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Experiment on the rock-breaking and speed-up mechanism under heavy-duty impact

Zhu Xiaohua Liu Weiji Shi Changshuai Zhou Wei
(School of Mechatronic Engineering , Southwest Petroleum University, Sichuan Chengdu 610500, China)

Abstract; As the depth of boreholes increases, the traditional mechanical rotary rock-breaking methods have almost achieved their
maximum potential for speed enhancement, and so it is increasingly difficult to achieve a substantial acceleration. Impacting rock
breaking is one of the most effective mechanical speed-up methods for solving the problems of low rock-breaking efficiency and slow
mechanical drilling rate in deep hard formations. Practical applications have demonstrated that impact rock-breaking can increase the
speed by 35%-135% , but it still cannot meet the demand of cost reduction and performance enhancement. In view of this, the con-
cept of heavy-duty impact rock-breaking is proposed to increase the mechanical energy density of rock-breaking, and its speed-up
mechanism and influencing factors are systematically studied through theoretical analysis and laboratory tests. The research findings
indicate as follows. (1) The heavy-duty impact method exhibits significant superiority over the traditional rotary cutting, with ROP
that is approximately 6 to 8 times faster than the conventional rock-breaking methods. (2) To achieve meaningful speed improve-
ments. the impact force of the impactor must exceed the critical energy threshold required for activating internal microcracks, enab-
ling crack initiation and connectivity. Increasing the impact force of the impactor represents the most feasible approach to accelerate
drilling in deep hard and hot dry rock formations. (3)Since the tensile strength is much smaller than the compressive strength, the
compression waves generated by impact is reflected as tensile waves at the free surface. The cumulative effect of these tensile waves
results in significant tensile stresses, ultimately leading to tensile breaking. During the impact rock breaking, the rock fragmentation
is primarily induced by tensile breaking, with shear breaking as a supplement.
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Fig.1 Laboratory test system for impacting rock-breaking
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Fig.2 Test results of rock-breaking under light-medium duty impact
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Fig.3 Bottomhole diagram of rock breaking under light and medium duty impact
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Fig.4 Two-dimensional structure of the heavy duty hydraulic impact hammer
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Fig. 6 Analysis of factors affecting ROP of rock breaking under heavy duty impact
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Fig.7 Image of bottom hole and debris

6 A TRl B e 25 18 T DA B 7 46 B 2 3 2 o Al Sk
AL QP 8 B s . L 28 5 B Sk LR Aol K
18 o e B 2 AR R B Sk OIR Bl R R Z L BILBRCR A
0.5m/h.PDC i 3k Al Fb = “F 48 B Sk MUK Bl 3 45 1)
Fhewn TR E] 3. 4~4. 1 m/h, [AHF, PDC %3k i
S R S I T AR 2 e ol e R 2l X

PR TR o HX P AR TR 45 PDC B Sk A
PO AN 7 P o L 4 1 0 #B B AT 4R R ARCR L A AE
Besh A Prdkss . & 8 AT LA L AE {1 B b
e Z e LR 3 S 3 O S B BILARB K G
B 35m/h) . SCERZE R R, H A el fr OE BES R
AR R HURRCR L 5 G D DR A O R e R T
B Sk BCE LA

40

w
(=]
T

Hi#/(m/h)
_— b2
[=] (=1

oL 1 W m
=% PDC 4k Bl h@mE 80mm 150mm
#i3k B mE  ER HR
spese  MhildR
B 8 AFE#MAEFNTE N, 058 BT AL G
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Fig.11 Crater and damage situation of rock breaking under single-tooth impact
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Fig.12 Section image of rock crack propagation of rock breaking under heavy duty impact
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