TR O R A0 T, 2014,41(11) - 57-59.
SHEN Lina, RUAN Hailong, LI Chun, et al. Study on a new
type  self-sharpening  diamond  bit  for  drilling in

hard-compact-slipping formation [J]. Exploration Engineering

(Rock & Soil Drilling and Tunneling), 2014,41(11):57-59.



549 B 24 it

TS B 2 R WA S i e R R AT Y 83

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

Edoardo Rossi, Shahin Jamali, Volker Wittig, et al. A com-
bined thermo-mechanical drilling technology for deep geothermal
and hard rock reservoirs[J]. Geothermics, 2020,85:101771.
B, BR R, PR, AF AR LR A B R RS E SE [T]. o
&4k, 2010,19(4) : 87-88,112.

ZHAO Bingcheng, CHEN Chen, FANG Zhigiang, et al. Re-
search and development of unconventional rock fragmentation
[J]. China Mining Magazine, 2010,19(4):87-88,112.

Bk KR BELY A A R A AT B BOR R IR [T]. i
B AL, 2012,41(1) : 50-55.

YAN Tie, DU Jieyu, LI Wei, et al. Synthesizing comment on
efficient rock fragmentation method in frontier drilling technology
[J]. Oil Field Equipment, 2012,41(1):50-55.

SRR, W A B R A R 5 1 (0 B BOIR KRBT ).
FrE AL, 2011,26(1) : 15-19.

LIU Bailu, PAN Jianzhong, XIE Shiyong. On the research de-
velopment of rock fragmentation and its prospect [J]. China
Tungsten Industry, 2011,26(1):15-19.

JHAET S BT L] ATl AL TR T, 2019, 38(5) :1-6.

JIN Xuemeng, HUANG Yuyuan, YUAN Zhongtao, et al. Re-
search progress and application prospects of new methods for effi-
cient rock breaking [J].
2019,38(5):1-6.
Edoardo Rossi, Michael A. Kant, Claudio Madonna, et al. The ef-

Petrochemical Industry Application,

fects of high heating rate and high temperature on the rock strength:
feasibility study of a thermally assisted drilling method [J]. Rock
Mechanics and Rock Engineering, 2018,51(9) : 2957-2964.
TR, SR, W, SF R A RO BRI AL ). P
T TR, 2018,30(9) :75-79.
ZHANG Hui, CAI Zhixiang, JIANG Chang, et al. Research on
high efficient fragmentation method of deep rock[J]. West-China
Exploration Engineering, 2018,30(9):75-79.
Edoardo Rossi, Shahin Jamali, Dennis Schwarz, et al. Field test
of a combined thermo-mechanical drilling technology. mode 1II :
flame-assisted rotary drilling [J]. Journal of Petroleum Science
and Engineering, 2020, 190:106880.
SRALE sl AT NI PR RE - HLBRRE S HL R R [T ] 3R TR,
1997(3) :22-24.
ZHANG Zupei, ZHANG Shugang. Thermo-mechanical rock
fragmentation mechanism and its applications [ J]. Exploration
Engineering, 1997(3) :22-24.
AN BRI, £ THE S BLAR S BORBFFE [ T]. BE RS B
5 T#,2017,32(5) :108-110.
XU lJinjian, YAO Tianjiao, WANG Zixiang, et al. Research
on thermo-mechanical drilling technology [J]. Resource Infor-
mation and Engineering, 2017,32(5):108-110.
AT B, P AR AR R A5 BB R i AR X AT 5T
[J] 40 TR CA L4 TR ,2004,31(12) : 36-39.
ZHAO Jiankang, SUN Youhong, ZHANG Zupei. Study on

[13]

(14]

[15]

[16]

(17]

[18]

[19]

(20]

[21]

drilling technology of thermo-mechanical rock fragmentation
[J]. Exploration Engineering (Rock &. Soil Drilling and Tun-
neling), 2004,31(12):36-39.

FRE, SRR PN AR AF L BAOPILIR S Al Sk R DT B R Y
[J]. 46 T/, 2005(2) : 85-87.

GAO Ke, ZHANG Zupei, SUN Youhong, et al. Researches
on friction element of thermal-mechanical bit[J]. Mining and
Metallurgical Engineering, 2005(2) :85-87.

S W TG R S B ) SR A 1k IF T BAODLEE 5 iR 1A IE D5
(7). b 558 R 2241, 2006(1) : 6365, 70.

WU Jingang, TAN Zhongsheng, WU Jinghua. Research on as-
pect of matrix in the thermo-mechanical drilling by program-
ming design [J]. Journal of Beijing Jiaotong University, 2006
(1):63-65,70.

R RR L VA A B PAHL I A B T P B R R S R
A BIE AT L] ML 55 4R, 2001(2) : 94-96.

ZHAO lJiankang, SUN Youhong, ZHANG Zupei. Studying on
thermo-mechanical drilling regime parameters[J]. Geology and
Prospecting, 2001(2) :94-96.

REAE IV R B R PR B TSR pr S (] 5
TR CA LB TR, 2008, 35(1) : 9-11.

WU Jinghua, SUN Youhong, LI Jun. Testing study of
thermo-chemical drilling technology [J]. Exploration Engineer-
ing (Rock & Soil Drilling and Tunneling) , 2008,35(1):9-11.
R IR LIRS B R B0 S TR ] KR
TR BE M (A AR R, 2011, 12(4) : 32-34.

WU Jinghua, SUN Youhong. Drill string design and engineer-
ing test research of thermo-mechanical rock fragmentation[J].
Journal of Changchun Institute of Technology (Natural Scienc-
es Edition), 2011,12(4):32-34.

R, AR BB R A5 50T 4 WA B Sk i HY 70 BE Ak Ab B
KR I 5 (] AR 0T T8 G B 8 T ), 2017,44(9) - 58-64.
TANG Fenglin, SHEN Zhonghua, DUAN Longchen, et al.
Experimental research on sharpening face exposure of diamond
drill bit[J]. Exploration Engineering (Rock & Soil Drilling and
Tunneling), 2017,44(9) :58-64.

I IGE B 288 G WA — 1R & SN0 B Sk /9 1 F 5
(V). #0" T 8 CF 45 8 T2, 2009, 36(S1) :377-381.

LIU Xiaoyang. Research on the application of impregnated
diamond-needle alloy composite core bit[J]. Exploration Engineer-
ing (Rock & Soil Drilling and Tunneling) , 2009,36(S1) : 377-381.
2RI BT, BeBE R .CaF,/hBN [ 1 Fe 3 272 4 4 I £ 8l 3k
PEREAFIELT ] 85 TR (i i TR ), 2018,45(11) - 78-82.
LI Chenglong, ZHAO Jiang, DUAN Longchen. Study on the
properties of Fe-based impregnated diamond bits with CaF,/
hBN  self-lubricating additives [J].
(Rock &. Soil Drilling and Tunneling), 2018,45(11):78-82.
XFE & R, A5 AL i 0 S B A S 1
LB VLHR O 28 08 <5 W0 At Sk S 00 [0 0. 4 W A 5 e e L
T.F#,2018,38(5):33-38.

Exploration Engineering




84

iR TR

202243 H

(22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

LIU Baochang, CAO Xin, JI Shengli, et al. Simulation and ex-
perimental research on flow field and temperature field of dia-
mond impregnated drill bit[J]. Diamond &. Abrasives Engineer-
ing, 2018,38(5):33-38.

B, EBRI L HEDE A8 A G D) Bl e Al B 23 5 1
5[0, AR 224 (L AARL2A ) , 2020, 51(5) £ 1402-1409.
QIAN Lei, WANG Xiaochuan, KANG Yong, et al. Tempera-
ture analysis and experimental study of core drill cutting and
drilling process [ J]. Journal of Central South University (Sci-
ence and Technology), 2020,51(5) :1402-1409.
FRBAT o B AR WA Sk AR T A SRR T[]
T ,1991(6) :1-3.

WANG Dianjiang, YUAN Gongyu. An experimental research
on the working temperature rising for impregnated diamond bit
[J]. Exploration Engineering, 1991(6):1-3.

BT E R ) A A A R AT (D ] R  RE BT
K2, 2018.

LUO Jiang. Study on rock crack propagation induced by tempera-
ture stress[ D ]. Dalian: Dalian University of Technology, 2018.
RRARAT , B AR PN 30U A5 b R R A A A R S IR
BUERRTSE[ T 36T 25 M), 2002(2) : 157-160, 189.

XIONG Jiyou, QIAN Shenghua, SUN Wentao, et al. Re-
search on the mechanism of rock crack propagation and failure
in petroleum engineering [J]. Underground Space, 2002 (2) :
157-160,189.

SEXUA . RAARRIRBE & 2883t B R AE TR P iy i T (]
R 235 1,2021,29(23) : 76-77.

CAT Shuangyou. Research on application of crack control tech-
nology for mass concrete in engineering [J]. Technology and

Economic Guide, 2021,29(23):76-77.

W EE P BE A B A 2P A WA S B AE LD ] R R T AR
K2, 2020.

HAN Zhe. Research on impregnated diamond drill bit with fric-
tion thermal energy generating elements[ D ]. Changchun: Jilin
University, 2020.

A A, O Alm. BUREBR AL B4 5 B DBl B2 [T ], 1 =22 41
1987(4) :366-373.

KOU Shaoquan, O. Alm. Microcracks and the tensile strength
of granite[J]. Chinese Journal of Theoretical and Applied Me-
chanics, 1987(4):366-373.

AR, HAL, TR , 25 . o i L B a8 A AL IS W B ) 22
PRI A [T 4 £ 72,2018, 39(S2) : 169-176.

ZHU Zhennan, TIAN Hong, DONG Nannan, et al. Experi-
mental study of physico-mechanical properties of heat-treated
granite by water cooling[ J]. Rock and Soil Mechanics, 2018, 39
(S2):169-176.

HE L, IRGTRT . TRAR A R AR 2 4 WA Sk SRR AL
FRUFLT]. P T2 , 2012, 24(12) : 58-62.

JIANG Qingguang, ZHANG Shaohe. Discussion on the param-

eter design mechanism of impregnated diamond bit for deep

[31]

[32]

[33]

[34]

[36]

[37]

core drilling[ J]. West-China Exploration Engineering, 2012, 24
(12):58-62.

iR M WRTE B R R A A )2 B A B S R P [T
L BE AR T ,2021,33(3) : 1-6.

GAO Yubin, CHEN Yang. Experimental study of diamond bit
for drilling hard and compact rock[J]. Superhard Material Engi-
neering, 2021,33(3):1-6.

NG, BRI, X222, 45 A R B i 0 5 S5 B LT ] o
¥l %2 Tl , 2016, 23(5) : 31-34.

SUN Yaguang, HE Shengli, LIU Rongan, et al. Preparation
and application of silicon nitride ceramics[J]. China Ceramic In-
dustry, 2016,23(5):31-34.

Fd, WA R R, 45 55 UF S AR DR Sk K 11 0t i AF
FLLT). 30" TR CH 8 T/ ,2013,40(9) :47-51.

WANG Lei, CHEN Baihui, WANG Hongmin, et al. Study
on the improvement of bit water outlets in Yemaquan mine of
Qinghail J]. Exploration Engineering (Rock &. Soil Drilling and
Tunneling), 2013,40(9) :47-51.

A, B FT, Yuxorkun B, ©., % . 56 T4 5 2 WA 853k IR ik
Tk V38 1 A R A (7] SR R (45 Bl 48 TR ), 2016,43
(1):7-13.

TANG Fenglin, PENG Li, CHIKHOTKIN V. F., et al. Ex-
perimental research on matrix wear resistance (matrix hard-
ness) of impregnated diamond bit[J]. Exploration Engineering
(Rock &. Soil Drilling and Tunneling) , 2016,43(1):7-13.

7 XA, Heckopomnwix B. B., TAR B, 45 . 4 WA 44 0E 5 A i
i e R R S R S HOC R B S L] B R TR, 2021, 48
(10):43-55.

TANG Fenglin, NESKOROMNYH V. V., NING Fulong,
et al. Research on the rock fragmentation process and its rela-
tionship with drilling parameters in diamond drilling[ J]. Drilling
Engineering, 2021,48(10) :43-55.

R, Quxorknn B. @, Brl E, 55 LI 5 4 W A% H
7] VB MRS HOCR IR T [T ] R TR Ca LAl T
#),2019,46(12):73-79.

TANG Fenglin, CHIKHOTKIN V. F., DUAN Longchen, et
al. Experimental research on dependence of penetration rate on
diamond exposure at bit face and drilling parameters[J]. Explo-
ration Engineering (Rock &. Soil Drilling and Tunneling) ,
2019,46(12):73-79.

7R, Quxorknn B. @, & B, % 06T & NI 5L JF BLFE S
A B A W S T [T ] 3R TR CH LA 48 TR, 2015,
42 (10) :76-80.

TANG Fenglin, CHIKHOTKIN V. F., GAO Shenyou, et al.
Analytical research on rational combination of dilling parame-
ters in diamond dilling engineering[ J]. Exploration Engineering

(Rock &. Soil Drilling and Tunneling) , 2015,42(10) : 76-80.

(B4 H#)



