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(57) Abrégée/Abstract:
A water hammer using a drive rod Is provided. The water hammer includes a tubular main body having a hollow portion; a socket
coupled to an upper end of the main body and having a water pressure supply passage; a cylindrical piston housing connected to

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : ‘h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




(57) Abrege(suite)/Abstract(continued):
the main body; a piston slidably installed in the piston housing, for striking a bit of
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a bit unit installed at a lower portion of the main

body, having a hollow portion through which water Is discharged, an annular pressurizing portion protruding on Its outer
circumferential surface, and a first communication hole connected to the hollow portion; a sliding member fitted into the main body
to be coupled to the piston housing, defining a valve installation space, and creating a space portion in which the piston Is recelved
when the piston Is elevated; a valve member defining the valve installation space into first and third space portions along the length

of the piston, the first and second space portions having different cross-sectio

nal areas from each other, and valve member

forming a second space portion between the first and third space portions, connected to the hollow portion of the piston anad

connected to the first space portion when the piston Is elevated; and a water press

Ure supply unit for supplying high pressure water

delivered to the water pressure supply passage of the socket to the first and second space portions.
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(57) Abstract: A water hammer using a drive
rod is provided. The water hammer includes a
tubular main body having a hollow portion; a
socket coupled to an upper end of the main body
and having a water pressure supply passage; a
cylindrical piston housing connected to the main
body; a piston slidably installed in the piston
housing, for striking a bit of a bit unit installed at
a lower portion of the main body, having a hollow
portion through which water is discharged, an
annular pressurizing portion protruding on its outer
circumferential surface, and a first communication
hole connected to the hollow portion; a sliding
member fitted into the main body to be coupled
to the piston housing, defining a valve installation
space, and creating a space portion in which the
piston is received when the piston is elevated; a
valve member defining the valve installation space
into first and third space portions along the length
of the piston, the first and second space portions
having different cross-sectional areas from each
other, and valve member forming a second space
portion between the first and third space portions,
connected to the hollow portion of the piston and
connected to the first space portion when the piston
is elevated; and a water pressure supply unit for
supplying high pressure water delivered to the
water pressure supply passage of the socket to the
first and second space portions.
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Description

WATER HAMMER
Technical Field

The present invention relates to a boring machine, and more particularly, to a drive
rod of machine which 1s directly driven using high pressure water and enables a
relatively deep hole to be bored 1n the ground, like a drilling work, and a water

hammer using the same.

Background Art

A boring machine tor perforating the ground 1s generally based on a technique of
simply circulating a bit (Oscillating method), a technique of not only circulating a bit
or a ball cutter but also pressurizing the same (Reverse Circulation Drilling method:
ROC), and so on. According to the oscillating method, in a state in which a standard
casing having a diameter of 800 to 3000 mm 1s clamped by a hydraulic chuck, boring
1s performed by oscillating a cylinder installed rotatably in a left-right direction.
According to the ROC method, the ground 1s bored using a drive rod having a rotary
bit or ball cutter installed at its end portion by rotating the bit or ball cutter. The os-
cillation method can cope with a soft ground condition, that is, a boring work 1s
properly carried out through soft ground such as soil. However, for a hard-boring
operation, it 1s necessary to demolish rocks under the ground by dropping a large-sized
hammer, requiring additional equipment such as a pile driver.

Meanwhile, in the RCD method, which 1s an advanced method compared to the 0s-
cillation method from the viewpoint of boring capacity, a soil layer is first dug using an
oscillator or a rotator, both a soft rock layer and a hard rock layer are dug by rotating
drill rod a specially designed bit attached to its end portion, and air-suctioning
circulating water and cloven rocks through a drill rod pipe, tollowed by hoisting the
rocks to the surface of the ground. The RCD method is essentially employed in large-
diameter cast-in-place and top-down method for a foundation work.

Korean Patent Publication No. 10-0372049 discloses a boring machine using a
crane. The disclosed boring machine includes a drive rod, a tool housing, a breaker, a
bit, a case, and an air pressure excavating means. The drive rod transfers water
pressure and air generated from a hydraulic drive unit to a digging position along water
pressure and air passages. The tool housing 1s mounted to an end portion of the drive
rod and accommodates various structures. The breaker, which 1s provided at an upper
end of the inside of the tool housing, has a piston to strike by water pressure while
clevating. The bit, which 1s vertically movably attached to a lower end of the tool

housing, performs a boring operation such that the breaker strikes the piston. The case
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is 1nserted into the tool housing to form a passage ranging from the ground surface to
the digging position. The air pressure excavating means i1s connected to the passages
and air holes to allow the tool housing to communicate with the bit such that the air
pressure supplied from the outside of the tool housing 1s discharged through a lower
portion of the bit.

5] In the above-described boring machine, the piston of the breaker 1s driven by a
hydraulic drive unit. Thus, as the depth of a bored hole increases, the configuration
becomes complicated, and additional equipments for driving the same become bulky.
Particularly, since the bit digs soil using air pressure, it 1s quite difficult to smoothly
excavate the soil as the hole becomes deeper. In addition, when air 1s used as a
pneumatic actuator of a piston breaker, a large amount of air 1s consumed, resulting in
a considerable increase in the operation cost.

6] In the above-described boring machine, the hammer 1s installed in each drive rod
and a water pressure line and a high pressure line are separately formed to operate the
piston of the hammer and to rotate a digging unit. A gas chamber of a back head 1s
provided at an upper end of the piston operated by a water pressure supplied through
the drive rod. A nitrogen gas is injected into the gas chamber of the back head. When
the piston 1s lowered by the injected nitrogen gas, an impact applied to a target is
increased.

[ 7] As described above, when the gas chamber of the back head is provided at an upper
end of the piston, the gas pressure of the gas chamber should be relatively increased to
withstand an earth pressure, which becomes increasingly greater as the depth of the
bored hole increases. If the pressure of the back head gas chamber 1s not high enough,

the striking force of the bit 1s undesirably reduced.

Disclosure of Invention

3] To solve the above problems, it is an objective of the present invention to provide a
drive rod of a boring machine having a simplified structure by operating a water
hammer for directly striking a bit using a water pressure.

9] It 1s another objective of the present invention to provide a drive rod of a boring
machine, which can reduce consumption of a large amount of water used to drive the
same by operating a piston using a difference in the pressure applied to an internal
surface selectively defined by a valve and can be applied to existing boring equipment
without special improvement, and a water hammer connected thereto.

[10] It 1s still another objective of the present invention to provide a drive rod of a boring
machine, which enables a relatively deep hole to be bored in the ground, and a water
hammer connected thereto.

[11] It 1s yet another objective of the present invention to provide a drive rod of a boring
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[13]

[14]

machine, which can increase a striking force of a bit by adding a compressive force to
a pneumatic force of a piston for lowering the piston using a water pressure.

It 1s a further objective of the present invention to provide a drive rod of a boring
machine, which can prevent a piston from maltfunctioning due to intermingling of
water and air by 1solating the air from the water as a pneumatic actuator ot a hammer,
and can increase a striking force of the hammer using a simplified structure.

According to an aspect of the present invention, there 1s provided a water hammer
of a boring machine comprising: a tubular main body having a hollow portion; a socket
coupled to an upper end of the main body and having a water pressure supply passage ;
a cylindrical piston housing connected to the main body; a piston slidably installed in
the piston housing, for striking a bit of a bit unit installed at a lower portion of the main
body, having a hollow portion through which water 1s discharged, an annular
pressurizing portion protruding on its outer circumferential surface, and a first com-
munication hole connected to the hollow portion; a sliding member fitted into the main
body to be coupled to the piston housing, defining a valve installation space, and
creating a space portion in which the piston i1s received when the piston is elevated; a
valve member defining the valve installation space into first and second space portions
along the length of the piston, the first and second space portions having ditferent
cross-sectional areas from each other, and valve member forming a second space
portion between the first and third space portions connected to the hollow portion of
the piston and connected to the first space portion when the piston 1s elevated; and a
water pressure supply unit for supplying high pressure water delivered to the water
pressure supply passage of the socket to the first and second space portions.

According to another aspect of the present invention, there 1s provided a water
hammer comprising: a tubular main body having a hollow portion; a socket coupled to
an upper end of the main body and having a water pressure supply passage ; a
cylindrical piston housing connected to the main body; a piston slidably installed in the
piston housing, having a hollow portion through which water i1s discharged, an annular
pressurizing portion protruding on its outer circumferential surface, and a first com-
munication hole connected to the hollow portion; a sliding member fitted into the main
body to be coupled to the piston housing, defining a valve installation space, and
creating a space portion in which the piston is received when the piston is elevated; a
valve member slidably installed in the valve 1nstallation space and defining the same
into a first space portion and a second space portion, the cross-sectional area of the first
space portion along the length of the piston being larger than that of the second space
portion along the length of the first space portion, and the valve member defining a
third space portion between the first and second space portions, connected to the

hollow portion of the piston; and a water pressure supply unit for supplying pressure
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water to the first and second space portions to firstly elevate the valve member using a
difference between the cross-sectional area of the first space portion and the cross-
sectional area of the second space portion to secondly elevate the piston, causing the
water used to elevate the housing to be discharged to the hollow portion of the piston
in such a manner that the first and second space portions are connected to each other
when the piston elevates, and supplying water pressure to the third space portion to
cause the valve member to be lowered.

[ 135] In the present invention, the valve member includes a first shield portion installed
between the outer circumfterential surface of the pressurizing portion and the internal
surface of the cylinder member, an extending portion extending from the first shield
portion and forming a passage through which the first and second space portions are
connected to each other when the first shield portion and the pressurizing portion are
separated from each other, and a second shield portion extending from the extending
portion to be slidably coupled to an end portion of the sliding member to form the third
space portion. In addition, the water pressure supply unit includes a pump for
supplying water having a predetermined pressure to the water pressure supply passage
of the socket, a first water pressure passage 1s formed on at least one of the outer cir-
cumiferential surface of the sliding member and the main body, a second com-
munication hole connected to the third space portion is formed 1n the sliding member,
a second water pressure passage 1s formed on at least one of the outer surface of the
sliding member and the inner circumferential surface of the main body so as to be
connected to the second water pressure passage, and a third communication hole 1s
formed to connect the second water pressure passage with the first space portion.

[16] The drive rod according to the present invention comprises: a tubular main body
having a hollow portion; a first connection member installed at an upper portion of the
main body and having an inlet; a second connection member installed at a lower
portion of the main body and having an outlet; and an internal pipe having an upper
end fixed to be connected with the inlet of the first connection member, extending
toward the second connection member to partition the hollow portion of the main body
lengthwise to form an air storage portion, and having at least one discharge hole tor
discharging water in a radial direction to isolate water from air, the discharge hole
formed at an end portion of the internal pipe.

[17] The end portion of the internal pipe 1s connected to the outlet of the second
connection member, a shield plate is installed at a side of the internal pipe proximal to
the second connection member to cause water induced through the internal pipe to be
discharged through the discharge hole, and at least one entrance hole for causing water
discharged through the discharge hole to be induced to the outlet 1s installed at the

internal pipe disposed at the lower portion of the shield plate.



WO 2005/090737

[13]

[19]

[20]

[21]

[22]
23]

[24]

[25]

[26]

[27]

23]

[29]

PCT/KR2005/000862

Brief Description of the Drawings

FIG. 1 1s a schematic side view of a boring machine according to the present
Invention;

FIG. 2 1s a partial perspective view of a water hammer according to the present
Invention;

FIG. 3 1s a cross-sectional view illustrating a state in which a drive rod and a water
hammer are mounted;

FIG. 4 1s a partial perspective view of a drive rod according to an embodiment of
the present invention;

FIG. 5 1s a cross-sectional view of the drive rod;

FIG. 6 1s a partial perspective view of a drive rod according to another embodiment
of the present invention; and

FIGS. 7 through 12 are cross-sectional views illustrating an operation state of the

water hammer according to the present invention.

Best Mode for Carrying Out the Invention

As shown 1n FIG. 1, a water hammer 10 according to the present invention 1s
configured to strike a bit 21 guided by the lead 2 and installed at an end portion of a
drive rod 100 allowed to be lowered and rotate by means of a driving means in a state
in which a lead 2 stands upright perpendicularly with respect to a machine body 1.

FIGS. 2 and 3 1llustrate the water hammer 10 according to an embodiment of the
present invention.

Referring to the drawings, the water hammer 10 includes a tubular main body 11
having a hollow portion 11a, a socket 12 coupled to an end of the main body 11,
having a water pressure supply passage 12a, and connected to the drive rod 100 for
supplying high pressure water, a bit unit 20 installed at a lower portion of the main
body 11 and having a bit 21 slidably moving lengthwise by a predetermined length to
bore holes through rock and soil layers, and a water hammer unit 30 installed in the
main body 11 between the socket 12 and the bit unit 20.

The atorementioned water hammer 10 will now be described 1n more detail by

constituent.

[30] The main body 11 is tubular shaped, and preferably has the same diameter with that
of the drive rod 100. The socket 12 1s engaged with the main body 11 by screw- or pin-
engagement, and has a tapered engagement portion 12b provided at its upper portion to
be engaged with the drive rod 100, and a water pressure supply passage 12a formed
lengthwise. The socket 12 further includes a check valve unit 13 for preventing

backtlow of water through the water pressure supply passage 12a.
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[32]

[33]

[34]

[35]

[36]

[37]

The check valve unit 13 includes a sheet portion 13a integrally formed with the
socket 12 such that an outlet of the water pressure supply passage 12a is spreadly
opened, a check valve member 13b contacting with and connected with the sheet
portion 13a, and an elastic member 13e coupled to the socket 12, supported to a
support member 13d having a plurality of throughholes 13¢, and elastically biasing the
check valve member 13b toward the sheet portion 13a. The check valve unit 13 1s not
limited to that described 1n the 1llustrative embodiment and any structure capable of
preventing backflow of water supplied through the water pressure supply passage 12a
can be used as the check valve unit 13.

Meanwhile, the drive rod 100 connected to the socket 12 includes a plurality of in-
terconnected drive rod 100. As shown in FIGS. 3 through 6, each of the drive rod units
110 includes an accumulator means for increasing a striking force of the piston of the
water hammer 10, which will now be described 1n more detail.

The drive rod unit 110 includes a tubular main body 112 having a hollow portion
111 formed lengthwise, a first connection member 113 fixedly installed at an upper
portion of the main body 112 and having an inlet 113a, a second connection member
114 installed at a lower portion of the main body 112 and having an outlet 114a, and
an internal pipe 130 having an upper end fixed to be connected with first connection
member 113 and partitioning an internal hollow portion of the main body 12
lengthwise to form an air storage portion 120 and a water supply passage.

The first connection member 113 1s connected to an upper end of the tubular main
body 112 to be engaged with another unit rod drive rod, and includes a first base 113b
fixedly coupled to the main body 112, and a tapered engagement portion 113¢
extending from the first base 113b. The tapered engagement portion 113¢ has several
screws formed on its outer surface for screw engagement.

The second connection member 114 i1s connected to a lower end of the tubular main
body 112, and includes a second base 114b coupled to a lower end of the main body
112, and an outlet 114a formed at 1ts center.

The first and second connection members 113 and 114 are not limited to the above
examples, and they may take any forms that are installed at opposite sides of the main
body 112 to be connected with adjacent drive rod units for interconnecting the drive
rod units.

Meanwhile, the internal pipe 130, disposed 1n a hollow portion 111 of the main
body 112, has a diameter relatively smaller than that of the hollow portion 111, and its
upper end 1s connected with an inlet 113a of the first connection member 113 to
partition the hollow portion 111, thereby defining the air storage portion 120. Here, the
first connection member 113 and the internal pipe 130 are connected with each other

by welding, so that the air stored in the air storage portion 120 may not be exhausted
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through the inlet 113a or a connected portion of the main body 112 and the first
connection member 113, that 1s, a hermetical seal must be kept. At the lower end
portion of the internal pipe 130 is turther provided a separation unit 135 for isolating
air from the water supplied through the internal pipe 130 to be stored in the air storage
portion 120. As shown in FIGS. 4 and 3, the separation unit 135 includes a shield
member 136 for shielding the water causing water tlowing through the internal pipe
130 at the end portion of the internal pipe 130, and a discharge hole 137 formed at the
upper portion of the internal pipe 130 adjacent with the shield member 136, for causing
the water flowing through the internal pipe 130 to be discharged in a radial direction
corresponding to the air storage portion 120, that 1s, to be discharged between the outer
circumfierential surface of the internal pipe 130 and the inner circumferential surface of
the main body 112 to be stored in the air storage portion 120. In this case, the water
discharged from the discharge hole 137 of the internal pipe 130 1s discharged through
the outlet 114a of the second connection member 114. The lower end portion of the
internal pipe 130 1s supported by a rib 139 installed between the outer circumferential
surface of the internal pipe 130 and internal surface of the main body 112 .

[ 38] As shown 1n FIG. 6, the end portion of the internal pipe 130 may also be supported
by the outlet 114a of the second connection member 114. In this case, a plurality of
entrance holes 138 are formed 1n the internal pipe 130 under the shield member 136,
allowing the water discharged from the discharge hole 137 to tlow through the inlet
1 14a of the first connection member 114. In this case, the discharge holes 137 and the
entrance holes138 should be sufficiently provided so as not to be interfered by water
flow.

[39] The water hammer 10 is connected with the drive rod unit 110 having accumulator
means for increasing a striking force, and 1s driven by elevating the piston using water
having a predetermined pressure supplied through the water pressure supply passage
12a of the socket 12, which i1s illustrated in FIGS. 2 and 7-12.

[40] Referring to the drawing, the water hammer unit 30 includes a cylindrical piston
housing 31 connected to the hollow portion 11a of the main body 11, and a piston 32
slidably installed in the piston housing 31 to strike the bit 21. The piston 32 includes a
guide portion 32a guided as it slidably moves 1n the piston housing 31, and a stepped
portion 32b formed to be gradually stepped between the guide portion 32a and the
internal surface ot the piston housing 31 to form a valve installation space portion 60
where a valve member 50 1s to be installed. A pressurizing portion 32¢ having a
diameter greater than that of the guide portion 32a 1s formed 1n the stepped portion 32b
proximal to the guide portion 32a. A hollow portion 32d 1s formed 1n the piston 32
lengthwise, and the stepped portion 32b has a first communication hole 32¢ connected
to the hollow portion 32d. As shown in FIG. 7, the stepped portion 32b of the piston 32

CA 02560774 2006-09-21
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[42]

[43]

1s formed such that a diameter D1 of the guide portion 32a 1s greater than a diameter
D2 of the stepped portion 32b in view of the pressurizing portion 32c¢, and a diameter
of the first communication hole 32¢ 1s smaller than the diameter D2.

Meanwhile, the internal surface ot the piston housing 31 corresponding to the
stepped portion 32b of the piston 32 has a relatively large diameter to form the valve
installation space portion 60. The end portion of the piston housing 31 is connected to
a sliding member 40 inserted into the main body 11 between the piston housing 31 and
the socket 12. Here, the inner circumferential surface of an end portion 41 of the
sliding member 40 connected to the piston housing 31 has a smaller diameter D4 so
that it has a relatively smaller cross-sectional area. The sliding member 40 has a
receiving portion 42 for receiving the end portion of the piston 32 when the piston 32
is elevated.

The valve member 50, which 1s slidably movable into the piston housing 31 and the
piston 32, 1s installed in the valve installation space portion 60 defined by the piston
housing 31, the piston 32 and the sliding member 40, thereby elevating the piston 32
by a pressure of water supplied to the valve installation space portion 60. As shown in
FIGS. 1 and 2, the valve member 50 includes a first shield portion 51 installed between
the outer circumfierential surface of the pressurizing portion 32¢ and the inner circum-
ferential surface ot the piston housing 31 so as to have a predetermined width to define
a first space portion 61, an extending portion 52 extending from the first shield portion
J1 to be connected to the first communication hole 32¢ to form a second space portion
62, and a second shield portion 53 extending from an end portion of the extending
portion 52 to be slidably coupled to an end portion of the piston 32 to form a third
space portion 63 in cooperation with the piston 32 and the end portion 41 of the sliding
member 40.

The valve member 50 includes a throughhole 54 extending from the second space
portion 62 to the end portion 41 of the sliding member to reduce a cross-sectional area
to which a water pressure 1s applied. Here, a cross-sectional area along the length of
the piston 32 formed by the pressurizing portion 32¢ protruding from the outer circum-
ferential surface of the piston 32 and the first shield portion 51 1s relatively wider than
that formed between the outer circumterential surface of the stepped portion 32b and
the inner circumferential surface of the end portion 41 of the sliding member 40. In
addition, the first shield portion 51 contacting with the pressurizing portion 32¢ has a
length 1n which a contact state with the pressurizing portion 32¢ 1s not removed even
when the valve member 30 is elevated. As the contact state 1s removed due to elevation
of the piston 32, the water supplied to the first space portion 61 to elevate the piston 32
1s preferably discharged through the second space portion 62, the first communication
hole 32¢ and the hollow portion 32d of the piston 32. Although not shown, the third
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space portion 63 and the receiving portion 42 of the sliding member 40 may be inter-
connected. Here, at an initial elevating stage of the piston 32, that is, at a time when the
first stepped portion 51 and the pressurizing portion 32¢ are separated from each other,
the first communication hole 32¢ and the second space portion 62 are connected to
cach other. As the piston 32 is further elevated, a portion of the piston 32 having a
diameter D2 1s connected with the extending portion 52 and a contact state between the
first communication hole 32e and the second space portion 62 can be prevented.

In order to elevate the valve member 50 and the piston 32, a water pressure supply
unit 70 for supplying water having a predetermined pressure, that 1s, a water pressure,
1s provided in the first space portion 61 and the third space portion 63. The water
pressure supply unit 70 includes a pump (not shown) for supplying water pressure to
the water pressure supply passage 12a of the socket 12, a first water pressure passage
71 formed on at least one of the outer circumterential surface of the sliding member 40
and the main body 11, and a second communication hole 72 formed in the main body
11 to connect the tirst water pressure passage 71 with the third space portion 63. In
addition, a second water pressure passage 74 1s formed on at least one of the outer
surface of the sliding member and the inner circumterential surface of the main body
SO as to be connected to the first water pressure passage 71, and a third communication
hole 75 1s formed 1n the piston housing to connect the second water pressure passage
72 with the third space portion 63.

In the water pressure supply unit, in a case where the second space portion 63 and
the recerving portion 42 of the sliding member 40 are connected with each other, 1t is
not necessary to form the second communication hole 72.

The bit unit 20 1s installed at the lower end of the main body 11 to perform a boring
operation. The bit unit 20 includes a collar member 22 inserted into the main body 11,
a bit 21 having a hooking part 21a with an end portion slidably supported by the collar
member 21, a bit locker 23 inserted into the main body 11 and preventing the hooking
part 21a of the bit 21 from being separated from the main body 11, and a front locker
24 fixed to the main body 11 and spline-connected to the bit 21. The bit 21 rotating
relative to the main body 11 1s fixed by the front locker 24. The hooking part 21a and
the bit locker 23 prevent the bit 21 from deviating lengthwise. The bit unit 20 1s not
limited to that of the above-described embodiment and any type of a bit unit slidably
supported lengthwise and fixed in a rotary direction may be employed.

The operation of the atorementioned water hammer of the boring machine will now
be described with reterence to FIGS. 2 and 7-12.

First, in order to perform a boring operation, the water hammer 10, specifically, the
tapered engagement portion 12b of the socket 12, 1s connected to the end portion of the

drive rod 100 of the boring machine. In such a state, the drive rod 100 1s lowered and
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[49]

[50]

[51]

[52]

high pressure water 1s supplied to the water pressure supply passage 12a using a pump
of the drive rod 100. The water supplied through the water pressure supply passage 12a
retracts the check valve member 13b elastically supported by a spring 13¢ of the check
valve unit 13 to then be supplied to the hollow portion 11a of the main body 11. Then,
the water 1s supplied to the first space portion 61 and the third space portion 63 through
the water pressure supply unit 70, specitically, the first water pressure passage 71, the
second water pressure passage 74, the second communication hole 72, and the third
communication hole 75.

Since the cross-sectional area of the first shield portion 51 1s wider than that of the
second shield portion 53 along the length of the piston 32, a difference in the cross-
sectional area between the first and second shield portions 51 and 53 generates a
difference in the pressure applied to the valve member 30, thereby elevating the valve
member 50, as shown 1in FIG. 9. Here, the first shield portion 51 is not separated from
the pressurizing portion 32c¢ of the piston 32. Thus, the pressure applied to the first
space portion 31 1s not applied outside. Some of the pressure applied to the first space
portion 351 1s applied to a lateral surface of the pressurizing portion 32¢, that 1s, a
lengthwise side of the piston 32, thereby elevating the piston 32, as shown in FIG. 10.

It the piston 32 1s elevated to a predetermined height in the above-described
manner, the first shield portion 31 1s separated from the outer circumierential surface
of the pressurizing portion 32¢, and the water that imparts a pressure to the first space
portion 51 1s discharged to the second space portion 62 via a gap between the
pressurizing portion 32¢ and the first shield portion 51 and to the hollow portion 32 via
the first communication hole 32¢ formed in the piston 32 (see F1G. 10)

At this time, the first and second space portions 61 and 62 are connected to each
other to thus reduce a water pressure. To reduce a relative cross-sectional area
difference between the valve member 50 and the second shield portion 33, the pressure
applied to the valve member 50 1s applied to the extending portion 52 having
throughholes 54, as shown in FIG. 8. Since the cross-sectional area of the second
shield portion 33 1s greater than that of the valve member 50, the valve member 50 1s
lowered. During this process, the first communication hole 32¢ 1s engaged with the
extending portion 52 at a portion of the end portion 32b having the diameter D2 to then
be blocked.

In such a manner, the first and second space portions 61 and 62 are connected to
cach other to create a sealed space. In this state, as shown 1in FIGS. 11 and 12, the
diameter D1 of the guide portion 32a of the piston 32 1s greater than that of the stepped
portion 32b 1n view of the pressurizing portion 32c. Thus, the pressure applied to the
pressurizing portion 32¢ of the stepped portion 32b becomes relatively greater, thereby

lowering the piston 32 and ultimately striking the bit 21.
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[54]

[55]

[56]

[57]

[53]

[59]

[60]

[61]

When the piston 32 1s lowered, the outer circumferential surface of the pressurizing
portion 32c¢ 1s brought into contact with the first shield portion 51 of the valve member
S0 to partition the first space portion 61. Then, the above-described process 1s repeated
by the pressure applied to a partitioned portion of the first space portion 61, thereby
allowing the piston 32 to continuously strike the bit 21.

In the course of the piston 32 lowering, the air stored in the air storage portion 120
of the drive rod unit 110 1s compressed as the water pressure for actuating the hammer
unit 30 increases and the depth of a bored hole is increased. Thus, the compressed
force 1s added to an elastic force based on the lowering of the piston 32, thereby further
increasing the striking force of the piston 32.

As the depth of the bored hole is increased, it 1s necessary to further connect unitary
drive rods 110 to the drive rod. In this case, the air stored in the drive rod 100 1s
induced and lowered together with the water. Then, the air induced to the internal pipe
130 of a drive rod 100 proximate to the water hammer 1s discharged to a space between
the main body 112 and the internal pipe 130 through the discharge hole 137 to create a
difference in specific weight, thereby i1solating the air from the water. The 1solated air
1s elevated to then be stored 1n the air storage portion 120.

The thus stored air becomes compressed to a greater extent as the depth of the bored
hole 1s increased and the water pressure 1s increased. As the compressed extent of the
alr 18 increased, the compressed air further increases the pressurizing force of the
piston 32 when the piston 32 1s lowered to perform a boring operation.

Therefore, the striking force of the piston 32 can be further increased by ac-
celerating the piston elevating using a water pressure.

As described above, according to the present invention, the water supplied to a
drive rod of a boring machine can impart an accelerating driving force to a piston of a
hammer actuated by the water, thereby increasing the striking force of a bit. In
addition, unlike 1n the prior art, it 1s not necessary to provide a separate gas filling unit
for supplying a water pressure hammer with a gas such as nitrogen, thereby obviating a

necessity of filling pressurized gas as the depth of a bored hole 1s increased.

Industrial Applicability

As described above, in the water hammer of a boring machine according to the
present invention, a valve unit and a piston can be directly elevated using high pressure
water pumped through a drive rod, thereby simplifying the configuration of the water
hammer compared to the conventional configuration in which water pressure 1s
controlled by a pilot pressure.

In addition, since the pressure 1s directly applied to the valve member and the
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piston, there 1s little probability of malfunctioning, thereby increasing the operational
reliability and enabling the boring machine regardless of the depth of a bored hole.
Meanwhile, the striking force of a bit can be increased by imparting an accelerating
driving force to the piston of the hammer. The piston of the hammer can be actuated by
the water and air supplied to the drive rod. In addition, unlike in the prior art, it 1s not
necessary to provide a separate gas filling unit, thereby obviating a necessity of filling

pressurized gas as the depth of a bored hole 1s increased.
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Claims

A water hammer of a boring machine comprising:

a tubular main body having a hollow portion;

a socket coupled to an upper end of the main body and having a water pressure
supply passage ;

a cylindrical piston housing connected to the main bodys;

a piston slidably installed in the piston housing, for striking a bit of a bit unit
installed at a lower portion of the main body, having a hollow portion through
which water 1s discharged, an annular pressurizing portion protruding on its outer
circumferential surface, and a first communication hole connected to the hollow
portion ;

a sliding member fitted into the main body to be coupled to the piston housing,
defining a valve installation space, and creating a space portion in which the
piston 1s received when the piston 1s elevated;

a valve member defining the valve installation space into first and third space
portions along the length of the piston, the first and second space portions having
different cross-sectional areas from each other, and valve member forming a
second space portion between the first and third space portions , connected to the
hollow portion of the piston and connected to the first space portion when the
piston 1s elevated; and

a water pressure supply unit for supplying high pressure water delivered to the
water pressure supply passage of the socket to the first and third space portions.
The water hammer of claim 1, wherein the valve member comprises:

a tirst shield portion installed between the outer circumferential surtace ot the
pressurizing portion and the internal surface of the piston housing ;

an extending portion extending from the first shield portion and forming a
passage through which the first and second space portions are connected to each
other when the first shield portion and the pressurizing portion are separated
from each other; and

a second shield portion extending from the extending portion to then be slidably
connected to an end portion of the sliding member to form the third space
portion.

The water hammer of claim 2, wherein the valve member includes at least one
throughhole extending from the second space portion to an end portion of the
sliding member to reduce a cross-sectional area to which a water pressure 18
applied.

The water hammer of claim 1, wherein the water pressure supply unit includes a
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pump for supplying water having a predetermined pressure to the water pressure
supply passage of the socket, a first water pressure passage 1s formed on at least
one of the outer circumterential surface of the sliding member and the main
body, a second communication hole connected to the third space portion is
formed 1n the sliding member, a second water pressure passage formed on at
least one of the outer surface of the sliding member and the inner circumierential
surface of the main body so as to be connected to the first water pressure
passage, and a third communication hole i1s formed to connect the second water
pressure passage with the first space portion.

The water hammer of claim 1, wherein the socket further includes a check valve
unit for preventing backtlow of water through the water pressure supply passage.
A water hammer comprising:

a tubular main body having a hollow portion;

a socket coupled to an upper end of the main body and having a water pressure
supply passage ;

a cylindrical piston housing connected to the main bodys;

a piston slidably installed in the piston housing, having a hollow portion through
which water 1s discharged, an annular pressurizing portion protruding on its outer
circumferential surface, and a first communication hole connected to the hollow
portion ;

a sliding member fitted into the main body to be coupled to the piston housing,
defining a valve installation space, and creating a space portion in which the
piston 1s received when the piston 1s elevated;

a valve member slidably installed in the valve installation space and defining the
same 1nto a first space portion and a second space portion, the cross-sectional
arca of the first space portion along the length of the piston being larger than that
of the second space portion along the length of the first space portion, and the
valve member defining a second space portion between the first and third space
portions , connected to the hollow portion of the piston; and

a water pressure supply unit for supplying pressure water to the first and second
space portions to firstly elevate the valve member using a difference between the
cross-sectional area of the first space portion and the cross-sectional area of the
second space portion to secondly elevate the piston, causing the water used to
clevate the housing to be discharged to the hollow portion of the piston 1n such a
manner that the first and second space portions are connected to each other when
the piston elevates, and supplying water pressure to the third space portion to
cause the valve member to be lowered.

The water hammer of claim 6, wherein the valve member includes a first shield
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[12]

[13]

portion installed between the outer circumterential surface ot the pressurizing
portion and the internal surtace of the cylinder member, an extending portion
extending from the first shield portion and forming a passage through which the
first and second space portions are connected to each other when the first shield
portion and the pressurizing portion are separated from each other, and a second
shield portion extending from the extending portion to be slidably coupled to an
end portion of the sliding member to form the third space portion.

The water hammer of claim 6, wherein the valve member includes at least one
throughhole extending from the second space portion to an end portion of the
sliding member to reduce a cross-sectional area to which a water pressure 1s
applied.

The water hammer of claim 6, wherein the water pressure supply unit includes a
pump for supplying water having a predetermined pressure to the water pressure
supply passage of the socket, a first water pressure passage 1s formed on at least
one of the outer circumterential surface of the sliding member and the main
body, a second communication hole connected to the third space portion is
formed 1n the sliding member, a second water pressure passage 1s formed on at
least one of the outer surface of the sliding member and the inner circumierential
surface of the main body so as to be connected to the second water pressure
passage, and a third communication hole i1s formed to connect the second water p
ressure passage with the first space portion.

The water hammer of claim 6, wherein the pressurizing portion of the piston has
different diameters at its opposite ends.

The water hammer of claim 9, further comprising a drive rod connected to the
socket to supply high pressure water.

The water hammer of claim 11, wherein the drive rod comprises: a tubular main
body having a hollow portion;

a first connection member installed at an upper portion of the main body and
having an inlet;

a second connection member installed at a lower portion of the main body and
having an outlet; and

an internal pipe having an upper end fixed to be connected with the inlet of the
first connection member, extending toward the second connection member to
partition the hollow portion of the main body lengthwise to form an air storage
portion, and having at least one discharge hole for discharging water in a radial
direction to i1solate water from air, the discharge hole formed at an end portion of
the internal pipe.

The water hammer of claim 12, wherein the end portion of the internal pipe 1s
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[14]

[15]

connected to the outlet of the second connection member, a shield plate 1s
installed at a side of the internal pipe proximal to the second connection member
to cause water induced through the internal pipe to be discharged through the
discharge hole, and at least one entrance hole tor causing water discharged
through the discharge hole to be induced to the outlet 1s installed at the internal
pipe disposed at the lower portion of the shield plate.

The water hammer of claim 12, wherein the end portion of the internal pipe has a
shield member for causing water to be discharged through the discharge hole,
and 1s supported by at least one rib 1nstalled on the internal surface ot the main
body.

The water hammer of claim 12, wherein the drive rod includes a tubular main
body having a hollow portion, and an accumulator unit for isolating the water

induced from the hollow portion of the main body from air.
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