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Research on the response of single diamond particles and rock

interaction at ultra-high speed
WANG Yue'?, ZHANG Kai™?, LI Qizhou'?, ZHOU Qin"?, LING Xue'?, LIU Baolin'*
(1.School of Engineering and Technology, China University of Geosciences, Beijing 100083, China;
2.Key Laboratory of Deep Geological Drilling Technology, Ministry of Natural Resources, Beijing 100083, China)
Abstract: With the deepening of drilling depth, breaking hard rock formations became more difficult, and increasing
rotational speed has become one of the feasible methods to break hard rock formation rapidly and effectively. The
impregnated diamond bit has a good application effect in the hard rock formation, the interaction mechanism between
the impregnated bit and rock is relatively perfect at conventional speed, and there is also a corresponding application and
research basis at high speed and ultra-high speed. However, the rock fragmentation mechanism at high speed to
ultra-high speed is not completely clear. Based on the interface laws for impregnated diamond and rock, a
two-dimensional model of single diamond cutting rock is established by using ABAQUS software, and an approximate

analysis method is proposed to define and calculate the nominal “tool tip” position, and further derive the force
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expression of single diamond, in order to explore the rock cutting force and changes of hard rock breaking from
conventional speed to high speed and ultra-high speed by single diamond. The result shows that the cutting action of
single diamond on rock is mainly concentrated in the middle and upper part of the interface between the cutting tool and
the rock. The cutting force of a single diamond at high speed is lower than that under conventional cutting speed, and
the main action part is affected by the change of cutting speed. There are plastic fracture and brittle fracture in the
interaction between diamond particles and rock, and the two failure modes occur alternately. The proportion of brittle
fracture at high speed increases compared with conventional speed, and the fluctuation range of cutting force at high
speed is smaller, and the he energy required for rock breaking is much less. An approximate analysis method of
rock-breaking response of the impregnated diamond bit is proposed, which equals the diamond particles as a cutting tool
with “tip” and “front and rear” through analysis, the force expression of single diamond which is related to factors such
as cutting speed and cutting depth is derived, and force is. The research results can provide a basis and reference for
further research and application of breaking hard rock formations with increased rotational speed.

Key words: impregnated diamond bit; single diamond particles; ultra-high speed; transformation of rock fragmentation

mode; nominal “tool tip”; response of rock breaking
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Fig.1 Drilling and simplified schematic of

impregnated diamond bits
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Fig.2 Schematic diagram of impregnated block and rock
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Fig.4 Curve of cutting foreces with vertical distance

under the same cutting depth and different cutting speed
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VBRI B A R A BE R o P T T
LT — s WIZ A B A ARG R AR N .. B
& D) HIHE BE A2 Ak, o A 2 T B 0 T ARG R H IR
B A2 7 A AR A 5 DR AN R B A 3R T Y RS
dyp SRR . R THE d DL E B L AL 5K
FEH e 0 AR T RS R RN R
P2 BN I 5 2 B BE AR R] o TR 7 R 3 56 —
AN RS — A KRR ES 43 5 a Rl

S SCHI YT 55 8 B 5 1) 8 a £ T

Cosozzﬁ (2)
[y

I B S S5 T T 5 KT O 1) BB AR T

d—d,
l

(3)

cosfB=
B 1M L5 RN -

0,
[1:T[D’

360°

62
360°
55 A HE Al ] SICBENS 1 F) e £ 0
D—d
D
K RLAR D) IR JEE 195G R a F 6 3R

atb=JyD*—(D—dY) (7)

tan a =

12:7TD'

cos =

a
4
d—d.
b
PTG LTI B R IA
Jd(2b— ) fti

_ anf
d= . —

tana — ———

tan
d—tanfB+yd(2D —d)
1 —tana-tanp
AR (10) 23 5003+ 5 [ 3 RE T iy 44 LU TT4R7
d. WL E IR 0.5 mm %2 YT HI IR BE N 1/
10D 45 B0 T 44 SCUJTAR 7 ri i 8 HUR AR /N
A8 TR B 4 SO TR R R 4 WA R
JIEHB £ 0.012 mm. Ui B 75 FE At 25 4 A8 B2 /9 15 B0
T UL R 4 RO 4 M A R X A T A AR
LA BN
TR TTAR 7 B, I G 3k Ok 4 W A 3%
J1o Tz B U EE 5 A i A EE 4 R AR
Fe AL, HAOTH R b A2 W B i 42 fk T AR R 15 A
A TR A B 8 B A TT 4R i T A A T T A Y T
HAPIAS T A 28 V) ) B B, R i B SR 4 W A1 32
VIE-ZIVF

tanf =

(10)

F.=F, + Fa
F,=Fy+ Fp
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