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Simulation of Hammer Bit Drilling Based on Rock Properties Experiment

Zhang Xiaodong' .Zhang Yi' ,Gou Ruyi' , He Shi' , Wang Haijuan’

(School of Mechatronic Engioneering , Southwest Petroleum University, Chengdu, Sichuan, 610500,
China; 2. Petroleum Engineering and Technology Research Institute, Henan Oilfield Branch, Sinopec,
Nanvyang, Henan,473000, China)

Abstract: To investigate frequent failures of drill bit teeth in air hammer drilling like teeth falling, breaking and
severe wear,laboratory experiments of dynamic splitting tensile, uniaxial and triaxial compression and compression with
granite samples were conducted with the SHPB and material test system to obtain mechanical properties of the rock for
numerical simulation. H-J-C dynamic constitutive model was adopted for in numerical simulation, the material model
parameters were determined from experiment,and tensile strength of granite was selected as failure criterion. Drill bit
tooth parameters,the bit teeth sinking depth,crushing volume were simulated numerically, which showed that the cone
tooth has the highest efficiency in rock breaking under the same conditions and heel tooth in 30° can increase the rock
crushing volume significantly. In addition,the configuration of tooth surface was examined,which showed that the pat-
tern of “ball teeth in the middle and cone teeth in the peripheral” has highest rock breaking efficiency,but the pattern
of “ball teeth in the middle and peripheral” has lowest in rock breaking efficiency.
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Table 1 Experiment data of splitting tensile and uniaxial compression

s g HUHER/ EIESY- SR InN s gy SHPB JE 451X %
mm 1%/ (MPa » s~ 1) ORISR/ MPa i EUE/ (m o+ s Bl iR KR )/ MPa g
1 50. 00 1.6X10° 16. 80 14.6 208 86
2 50. 06 2.0X10° 16. 87 15.2 195 96
3 49. 92 2.5X10° 16. 75 11.3 132 34
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Fig. 2 Rock dynamic performance curve

2.3 ERRMEMNRSHHEE

KRR SR B H-J-C BRL A1 RE 3L,
SRMT AN () 1y AR % 45 2R L WA 5% ), iF — 2P A
AR, TR S HERAHHY . iT
PR Al nl R o S S O VAL 3 v N o/ A S
PU B 5 L BT LA R A A0 10 B R AR VR R R R0 E N,
sl e < m LR R 2% A F A
AR 5 15 20 4r AL B E SR 1 K s HAJ-C
FRL A S 808 B DR & O 14,19 GPa,
PRl 28. 09 GPa, % R 2 800 kg/m”, Fi
58 JE R 0. 95 MPa, JE I 4L RECH 1. 6, &L A8
0.008, FEAPUEME A 126.5 MPa, Ik J1 % %
K, =85 GPa, K, = —171 GPa, K; =85 GPa; #il 1/
WE D =0.034,D,=1.000; 5 KFL i §# IE T=
8. 768 MPa, i 28 % 0. 08, JE 1 i L 35 % K 0. 79,
W JIHN 37.86 MPa, by ffE b e KSR EE N 7.0, Bk
EJE S 0,421 7 MPa, i # & F2L L 48 S 0. 003,
JESEE IR 2. 79 MPa, & CAR BN ZE R 0. 02,
FEHEF A 30.16°,

3 Bk ALk Pl AR e 2 O A

3.1 EXRIEKRLFEHE

B3k 0 5 5 A A BLAE A2 30 2 R 15
Wi, Ry 7 AE T A AR Z WA L AR R e A N Y
D2 R R AR D S A i S TR, 4
WAL B A BT 5 T 5 2) 5 A A S JCRRAR b 3, AN 5
AT W 201808 AR 7 I A AT R RS 5 3)
A hiad B o e POt R AT E S A E EE S
AR s 4O B B3R R AL A1 B e BD 2 B RS B

TS HE ST B O A A Al i) — A SRR AR
it 7 TR 22 B T O 00 i A KR  E AR A ]
Jii i Ha B 77 10 MPa, B3 A 2K J7 15 MPa, Hb th
LA R 0.8 KN, 4l 3k i 7% 3 B A 60 r/min, B
d AR N 10 m/s, thifi Ry 26 Hz, 41 BUAL 7
M A 9 BB B — A s 4, AL H T BOUNDARY
PRESCRIBED_MOTION _SET Jifi fill Jie %% ff 3 i
XoF A A T 0 AR B 5 B i A SR T R A A R
AR AUy SR T N Ok s i) 3 NS S S g
A R AR AR A W S A AR A
W B N BTG 4 B o=15 800 kg/m’, il
P E E=710 MPa, A L p=0. 21, &ikdov
i A A RT3 TR .

5 T

LTEERES

v

TR A

I s
IR A

B3 ghkhiEHRTESR

Fig. 3 Finite element model for center teeth in the bit
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Fig. 5 Curves of time history of the crater volume caused by

bit teeth
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Fig. 6 Curves of time history of the sinking depth of
different tooth shapes
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stress for the tooth at 30°angle
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Fig. 10 Curves of time history of crush volume of dif-

ferent tooth configurations
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