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(54) PULSE DRILLING APPARATUS

(567) Disclosed is a pulse drilling device, including: a
plurality of drill rods (100), a plurality of drill bits, a plurality
of energy storage capacitors (300) and a plurality of dis-
charge switches (400). Each of the drill rods is corre-
spondingly connected to the energy storage capacitor,
the energy storage capacitor is configured to charge the
drill rod connected to the energy storage capacitor, the
drill bit is connected to the drill rod, the discharge switch
is connected to the drill rod to control the drill rod to dis-
charge to the drill bit to break rocks, and the plurality of
the drill rods are configured to continuously and alter-
nately charge and discharge. The discharge switch can
control the charging state of each of the drill rods corre-
spondingly. When one of the drill rods is in the discharg-
ing state, the other drill rods are in the charging state.
The drill rod in the discharging state switches to the
charging state after the electric energy is exhausted, and
at the same time, the drill rod in the fully charged state
is continuously discharged. As a result, the plurality of
drill rods can be continuously charged and discharged
alternately, thereby greatly improving the drilling efficien-

cy.
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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to Chi-
nese Patent Application No. 202110653591.2, filed on
June 11, 2021, the entire contents of which are incorpo-
rated herein by reference.

TECHNICAL FIELD

[0002] The present application relates to the technical
field of drilling equipment, and in particular to a pulse
drilling device.

BACKGROUND

[0003] Breaking the ore by the pulse discharge is a
new breaking technology developed in the past few dec-
ades, which uses the mechanical effects of shock waves,
jets or plasma channels generated by the pulse dis-
charge to break ores. There are no flying stones or harm-
ful substances during the breaking process, and the dis-
charge process is easy to control.

[0004] However, the pulse drilling devices currently
used are all in the form of single charge and discharge,
and cannot truly realize the function of continuous dis-
charge drilling, thus the efficiency of drilling and breaking
is relatively low.

SUMMARY

[0005] The presentapplication provides a pulse drilling
device, aiming to solve the problem in the related art that
the pulse drilling device cannot continuously charge and
discharge and has low drilling efficiency, so as to realize
the continuous charging and discharging of the pulse
drilling device and improve the drilling efficiency.
[0006] The pulse driling device provided by the
present application includes: a plurality of drill rods, a
plurality of drill bits, a plurality of energy storage capac-
itors and a plurality of discharge switches;

each of the drill rods is correspondingly connected to the
energy storage capacitor, the energy storage capacitor
is configured to charge the drill rod connected to the en-
ergy storage capacitor, the drill bit is connected to the
drill rod, the discharge switch is connected to the drill rod
to control the drill rod to discharge to the drill bit to break
rocks, and the plurality of the drill rods are configured to
continuously and alternately charge and discharge.
[0007] Inan embodiment, the drill bit includes an inte-
grated drill bit, and each of the drill rods is connected to
the integrated drill bit.

[0008] Inanembodiment, the drill bitincludes a plural-
ity of split drill bits, and each of the drill rods is connected
to one of the split drill bits.

[0009] Inanembodiment,the drill bitis detachably con-
nected to the drill rod through a drill bit connector.
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[0010] In an embodiment, each of the drill rods is
equipped with the discharge switch to control a working
state of each of the drill rods.

[0011] In an embodiment, the pulse drilling device fur-
ther includes a control unit electrically connected to each
of the discharge switches to control a working state of
each of the discharge switches to control a discharge
time and a discharge sequence of each of the drill rods.
[0012] Inanembodiment, aninsulating layer is provid-
ed between a low-voltage end and a high-voltage end at
aconnecting port of the drill rod and the drill bit connector.
[0013] In an embodiment, each of the drill rods is con-
nected to at least one of the energy storage capacitors,
and each of the energy storage capacitors is connected
to a high-voltage power supply electrically connected to
the control unit.

[0014] In an embodiment, the pulse drilling device fur-
ther includes a casing, and the plurality of the energy
storage capacitors and the plurality of the drill rods are
installed in the casing.

[0015] In an embodiment, a slag discharge channel is
provided in the casing, and the plurality of drill rods are
provided in an annular array inside of the casing with a
center point of the slag discharge channel as a center
point of the annular array.

[0016] In the pulse drilling device provided by this ap-
plication, each of the drill rods is correspondingly con-
nected to the energy storage capacitor, and the energy
storage capacitor can charge the connected drillrod. The
drill bit is connected to the drill rod, and the discharge
switch is connected to the drill rod to control the drill rod
to discharge to the drill bit and break the rock, and a
plurality of drill rods can continuously alternate charge
and discharge.

[0017] Compared with the related art, the pulse drilling
device is provided with a plurality of drill rods, and each
of the drill rods is correspondingly connected to the en-
ergy storage capacitor. The discharge switch can control
the charging state of each of the drill rods correspond-
ingly. When one of the drill rods is in the discharging
state, the other drill rods are in the charging state. The
drill rod in the discharging state switches to the charging
state after the electric energy is exhausted, and at the
same time, the drill rod in the fully charged state is con-
tinuously discharged. As a result, the plurality of drill rods
can be continuously charged and discharged alternately,
thereby greatly improving the drilling efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to illustrate the technical solutions in
the embodiments of the present application or in the re-
lated art more clearly, the following briefly introduces the
accompanying drawings required for the description of
the embodiments or the related art. Obviously, the draw-
ings in the following description are only part of embod-
iments of the present application. For those skilled in the
art, other drawings can also be obtained according to the
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structures shown in these drawings without any creative
effort.

FIG. 1isaschematic structural view of a pulse drilling
device according to the present application.

FIG. 2is a schematic structural view of a pulse drilling
device equipped with an integrated drill bit according
to the present application.

FIG. 3 is a schematic view of a working state of the
pulsedrilling device equipped with the integrated drill
bit.

FIG. 4 is a schematic structural view of a pulse drilling
device equipped with a split drill bit according to the
present application.

FIG. 5 is a schematic view of a working state of the
pulse drilling device equipped with the split drill bit.

Reference signs:
[0019]

100: drill rod; 101: first drill rod;

102: second drill rod; 103: third drill rod;

104: fourth drill rod; 201: integrated drill bit;

202: split drill bit; 300: energy storage capacitor;

400: discharge switch; 500: drill bit connector;

600: casing; 700: slag discharge channel.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] The embodiments of the presentapplication will
be further described in detail below with the accompany-
ing drawings and examples. The following examples are
used to illustrate the present application but cannot be
used to limit the scope of the present application.

[0021] In the description of the embodiments of the
present application, it should be noted that the orienta-
tions or positional relationships indicated by the terms
"center", "longitudinal", "lateral", "upper", "lower", "front",
"back”, "left", "right", "vertical", "horizontal", "top", "bot-
tom", "inside", "outside", etc. are based on the orienta-
tions or positional relationships shown in the accompa-
nying drawings and are only for the convenience to de-
scribe the embodiments of the present application and
to simplify the description, but does not indicate or imply
thatthe device or elementreferred to must have a specific
orientation, be constructed and operated in a specific ori-
entation, and therefore cannot be understood as a limi-
tation on the embodiments of the present application. In
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addition, the terms "first" and "second" are used for de-
scriptive purposes only and are not to be understood as
indicating or implying relative importance.

[0022] In the description of the embodiments of the
present application, it should be noted that, unless oth-
erwise explicitly stipulated and limited, the terms "con-
nection" and "connected" should be understood in a
broad sense. For example, it can be a fixed connection
or a removable connection, a detachable connection or
an integrated connection, a mechanical connection or an
electrical connection, and a direct connection or an indi-
rect connection through an intermediate medium. For
those skilled in the art, the specific meanings of the above
terms in the embodiments of the present application can
be understood in specific situations.

[0023] In the embodiments of the present application,
unless otherwise clearly stated and limited, the first fea-
ture "on" or "below" the second feature may be that the
first feature is directly connected to the second feature,
or the first feature is indirectly connected to the second
feature through an intermediate medium. Furthermore,
the first feature "above" or "beneath" the second feature
may be that the first feature is directly above or diagonally
above the second feature or the first feature is directly
beneath or diagonally beneath the second feature, or
simply means that the first feature is higher in level than
the second feature or the first feature is lower in level
than the second feature.

[0024] Inthe description of this specification, reference
to the description of the terms "one embodiment”, "some
embodiments”, "examples", "specific examples" or
"some examples" is intended to describe that the specific
features, structures, materials or characteristics of the
embodiments or the examples are included in at least
one embodiment or example of the embodiments of the
present application. In this description, the schematic ex-
pressions of the above terms are not necessarily directed
to the same embodiment or example. Furthermore, the
specific features, structures, materials or characteristics
described may be combined in any suitable manner in
any one or more embodiments or examples. In addition,
those skilled in the art can combine different embodi-
ments or examples and features of different embodi-
ments or examples described in this specification to
achieve the purpose and technical solutions of the em-
bodiments of this application unless they are inconsistent
with each other. The technical solutions of the embodi-
ments of the present application will be described in more
detail below with reference to the accompanying draw-
ings. It is obvious that the embodiments to be described
are only some rather than all of the embodiments of the
present application. All other embodiments obtained by
persons skilled in the art based on the embodiments of
the present application without creative efforts shall fall
within the scope of the present application.

[0025] A pulse drilling device according to an embod-
iment of the present application will be described below
with reference to FIG. 1 to FIG. 5. It should be understood
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that the following descriptions are only illustrative em-
bodiments of the present application and do not consti-
tute any special limitations to the present application.
[0026] In an embodiment, the present application pro-
vides a pulse drilling device, as shown in FIG. 1, FIG. 2
and FIG. 4. The pulse drilling device includes: a plurality
of drillrods 100, a plurality of drill bits, a plurality of energy
storage capacitors 300 and a plurality of discharge
switches 400.

[0027] Each of the drill rods 100 is correspondingly
connected with the energy storage capacitor 300. The
energy storage capacitor 300 can charge the drill rod 100
connected thereto. The drill bit is connected to the drill
rod 100, and the discharge switch 400 is connected to
the drill rod 100 to control the drill rod 100 to discharge
to the drill bit and break the rock. Moreover, the plurality
of drill rods can be charged and discharged continuously
and alternately.

[0028] Compared with the related art, the pulse drilling
device is provided with the plurality of drill rods 100, and
each of the drill rods 100 is correspondingly connected
with the energy storage capacitor 300. The discharge
switch 400 can control a charging state of each of the
drill rods 100 correspondingly. When one of the drill rods
100 is in a discharging state, the other drill rods 100 are
in a charging state. The drill rod 100 in the discharging
state switches to the charging state after an electric en-
ergy is exhausted, and at the same time, the drill rod 100
in the fully charged state is continuously discharged. As
a result, the plurality of drill rods 100 can be charged and
discharged continuously and alternately, thereby greatly
improving a drilling efficiency.

[0029] In an embodiment, as shown in FIG. 1, the drill
rod 100 includes a first drill rod 101, a second drill rod
102, a third drill rod 103 and a fourth drill rod 104. The
first drill rod 101, the second drill rod 102, the third drill
rod 103 and the fourth drill rod 104 are all correspondingly
connected with the energy storage capacitors 300. As-
suming that the discharge switch 400 firstly controls the
first drill rod 101 to discharge to the drill bit to break the
rock, then the second drill rod 102, the third drill rod 103
and the fourth drill rod 104 are all in the charging state.
When the electric energy of the first drill rod 101 is ex-
hausted, the discharge switch 400 can control any one
of the second drill rod 102, the third drill rod 103 and the
fourth drill rod 104 to discharge to the drill bit to break
the rock. At the same time, the energy storage capacitor
300 charges the first drill rod 101. According to this reg-
ular cycle, the first drill rod 101, the second drill rod 102,
the third drill rod 103 and the fourth drill rod 104 can
realize continuous and alternate charging and discharg-
ing, thereby greatly improving the drilling efficiency.
[0030] It should be noted that the above embodiment
is only an illustrative embodiment of the present applica-
tion and does not constitute any limitation on the present
application. The number of drill rods 100 can be deter-
mined according to actual needs.

[0031] In an embodiment, the drill bit includes an inte-
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grated drill bit 201, and each of the drill rods 100 is con-
nected to the integrated drill bit 201.

[0032] AsshowninFIG.2andFIG. 3, the pulse drilling
device includes the integrated drill bit 201. The plurality
of drill rods 100 are connected to the integrated drill bit
201. Any drill rod 100 can be discharged to the integrated
drill bit 201 to break rocks. The pulse drilling device
equipped with the integrated drill bit 201 can realize con-
tinuous drilling work under a same energy condition as
small diameters.

[0033] Inanembodiment, the drill bit includes a plural-
ity of split drill bits 202, and each of the drill rods 100 is
connected with the split drill bit 202.

[0034] AsshowninFIG. 4 andFIG. 5, the pulse drilling
device includes the plurality of split drill bits 202. A
number of the split drill bits 202 is equal to a number of
the drill rods 100. That is, each of the drill rods 100 is
connected with the split drill bit 202. Each of the drill rods
100 can discharge to the corresponding split drill bit 202
connected thereto to break rocks. The pulse drilling de-
vice equipped with the split drill bit 202 can realize con-
tinuous drilling work with small energy and large diame-
ter.

[0035] Inanembodiment, the drill bitis detachably con-
nected to the drill rod 100 through a drill bit connector 500.
[0036] According to the above-described embodi-
ments, it can be seen that by changing a type of the drill
bit, the pulse drilling device can be suitable for continuous
drilling work under different working conditions, which
greatly improves the flexibility and versatility of the pulse
drilling device.

[0037] In an embodiment, each of the drill rods 100 is
provided with the discharge switch 400 to control the
working status of each of the drill rods 100.

[0038] Forexample, the first drill rod 101 is connected
with a first discharge switch. The second drill rod 102 is
connected with a second discharge switch. The third drill
rod 103 is connected with a third discharge switch. The
fourth drill rod 104 is connected with a fourth discharge
switch. When the first drill rod 101 is required to dis-
charge, the first discharge switch is in a conductive state,
and the first drill rod 101 discharges to the drill bit to break
the rock. At this time, the second discharge switch, the
third discharge switch and the fourth discharge switch
are all in an off state, and the second drill rod 102, the
third drill rod 103 and the fourth drill rod 104 are all in the
charging state. When the electric energy of the first drill
rod 101 is exhausted, the first discharge switch, the third
discharge switch and the fourth discharge switch are in
the off state, the second discharge switch is in the on
state, and the second drill rod 102 is discharged to the
drill bit to breaking rocks, and the rest of the drill rods are
in the charging state.

[0039] Inanembodiment, aninsulating layer is provid-
ed between a low-voltage end and a high-voltage end at
a connecting port of the drill rod 100 and the drill bit con-
nector 500. The insulation layer is configured to isolate
a connection among the high-voltage electrode drill bit,
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the low-voltage electrode drill bit and the casing to pre-
vent a leakage of electrical energy and safety problems.
[0040] In an embodiment, the pulse drilling device fur-
ther includes a control unit electrically connected to each
of the discharge switches 400 to control a discharge time
and a discharge sequence of each of the drill rods 100
by controlling the working state of each of the discharge
switches 400.

[0041] Further, in an embodiment, at least one energy
storage capacitor 300 is connected to each of the drill
rods 100. Each of the energy storage capacitors 300 is
connected to a high-voltage power supply. The high-volt-
age power supply is electrically connected to the control
unit. With reference to the above embodiment, the pulse
drilling device further includes the control unit. The con-
trol unit is electrically connected to the first discharge
switch, the second discharge switch, the third discharge
switch and the fourth discharge switch. Each of the drill
rods 100 can be equipped with a plurality of energy stor-
age capacitors 300, and each of the energy storage ca-
pacitors 300 is connected to the high-voltage power sup-
ply. The high-voltage power supply can convert a con-
ventional 220V commercial power or a 380V industrial
power into a high-voltage direct current, and transfer it
to the energy storage capacitor 300 to charge the first
drill rod 101, the second drill rod 102, the third drill rod
103 and the fourth drill rod 104. The control system can
control the high-voltage power supply to charge the en-
ergy storage capacitors 300 corresponding to the first
drill rod 101, the second drill rod 102, the third drill rod
103 and the fourth drill rod 104.

[0042] At the same time, the control system can also
set a certain discharge time and a certain discharge se-
quence. For example, the control system may set the
discharge sequence to be the first drill rod 101, the sec-
ond drill rod 102, the third drill rod 103 and the fourth drill
rod 104. The discharge time of each of the drill rods 100
is 30 minutes.

[0043] At the beginning, the control system controls
the first discharge switch to be in the on state, and the
second discharge switch, the third discharge switch and
the fourth discharge switch to be in the off state. At this
time, the first drill rod 101 is discharged to the drill bit to
break. At the same time, the control system controls the
high-voltage power supply to charge the second drill rod
102, the third drill rod 103 and the fourth drill rod 104.
Atfter the first drill rod 101 is discharged for 30 minutes,
the control system controls the first discharge switch, the
third discharge switch and the fourth discharge switch to
be in the off state, and the second discharge switch is in
the on state. At this time, the second drill rod 102 is dis-
charged to the drill bit to break. At the same time, the
control system controls the high-voltage power supply to
charge the first drill rod 101, the third drill rod 103 and
the fourth drill rod 104. After the second drill rod 102 is
discharged for 30 minutes, the first discharge switch, the
second discharge switch and the fourth discharge switch
are in the off state, and the third discharge switch is in
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the on state. At this time, the third drill rod 103 is dis-
charged to the drill bit to break. At the same time, the
control system controls the high-voltage power supply to
charge the first drill rod 101, the second drill rod 102 and
the fourth drill rod 104. After the third drill rod 103 is dis-
charged for 30 minutes, the first discharge switch, the
second discharge switch and the third discharge switch
are in the off state, and the fourth discharge switch is in
the on state. At this time, the fourth drill rod 104 is dis-
charged to the drill bit to break. At the same time, the
control system controls the high-voltage power supply to
charge the first drill rod 101, the second drill rod 102 and
the third drill rod 103. According to this rule, a next cycle
of the continuous charging and discharging work is car-
ried out.

[0044] It should be understood here that at least one
energy storage capacitor 300 is connected to each of the
drill rods 100. The energy storage capacitor 300 connect-
ed to each of the drill rods 100 can be adjusted according
to actual needs. All energy storage capacitors can be
connected to the same high-voltage power supply.
[0045] In an embodiment, the pulse drilling device fur-
ther includes a casing 600. Each of the energy storage
capacitors 300 and each of the drill rods 100 are installed
in the casing 600.

[0046] Furthermore, in an embodiment, as shown in
FIG. 1to FIG. 5, a slag discharge channel 700 is provided
in the casing 600. The plurality of drill rods 100 are pro-
vided in an annular array inside the casing 600 with a
center point of the slag discharge channel 700 as a center
point of the annular array.

[0047] AsshowninFIG. 1, the slag discharge channel
700 is located at a center of the plurality of drill rods 100,
which is configured to suppress a mud and flush out the
slag from broken rocks to discharge the slag in a positive
circulation. Or the broken slag can be sucked out from
the slag discharge channel 700 to discharge the slag in
a reverse circulation.

[0048] According to the above-described embodi-
ments, it can be seen that the pulse drilling device has a
simple and compact structure and is easy to operate.
Compared with traditional mechanical breaking meth-
ods, its breaking efficiency is greatly improved and the
working cost is lower. At the same time, the device can
be applied to drilling work under different working condi-
tions and has the high flexibility and versatility. In addition,
compared with the existing pulse drilling device, this de-
vice can truly realize continuous charging and continuous
discharge, thereby achieving continuous drilling work,
and the drilling work efficiency is greatly improved.
[0049] At last, it should be noted that: the above de-
scriptions are only embodiments of the present applica-
tion, and are notintended to limit the scope of the present
application. Those skilled in the art should understand
that they can still modify the technical solutions recorded
in the embodiments, or make equivalent substitutions for
some of the technical features. These modifications or
substitutions do not make the essence of the correspond-
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ing technical solutions deviates from the scope of the
technical solutions of each embodiment of the present
application.

energy storage capacitors is connected to a high-
voltage power supply electrically connected to the
control unit.

The pulse drilling device according to claim 8, further
Claims

A pulse drilling device, characterized by compris-
ing:

a plurality of drill rods, a plurality of drill bits, a
plurality of energy storage capacitors and a plu-
rality of discharge switches,

wherein each of the drill rods is correspondingly
connected to the energy storage capacitor, the
energy storage capacitor is configured to charge
the drill rod connected to the energy storage ca-
pacitor, the drill bit is connected to the drill rod,
the discharge switch is connected to the drill rod
to control the drill rod to discharge to the drill bit
to break rocks, and the plurality of the drill rods
are configured to continuously and alternately
charge and discharge.

The pulse drilling device according to claim 1, where-
in the drill bit comprises an integrated drill bit, and
each of the drill rods is connected to the integrated
drill bit.

The pulse drilling device according to claim 1, where-
in the drill bit comprises a plurality of split drill bits,
and each of the drill rods is connected to one of the
split drill bits.

The pulse drilling device according to claim 2 or 3,
wherein the drill bit is detachably connected to the
drill rod through a drill bit connector.

The pulse drilling device according to claim 1, where-
in each of the drill rods is equipped with the discharge
switch to control a working state of each of the drill
rods.

The pulse drilling device according to claim 5, where-
in the pulse drilling device further comprises a control
unit electrically connected to each of the discharge
switches to control a working state of each of the
discharge switches to control a discharge time and
a discharge sequence of each of the drill rods.

The pulse drilling device according to claim 4, where-
in aninsulating layer is provided between a low-volt-
age end and a high-voltage end at a connecting port
of the drill rod and the drill bit connector.

The pulse drilling device according to claim 6, where-
in each of the drill rods is connected to at least one
of the energy storage capacitors, and each of the
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10.

comprising a casing, wherein the plurality of the en-
ergy storage capacitors and the plurality of the drill
rods are installed in the casing.

The pulsedrilling device according to claim 9, where-
in a slag discharge channel is provided in the casing,
and the plurality of drill rods are provided in an an-
nular array inside of the casing with a center point
of the slag discharge channel as a center point of
the annular array.
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