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Abstract

Abstract: The ABAQUS dynamic impact module is used to establish the numerical calculation model for
PDC single tooth-rock impact. The effects of PDC cutting teeth on the dynamic rock breaking mode and
rock breaking effect under the combined action of rotating speed, drilling pressure, alternating impact
torque and alternating impact force are studied. The study shows that the torsional impact mode is
39.28% higher than the rock breaking efficiency of the rotary impact, and the compound percussion mode
is 27.79% higher than the rock breaking efficiency of the torsional impact. Under the same conditions of
impact time, the rock surface shear force is Scomposite>Storque >Sswirl. The characteristic curve of the
composite impact intrusion into the rock depth has a step-like characteristic. The study of the mechanism
of the compound percussion drilling technology for rock breaking has laid a theoretical foundation for
further development and optimization of the tools.
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Abstract: The ABAQUS dynamic impact module is used to establish the numerical calculation model for
PDC single tooth-rock impact. The effects of PDC cutting teeth on the dynamic rock breaking mode and
rock breaking effect under the combined action of rotating speed, drilling pressure, alternating impact
torque and alternating impact force are studied. The study shows that the torsional impact mode is
39.28% higher than the rock breaking efficiency of the rotary impact, and the compound percussion mode
is 27.79% higher than the rock breaking efficiency of the torsional impact. Under the same conditions of
impact time, the rock surface shear force is Scomposite™Storque >Sswirl. The characteristic curve of the
composite impact intrusion into the rock depth has a step-like characteristic. The study of the mechanism
of the compound percussion drilling technology for rock breaking has laid a theoretical foundation for
further development and optimization of the tools.

Keywords: heterogeneity formation; compound percussion; rock breaking mechanism;
PDC(Polycrystalline Diamond Compact bit) ; impact frequency

5= T A At 2 s LB TR B ) A Tl SR Bl . o
B A B AT e B R MBS L 2 v
Biti B 0 B2 20 4 R B, R PR B & F BURT R o o [1-3]
%7‘51‘ HH o
~ K T IR RS, VR e AT IRk T —
Wk H . 2019-04-20 EE H . 2019-07-14; . s
FEATH : It R AT BT A R 8 3 R SERE I BB AR A A O A A B, RS
kﬂ?i*&kkdiﬁzﬁ %1135 H (CIT&TCD201804057), e T ﬁ[“] CHAMET E[s-es] i T
Jent T ZE— M0 H (KM201811232011); o, . g . L0411 .
EH WA ETAA98LY), 4, 50k, Wt mmmse RO A EARSEE. IE g e a0 ko
B, BRI RS 4 TS R S

http: // www.china-simulation.com

2471 .

Published by Journal of System Simulation, 2019



Journal of System Simulation, Vol. 31 [2019], Iss. 11, Art. 33

$ 3L G 11
2019 4F 11 H

RfRshiios TRM%, JEIFR T KRB TR,
LT, X345 Gl g e BB AR ) i e L
B Z,  MA LB IE AL TR B,
A IR AR D o PR P LR 5o 14
U AR BAT R .

A SCHH ABAQUS 3 i 2 i Bt 57 &
AT PDC B Sk B thi - AH ELAE R IR A7 PR TG S B A
B, WH5CT PDC VIHINTEZ B Fedl, At
i A AR LA L AT AR ) s ) 45 22N g 1)
LR T A BEA SRR A R . FFTIA
A, A PR TG A EASTHE 1) v S M LRI B 2
B8 7 3 0] b A T L SR SR — 2P TF R
Iy R SR TN T

1 BAMEHASOR TR

Lt gE i ids —hF, AR G b b e 2
£ PDC 83k i, TARRE, EEAKSEGRAHL
ARCRE 72 T 2% P9 T W I A S P U 8 1 LA
T RSO TR 125 (0 B ORI » 5 AE IR AN
s 7, SRENPP B RAEAT TAE, d5 o e il — 2 A
ey IR IRl ) b b O AURE . ZRA R TE,
A2 B i B R AR A A PR VB RE e A 1)
SR Al 1) FOTLBRRE » A% 328 45l Sk S 3DV PO AL e 00
i ERrI VL PR s i S iV BN
BESR IR RB) .

B SYIARNIAE 4 A7, BHFBOEN IR
LLEARTRTT 1A, BEIHES] A ) ph i 442 . B
BB HEDE, il R EE N AT, W 1@)PTRs #i
WSS WIAARIAIAE B A, BFBEE AR Bk dR
AT AN, A R, B BRI HERE
S i) B M AR AR T ), Y Bl 1R R R 2 ) T A
gy, i 1) Wtk mEs, sEm— k]
PRIl ) ph s B TR, A PDC Sk EOR

E R
Journal of System Simulation

\ol. 31 No. 11
Nov., 2019

m——)
=

= A
E N2
Mt &
B % L
2 h
% e [¥lae " ﬁ i
y 1] 2 . h
% :@,j My
i

L
() ik T~

I

i
e

(b) rhHE EAT
K1 SaehdiiRizzhr
Fig.1 Movement of composite impact drill
2 HUHERE
2.1 BIHEBR

FIFH ABAQUS 2R3 ) 2 4 Wi s T e v 4.
AR, IESARFRN ) AR RRORE R R R
SEBPTH AR R R I B R . AR R R
¢200 mmx80 mm ([ F1:44, PDC VIl ki i /5 200,
A% 13.44 mm, J5 8 mm. FUIHI A E Xk B I
W, HH I G A S mi o MR LR
BEAT 73 DX 2 R UDH, ASEEIR LT RS HEAT JR R Y
AL, P 2 Jios ok W R O3 IS A BRCARE A . B
ERIRLR sV IR PRI 8 1 A A kAR 43 7S T 4
P LG C3DBR, HLH AT AT AR B 14 998

82 Ao 1 B A 0 st g T PDC DI 5664 4.

Fhilifie, Miicds PDC #iskiriash iy .

http: // www.china-simulation.com
2472 ¢

https://dc-china-simulation.researchcommons.org/journal/vol31/iss11/33
DOI: 10.16182/j.issn1004731x.joss.19-FZ0318



Li et al.: Numerical Simulation of Rock Breaking Mechanism for Compound Perc

H3LEH 11
2019 4F 11 H

PDCHA qi phiti i

K2 R
Fig.2 Mesh model

2.2 BRI T AT

AR T R BB AR AL, W R iy 75 2 A
SEPH TR RIS TR SR R AL BR &R 5 345 Rock-Section
Fil PDC-Section. 1H51HI%T PDC 7 ik FAg ik 2
AHEATIRE, PDC JJ R EL: 55 600 GPa,
JAKALL 0.08, B 14 950 kg-m™3, Sy R
1 120 MPa, HAhHTR5RAEL 5 460 MPa, i filAY /)
686 MPa. FU# WKAERD S =S . SRR
4300 MPa, JHIALL 0.15, )% 2 260 kg-m ™, Hifl
Prhrsm g 3.87 MPa, FEIHT KR 105.62 MPa,
J kY. J) 72.3 MPa, Hi%RJ) 26.13 MPa, W JEEHE
32.95%,

WG UL RIS T ks KI5y, v AR
TSR N A%, LR DIHI B oefE X A Y
B R FIHLAE, & SCUTHIUG SR ITHE Z B A% A
FHHE, B Sk D0 U PR I 77 1) kg il 1) 0 o 7
], 0 A B TR T 4> 249 R DA B [ R AR bR & 3
AT A R 0. % U A Elements 4E47,
FRREHI A6 —AH N, ) 2 500 T XA e G R
TN J3 3% Predefined Field-1 #5582 4T
Rock-Elements {5 = [m] 1. 1, 6,=40 MPa, o=
29 MPa, 0,=24 MPa.

¥ PDC YTt [ i oty T R0 53 A8 T 462 A 26 fid
T, 25 A0 AT A Fe ful b s, P T 2 ] 4 R 4
R AL )bt 7 B W I R b (R A — B DT
i B H TR AS AT ST, 1 T e I L )k 2
PFo SEPREFIFERR T, BAT ARG I HUAE AR T

M, G GRS AR R BT ST

\ol. 31 No. 11
Nov., 2019

Bisk, BRENESSKIERVIEIES . PDC DIHIA 324,
Jeo Bl RS A AR A . AT AR il )
d JJEZA B AL FR SRR, R A2 BB
J A2 AR A FIAS AR AR I SL RIE T, 1 3 Bt
75K PDC YIHIA #ifar I ol &, PDC HUAVE Z
U7 R 10 KN, B8 70 RPM,  #;
HEAHHE 6 000 N-m, phefiHfE 1570 N-m, ihis)k
TR 1000 N, il ) S v ki 29 2 i A

Jy 10~50 Hz.
l P (Hi1E)

F b
l B b

M Bt | S
Fy HLATACE]

3 PDC ikl 5 B a7 = 18l
Fig. 3 Boundary and load diagram of PDC tooth

3 BRI R

3.1 WA M E T AR

ST ER T, BCA AR i 2 ) ot
NZZ% il JT R R e S e '
e g SO B ORI R RS 5 o 4 4l
I et A ) ph A2 A A N 10~40 Hz ZZALI
A O A T SRR A R o g A I ROR A T
XFEEII T e T AIL: B Sl 5 o o AR 1) 8 T
W0y EAT AR BT Y] IR, 25 k) b A
f=26 Hz It, A A 3R sy ) 7 L 5, e
i) ph b AR f>32 Hz INIA RIS E A, Wil 4 it
7 R ARG A BT DRSO (¥ 5 i A fhh £
K BEEAH dh b R g N, A A R Y
DIJIBHHR, iR /=34 Hz I, A
R ABTY) ) DU S, S ph iR f534 Hz
I, A RIS W, B4
BRI R 34 Hz I, H 47310 % PDC 2 thi [ et b]

http: // www.china-simulation.com

« 2473

Published by Journal of System Simulation, 2019



Journal of System Simulation, Vol. 31 [2019], Iss. 11, Art. 33

$ 3L G 11
2019 4F 11 H

HIJI AR, o, Wil S P a4
XS A B DV K m A 2 B o

35

1y
1
—_ — 3o} N (98]
(=} W S D (=}
T T T T

HA B J1/MPa

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Bl e ph AR HZ
Bl 4l b B3 0 A0 B DR (1 56 e R A
Fig. 4 Effect of axial impact frequency on rock shear failure

60

W
(=)
T

N
(=)
T

EETR

-y lP(mH,)
¥

iy

Ly

HATEIY) J1/MPa
[\®] (98]
SRS

—_
(=]
T

0701214 16 18 20 22 2426 28 30 32 34 36 38 40
I i R /HZ

KI5 1w s SR e BY DI RBEAN (V) 56 e
Fig. 5 Effect of torsional impact frequency on rock shear
failure

R A Phai s TAERE R, 30 3 Sy T AR )
A SRR I = AR I A AR A )b b AR o ik
AR SR M b il ORI R 3, A A EA ]
BRI AR BATIAVE R, A R AN A
Ao FE TR AT, b b S X Bt R 5
TR IR A 7T o A A R I — AN di 52y Bochy
2% 1, A A Gt A S 3 T
(AR I R o 4 FIF ) 43731 24 0.01's, 0.02's, 0.03's,
0.04 s INXF N KA A R T VTH an & 6 fros. OREE
HA AT, Lt A R s s T2 85 YN A
AW, 5y N Gl 2 AL AT AT 18 Hz, 22 Hz,
26 Hz, 30 Hz It 7 i FRUEA T AL 0L, #3382 G

E R
Journal of System Simulation

\ol. 31 No. 11
Nov., 2019

i ME RISV 3 At AR, Wl 7 P

CSHEARF &
+4

(d) 0.04s

K6 ‘HAteEardtE T s s
Fig. 6 Crushing process of rock under compound impact

http: // www.china-simulation.com

« 2474

https://dc-china-simulation.researchcommons.org/journal/vol31/iss11/33
DOI: 10.16182/j.issn1004731x.joss.19-FZ0318



Li et al.: Numerical Simulation of Rock Breaking Mechanism for Compound Perc

H3LEH 1L Vol. 31 No. 11
2019 4 11 ZEM, GRS R LAY Nov., 2019

(c) 26 Hz

CSHEARF ASSEMB

(d) 30 Hz

K7 Sarhdeidt MafRimmsyg
Fig. 7 Shear force on rock surface under composite impact
drilling

TE[FIFE I S A N EAT LI A A, e i) o
i HE T AR, 22 Hz B, Jiekk
bt 77 T S R B U ok 22.78 MPa,
L pheh i 5 20T A A R BT 2 B V) D1 B A
37.52 MPa, E&mhiiice 77 XN A AR 52 8y
Y1 )34 4y 51.96 MPa. BF7T4s Sk ]: phaidig
FRIA], e ph e A 07 3C R e e s vy S B
MR NER = T 39.28%, HA MRS T
1AL i e 4 7 3T S i o A ) At 2
Perm T 27.79%, FrLlit, A hEREE R EER
THUE IR % . bl VE R IR AR R 462
FARMMBIVIER I S 56> S 1> S o

32 HEmaraaEHBR

HEME A BB NG ARG R W 8
Fine 160.025 s ZHi, WAk S
AT AR 1R ) T TE B A A 5
TEIXY W v B Besli SkOF AR AN A 1R
0.025~ 0.035 s 2 [H], 5 A vt 111 52 30 52 5 e A
JERIMER) S A P e, AR I AR 2 TR
ATAR RS 57 5 WIS 2 DR N A7 3.35 mm IR
&, PEARRKMURERERE; 75 0.035 s 25, Ehikihidi
WA R A BB R A

-4 . . . . .
0.010 0.015 0.020 0.0/25 0.030 0.035 0.040
tls

K8 HiskiR NGARE
Fig. 8 Bit intrusion into the rock depth
FER Gl Rl ea R N a il i, 4=
NEATREE M EARIL T B ek AL, PR, 24
ki Bl B A2 A ot (il i o o AL 1) ok ) VR 2
kiR A2 ).

http: // www.china-simulation.com

Published by Journal of System Simulation, 2019

2475



Journal of System Simulation, Vol. 31 [2019], Iss. 11, Art. 33

% 315 11 1 E R Vol. 31 No. 11
2019 4 11 Journal of System Simulation Nov., 2019
4 %1‘/& Fu Chuanhong, Chen Zhigiang, He Yong, et al. Structural

1) B Eehdiahi B, O A A el il
SRR T7 A HF R B o BOR AR Jsi
S HLBRAIE ST o

2) Ml ], S bl AT U e
M TSI R R SR i T 39.28%, &
G e J7 2L ph il A 77 AU sl b o
WS = T 27.79%, bt fE FH I TRIAH TR 41
T, S ARINEIVHER I S 46>S w>S weno

3) HamifEHZ LB AG AN L)
J1e BEMTHR NG AR LR R 2 A Bk
HIRFAE .

SR

[1]1 #3, H8, K&, 55 R bR s A

MM R A RS T[], A AR EOR, 2013(6):
25-28.
Li Wei, Yan Tie, Zhang Zhichao, et al. Rock response
mechanism and rock breaking test analysis for impact of
high frequency vibratory drilling tool[J]. Oil Drilling
Technology, 2013(6): 25-28.

[21 St sEgEfh, %4, 55wl b i T iea £

ERA S Iy 9286 [3]. b B A il K27 2 (A AR R 2
fiix), 2019, 43(1): 75-80.
Jing Yinghua, Yuan Xinwei, Jiang lei, et al. Numerical
simulation and field experiment study on rock breaking
in high speed rotating percussion drilling[J]. Journal of
China University of Petroleum (Natural Science Edition),
2019, 43(1): 75-80.

[81 Z=HH, &5, B8k, 5 KO E T8 Skoh il

ENVERET LI N D). #e3h S bidi, 2017, 36(16):
51-55.
Li Siqi, Li Wei, Yan Tie, et al. A study on the rock
breaking mechanism of drill bits under combined loads
and field applications[J]. Journal of Vibration and Shock,
2017, 36(16): 51-55.

[4] HioTis, M, 2%, 55 Salsea s H R
[3]. AaheiEEAR, 2016, 44(5): 10-15.

Liu Gonghui, Li Yumei, Li Jun, et al. New technology
with composite Percussion Dilling and rock breaking[J].
Petroleum Drilling Techniques, 2016, 44(5):10-15.

[6] fHEL, BriGom, i, 55 Bk THM S

Bk 5 AR 2T [0 ATl HLbg, 2017, 45(11): 7-11.

Design and Performance Analysis of Novel Torsional
Impact Tool[J]. China Petroleum Machinery, 2017,
45(11): 7-11.

[6] R, A, s, & AR E b EROR

WFFE]. AL, 2018, 46(10): 12-17.
Mu Zongjie, Li Gensheng, Huang Zhongwei, et al.
Research on Axial-torsional Coupling Percussion Drilling
Technology [J]. China Petroleum Machinery, 2018,
46(10): 12-17.

[7] Efls, A, L, & mmica Bkt gy

M. AL, 2012, 40(6): 1-6.
Wang Deyu, Li Gensheng, Shi Huaizhong, et al. Progress
and application of new methods for efficient rock
breaking [J]. China Petroleum Machinery, 2012, 40(6):
1-6.

[8] wkAkam, B4R, TS, 55 =4Edeshrhdiasslit e T
B SRR [3]. A B, 2017, 45(5): 61-65.
Zhang Lingiang, Zhao jun, Wang Peng, et al.
Development and field test of 3D vibration impactor[J].
China Petroleum Machinery, 2017, 45(5): 61-65.

[91 MR, VEigr, L0PbR, S AR I B
ARBCE BT[], AR, 2018, 46(4): 23-29.
Huang Jiagen, Wang Haige, Ji Guodong, et al. The rock
breaking mechanism of ultrasonic high frequency
rotary-percussive  drilling  technology[J].
Drilling Technique, 2018, 46(4): 23-29.

[10] o2, Ae4kAT, TR, &5 b riidsooa LR AL
R ATI]. VU RS A1l K2R (A SRR, 2014,
36(6): 160-167.

Dong Xuecheng, Xiong Jiyou, Wang Guohua, et al.
Numerical Simulation Analysis of Rock Breaking
Mechanism for Oscillating Impacter[J]. Journal of

Petroleum

Southwest Petroleum University (Science& Technology
Editon), 2014, 36(6): 160-167.

[11] BILC7, T2, e, 5. RIS H 24k m s

W F1L %% 4 3 W 2 el o 2 0 o) 5 I D [O0. AR Ao it
2018, 25(4): 158-163.
Jia Hongjun, Wang Pan, Feng Weixiong, et al.
Development and
low-torque impactor with torsion-oscillation coupling for
drilling deep and hard formations [J]. Special Oil & Gas
Reservoir, 2018, 25(4): 158-163.

[12] 25, 25t Zaife, 2 Tkoh=UREpEs LR X
BAUS T[], R R b5, 2018, 30(9): 56-61.

Li Wei, Li Bing, Li Zhuolun, et al. Impulse Type

application of high-frequency

Vibratory Rock Breaking Tool Design and Simulation
Analysis[J]. Coal Geology of China, 2018, 30(9): 56-61.

http: // www.china-simulation.com
* 2476 ¢

https://dc-china-simulation.researchcommons.org/journal/vol31/iss11/33
DOI: 10.16182/j.issn1004731x.joss.19-FZ0318



	Numerical Simulation of Rock Breaking Mechanism for Compound Percussion Drilling
	Numerical Simulation of Rock Breaking Mechanism for Compound Percussion Drilling
	Abstract
	Keywords
	Authors
	Recommended Citation

	/var/tmp/StampPDF/HQhNZT12rn/tmp.1688106604.pdf.dR2xY

