$38% T "= L T #M o #k Vol.38 No.7
2016 4F 7H Chinese Journal of Geotechnical Engineering July 2016

DOI: 10.11779/CJGE201607008

F TESRSEFEEN N X REL TS

SR

T, B A, FRE, AL, Fihg
(L BB O A RS A K%, 5 1001900 2. " REKBEBIGHIRAR, 1K I 510623)

B E: UBERTIFRAER, ETTREAGHENBE N, (5O LI SE, @07 T T
ESH GRIGERE. #ifFHUE. #8) SAEME (BRI WEEAD MXTNKR. HIgadrn, 44 p gk
i) R 7 22 f# A1 Drucker-Prager Y8 MEMEN, 45 H T S RN R DX I J LRI TSRS s ST T S i e R R 5l A
BRI WEBMIAINRECCR; RIS R IEE: — B U mes R B R RN WA A R A S, @ T RH
Ol B RCA AR ROC R BB T I EE IR, BUHERR, R XIS A RAERTE, FRIE RN ML R
JEH IR R S R R R, G ST AR £ 32 KRR, GRS ER I E-32 K07
MIDGFR, PN RSB AR o ik FUB FE R RS P AR o TE8TH RSR X AT T AR B VR I B34 5500, WAL T 3E RO
SRR . SRR MK R, BET SER ST SIS R . BRI AT U TR TAES B A
T B A A ) S 245 DR AR

KB FRCET RO BhUR: ERURSE: AR D-P EMEHEN

FESES: TU4S XEAFRINED: A XEHRS: 1000 - 4548(2016)07 - 1221 - 09

EZ B Ik (1988 - ), Y, WL FiA, FEMEAE - TRRECE B L A 77 | A7 TAF . E-mail:

guorukun@imech.ac.cn.

Theoretical and experimental studies on relationship between working
parameters of cone drill and rock strengths

1 1 .2 . 1 L
GUO Ru-kun', FENG Chun’, LI Zhan-jun”, QIAO Ji-yan', LI Shi-hai
(1. Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190,

China; 2. Guangdong Hongda Blasting Co., Ltd., Guangzhou 510623, China)

Abstract: The relationship between operating parameters of cone drill (drilling speed, drill pipe axial force, rotational speed)
and rock mass strengths (cohesion, internal friction angle) is established by means of theoretical analysis and field tests based
on the single-tooth impact and pressure rock fragmentation mechanisms. The geometrical morphology of broken area by
single-tooth is obtained, and the relationship among single-tooth rock fragmentation volume, drill pipe axial force, cohesion and
internal friction angle is established based on the Boussinesq elasticity solution and D-P plastic criterion in theoretical analysis.
The relationship among single-tooth rock fragmentation volume, drilling speed and rotational speed established by the
relationship that the accumulation of single-tooth rock-breaking volume and the macro rock volume is equal when the drill pipe
rotates a circle. The results of theoretical analysis show that the fractured area basically exbibits ellipsoid and a thin layer in the
surface layer under the single-tooth pressure. The relationship between drilling speed and rotational speed is linear, that between
drilling speed and drill pipe axial force is 3/2 power, and that between drilling speed and cohesion is -3/2 power. The influence of
internal friction angle on the penetration rate can be ignored. Field tests on the drilling law of conedrill are conducted in the south
mining area of Angian Mine, and the relationship among drilling speed, drill pipe axial force, rotational speed and cohesion is
obtained. The theoretical analysis and the actual measurements coincide fairly well. The research achievements may provide a basis

for the optimization design of working parameter of conedrill and

dynamic tests on rock mass strengths. EEWH: FEEESEMTTOLRITRIBHE (2015CB250903); H1H
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under constant axial force of 138.9 kN
(4) A TR 1 U B2 (0 52 T R e

N T RAIEA A IR T ¢ AVESREERBE v Z [ 9%
#, AEAFEIME AT R ALk

BRI A AT KRB AR A I B AR
=, RFFEGE nr N 60 r/min, X —ANFLECEES
FRE I N AT IR, A RO v BERSATHl s NV
AR -2 P 19 PR .

Xof b IRl FL A B ) A B AT BURE R4t S A o
JEREG . WSHCE A KA B MRS KRR T ¢ 7
5l 28.27, 34.36, 68.04 MPa.



1228 H O+ T OB % M

2016 4F

0010 | oo psm o
o AHABEIER
0008 & SIS
o~ v=3.61x10 °N"?, R=0.985
£ 0006 v=2.34x10 °N*%, R=0.992
E/
%
0.004 -
¥
)
0.002 v=147x10 °N"?, R=0.989
0.000, ' : ]

L L L
50 75 100 125 150 175 200
BT R JINKN

19 EHEEHETHREFESEHTLrL
Fig. 19 Relationship between drilling speed and rock property

under constant axial force and rotational speed

2 FREGAT 4 T N B T c MBES1ER, KA
(25) HHATILE, 458K 20 Fras. B 20 S
Mz el 15, X (25 FHHEE 4=16.17, HKREH
0.915.

0.008 -

v=16.1Tnp(Nle)Y?
TR RBR=0.915

0.006 -

BEREE (s )
o
8
b

0.002 -

o‘mo 1 L L 1 ]
00  80x10” 1.6x10™* 24x10° 3.2x107* 4.0x10™

GEFTSE SN RS u)m/m3

20 #ERIEE v BEWV/C) " TiLihk
Fig. 20 Relationship between v and (N/c)
H, X T TR YZ-35C B R Rl
P, HTAESH GHRGRIE v, B nr, BiFHHIE N
M AR (R e ERE N
3/2
v=16.17n, (ﬁj o (26)

C

BT AT ek, RAE (25) Xt 4
HBEAT B A5 5. B k=ko=ks=3, R=025 m,
mi=my=ms=18, ¢=22.5° , fHHEHE 4 HN 1037, ik
AR S 2 BN L. BT et R R
2 Bt et R — BRER B IR B AL B AR 40
W, WERRHERE RN A4 e s RN, BA—
SE A HE

3 ZitERE
(1) F&F47 v 1 i RH(Boussinesq) 7] @ 34 ) 2%
A1 D-P(Drucker-Prager) B IHEHENTI T TR )1 Fo &

3/2

FEEST o0 VRS o W AUGRCA AR Vo (52 At
BRI EESES o W UTBEA AR Vo BIRZMEN,
ALLZNE, WNTESLT F, ¢ M 1V HERRXZR
Vo=0.13(Flc)**.

(2) AR B FF e i — R S L s R R 1 R AU
H WL B AR S, J ST T BT AR AR v At
FMSE GHRGEE vo & ne. BFFRE N 200
MERERR, D@ T AARENENS RN E
BRBERX v=An(Nic)*?.

(3) JH I ST B3R 06 AN = P G 45 SR G AIE T
HAREN o BERGEE v B pp. BEFTEIE N 2
BRBEAWEEMES B, SRETIESENS
HRBRFE 1 E B R IA R Y v=16.1Tn1(Nic)*?.

() W T TR B SAR RN, 7
R TAESHURE PR FE 2 (R[5 R R AT 75 it — 2
It .

SE -

(1] EiEWE, KA, REE, 5 FRASKE T RO TR
W[, PEsh 5ad, 2010, 29(10): 108 - 112. (WANG
Qing-feng, ZHU Cai-chao, SONG Chao-sheng, et al
Non-linear dynamic analysis of a roller cone bit-well rock
system with rock-cone bit interaction[J]. Journal of Vibrat Ion
and Shock, 2010, 29(10): 108 - 112. (in Chinese))

2] Bpigle, RIEH, FEHFZ. hdfE TS BoE PLHaT
I & S5, 2013, 34(6): 1775 - 1786. (YANG
Yue-feng, LIANG Zheng-zhao, TANG Chun-an. Rock
fragmentation mechanism induced by a drill bit subjected to
dynamic loading[J]. Rock and Soil Mechanics, 2013, 34(6):
1775 - 1786. (in Chinese))

[3] LAWN B R. Microfracture beneath point indentations in brittle
solids[J]. Journal of Materials Science, 1975, 10(1): 113 -
122.

[4] LINDQVIST P A. Stress fields and subsurface crack
propagation of single and multiple rock indentation and disc
cutting[J]. Rock Mechanics & Rock Engineering, 1984, 17(2):
97 - 112.

[5] HERTZ H. On the contact of elastic solids[J]. Journal Fiir Die
Reine Und Angewandte Mathematik, 1988, 92: 156 - 228.

[6] OSTOJIC P, MCPHERSON R. A review of indentation
fracture theory: its development, principles and limitations[J].
International Journal of Fracture, 1987, 33(4): 297 - 312.

(71 BRZE, B4 5, 1 W%, 5 shF TR SRR N a
FERAR 2 AT R ARG BT 0] 5 15 TR AR, 2005,
24(8): 1315 - 1320. (ZHAO Fu-jun, LI Xi-bing, FENG Tao,



7

SR, A FRBG ARSI AR EDN MR 2R AR ) B 5 SR BF T 1229

et al. Theoretical analysis and experiments of rock
fragmentation under coupling dynamic and static loads[J].
Chinese Journal of Rock Mechanics and Engineering, 2005,
24(8): 1315 - 1320. (in Chinese))

[8] XA, EHEZR, 4z 8z F F0ah S iE MLE (i 5
WAL PUNER 4R (TR RR), 2003, 35(5): 12 - 15.
(LIU Qing-you, WANG Guo-rong, NIU Zai-ju. Simulation
study the rock-breaking mechanism on dise one-cone bit[J].
Journal of Sichuan University (Engineering Science Edition),
2003, 35(5): 12 - 15. (in Chinese))

[9] LIU H Y, KOU S Q, LINDQVIST P, et al. Numerical
simulation of the rock fragmentation process induced by
indenters[J]. International Journal of Rock Mechanics &
Mining Sciences, 2002, 39(4): 491 - 505.

[10] FAEHE, doehf, 2= 5 S5 Inaod o Sk I NS
W] AWK, 2010, 38(4): 19 - 21. (SHI

Xiang-chao, MENG Ying-feng, LI Gao, et al. The effect of
loading rate on single-tooth feeding and breaking rock[J].
Petroleum Drilling Techniques, 2010, 38(4): 19 - 21. (in
Chinese))

[11] SU O, AKCIN N A. Numerical simulation of rock cutting
using the discrete element method[J]. International Journal of
Rock Mechanics & Mining Sciences, 2011, 48(3): 434 - 442.

[12] MR, XEKR, B . FRE IR0 BT
[7]. AR, 2004, 25(4): 96 - 100. (ZHU Xiao-hua, LIU
Qing-you, DONG Hua. Emulation research on dynamics of
roller cone bit[J]. Acta Petro Lei Sinica, 2004, 25(4): 96 -
100. (in Chinese))

(13] SfEdd. SFRAG S TAE 22 M. JEat: Al ol H Akt
2009. (MA De-kun. Bit working mechanics[M]. Beijing:
Petroleum Industry Press, 2009. (in Chinese))

BtREEEELIHFRESTERAGER TS (B25@H)

R mAEE LD EEUE T ST B 2
T20164F8 120 ~18HEH M M BH . KXW FE A —
i — HREE T I ) R S AR o S — EReE T
LI H LB AP R AT IRV, BAEHES) T E A
R E AR WAEAE, FLRER N 20 K R
B WO EEMERINE R, ¥, B TES S TREAR
N AFREREM 2 S el

FhBRAL: PEGeE T WERS.

AN hERFER X R XSS TR TR LT
PRI 5 p s s v [ M RR S 22 M R 7 P o L R AR
TSI R AN PRI RL I R B IR A s FIEE

SRR T -

ThIREAAL: PN AT RS 2B TOR A DL R
MR LMK T ERL RS REE £ SR TR E
FE RS KERFE PR B St B B IR A 5
Cat%) s QRNGRED) 5 GERTREZRD) » (PR
RIFEARD) s WiRE A a2 TS, HlEsee
hEHE R UK R 2 55

LW : O LA SSE T @8 L TREXR
TR @A LI SIREAR; @A TR, ©+3)
NS THR ORI RS TR, @FRKX
HR LA

(ReZze D



