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ABSTRACT

The inner bit (3) is provided with: a supply hole which is open at the distal end
portion of the inner bit (3); and a discharge groove (14) which is formed in an outer
peripheral surface of the inner bit (3) and extends in the direction of the axial line. The
supply hole is provided with: a distal end blow hole (15) which is open in a distal end
surface of the distal end portion of the inner bit (3); and an outer peripheral blow hole
(16) which is open in an outer peripheral surface of the distal end portion of the inner bit
(3). An outer peripheral groove (19) via which the outer peripheral blow hole (16)
communicates with the discharge groove (14) is formed in the outer peripheral surface of
the inner bit (3). The outer peripheral groove (19) is covered with the ring bit from the
outside in a radial direction and extends so as to be closer to the base end side in the
direction of the axial line around the axial line toward the discharge groove (14) from the

outer peripheral blow hole (16).



DRILLING TOOL

TECHNICAL FIELD

[0001]

The present invention relates to a drilling tool, in which a distal end portion of an
inner bit inserted into a casing pipe protrudes from a distal end of the casing pipe, the inner
bit engages with a ring bit rotatably disposed at the distal end of the casing pipe so
as to be rotatable integrally with the ring bit, and the inner bit and the ring bit excavate
the ground to form a borehole while the casing pipe is inserted into the borehole.

Priority is claimed on Japanese Patent Application No. 2013-052244, filed March 14,
2013.

BACKGROUND ART

[0002]

In the related art, as this type of drilling tool, a drilling tool is known which
includes: a casing pipe having a cylindrical shape; an inner bit which is inserted into the
casing pipe in the direction of the axial line thereof and of which a distal end portion in
the direction of the axial line protrudes from a distal end of the casing pipe; and a ring bit
which has an annular shape, is disposed at a distal end portion of the casing pipe so as to be
capable of rotating around the axial line relative to the casing pipe, surrounds the distal end
portion of the inner bit, and is capable of engaging with the inner bit around the axial line
and from the distal end side in the direction of the axial line (refer to, for example, PTLs 1

and 2 described below).

CA 2902972 2020-04-08
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[0003]

FIGS. 6 and 7 show a conventional drilling tool 100. In the drilling tool 100, a
distal end portion of an inner bit 102 inserted into a casing pipe 101 protrudes from a
distal end of the casing pipe 101. The inner bit 102 engages with a ring bit 103
rotatably disposed at the distal end of the casing pipe 101 so as to be rotatable integrally
with the ring bit 103. Further, the ring bit 103 can engage with the inner bit 102 from
the distal end side in the direction of the axial line O thereof.

Then, an impelling force and striking force toward the distal end side in the
direction of the axial line O (the lower side in FIG. 6) and a rotating force around the
axial line O are applied to the inner bit 102.  Thereby, the inner bit 102 and the ring bit
103 engaging therewith excavate the ground to form a borehole while the casing pipe 101
is inserted (drawn) into the borehole.

[0004]

Further, the inner bit 102 includes: a supply hole 104 which passes through the
inner bit 102 and is open at the distal end portion of the inner bit 102; and a discharge
groove 105 which is formed in the outer peripheral surface of the inner bit 102 and
extends in the direction of the axial line O. Further, the supply hole 104 includes: a
distal end blow hole 106 which is open in the distal end surface of the inner bit 102; and
an outer peripheral blow hole 107 which is open in the outer peripheral surface of the
inner bit 102. The distal end blow hole 106 is open into a distal end groove 108 which
is formed in the distal end surface of the inner bit 102 and communicates with the
discharge groove 105, and the outer peripheral blow hole 107 is open toward the distal
end surface of the ring bit 103.

Then, during excavation, a fluid (an ejection medium) such as air is ejected onto

the distal end surface of the inner bit 102 and the distal end surface of the ring bit 103
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through the supply hole 104, while the fluid and a drill waste (a slime) generated by the

excavation are discharged toward the tool base end side through the discharge groove

105.

CITATION LIST
PATENT LITERATURE
[0005]
[PTL 1] Japanese Patent No. 3968309
. [PTL2] Published Japanese Translation No. 2012-515866 of the PCT

International Publication

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006]

However, in the conventional drilling tool 100 described above, there is the
following problem.

That is, the drill waste which is generated by excavating the ground using the
drilling tool 100 is discharged by a fluid which is supplied from a drilling apparatus (not
shown). However, in the soft ground, the fluid infiltrates into the gr(;und around the
borehole, and thus the drill waste cannot be discharged. As a result, for example, the
drill waste is accumulated in the borehole, whereby there is a case where digging cannot
be stably performed. Further, in some cases, the fluid having infiltrated into the ground
around the borehole makes the ground loose, whereby there is a case where the
foundation of a structure in the vicinity is affected.

[0007]
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The present invention has been made in view of such circumstances and has an
object to provide a drilling tool, in which a fluid ejected from a supply hole of an inner
bit and a drill waste generated by excavation can be efficiently recovered into a discharge
groove of the inner bit and can be stably discharged toward the base end side of the tool
through the discharge groove, and thereby, it is possible to highly efficiently and stably

proceed with drilling tasks and to limit the influence on the ground around a borehole.

SOLUTION TO PROBLEM

[0008]

In order to solve such problem and achieve the above object, the present
invention proposes the following means.

According to an aspect of the present invention, a drilling tool used for
excavating a ground to form a borehole, the tool including: a casing pipe having a
cylindrical shape; an inner bit which is inserted into the casing pipe in a direction of an
axial line thereof and of which a distal end portion in the direction of the axial line
protrudes from a distal end of the casing pipe; and a ring bit which has an annular shape,
is disposed at a distal end portion of the casing pipe so as to be rotatable around the axial
line relative to the casing pipe, surrounds the distal end portion of the inner bit, and is
capable of engaging with the inner bit around the axial line and from a distal end side of
the inner bit in the direction of the axial line, in which the inner bit is provided with: a
supply hole which passes through the inner bit and is open at the distal end portion of the
inner bit; and a discharge groove which is formed in an outer peripheral surface of the
inner bit and extends in the direction of the axial line, the supply hole is provided with: a
distal end blow hole which is open in a distal end surface of the distal end portion of the

inner bit; and an outer peripheral blow hole which is open in an outer peripheral surface
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of the distal end portion of the inner bit, an outer peripheral groove through which the
outer peripheral blow hole and the discharge groove communicate with each other is
formed in the outer peripheral surface of the inner bit, and the outer peripheral groove is
covered with the ring bit from the outside in a radial direction and extends toward the
discharge groove from the outer peripheral blow hole so as to become gradually closer to
the base end side in the direction of the axial line around the axial line.

[0009]

In the drilling tool, an impelling force and striking force toward the distal end
side of the tool in the direction of the axial line and a rotating force around the axial line
are applied to the inner bit. Thereby, the inner bit and the ring bit engaging therewith
excavate the ground to form a borehole. At the same time, the casing pipe is inserted
(drawn) into the borehole. Further, along with the excavation, a fluid (an ejection
medium) such as air is ejected onto the distal end surface of the inner bit through the
supply hole, while the fluid and a drill waste (a slime) generated by the excavation are
discharged toward the base end side of the tool through the discharge groove.

| [0010]

According to the aspect of the drilling tool in the present invention, the outer
peripheral blow hole of the supply hole communicates with the discharge groove through
the outer peripheral groove formed in the outer peripheral surface of the inner bit, and the
outer peripheral groove is covered with the ring bit from the outside in the radial
direction and extends toward the discharge groove from the outer peripheral blow hole so
as to become gradually closer to the base end side in the direction of the axial line around
the axial line. Therefore, the following operation and effects are exhibited.

[0011]

That is, the fluid in the outer peripheral groove flows into the discharge groove,
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while forming a flow toward the base end side in the direction of the axial line from the
outer peripheral blow hole to the discharge groove. Therefore, it becomes easier for the
fluid and the drill waste in the discharge groove to flow toward the base end side of the
tool.

Further, since the outer peripheral groove is covered with the ring bit from the
outside thereof in the radial direction, the fluid ejected from the outer peripheral blow
hole into the outer peripheral groove is efficiently sent toward the discharge groove while
being prevented from infiltrating into the ground. Therefore, the recovery efficiency of
the fluid and the drill waste flowing through the discharge groove is improved.

[0012]

In addition, since in this manner, the outer peripheral groove is covered with the
ring bit, infiltration of the drill waste into the outer peripheral groove is limited, and thus
the outer peripheral groove is prevented from being clogged with the drill waste. In
addition to this, a flow path in the outer peripheral groove is stably secured, and thus the
flow velocity of the fluid flowing through the outer peripheral groove is stably
maintained. Thereby, also in the discharge groove into which the fluid flows from the
outer peripheral groove, the flow velocity of the fluid and the drill waste flowing through
the inside of the discharge groove is quickened. As a result, due to the Venturi effect,
the pressure in the discharge groove becomes lower than the pressure around the distal
end surface of the inner bit, whereby the fluid and the drill waste around the distal end
surface are easily drawn into the discharge groove having a lower pressure and is easily
sent to the base end side of the tool through the discharge groove.

[0013]

In this manner, according to the aspect of the present invention, the fluid ejected

from the supply hole of the inner bit and the drill waste generated by excavation can be
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efficiently recovered into the discharge groove of the inner bit and can be stably
discharged toward the base end side of the tool through the discharge groove. Thereby,
it is possible to highly efficiently and stably proceed with drilling tasks and to limit the
influence on the ground around the borehole.

[0014]

In the drilling tool according to above aspect of the present invention, the distal
end blow hole may be formed in the distal end surface of the inner bit and may be open
into a distal end groove which communicates with the discharge groove; and the outer
peripheral blow hole may be open into the outer peripheral groove.

[0015]

In this case, the fluid ejected from the distal end blow hole is efficiently guided
into the discharge groove through the distal end groove together with the drill waste
around the distal end surface of the inner bit. Thereby, efficiency in recovering the fluid
and the drill waste is increased. Further, since the outer peripheral blow hole is directly
open into the outer peripheral groove, the above-described operation and effects become
more remarkable.

[0016]

In the drilling tool according to above aspect of the present invention, it is
preferable that a plurality of the distal end blow holes be open in the distal end surface of
the inner bit, and at least one of the distal end blow holes extend so as to be parallel to the
axial line or extend so as to gradually approach the axial line toward the distal end side of
the tool.

[0017]

In this case, the fluid ejected from the distal end blow hole can be prevented

from escaping toward the outer periphery side from the distal end surface of the inner bit.
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Thereby, the ground around the borehole can be efficiently prevented from becoming
loose. Further, the fluid ejected from the distal end blow hole easily spreads over the
entirety of the distal end surface of the inner bit, and thus excavation efficiency is further
increased.

Further, it becomes easy to secure a large distance along the radial direction
from a portion in which the distal end blow hole is open in the distal end surface of the
inner bit (for example, into the distal end groove) to the discharge groove of the outer
peripheral surface of the inner bit. Therefore, efficiency in recovering the drill waste is
improved.

[0018]

In the drilling tool according to above aspect of the present invention, in the
direction of the axial line, the distal end surface of the ring bit may be disposed at the
same position as the distal end surface of the inner bit or disposed so as to protrude
toward the distal end side of the tool relative to the distal end surface of the inner bit.

[0019]

In this case, since the inner bit does not protrude toward the distal end side of the
tool relative to the ring bit, infiltration of the fluid to the surroundings of the borehole is
more effectively prevented. That is, since the ring bit surrounds the entirety of the distal
end portion of the inner bit, the fluid and the drill waste are prevented from leaking to the
outside in the radial direction of the ring bit and are efficiently recovered into the
discharge groove which is located on the inside in the radial direction of the ring bit.

[0020]

In the drilling tool according to above aspect of the present invention, a plurality
of tips protruding from the distal end surface of the inner bit may be disposed on the

distal end surface of the inner bit; an outer peripheral edge portion in the distal end
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surface of the inner bit may be made as a gauge surface which gradually extends toward
the base end side in the direction of the axial line and toward the outside in the radial
direction in a longitudinal cross-sectional view of the drilling tool; the inside in the radial
direction of the gauge surface in the distal end surface of the inner bit may be made as a
face surface; and the amount of protrusion from the face surface of each of the tips
disposed on the face surface among a plurality of the tips may be larger than the amount
of protrusion from the gauge surface of each of the tips disposed on the gauge surface
among a plurality of the tips.

[0021]

In this case, a gap between the adjacent tips through which the fluid and the drill
waste flow can be easily secured in the face surface of the distal end surface of the inner
bit, and the fluid and the drill waste can be easily discharged toward the discharge groove
through the gap.

[0022]

In the drilling tool according to above aspect of the present invention, the distal
end groove may gradually extend toward the side opposite to a tool rotation direction and
toward the outside in the radial direction from the distal end blow hole.

[0023]

In this case, since the distal end groove gradually extends toward the side
opposite to the tool rotation direction and toward the outside in the radial direction from
the distal end blow hole, it becomes difficult for the flow of fhe fluid and the drill waste
flowing through the distal end groove to be inhibited by the rotation of the tool, and it
becomes easy for the fluid and the drill waste to stably flow from the distal end groove
into the discharge groove.

[0024]
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In the drilling tool according to above aspect of the present invention, the outer
peripheral groove may gradually extend toward the base end side in the direction of the
axial line and toward a rotation direction of the inner bit.

In this case, the fluid in the outer peripheral groove flows into the discharge
groove, while forming a flow toward the base end side in the direction of the axial line
from the outer peripheral blow hole to the discharge groove along with the rotation of the
inner bit. Accordingly, it becomes easier for the fluid and the drill waste in the
discharge groove to flow toward the base end side of the tool.

[0025]

In the drilling tool according to above aspect of the present invention, the face
surface may comprise: a first receding surface receding to the base end side in the
direction of the axial line; and a second receding surface receding toward the base end
side in the direction of the axial line relative to the first receding surface, and the amount
of protrusion from the first receding surface of each of the tips disposed on the first
receding surface among a plurality of the tips may be the same as the amount of
protrusion from the second receding surface of each of the tips disposed on the second
receding surface among a plurality of the tips.

In this case, since it is easy to secure a gap betweenv the tips or the like in the
first receding surface and the second receding surface, retention of the fluid and the drill
waste in the face surface is effectively limited. Thus, discharge of the fluid and the drill
waste is stably performed.

[0026]

In the drilling tool according to above aspect of the present invention, the face
surface may comprise: a first receding surface receding to the base end side in the

direction of the axial line; and a second receding surface receding toward the base end
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side in the direction of the axial line relative to the first receding surface, and in the
direction of the axial line, a position of a distal end of each of the tips disposed on the first
receding surface among a plurality of the tips may be the same as a position of a distal end

of each of the tips disposed on the second receding surface among a plurality of the tips.

In this case, the excavation efficiency of the tip in the second receding surface in

which the amount of recession is large is not reduced.

ADVANTAGEOUS EFFECTS OF INVENTION

[0027]

According to the aspect of the drilling tool iq the present invention, the fluid
ejected from the supply hole of the inner bit and the drill waste generated by excavation can
be efficiently recovered into the discharge groove of the inner bit and can be stably
discharged toward the base end side of the tool through the discharge groove. Thereby,

it is possible to highly efficiently and stably proceed with drilling tasks and to limit the

influence on the ground around the borehole.

Accordingly, in another aspect the invention resides in a drilling tool used for
excavating a ground to form a borehole, the tool comprising: a casing pipe having a
cylindrical shape; an inner bit which is inserted into the casing pipe in a direction of an axial
line thereof and of which a distal end portion in the direction of the axial line protrudes from
a distal end of the casing pipe; and a ring bit which has an annular shape, is disposed at a
distal end portion of the casing pipe so as to be rotatable around the axial line relative to the
casing pipe, surrounds the distal end portion of the inner bit, and is capable of engaging with
the inner bit around the axial line and from a distal end side of the inner bit in the direction of
the axial line, wherein the inner bit is provided with: a supply hole which passes through the
inner bit and is open at the distal end portion of the inner bit; and a discharge groove which is
formed in an outer peripheral surface of the inner bit and extends in the direction of the axial
line, the supply hole is provided with: a distal end blow hole which is open in a distal end
surface of the distal end portion of the inner bit; and an outer peripheral blow hole which is

open in an outer peripheral surface of the distal end portion of the inner bit, an outer

CA 2902972 2020-04-08
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peripheral groove through which the outer peripheral blow hole and the discharge groove
communicate with each other is formed in the outer peripheral surface of the inner bit, the
outer peripheral blow hole and the outer peripheral groove communicate with the discharge
groove in the outer peripheral surface of the inner bit without opening in the distal end
surface of the inner bit, and the outer peripheral groove is covered with the ring bit from the
outside in a radial direction and extends toward the discharge groove from the outer
peripheral blow hole so as to become gradually closer to the base end side in the direction of

the axial line around the axial line.

BRIEF DESCRIPTION OF DRAWINGS

[0028]
FIG 1 is a cross-sectional side view (a longitudinal cross-sectional view)
showing a drilling tool according to an embodiment of the present invention.
FIG 2 is a front view of the drilling tool of FIG 1 as viewed from the distal end
side of the tool.
FIG 3 is a perspective view showing a main section of an inner bit in the drilling
tool of FIG 1.

CA 2902972 2020-04-08
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FIG. 4 is a cross-sectional side view showing a modified example of the drilling

tool.
FIG. S is an enlarged view showing a modified example of the drilling tool.
FIG. 6 is a cross-sectional side view showing a conventional drilling tool.
FIG. 7 is a front view of the drilling tool of FIG. 6 as viewed from the distal end
side.

DESCRIPTION OF EMBODIMENTS

[0029]

Hereinafter, a drilling tool 1 according to an embodiment of the present
invention will be described with reference to the drawings.

The drilling tool 1 of this embodiment has a double pipe type bit and is
connected to a drilling apparatus (not shown) for excavating the ground to form a
borehole while inserting a casing pipe 2 into the borehole.

As shown in FIG. 1, the drilling tool 1 includes the casing pipe 2, an inner bit 3,
and aring bit 4. The casing pipe 2 has a cylindrical shape. The inner bit 3 is inserted
into the casing pipe 2 in a direction of an axial line O thereof, and a distal end portion in
the direction of the axial line O of the inner bit 3 protrudes from the distal end of the
casing pipe 2. The ring bit 4 has an annular shape, is disposed at a distal end portion of
the casing pipe 2 so as to be rotatable around the axial line O relative to the casing pipe 2,
surrounds the distal end portion of the inner bit 3, and is capable of engaging with the
inner bit 3 around the axial line O and from the distal end side in the direction of the axial
line O.

[0030]

Here, the casing pipe 2, the inner bit 3, and the ring bit 4 are disposed coaxially
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with each other with the axial line O as a common axial line. In this specification, the
ring bit 4 side in the direction of the axial line O (the lower side in FIG. 1) is referred to
as a distal end side, and the side opposite to the ring bit 4 in the direction of the axial line
O (the upper side in FIG. 1) is referred to as a base end side. Further, a direction
orthogonal to the axial line O is referred to as a radial direction, and a direction around
the axial line O is referred to as a circumferential direction. In addition, a direction in
which the inner bit 3 rotates relative to the casing pipe 2 during excavation, of the
circumferential direction, is referred to as a tool rotation direction T (or the front in the
tool rotation direction T), and a direction which is directed to the side opposite to the tool
rotation direction T is referred to as the rear in the tool rotation direction T.

[0031]

The casing pipe 2 has: a pipe main body 5 having a long cylindrical shape
(circular pipe shape) and being sequentially added depending on a drilling length of the
borehole; and a casing top 6 having a short cylindrical shape (annular shape) and being
coaxially mounted on a distal end of the pipe main body 5 by welding or the like.
Further, a transmission member such as an inner rod or the like (not shown), which
transmits the striking force, the impelling force, and the rotating force, is inserted on the
inside in the radial direction of the casing pipe 2 coaxially with the axial line O of the
casiﬁg pipe 2. The transmission member is also sequentially added depending on the
digging length of the borehole.  Further, the most-rear end (an end portion on the base
end side) of the transmission member is connected to the drilling apparatus which applies
a rotating force around the axial line O and an impelling force toward the distal end side
in the direction of the axial line O to the transmission member during excavation.
Further, the ring bit 4 having a short cylindrical shape is mounted on a distal end of the

casing top 6 of the distal end of the casing pipe 2. The inner bit 3 is mounted on a distal
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end of the transmission member through a hammer (not shown) which applies striking
force toward the distal end side in the direction of the axial line O, and is inserted on the
inside in the radial direction of the ring bit 4.

[0032]

In the casing top 6, both the inner diameter and the outer diameter of a base
end-side portion thereof are smaller than those of a distal end-side portion. Anend
surface which is located on the most base end side in the casing top 6 and faces the base
end side is made so as to be a tapered surface 6a which is gradually inclined toward the
base end side toward the outside in the radial direction.

The casing top 6 is mounted on the pipe main body 5 by welding a base end of
the distal end-side portion to the distal end of the pipe main body 5 to be abutted with
each other, in a state where the base end-side portion of the casing top 6 is fitted onto and
inserted through the inside in the radial direction of the most distal end portion in the
pipe main body 5.

[0033]

Further, the distal end-side portion of the casing top 6 has: an outer diameter
approximately equal to the outer diameter of the pipe main body 5; and an inner diameter
slightly larger than the inner diameter of the pipe main body 5. Further, a surface facing
the distal end side in the direction of the axial line O in a distal end portion of the casing
top 6, that is, both a distal end surface 6b of the casing top 6 and a stepped surface 6c¢
facing the distal end side in the direction of the axial line O in a stepped portion between
a distal end-side portion and a base end-side portion of the inner peripheral surface of the
casing top 6 are annular flat surfaces perpendicular to :[he axial line O. Further, a ridge
6d protruding toward the inside in the radial direction and extending in the

circumferential direction is formed at the distal end portion of the casing top 6. Thereby,
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arecessed groove 6e which is recessed to the outside in the radial direction and extends
in the circumferential direction is formed between the ridge 6d and the stepped surface 6¢
in the inner peripheral surface of the casing top 6.

[0034]

In the ring bit 4 which is mounted on the distal end side of the casing top 6, the
outer peripheral surface of a base end portion thereof has a small outer diameter so as to
be approximately fitted onto or loosely insertéd through the inner peripheral surface of
the distal end-side portion of the casing top 6. A distal end portion of the ring bit 4 has
a diameter expanded to the outside in the radial direction so as to be larger than the outer
diameter of the casing top 6 or the pipe main body 5. Specifically, a ridge 4a protruding
toward the outside in the radial direction and extending along the circumferential
direction is formed at the base end portion of the ring bit 4. The ridge 4a engages with
the recessed groove 6e of the casing top 6, whereby the ring bit 4 is made so as to be
rotatable in the circumferential direction while being prevented from slipping out toward
the distal end side of the casing top 6. |

[0035]

Further, the inner peripheral surface of the ring bit 4 is formed so as to have a
smaller inner diameter than the inner peripheral surface of the base end-side portion of
the casing top 6. A tapered surface 4c¢ which is gradually inclined toward the distal end
side and toward the inside in the radial direction is formed on the end surface (a base end
surface 4b) of the ring bit 4 facing the base end side. Therefore, in this embodiment, the
outer peripheral surface (the ridge 4a) of the base end portion of the ring bit 4 is fitted
onto and inserted through the inner peripheral surface (the recessed groove 6¢) of the
distal end-side portion of the casing top 6 of the distal end of the casing pipe 2, so that

the outer peripheral surface faces the inner peripheral surface in the radial direction.
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The distal end surface 6b facing the distal end side in the direction of the axial line O of
the distal end portion of the casing top 6 and a stepped surface 4d facing the base end
side in the diameter-expanded distal end portion of the ring bit 4 are mounted so as to
face each other in the direction of the axial line O, and the base end surface 4b of the ring
bit 4 and the stepped surface 6¢ of the casing top 6 are mounted to face each other in the
direction of the axial line O.

[0036]

Further, the distal end surface of the ring bit 4 includes a flat annular surface
perpendicular to the axial line O, and two tapered surfaces which are respectively
connected to the radially inner side and the radially outer side of the annular surface and
are inclined to the base end side as they go toward the inside and the outside in the radial
direction. A plurality of tips 7 made of a hard material such as cemented carbide are
disposed on each of the annular surface and the tapered surfaces on the inside and the
outside in the radial direction.

Further, on the inner peripheral surface of the ring bit 4, a plurality of recessed
grooves 4e extending parallel to the axial line O are formed at intervals in the
circumferential direction so as not to interfere with the tips 7 implanted in the tapered
surface on the inside in the radial direction in the distal end of the ring bit 4.  Arear
portion of each of the recessed grooves 4e in the tool rotation direction T at the time of
excavation, penetrates the ring bit 4 from the tapered surface on the inside of the distal
end thereof in the radial direction to the tapered surface 4c, as in the recessed groove 4e
shown on the right side of FIG. 1, while a front portion of the recessed grooves 4¢ in the
tool rotation direction T is not open in the tapered surface 4¢ by a wall portion 4f shown
on the left side of FIG. 1 which is formed at the base end side thereof like the recessed

groove 4e.
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[0037]

The inner bit 3 has a multi-stage columnar shape which is expanded in diameter
in two stages and then reduced in diameter in a stepwise fashion toward the base end side
from the distal end. The inner bit 3 has: the outer diameter of a first stage portion on the
distal end side of the inner bit 3 so as to be capable of being loosely inserted through the
inside in the radial direction of the ring bit 4; the outer diameter of a second stage portion
so as to be capable of being loosely inserted through the inside in the radial direction of
the base end-side portion of the casing top 6; and the outer diameter of a largest third
stage portion so as to be capable of being loosely inserted through the inside in the radial
direction of the pipe main body 5.

[0038]

Further, each of an outer peripheral edge portion of the distal end surface of the
first stage portion of the inner bit 3 (that is, an outer peripheral edge portion of the distal
end surface of the inner bit 3), a stepped portion between the first stage and the second
stage, and a stepped portion between the second stage and the third stage is made so as to
be a tapered surface conically spreading toward the base end side and toward the outside
in the radial direction. A tapered surface 3a between the first stage and the second stage
and a tapered surface 3b between the second stage and the third stage have a taper angle
equal to the taper angles of the tapered surface 4c¢ of the ring bit 4 and the tapered surface
6a of the casing top 6.  As shown in FIG. 1, the ring bit 4 is disposed in such a manner
that the position of the distal end surface of the ring bit 4 is the same as the position of
the distal end surface of the inner bit 3 in the direction of the axial line O, in a state where
the tapered surfaces 3a and 3b come into contact with the tapered surfaces 4¢ and 6a.

Specifically, in this embodiment, in FIGS. 1 and 5, the position of the annular

surface which is the most distal portion of the distal end surface of the ring bit 4 is the
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same as the position of an outer peripheral edge of a face surface 10 (described later)
which is a portion (the most distal portion) located on the most distal end side of the
distal end surface of the inner bit 3 (in other words, in FIG. 1, an annular surface which is
located between a first receding surface 11 of the face surface 10 and a gauge surface 9),
in the direction of the axial line O.

[0039]

At the outer periphery pf the first stage portion of the inner bit 3, a plurality of
ridges 3¢ protruding further toward the outside in the radial direction relative to the outer
diameter of the outer periphery capable of being loosely inserted through the inside in the
radial direétion of the ring bit 4, as described above, are formed to extend in the direction
of the axial line O and at intervals in the circumferential direction. The number of
ridges 3c is the same as the number of recessed grooves 4e, and each of the ridge 3¢ is
provided to extend from the outer peripheral edge portion of the distal end surface of the
inner bit 3 to a front portion of (a portion slightly separated toward the distal end side
from) the tapered surface 3a in the direction of the axial line O.

[0040]

The ridges 3¢ are capable of being loosely inserted from the base end side into
penetration portions of the recessed grooves 4e penetrating to the tapered surface 4c, as
shown in the right side of FIG. 1. By loosely inserting the ridges 3c into the recessed
grooves 4e in this manner and bringing the tapered surfaces 4c and 6a into contact with
the tapered surfaces 3a and 3b as described above, the ridges 3c are capable of being
accommodated with a distance therebetween in the recessed grooves 4e further toward
the distal end sides of the recessed grooves 4e relative to the wall portion 4f, as shown in
the left side of FIG. 1.

Therefore, the inner bit 3 inserted through the inside in the radial direction of the
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ring bit 4 with the ridges 3¢ accommodated in the recessed grooves 4e is capable of
engaging with the ring bit 4 from the base end side in the direction of the axial line O by
bringing the tapered surface 3a into contact with the tapered surface 4c (be capable of
being engaged so as to be prevented from slipping out toward the distal end side). In
addition to this, by the contact of each of the ridges 3¢ with either of side walls facing in
the circumferential direction of each of the recessed grooves 4e at the time of rotation
around the axial line O, the inner bit 3 is capable of engaging with the ring bit 4 around
the axial line O and being rotated integrally with the ring bit 4.

[0041]

On the distal end surface of the inner bit 3, a plurality of tips 8 protruding from
the distal end surface are disposed (implanted). The outer peripheral edge portion in the
distal end surface of the inner bit 3 is the gauge surface 9 extending toward the outside in
the radial direction so as to become gradually closer to the base end side, as seen in a
longitudinal cross-sectional view of the drilling tool 1 shown in FIG. 1.  Further, as
shown in FIGS. 1 and 2, a site on the inside in the radial direction of the gauge surface 9
(a site other than the gauge surface 9, of the distal end surface) in the distal end surface of

the inner bit 3 is the face surface 10. The face surface 10 is receded in a stepwise

-fashion toward the inside in the radial direction from the gauge surface 9. Specifically,

the face surface 10 of the inner bit 3 has: the first receding surface 11 adjacent to the
inside in the radial direction of the gauge surface 9 and receding toward the base end side
by one step; and a second receding surface 12 located on the inside in the radial direction
of the first receding surface 11, receding further toward the base end side relative to the
first reéeding surface 11 by one step, and including the axial line O (a central portion in
the radial direction).

In the example shown in FIG. 1, the amount of recession at which the second
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receding surface 12 recedes to the base end side relative to the first receding surface 11 is
set to be larger than the amount of recession at which the first receding surface 11
recedes to the base end side relative to the outer peripheral edge which is located on the
most distal end side of the face surface 10.

[0042]

In this embodiment, the tip 8 is a rounded button tip formed such that a distal
end portion thereof has a hemispherical shape and a site except for the distal end portion
has a columnar shape. Further, among a plurality of the tips 8, tips 8A disposed on the
gauge surface 9 and tips 8B disposed on the face surface 10 have the same shape as each
other.

In a plurality of the tips 8, the amount of protrusion H2 from the face surface 10,
of each of the tips 8B disposed on the face surface 10, provided to protrude on the distal
end surface of the inner bit 3, is set to be larger than the amount of protrusion H1 from
the gauge surface 9, of each of the tips 8A disposed on the gauge surface 9.

In the example shown in FIG. 1, a distal end of the tip 8B is disposed toward the
distal end side relative to the position of a distal end of the tip 8A in the direction of the
axial line O.

In FIG. 3, on the face surface 10, a plurality of tip support portions each having
an annular shape to support the outer peripheral surface of each of the tips 8B are
provided. The tip support portions are provided to protrude from the face surface 10 so
as to follow the outer peripheral surfaces of the respective tips 8B.

[0043]

Further, as shown in FIG. 1, in the first receding surface 11 and the second
receding surface 12 provided in the face surface 10, the amount of protrusion H2 at

which each of the tips 8B of the first receding surface 11 protrudes toward the distal end
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side from the first receding surface 11 is the same as the amount of protrusion H2 at
which each of the tips 8B of the second receding surface 12 protrudes toward the distal
end side from the secon|d receding surface 12.

Therefore, the distal end of the tip 8B disposed on the first receding surface 11
of the face surface 10 is disposed further toward the distal end side relative to the
position in the distal end of the tip 8B disposed on the second receding surface 12 in the
direction of the axial line O.

[0044]

Further, in FIG. 2, a plurality of the tips 8B disposed on the first receding surface
11 are arranged iﬁ a substantially circular-arc shape so as to follow the circumferential
direction, and a plurality of such rows are formed at intervals in the radial direction.
Specifically, the tips 8B which form rows in the circumferential direction are arranged in
the circumferential direction while making the positions in the radial direction slightly
different from each other. A distal end groove 18 (described later) is disposed at the
rear in the tool rotation direction T of the rows.

[0045]

In FIG. 1, the inner bit 3 has: a supply hole 13 which passes through the inner bit
3 and is open at the distal end portion of the inner bit 3; and a discharge groove 14 which
is formed in the outer peripheral surface of the inner bit 3 and extends in the direction of
the axial line O.

Further, the supply hole 13 has: a distal end blow hole 15 which is open in the
distal end surface in the distal end portion of the inner bit 3; an outer peripheral blow
hole 16 which is open in the outer peripheral surface in the distal end portion of the inner
bit 3; and a communication hole 17 which communicates with the base end sides of the

distal end blow hole 15 and the outer peripheral blow hole 16, thereby making a fluid
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flow toward the holes 15 and 16.

[0046]

Specifically, the diameter-reduced portion further toward the base end side
relative to the third stage in the inner bit 3 is made so as to be a mounting portion on the
hammer. The communication hole 17 which receives a fluid such as compressed air
(air) supplied from the hammer is formed from the base end of inner bit 3 toward the
distal end side in the axial line O inside the inner bit 3. The communication hole 17 is
branched into a plurality of the outer peripheral blow holes 16 extending to the distal end
side as they go toward the outside in the radial direction, at the distal end portion of the
inner bit 3. The distal end blow hole 15 is branched toward the distal end surface of the
inner bit 3 from an intermediate site which is located between both end portions of each
of the outer peripheral blow holes 16.

In the supply hole 13, the inner diameter is reduced in the order of the
communication hole 17, the outer peripheral blow hole 16, and the distal end blow hole
15.

[0047]

In a front view shown in FIG. 2, a plurality of the outer peripheral blow holes 16
are branched from the communication hole 17 so as to form a radial shape with the axial
line O as the center.

In FIGS. 1 and 2, a plurality of the distal end blow holes 1 5> are open in the distal
end surface of the inner bit 3, and at least one of the distal end blow holes 15 is a distal
end blow hole 15A extending so as to be parallel to the axial line O. In this
embodiment, the distal end blow holes 15A are half or more of a plurality of the distal
end blow holes 15 formed in the distal end portion of the inner bit 3, and specifically, two

out of four distal end blow holes 15 are the distal end blow holes 15A. Further, a distal
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end blow hole 15B which is a distal end blow hole other than the distal end blow hole

15A is included in the distal end blow holes 15, the distal end blow hole 15B extending
toward the rear in the tool rotation direction T so as to become gradually closer to the
distal end side. In addition, the distal end blow hole 15B extends toward the distal end
side so as to be gradually slightly separated from the axial line.

[0048] |

Further, in the outer periphery of the inner bit 3, a plurality of the discharge
grooves 14 configured to discharge drill waste extending parallel to the axial line O are
formed over an area from the distal end of the inner bit 3 to the third stage having the
maximum outer diameter. The discharge grooves 14 are disposed so as not to interfere
with the ridges 3¢ in the circumferential direction. The discharge grooves 14 are
covered with the casing pipe 2 and the ring bit 4 from the outside in the radial direction.
The end portions on the distal end side of the discharge grooves 14 are open in the distal
end surface of the inner bit 3.  Further, a discharge passage 20 through which the fluid
and the drill waste flow toward the base end side between the transmission member and
the casing pipe 2 is formed on the base end side of the discharge groove 14.

[0049]

Then, in FIGS. 2 and 3, an outer peripheral groove 19 through which the outer
peripheral blow hole 16 and the discharge groove 14 communicate with each other is
formed in the outer peripheral surface of the inner bit 3.

Further, the distal end blow hole 15 is open into the distal end groove 18 which
is formed in the distal end surface of the inner bit 3 and communicates with the discharge
groove 14.  The outer peripheral blow hole 16 is open into the outer peripheral groove
19 which is formed in the outer peripheral surface of the inner bit 3 and communicates

with the discharge groove 14.
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[0050]

In this embodiment, the distal end blow hole 15 is open in the second receding
surface 12 of the face surface 10, and the distal end groove 18 extends from the second
receding surface 12 to the discharge groove 14.  Specifically, in the front view shown in
FIG. 2, the distal end groove 18 extends toward the outside in the radial direction from
the distal end blow hole 15 so as to become gradually closer the rear in the tool rotation
direction T. Then, the distal end blow hole 15 is open at the end portion on the inside in
the radial direction in the distal end groove 18, and the end portion on the outside in the
radial direction is connected to the discharge groove 14. Further, in the illustrated
example, the groove width of the distal end groove 18 is made to be larger than the inner
diameter of the distal end blow hole 15. The cross-sectional shape along a groove width
direction of the distal end groove 18 is a substantially semicircular arc shape.

[0051]

In the longitudinal cross-sectional view shown in FIG. 1, a groove depth of the
distal end groove 18 in the direction of the axial line O gradually increases toward the
discharge groove 14 from the distal end blow hole 15. A connection portion to the
discharge groove 14 in a groove bottom of the distal end groove 18 is cutoutin a
chamfered shape. Further, in the front view shown in FIG. 2, the groove width of the
distal end groove 18 is made to be substantially constant from the distal end blow hole 15
to the connection portion, and in the connection portion, the groove width is made so as
to gradually increase toward the discharge groove 14 on the outside in the radial
direction.

[0052]

As shown in FIG. 1, the outer peripheral groove 19 is covered with the ring bit 4

from the outside in the radial direction. Further, as shown in FIG. 3, the outer peripheral
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groove 19 extends toward the discharge groove 14 from the outer peripheral blow hole
16 so as to become gradually closer to the base end side toward the front in the
circumferential direction. In this embodiment, the outer peripheral groove 19 extends to
be inclined toward the tool rotation direction T so as to become gradually closer to the
base end side. The outer peripheral blow hole 16 is open at the end portion of the outer
peripheral groove 19 in the rear in the tool rotation direction T, and the end portion of the
outer peripheral groove 19 in the front in the tool rotation direction T is connected to the
discharge groove 14. Further, in the illustrated example, the groove width of the outer
peripheral groove 19 is made to be smaller than the inner diameter of the outer peripheral
blow hole 16.  The cross-sectional shape along a groove width direction of the outer
peripheral groove 19 is a substantially semicircular arc shape.

[0053]

In the drilling tool 1 of this embodiment described above, an impelling force and
striking force toward the distal end side in the direction of the axial line O and a rotating
force around the axial line O are applied to the inner bit 3.  Thereby, the inner bit 3 and
the ring bit 4 engaging therewith excavates the ground to form a borehole, while the
casing pipe 2 is inserted (drawn) into the borehole. Further, along with the excavation,
a fluid (an ejection medium) such as air is ejected onto the distal end surface of the inner
bit 3 through the supply hole 13, while the fluid and the drill waste (a slime) generated by
the excavation are discharged toward the base end side of the tool through the discharge
groove 14.

[0054]

According to the drilling tool 1 of this embodiment, the outer peripheral blow
hole 16 of the supply hole 13 communicates with the discharge groove 14 through the

outer peripheral groove 19 formed in the outer peripheral surface of the inner bit 3.  The
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outer peripheral groove 19 is covered with the ring bit 4 from the outside in the radial
direction and extends toward the discharge groove 14 from thé outer peripheral blow hole
16 so as to become gradually closer to the base end side in the direction of the axial line
O around the axial line O. Therefore, the following operation and effects are exhibited.

[0055]

That is, the fluid in the outer peripheral groove 19 flows into the discharge
groove 14, while forming a flow toward the base end side in the direction of the axial line
O from the outer peripheral blow hole 16 to the discharge groove 14. Therefore, it
becomes easier for the fluid and the drill waste in the discharge groove 14 to flow toward
the base end side of the tool.

Further, since the outer peripheral groove 19 is covered with the ring bit 4 from
the outside thereof in the radial direction, the fluid ejected from the outer peripheral blow
hole 16 into the outer peripheral groove 19 is efficiently sent toward the discharge groove
14 while being prevented from infiltrating into the ground. Therefore, the recovery
efficiency of the fluid and the drill waste flowing through the discharge groove 14 is
improved.

[0056]

In addition, since the outer peripheral gioove 19 is covered with the ring bit 4,
infiltration of the drill waste into the outer peripheral groove 19 is limited, and thus the
outer peripheral groove 19 is prevented from being clogged with the drill waste. In
addition to this, a flow path in the outer peripheral groove 19 is stably secured, and thus
the flow velocity of the fluid flowing through the outer peripheral groove 19 is stably
maintained. Thereby, also in the discharge groove 14 into which the fluid flows from
the outer peripheral groove 19, the flow velocity of the fluid and the drill waste flowing

through the inside of the discharged groove is quickened. As a result, due to the Venturi
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effect, the pressure in the discharge groove 14 becomes lower than the pressure in the
distal end groove 18 (including the surroundings thereof) which is open in the distal end
surface of the inner bit 3, whereby the fluid and the drill waste in the distal end groove 18
are easily drawn into the discharge groove 14 having a lower pressure and is easily sent
to the discharge passage 20 on the base end side of the tool through the discharge groove
14.

[0057]

In this manner, according to this embodiment, the fluid ejected from the supply
hole 13 of the inner bit 3 and the drill waste generated by excavation can be efficiently
recovered into the discharge groove 14 of the inner bit 3 and can be stably discharged
toward the base end side of the tool through the discharge groove 14. Thereby, it is
possible to highly efficiently and stably proceed with drilling tasks and to limit the
influence on the ground around the borehole.

[0058]

Further, the distal end blow hole 15 is open into the distal end groove 18 which
is formed in the distal end surface of the inner bit 3 and communicates with the discharge
groove 14. The outer peripheral blow hole 16 is open into the outer peripheral groove
19 which is formed in the outer peripheral surface of the inner bit 3 and communicates
with the discharge groove 14. Therefore, the following effects are exhibited.

That is, the fluid ejected from the distal end blow hole 15 is efficiently guided
into the discharge groove 14 through the distal end groove 18 together with the drill
waste around the distal end surface of the inner bit 3.  Thereby, efficiency in recovering
the fluid and the drill waste is increased. Further, since the outer peripheral blow hole
16 is directly open into the outer peripheral groove 19, the above-described operation and

effects become more remarkable.
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[0059]

Further, since at least one of a plurality of the distal end blow holes 15 which are
open in the distal end surface of the inner bit 3 is the distal end blow hole 15A extending
so as to be parallel to the axial line O, the fluid ejected from the distal end blow hole 15A
can be prevented from escaping toward the outer periphery side from the distal end
surface of the inner bit 3. Thereby, the ground around the borehole can be efficiently
prevented from becoming loose. Further, the fluid ejected from the distal end blow hole
15A easily spreads over the entirety of the distal end surface of the inner bit 3, and thus
excavation efficiency is further increased.

Further, it becomes easy to secure a large distance along the radial direction
from a portion in which the distal end blow hole 15A is open in the distal end surface of
the inner bit 3 (in this embodiment, into th¢ distal end groove 18) to the discharge groove
14 of the outer peripheral surface of the inner bit 3. Therefore, efficiency in recovering
the drill waste through the distal end groove 18 is improved.

In addition, in this embodiment, since the distal end blow holes 15A are half or
more of all the distal end blow holes 15, it becomes easy for the above-described effects
to be more remarkably obtained.

[0060]

Further, the ring bit 4 is disposed in such a manner that the position of the distal
end surface thereof is the same as the position of the distal end surface of the inner bit 3
in the direction of the axial line O. Specifically, in this embodiment, the position of the
annular surface which is the most distal portion in the distal end surface of the ring bit 4
is the same as the position of the outer peripheral edge of the face surface 10 which is the
most distal portion in the distal end surface of the inner bit 3 in the direction of the axial

line O. That s, since the inner bit 3 does not protrude toward the distal end side of the
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tool relative to the ring bit 4, infiltration of the fluid to the surroundings of the borehole is
more effectively prevented. That is, since the ring bit 4 surrounds the entirety of the
distal end portion of the inner bit 3, the fluid and the drill waste are prevented from
leaking to the outside in the radial direction of the ring bit 4 and are efficiently recovered
into the discharge groove 14 which is located on the inside in the radial direction of the
ring bit 4.

[0061]

Further, among a plurality of the tips 8 provided to protrude on the distal end
surface of the inner bit 3, the amount of protrusion H2 from the face surface 10 of each of
the tips 8B disposed on the face surface 10, is larger than the amount of protrusion H1
from the gauge surface 9 of each of the tips 8A disposed on the gauge surface 9.
Therefore, a gap between the adjacent tips 8B through which the fluid and the drill waste
flow is easily secured in the face surface 10, and the fluid and the drill waste can be
easily discharged toward the distal end groove 18 and the discharge groove 14 through
the gap.

In this embodiment, the tip support portion having an annular shape is provided
to protrude on the face surface 10 to support the outer peripheral surface of each of the
tips 8B.  Thereby, it is possible to secure the amount of protrusion H2 while the
mounting posture of the tip 8B with respect to the face surface 10 is stabilized and
mounting strength is also increased. Further, it is possible to use, as the tips 8A and 8B,
the same member while securing the amount of protrusion H2 of the tip 8B of the face
surface 10 in this manner. Therefore, it is possible to reduce the number of types of
parts.

[0062]

In this embodiment, the first receding surface 11 and the second receding
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surface 12 which recedes in a stepwise fashion toward the central portion (in the vicinity
of the axial line O) in the radial direction from the outer peripheral edge of the face
surface 10 are formed, and it is easy to secure a gap between the tips 8B or the like in the
first recedingsurface 11 and the second receding surface 12.  Therefore, retention of the
fluid and the drill waste in the face surface 10 is effectively limited. Thus, discharge of
the fluid and the drill waste is stably performed. In particular, the amount of recession
of the second receding surface 12 which is located at the central portion in the radial
direction of the face surface 10 is secured in a large amount, whereby it becomes easy for
the above-described effects to be more rerriarkably obtained.

{0063]

Unlike in this embodiment, the position of the distal end of each of the tips 8B
disposed on the first receding surface 11 may be substantially the same as the position in
the distal end of each of the tips 8B disposed on the second receding surface 12 in the
direction of the axial line O. In this case, it becomes possible to obtain the
above-described effects without reducing the excavation efficiency of the tip 8B in the
second receding surface 12 in which the amount of recession is larger.

[0064]

A plurality of the tips 8B in the face surface 10 are arranged so as to follow the
circumferential direction, and a plurality of such rows are provided at intervals in the
radial direction. Therefore, it becomes easy to create the flow of the fluid and the drill
waste, for example, as shown by an arrow F in FIG. 2, and the fluid and the drill waste
are easily guided into the distal end groove 18 along the array of the tips 8B. Thus,
discharge efficiency is increased.

[0065]

The distal end groove 18 extends toward the outside in the radial direction from
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the distal end blow hole 15 so as to become gradually closer to the side opposite to the
tool rotation direction T (the rear in the tool rotation direction T). Therefore, the
following effects are exhibited.

That is, since the distal end groove 18 extends toward the outside in the radial
direction from the distal end blow hole 15 so as to become gradually closer to the rear in

the tool rotation direction T, it becomes difficult for the flow of the fluid and the drill

~ waste flowing through the distal end groove 18 to be inhibited by the rotation of the tool.

Therefore, it becomes easy for the fluid and the drill waste to stably flow from the distal
end groove 18 into the discharge groove 14.

[0066]

Here, the present invention is not limited to the embodiment described above,
and it is possible to add various changes to the embodiment within a scope which does
not depart from the gist of the present invention.

[0067]

For example, in the embodiment described above, in FIG. 1, the ring bit 4 is
disposed in such a manner that the position of the distal end surface thereof is the same as
the position of the distal end surface of the inner bit 3 in the direction of the axial line O.
However, there is no limitation thereto.

Here, FIG 4 shows a modified example of the drilling tool 1 described in the

above-described embodiment. In this modified example, the ring bit is disposed in such

a manner that the distal end surface of the ring bit 4 protrudes relative to the distal end

surface of the inner bit 3 toward the distal end side in the direction of the axial line O.
Specifically, the position of the annular surface which is the most distal portion of the
distal end surface of the ring bit 4 protrudes toward the distal end side of the tool relative

to the outer peripheral edge of the face surface 10 which is the most distal portion of the
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distal end surface of the inner bit 3 in the direction of the axial line O. Also in this
modified example, similarly to the embodiment described above, the ring bit 4 surrounds
the entirety of the distal end portion of the inner bit 3. Therefore, infiltration of the fluid
to the surroundings of the borehole is limited and the fluid and the drill waste are
efficiently recovered into the discharge groove 14 which is located on the inside in the
radial direction of the ring bit 4.

Here, the expression “in the direction of the axial line O, the distal end surface
of the ring bit 4 is disposed at the same position as the distal end surface of the inner bit 3
or disposed so as to protrude toward the distal end side of the tool relative to the distal
end surface of the inner bit 3” as referred to in this specification represents that there is in
a state where the ring bit 4 substantially surrounds the distal end portion of the inner bit 3
so as to obtain the above-described effects, and does not necessarily refer to only the
relative positional relationship between the most distal portion in the distal end surface of
the inner bit 3 and the most distal portion in the distal end surface of the ring bit 4.

Further, the term “distal end surface” is a concept that also includes, for example,
a ridgeline portion at which two surfaces intersect each other. That is, in the
above-described embodiment, the annular surface perpendicular to the axial line O, and
the two tapered surfaces on the inside and the outside in the radial direction of the
annular surface are formed on the distal end surface of the ring bit 4. However, in a
case where the annular surface is not formed and a ridgeline portion at which two tapered
surfaces intersect each other is formed, the ring bit 4 is disposed in such a manner that
the position of the ridgeline portion in the distal end surface of the ring bit 4 is the same
as or protrudes toward the distal end side relative to the distal end surface of the inner bit
3 in the direction of the axial line O.

[0068]
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In the embodiment described above, in the face surface 10 of the inner bit 3, the
distal end of each of the tip 8B disposed on the first receding surface 11 is disposed
further toward the distal end side relative to the position in the distal end of the tip 8B
disposed on the second receding surface 12 in the direction of the axial line O.

However, there is no limitation thereto.  As described above, the positions of the distal
ends of the tips 8B of the first and second receding surfaces 11 and 12 may be set to be
the same as each other, and alternatively, the distal end of the tip 8B disposed on the first
receding surface 11 may be receded further toward the base end side relative to the distal
end of the tip 8B disposed on the second receding surface 12.

Further, the first and second receding surfaces 11 and 12 are formed in the face
surface 10. However, either or both of the first and second receding surfaces 11 and 12
may not be formed. That is, in the above-described embodiment, the face surface 10
has been described as receding in a stepwise fashion toward the inside in the radial
direction from the gauge surface 9. However, there is no limitation thereto. For
example, the face surface 10 may recede by only one step, or the entirety of the face
surface 10 may be a flat and smooth surface without being receded.

More specifically, as shown in a modified example of FIG. 5, the first and
second receding surfaces 11 and 12 may not be formed in the face surface 10, the face
surface 10 may be a flat and smooth surface, and a tip 8C (8) composed of a
ballistic-shaped (cannonball-shaped) button tip may be implanted in the face surface 10,
thereby securing the amount of protrusion H2. That is, in the tip 8C, the length of a
distal end portion thereof (the length in a direction of a central axial line of the tips) is
longer than the tips 8A and 8B described above. Therefore, it is easy to secure the
amount of protrusion H2 at which the tip 8C protrudes from the face surface 10.

Further, according to this configuration, it is possible to stabilize the mounting posture of



10

15

20

25

CA 02902972 2015-08-28

34

the tip 8C without providing a tip support portion on the face surface 10, and mounting
strength is also secured, and the manufacturing of the face surface 10 is easy.

[0069]

The communication hole 17 of the supply hole 13 is branched into a plurality of
the outer peripheral blow holes 16 at the distal end portion of the inner bit 3, and each of
the outer peripheral blow holes 16 is branched into the distal end blow holes 15.
However, there is no limitation thereto. That is, it is enough if the supply hole 13 has
the distal end blow hole 15 which is open in the distal end surface of the inner bit 3 and
the outer peripheral blow hole 16 which is open in the outer peripheral surface of the
inner bit 3, and for example, the distal end blow hole 15 may be directly branched from
the communication hole 17.

[0070]

The distal end blow hole 15A extends so as to be parallel to the axial line O.
However, there is no limitation thereto. That is, the distal end blow hole 15A may
extend so as to gradually approach the axial line O toward the distal end side. Also in
this case, the fluid ejected from the distal end blow hole 15A can be prevented from
escaping toward the outer periphery side from the distal end surface of the inner bit 3.
Thereby, the ground around the borehole can be effectively prevented from becoming
loose. Further, it becomes easy for the fluid to spread over the entirety of the distal end
surface of the inner bit 3, and thus excavation efficiency is increased. Further, it
becomes easy to secure a large distance in the radial direction between a portion in which
the distal end blow hole 15A is open in the distal end surface of the inner bit 3 (into the
distal end groove 18) and the discharge groove 14 on the outer peripheral surface of the
inner bit 3. Therefore, efficiency in recovering the drill waste through the distal end

groove 18 is improved.
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In the above—dg:scribed embodiment, half or more of a plurality of the distal end
blow holes 15 has been described as being the distal end blow holes 15A. However, if
at least one the distal end blow hole 15A is provided, the above-described effects are
exhibited. However, as in the above-described embodiment, in a case where the distal
end blow holes 15A are provided half or more of the total, since the effects become more
remarkable, it is preferable. In addition, it is more preferable that all the distal end blow
holes 15 are made as the distal end blow holes 15A.

[0071]

Further, the outer peripheral groove 19 extends toward the discharge groove 14
from the outer peripheral blow hole 16 to be gradually inclined toward the base end side
and toward the tool rotation direction T (to the front in the tool rotation direction T).
However, there is not limitation thereto. That is, the outer peripheral groove 19 may
extend toward the discharge groove 14 from the outer peripheral blow hole 16 so as to be
gradually inclined toward the base end side and toward the rear in the tool rotation
direction T. That is, in FIG. 3, the outer peripheral groove 19 is located at the rear in the
tool rotation direction T relative to the discharge groove 14. However, instead of this,
the outer peripheral groove 19 may be disposed at the front in the tool rotation direction
T relative to the discharge groove 14 and communicate with the discharge groove 14.
Alternatively, the outer peripheral grooves 19 communicating with the discharge groove
14 may be respectively formed on both sides (the front and the rear in the tool rotation
direction T) with the discharge groove 14 interposed therebetween.

[0072]

In addition, the respective configurations (constituent elements) described in the
above-described embodiment, the modified examples, the proviso, and the like may be

combined within a scope which does not depart from the gist of the present invention,
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and additions, omissions, substitution, and other changes in the configuration are possible.
Further, the present invention is not limited by the above-described embodiment and is

limited by only the appended claims.

5 INDUSTRIAL APPLICABILITY

[0073]

According to the present invention, the fluid ejected from the supply hole of the
inner bit and the drill waste generated by excavation can be efficiently recovered into the
discharge groove of the inner bit and can be stably discharged toward the base end side of

10 the tool through the discharge groove. Thereby, it is possible to highly efficiently and
stably proceed with drilling tasks and to limit the influence on the ground around the
borehole.

Therefore, the present invention has industrial applicability.

15 REFERENCE SIGNS LIST
[0074]
1: drilling tool
2: casing pipe
3: inner bit
20 4: ring bit
8: tip on distal end surface of inner bit
8A: tip on gauge surface
8B, 8C: tip on face surface
9: gauge surface

25 10: face surface
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13: supply hole

14: discharge groove

15: distal end blow hole

15A: distal end blow hole

16: outer peripheral blow hole

18: distal end gréove

19: outer peripheral groove

H1: amount of protrusion of tip from gauge surface
H2: amount of protrusion of tip from face surface
O: axial line

T: tool rotation direction
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We claim:

1. A drilling tool used for excavating a ground to form a borehole, the tool
comprising: -

a casing pipe having a cylindrical shape;

an inner bit which is inserted into the casing pipe in a direction of an axial line
thereof and of which a distal end portion in the direction of the axial line protrudes
from a distal end of the casing pipe; and

a ring bit which has an annular shape, is disposed at a distal end portion of the
casing pipe so as to be rotatable around the axial lih_e relative to the casing pipe,
surrounds the distal end portion of the inner bit, and is capable of engaging with the
inner bit around the axial line and from a distal end side of the inner bit in the direction
of the axial line,

wherein the inner bit is provided with:

a supply hole which passes through the inner bit and is open at the distal

end portion of the inner bit; and |

a discharge groove which is formed in an outer peripheral surface of the inner
bit and extends in the direction of the axial line,

the supply hole is provided with:

a distal end blow hole which is open in a distal end surface of the distal end
portion of the inner bit; and

an outer peripheral blow hole which is open in an outer peripheral surface of the
distal end portion of the inner bit,

an outer beripheral groove through which the outer peripheral blow hole and the
discharge groove communicate with each other is formed in the outer peripheral surface
of the inner bit,

the outer peripheral blow hole and the outer peripheral groove communicate
with the discharge groove in the outer peripheral surface of the inner bit without
opening in the distal end surface of the inner bit, and

the outer peripheral groove is covered with the ring bit from the outside in a

radial direction and extends toward the discharge groove from the outer peripheral blow

CA 2902972 2020-04-08
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hole so as to become gradually closer to the base end side in the direction of the axial

line around the axial line.

2. The drilling tool according to Claim 1, wherein
the distal end blow hole is formed in the distal end surface of the inner bit and is
open into a distal end groove which communicates with the discharge groove; and

the outer peripheral blow hole is open into the outer peripheral groove.

3. The drilling tool according to Claim 1 or 2, wherein

a plurality of the distal end blow holes are open in the distal end surface of the
inner bit, and at least one of the distal end blow holes extends so as to be parallel to the
axial line or extends so as to gradually approach the axial line toward the distal end side of

the tool.

4. The drilling tool according to any one of Claims 1 to 3, wherein in the
direction of the axial line, the distal end surface of the ring bit is disposed
at the same position as the distal end surface of the inner bit or disposed so as to protrude

toward the distal end side of the tool relative to the distal end surface of the inner bit.

5. The drilling tool according to any one of Claims 1 to 4, wherein a

plurality of tips protruding from the distal end surface of the inner bit are

disposed on the distal end surface of the inner bit;

an outer peripheral edge portion in the distal end surface of the inner bit is

made as a gauge surface which gradually extends toward the base end side in the

CA 2902972 2020-04-08
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direction of the axial line and toward the outside in the radial direction in a longitudinal

cross-sectional view of the drilling tool;
the inside in the radial direction of the gauge surface in the distal end surface of the inner
bit is made as a face surface; and

the amount of protrusion from the face surface of each of the tips disposed on the
face surface among a plurality of the tips is larger than the amount of protrusion from the

gauge surface of each of the tips disposed on the gauge surface among a plurality of

the tips.

6. The drilling tool according to any one of Claims 2 to 5, wherein the
distal end groove gradually extends toward the side opposite to a tool rotation

direction and toward the outside in the radial direction from the distal end blow

15 hole.

7. The drilling tool according to any one of Claims 1 to 6, wherein the
outer peripheral groove gradually extends toward the base end side in the

direction of the axial line and toward a rotation direction of the inner bit.

8. The drilling tool according to any one of Claims 5 to 7, wherein
the face surface comprises: a first receding surface receding to the base end
side in the direction of the axial line; and a second receding surface receding toward the

base end side in the direction of the axial line relative to the first receding surface, and

the amount of protrusion from the first receding surface of each of the tip

CA 2902972 2020-04-08
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disposed on the first receding surface among a plurality of the tips is the same as the

amount of protrusion from the second receding surface of each of the tips disposed on the

second receding surface among a plur'ality of the tips.

9. The drilling tool according to any one of Claims 5 to 7, wherein

the face surface comprises: a first receding surface receding to the base end side
in the direction of the axial line; and a second receding surface receding toward the base
end side in the direction of the éxial line relative to the first receding surface, and

in the direction of the axial line, a position of a distal end of each of the tips
disposed on the first receding surface among a plurality of the tips is the same as a
position of a distal end of each of the tips disposed on the second receding surface among

a plurality of the tips.

CA 2902972 2020-04-08
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