Vol.33 No.5
Oct. 2009

T EEHREFR(ERMAFIR)

Journal of China University of Petroleum

2009 5 #£33 K
58

X H A S :1673-5005(2009)05-0068-04
HRL b i e A 18 8 BOR BC(E 4 i
#"hikE, Ra®F, IR, 8%, RaW

(vYELmR% BHIRSRE, LE & 257061)

BE . N T TR AR BARCR RIS A IR M A RIC T i, B B R v 5 A B AR, 365
A BB AT RhdE A MBS RIURAR A 0.1 ~0.3 em Fhs#E K 100 ~250 nv/s A58
0° ~20°, NIRRT A AIRIREIRER  MARBIG A G bR AR R NN 4 52 £ F M HFHINK
A BUE R L, DA SRS IR A R H U IR RIE AR R,

XA AMITHE; HRhEEA; BHZ; BE

A ¥ 8 TE 21 CHFRIRA A

Numerical analysis on rock breaking effect of
steel particles impact rock

XU Yi-ji, ZHAO Hong-xiang, SUN Wei-liang, REN Jian-hua, QIAN Hong-bin

( College of Petroleum Engineering in China University of Petroleum, Dongying 257061, China)

Abstract; In order to analyze the rock breaking effect of steel particles on rock, a computational model of rock breaking by
round steel shot was established with dynamic transient non-linear finite element method. The rock breaking process and
mechanism were analyzed. The optimal parameters of particle diameter, penetrating velocity and input angle are 0.1 -0. 3
cm, 100 ~250 m/s, 0° —20° respectively. Experimental results show that the rock breaking effect with steel particles is four
times of that without steel particles. Based on mechanically combined with hydraulic power in conventional drilling, adding
the action of steel particles impact rock, the drilling speed will be increased. The validity of simulation is verified by experi-

ment.

Key words; finite element method; steel particles impact rock; hard formation; rock breaking

4t EE MR K, XER PDTI 2
FR R R S TR U, Y BR T R AR 0
S 5 Ol i B IR BE AR R, HF BT B T B AR
A REBENE, AL RS EN SRR,
WESTRLF il B KRR & T RE B A AT R, He 4
HEERFEAEHN 3 ~4 45, R EHE—DOH
AT 173 iFFEFE R 100 oo, EEX
R A A R AT AR A b PR, 2
PHBCAH, REBCE S HOF AL ENKREIE
BEBR

1 MfpHERIZHRE
R R N LAWK A R, T

178 B 3B 2009 - 06 -25

BB R B TEA RGO RORLTE A B R RS
B R B R BIA R T80T EY PID 83k, Bt
B 1 LU R AR bt R R, 9
A B R £ 0 T, AT BRI KA B A
Flo B BT SR A B A X B/, (U H
BEH2% ~5%",

L RS AR A IR A B R BN,
FERA KL, 3B SR E s SR RIR S AL
RGBT ER B SR, AT 8 W B A
B, EREFRERELER . Bk, e R%ELR,
5 & U AR LI £ BROE 0 RLAE O BB R vh i
A LA B R (HRL) BB, 38008 5 A A
HIRE

TEEBATRIKE (1953 - ), B (UK WRKETEA , 847, 14 L, EENFW MK % SR EKMRPEATR



#£3BE B5H

BRE REF EECRERRBAASH <69 -

2 EEFIE

2.1 |EmEAEAME R

7E DYNA B B h A R MR, HEF
fERA R RMBRIR, &ARA H-J-C BAY, &
CEA S NTE R IVEAE NS SRR 2 g
SRR S AR R K B4 Y BR B, T R A R R B R
T (AREAAEERE) MR, G RR RS
FURIAE 45 S8 v BT B IR H i R 3 . H-J-C M
R A5R BE LARLYE AL S L ST 4R Ky

o" =[A(1-D) +Bp"*}(1+Cm&*). (1)
A ,0" =0/f ¢, AEFREHN 5 PhHT R

ZWip® =p/f , ARBRES ;6° =2/, hER
MR # ;D RHHAGETF;A,B,C N IHHEL,
PR T D(0<D<1) AEHIBHER B MBPH
KRN AR R nfg 3], Bp
&y +ity

R, As, HEPYREME; Au, HEBERR

B EA(p) =&, +p, =D (p+pr) " HEETH

TR BB YE AR s pr SIS BT BEAR R BOK L
B8 KES);D, 5 D; AR E

. WRIYTES M AR R 203 GPa, HE H
7800 kg - m IR A 0.3, HAMBBRAE L,

R1 HZAHJ-CHESBY
Tablel H-J-C model parameters of rock

BEp  WYME ekalik:s HMTRR BOER BARAEK
(kg * m ‘3) G/GPa A B C N K,/GPa K,/GPa K;/GPa B fc/GPa D,,D, EhH p1/GPa
2600 14.86 0.79 1.6 0.61 0.007 85 ~171 208 0.166  0.05,1.0 4.0
¥ HKIE A JE# R 25 W KES 15 BR A 17 A8 LIRS e ERHABE
p./GPa U./GPa p1/GPa U,/GPa ’ Eqin Sy

0.016 0. 001 0.01

0. 10 0.01 7.0

2.2 EEEGNYEER

% T H0Rrh A A BIS AR E R U T 474,
TR AR 7 PP 22 A TR T R B e A B
TR RGN s T G R IE, 2R TLIR
PRI BB RIHE/NIR . % BB 8 T
ST ER G MR T M A T PR A R O, B M A
EERARRRE,

FANT SN BTN B A TR, BT
R Fil 2 BATTARFRRI 4, 0T 9 87T SR 4 030, 42
AT SR 33132, BT ik A A R
TSR 1 iR

1 Rl EERERTER
Fig.1 Finite element model for steel particles impact rock
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Fig.2 Stress field of steel particlcs penetrating into rock at 4 ps
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Fig.4 Relation curve of initial velocity of steel
particles and breakage volume
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Fig.5 Relation curve of diameter of steel
particles and breakage volume
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Fig.6 Relation curve between imput angle of
steel particles and breakage volume
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Fig.7 Experimental flow chart
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Fig.9 Variation of fractured volume with jet velocity
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