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Theoretical Study and Experimental Tests of Rock Breaking
Depth under Particle Impacting

WANG Fangxiang, WANG Ruihe, ZHOU Weidong, LI Luopeng

(School of Petroleum Engineering, China University of Petroleum ( Huadong), Qingdao, Shan-
dong, 266580, China)

Abstract: To accurately analyze the mechanism of impacts of particles on rocks during partical impact
drilling and to optimize hydraulic parameters, it is necessary to perform theoretical calculations of particle
impacting depth. Based on dynamic spherical expansion theory, correlation between resistance and intial
incident velocity was derived. From differential equations of particle motion, the calculation model for the
particle impacting depth was established. In addition, definite solution conditions and relevant algorithm
were clarified. Based on actual calculation, the correlation between impact depth and incident velocity and
that between the impact depth and time were studied. Experimental results showed theoreticalresults
match well with experimental one. So the theoretical model can be used in theoretical analyses of particle
impacting processes. Research results demonstrated that the dimensionless rock breaking depth would in-
crease linearly with the the initial incident velocity and would increase logarithmically with time. Relevant
research conclusions may provide necessary theoretical support for the application of particle impact drilling
techniques.
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Fig. 1 Schematic diagram of spherical cavity expansion
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Fig. 2 Stresses analysis during particle impacting
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Fig. 3 Schematic diagram of experimental system for particle

impacting on rocks
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Fig. 4 Granite samples after breaking under particle impacting
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Fig. 5 Correlation between incident velocity and dimension-

less depth
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Fig. 6 Time and dimensionless depth plot for rock breaking

HURIED 1. 04, KL b oy A 19 0 PR B TR
W A e P T 388 1 2 B o 0 g < g ML L SR PR
SRR B BRI o IR O A A A S K Y
ot — D RE R AL B R AR A A R T e s
A1 Y B RERE b 5 A B9 A RE . At 5 A P 40 ISR &
B AR AT SR SR B LR ¥ i RO B A . %
TR A ) i i 2 AR — R I, 2 P Sl i K £
AE BT , 3 B0 0 A [ o A 52 B 5T YA AT
TR R R o I IS B R TR R R I s 2 L R A
PRz AR 2 FRBE I, R DT TR J3E 22 18 K i 5 i e 52
Bt AT S BUA A B BR A SRR . 53 A R B R
S 8 LABR 11N 7 37 19 18 7 a4 b A 1 e — A4
it 2 ) 1) 2 A

3 g HaEN

1) T3 25 BROE 25 W ik BLE S 1R T o
B TR A B R, O 3 i & A X B e O
PEAERUEAT T 9 UE 25 R R W i BE B E A AT AT
AR el 8 o A A S AT

2) JCPR U e TR JEE B KL 1 0 0 A S B SR
B i PN EPI S A R TR C N U N U T
2 JEORL - il Bl T B9 TR N H R SR BT IR A
HE N 150~160 m/s BONE I,

3D JC PR YRR e % 5 I A B ) 4 2 B e X
BB B RUA i T8 A N2 IR I A o 2 —
Al e Ak PR R R ik A T PR VR A TR
PRAE SR 1 B R 2 K

4) PR T i A 1 B B v R 52 i L SE PR
JO7 P R R L — s R AR ol R S T B A
AR JEE X R B4 5 W) o S SR R e ol
TR ) BSR4 T 20 B R 1 0 5 A1 B9



% 44 5% 61

Bk

BT or Eak 2R E G A

AH RS E N RXE

[
.
.

ik A AL

[1]

(2]

[3]

(4]

(6]

(7]

& % x #t

References

XA B ZUAE L AR SF OB b B R BOR BE 5 i g
[J7]. RS Tolk,2014,34(8) :102-107.

ZHAO Jian, HAN Liexiang, XU Yiji,et al. A theoretical study
and field test of the particle impact drilling technology[ J]. Nat-
ural Gas Industry,2014,34(8):102-107.

M R BN A i B AL F ARG ). A
AR T.20,2012,34(1) 1 1-5.

XU Yiji,ZHAO Jian, MAO Bingkun, et al. Research on particle
injection system in percussion drilling[J]. Oil Drilling & Pro-
duction Technology,2012,34(1):1-5.

L SRR IR . A BEORHASURE o o A o R A B A
PABFFELT]. A il R AR, 2009,37(5) :34-38.

WANG Mingbo, WANG Ruihe, CHEN Weiqging. Numerical
simulation study of rock breaking mechanism and process un-
der abrasive water jet [ J]. Petroleum Drilling Techniques,
2009,37(5):34-38.

PUER . X0, 5%, 5. 3T ANSYS-LSDYNA (1 [l F T K
Tl oA LR LT . Wb < L 2012,19(2) £ 240-243,
YAN Tingjun,JIANG Meixu, ZHANG Yang, et al. Study on rock
breaking for particle impacting with confining pressure based on
ANSYS-LSDYNA[J]. Fault-Block Oil &. Gas Field,2012,19(2) :
240-243.

DURH A, ARG 25, 55 R T o i i SR S B
[J]. A4, 2012,33(6):1059-1063.

KUANG Yuchun, ZHU Zhipu, JIANG Haijun, et al. The ex-
perimental study and numerical simulation of single-particle
impacting rock[ J]. Acta Petrolei Sinica, 2012, 33 (6):1059—
1063.

TRFFRA ST, 20, 46 UKL+ 3 & il A OF BURHF R .
#+J1%,2009,30:19-23.

WU Kaisong, RONG Ming, LI Delong, et al. Simulation study
of impacting breaking rock by double particle[ J]. Rock and Soil
Mechanics,2009,30:19-23.

XA, AR TR R S SRR ) T B X e o i OR 9 5
(1], B PR M 241, 2016,,30(2) 1 163-169.

ZHAOQ Jian, SHI Chao, XU Yiji, et al. Numerical and experi-
mental analysis of rock breaking effect by steel shot impacting

intervention[ J ]. Chinese Journal of High Pressure Physics,

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

2016,30(2) :163-169.
TIBBITTS G A, GALLOWAY G G. Particle drilling alters
standard rock-cutting approach[J]. World Oil, 2008, 229 (6)
37-44.
XU Y,.KEER L M,LUK V K. Elastic-cracked model for pene-
tration into unreinforced concrete targets with ogival nose pro-
jectiles[J]. International Journal of Solids &. Structures, 1997,
34(12):1479-1491.
SATAPATHY S. Dynamic spherical cavity expansion in brit-
tle ceramics[ ] ]. International Journal of Solids and Struc-
tures,2001,38(32/33) :5833-5845.
CHOCRONA S, ANDERSON C E Jr, WALKERB J D, et al.
A unified model for long-rod penetration in multiple metallic
plates[J]. International Journal of Impact Engineering, 2003,
28(4):391-411.
JEDHEE  SCHES NG . Bl 25 M I 2 7N I A A5 e A 42 480 i) 8 e i1 i
FHLTD. ¥ R B4 4, 2006, 20(1) :67-78.
ZHOU H, WEN H M. Dynamic cylindrical cavity expansion
model and its application to penetration problems[]]. Chinese
Journal of High Pressure Physics,2006,20(1):67-78.
HE T,WEN H M, GUO X J. A spherical cavity expansion
model for penetration of ogival-nosed projectiles into concrete
targets with shear-dilatancy [ J ]. Acta Mechanica Sinica,
2011,27(6):1001-1012.
FORRESTAL M J, LUK V K. Dynamic spherical cavity-ex-
pansion in a compressible elastic-plastic solid[ ] ]. Journal of
Applied Mechanics,1988,55(2) :275-279.
LUK V K,FORRESTAL M ]. Penetration into semi-infinite
reinforced-concrete targets with spherical and ogival nose pro-
jectiles[ J]. International Journal of Impact Engineering, 1987,
6(4):291-301.
FORRESTAL M J. Penetration into dry porous rock[]]. In-
ternational Journal of Solids and Structures, 1986, 22 (12):
1485-1500.
FYRObR BV L R SR i AR ) R R R S A
(). B4 5 whif,1997,17(4) . 333-339
YIN Fanglin, WANG Mingyang, QIAN Qihu. An engineering
computing model for penetration depth of projectile normal
into target[ J]. Explosion and Shock Waves,1997.17(4) :333~
339.

(it HeAD ]



