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ABSTRACT

In an excavation tool of the present invention, an embedding hole 8 is drilled in a distal end
portion of a tool body 1 which is rotated about an axis line O and is moved forward to a distal
end side in a direction of the axis line O. In the embedding hole 8, an excavation tip 5A in which
an embedding portion 6 having an outer cylindrical shape is formed integrally with a cutting
edge portion 7 inserts the embedding portion 6 into the embedding hole 8 and causes the
cutting edge portion 7 to protrude from the embedding hole 8. In this manner, the excavation tip
5A is rotatable around a central axis C of the embedding portion 6 during excavation, and is
attached thereto by being locked so as not to slip toward a distal end side of the embedding
portion 6 in a direction of the central axis C.

Fig. 2
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EXCAVATION TOOL

TECHNICAL FIELD

[0001]  The present invention relates to an excavation tool in which an embedding hole is
drilled in a distal end portion of a tool body which is rotated about an axis line and is moved
forward to a distal end side in a direction of the axis line, and in which an excavation tip made
of a hard material is embedded in the embedding hole so that a cutting edge portion of the
distal end thereof protrudes therefrom.

[0002] Priority is claimed on Japanese Patent Application No. 2011-262526, filed
November 30, 2011 and Japanese Patent Application No. 2012-251357, filed November 15,
2012, the contents of which are incorporated herein by reference.

BACKGROUND ART

[0003] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[0004] For example, as disclosed in PTLs 1 and 2, a known excavation tool includes those
which form an excavation pit in the ground or in rock in the following manner. A steel tool
body, to a distal end of which multiple excavation tips made of sintered alloys such as
ultra-hard metal alloys are attached, is attached to a distal end portion of an excavation rod or
is attached via a device to the distal end portion of the excavation rod. The excavation tool
uses a rotating force about an axis line of the tool body, which is transmitted from an excavator
via the excavation rod, a thrust force toward the distal end side in a direction of the axis line,
and a striking force toward the distal end side in the direction of the axis line, which is
transmitted from a down-the-hole hammer via the device in addition to the rotating force and
the thrust force.

[0005] Incidentally, the excavation tool in the related art has a configuration as follows. In
an embedding hole drilled in the distal end portion of the tool body, an excavation tip made of
the sintered alloys is configured so that a cylindrical embedding portion is formed integrally
with a spherical, conical or bullet-shaped cutting edge portion disposed in a distal end side of
the embedding portion. The excavation tip protrudes the cutting edge portion from the
embedding hole. The embedding portion is firmly fixed in the embedding hole by interference
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fit such as shrink fitting. In this manner, the embedding portion is embedded in and attached
to the embedding hole.

[0006] Then, in this excavation tool used in excavating the ground or the rock, the cutting
edge portion of the excavation tip which is protruded from the embedding hole in this way is
used in excavating by being brought into contact with the ground or the rock and by being
caused to penetrate the ground or the rock. Correspondingly, wear and abrasion of the
cutting edge portion progressively occur. In the worn cutting edge portion, the radius of
curvature increases on the curved surface thereof. Therefore, the sharpness of the cutting
edge is impaired, thereby the excavation efficiency decreases. Furthermore, if the wear of the
excavation tip progressively occurs until the diameter of the excavation pit becomes an
acceptable diameter or smaller, the tool life of the excavation tool is finished.

[0007] However, the wear and the abrasion of the cutting edge portion of the excavation tip
are not uniform. For example, among the multiple excavation tips embedded in the distal end
portion of the tool body, especially in the excavation tip embedded in a gauge portion of an
outer peripheral side of the distal end portion, the wear and the abrasion become significant on
a surface facing the outer peripheral side. Since asymmetrical wear occurs, an excavation
performance is likely to be impaired, thereby causing decreased excavation efficiency. This
wear of the excavation tip in the gauge portion is relevant to a decrease in the diameter of the
excavation pit, and thereby seriously affects tool life.

[0008] Then, this uneven wear of the cutting edge portion of the excavation tip is more
significant under conditions where the cutting edge portion is seriously worn due to the hard
ground or rock. As a result, the tool life is shortened and the cost for excavation increases.
In addition, it also takes money and time to regrind the cutting edge portion of the excavation
tip in order to recover the excavation performance. Furthermore, if the tool life of the
excavation tool is finished before the excavation pit is excavated to reach a desired depth, it
takes time, effort and money to replace the tool body. In addition, if the wear and the abrasion
of the cutting edge portion progressively occur and yet the excavation is continued while the
excavation performance remains impaired, the wear or damage may occur in the tool body,

and an overload is imposed on the excavator.
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CITATION LIST
Patent Literature

[0009] [PTL 1] Japanese Unexamined Patent Application, First Publication No.
2010-180551

[0010] [PTL 2] Japanese Unexamined Patent Application, First Publication No.
2011-042991

SUMMARY OF INVENTION

[0011] Itis an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.

[0012] An object of the present invention, in a least one preferred form is to provide an
excavation tool which can maintain excavation performance and excavation efficiency of an
excavation tip over a longer period, can improve tool life and can reduce excavation cost per

unit depth of an excavation pit.

[0013] In one aspect, the present invention provides an excavation tool comprising:

a tool body centered on an axis line; and

an excavation tip which is attached to an embedding hole drilled in a distal end
portion of the tool body,

wherein the tool body is centered on the axis line and is moved forward to a distal
end side in a direction of the axis line,

the excavation tip is configured so that an embedding portion having an outer
cylindrical shape about a central axis is formed integrally with a cutting edge portion of a distal
end side in a direction of the central axis,

the embedding portion is inserted into the embedding hole and the cutting edge
portion is protruded from the embedding hole,

at least one excavation tip serves as a rotary excavation tip which is rotatable about
the central axis of the embedding portion during excavation, and the rotary excavation tip is
attached in the embedding hole so as not to slip out of the embedding hole, and

between an outer peripheral surface of the embedding portion of the rotary
excavation tip and an inner peripheral surface of the embedding hole to which the rotary
excavation tip is attached, a first surface has an annular concave groove going around the

central axis and a second surface has a convex portion accommodated in the concave groove
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so that the rotary excavation tip can rotate in the embedding hole about the central axis of the
embedding portion; and
the convex portion is formed integrally with the second surface.

[0014] In one aspect, the present invention provides an excavation tool comprising:

a tool body centered on an axis line; and

an excavation tip which is attached to an embedding hole drilled in a distal end
portion of the tool body,

wherein the tool body is centered on the axis line and is moved forward to a distal
end side in a direction of the axis line,

the excavation tip is configured so that an embedding portion having an outer
cylindrical shape about a central axis is formed integrally with a cutting edge portion of a distal
end side in a direction of the central axis,

the embedding portion is inserted into the embedding hole and the cutting edge
portion is protruded from the embedding hole,

at least one excavation tip serves as a rotary excavation tip which is rotatable about
the central axis of the embedding portion during excavation, and the rotary excavation tip is
attached in the embedding hole so as not to slip out of the embedding hole,

wherein a concave groove going around the central axis is formed on an outer
peripheral surface of the embedding portion of the rotary excavation tip,

on an inner peripheral surface of the embedding hole to which the rotary excavation
tip is attached, a concave portion going around the central axis or a pothole opening portion
extending in a tangential direction of the concave groove is formed at a position opposing the
concave groove in the direction of the central axis, and

a locking member is accommodated in both of the concave groove and the concave
portion or the pothole opening portion.

[0015]  Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“‘including, but not limited to”.

[0016] An aspect of an excavation tool of the present invention includes any one of the
following configurations.

(1) An excavation tool includes a tool body centered on an axis line; and an
excavation tip which is attached to an embedding hole bored drilled in a distal end portion of
the tool body. The tool body is centered on the axis line and is moved forward to a distal end



2016204850 26 Oct 2017

-5-

side in a direction of the axis line. The excavation tip is configured so that an embedding
portion having an outer cylindrical shape about a central axis is formed integrally with a cutting
edge portion of a distal end side in a direction of the central axis. The embedding portion is
inserted into the embedding hole and the cutting edge portion is protruded from the embedding
hole. At least one excavation tip serves as a rotary excavation tip which is rotatable about the
central axis of the embedding portion during excavation, is locked so as not to slip toward the
distal end side in the direction of the central axis and is attached to the embedding portion.

(2) Inthe above-described (1), a plurality of the excavation tips is attached to the
tool body. Out of the excavation tips, some of the excavation tips serve as the rotary
excavation tip and the remaining excavation tip is fixed and attached to the tool body.

(3) In the above-described (1) or (2), a plurality of the excavation tips are attached to
the tool body. Out of the excavation tips, at least one excavation tip attached to an outer
peripheral portion of a distal end surface of the tool body serves as the rotary excavation tip
and the remaining excavation tip is fixed and attached to the tool body.

(4) In any one of the above-described (1) to (3), between an outer peripheral
surface of the embedding portion of the rotary excavation tip and an inner peripheral surface of
the embedding hole to which the rotary excavation tip is attached, a first surface has a concave
groove going around the central axis and a second surface has a convex portion
accommodated in the concave groove.

(5) Inthe above-described (4), one of the concave groove and the convex portion
is formed by an intermediate member which is attached and fixed to either the outer peripheral
surface of the embedding portion or the inner peripheral surface of the embedding hole on
which one of the concave groove and the convex portion is disposed.

(6) In any one of the above-described (1) to (3), a concave groove going around
the central axis is formed on an outer peripheral surface of the embedding portion of the rotary
excavation tip. On an inner peripheral surface of the embedding hole to which the rotary
excavation tip is attached, a concave portion going around the central axis or a pothole
opening portion extending in a tangential direction of the concave groove is formed at a
position opposing the concave groove in the direction of the central axis. A locking member is
accommodated in both of the concave groove and the concave portion or the pothole opening
portion.

(7) Inany one of the above-described (1) to (6), the embedding portion of the rotary
excavation tip is attached to the embedding hole by interference fit in which a interference of an
outer diameter d (mm) of the embedding portion is 0.5xd/1000 (mm) to 1.5xd/1000 (mm).

(8) Inany one of the above-described (1) to (7), a surface-hardened layer is formed
on at least a surface of the rotary excavation tip.
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(9) Inany one of the above-described (1) to (8), a surface-hardened layer is formed
in the vicinity of the embedding hole to which at least the rotary excavation tip of the tool body
is attached.

(10) In any one of the above-described (1) to (9), a lubricant is interposed between
the outer peripheral surface of the embedding portion of the rotary excavation tip and the inner
peripheral surface of the embedding hole to which the rotary excavation tip is attached.

[0017] Inthe excavation tool configured as described above, the rotary excavation tip is
rotatable about the central axis of the embedding portion having the outer cylindrical shape
which is inserted into the embedding hole of the tool body during excavation. Accordingly,
corresponding to the rotation of the tool body during the excavation, the rotary excavation tip is
driven to rotate around the central axis by receiving contact resistance from the ground or the
rock. Therefore, the cutting edge portion of the rotary excavation tip is also uniformly worn in
a circumferential direction around the central axis. A shape of the cutting edge portion can be
maintained without the cutting edge being partially and asymmetrically worn. Thus, it is
possible to reduce significant degradation in excavation performance or excavation efficiency
by preventing the radius of curvature of a curved surface configuring the cutting edge portion

from increasing in size.

[0018] In contrast, the rotary excavation tip is locked so as not to slip toward the distal end
side in the direction of the central axis. Accordingly, there is no possibility that the excavation
tip may fall outinadvertently. For example, a state where the rotary excavation tip is locked so
as not to slip may include a state where the rotary excavation tip does not fall out from the
embedding hole due to the self-weight when the tool body is held by causing the distal end
portion of the tool body to face downward.

[0019] Here, when a plurality of the excavation tips is attached to the tool body, all of the
excavation tips may be the rotary excavation tips which are to be rotated around the central
axis during the excavation in this manner. In addition, out of a plurality of the excavation tips,
some of the excavation tips may serve as the rotary excavation tip and the remaining
excavation tip may be fixed and attached to the tool body. It is possible to extend tool life,
since the excavation performance or the excavation efficiency is maintained by the rotary

excavation tip.

[0020] In particular, when a plurality of the excavation tips is attached to the tool body in this
manner, if out of the excavation tips, at least one excavation tip attached to the outer peripheral
portion of the distal end surface of the tool body serves as the rotary excavation tip, even
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though the remaining excavation tip is fixed and attached to the tool body, at least one rotary
excavation tip in the outer peripheral portion of the distal end surface, that is, in the gauge
portion, maintains the excavation performance or the excavation efficiency. This can
effectively reduce a decrease in the diameter of the excavation pit and can reliably improve tool
life.

[0021] In addition, when the rotary excavation tip is attached to the embedding hole so as to
be rotatable around the central axis during the excavation and to be locked against the distal
end side in the direction of the central axis, first of all, between the outer peripheral surface of
the embedding portion of the excavation tip and the inner peripheral surface of the embedding
hole to which the excavation tip is attached, it is preferable to dispose the concave groove
going around the central axis in a first surface and to dispose the convex portion

accommodated in the concave groove in a second surface.

[0022] Here, when the concave groove and the convex portion are directly formed on the
outer peripheral surface of the embedding portion of the rotary excavation tip and the inner
peripheral surface of the embedding hole of the tool body, by utilizing a difference in the
Young’s modulus between the rotary excavation tip and the tool body, it is preferable to
increase the diameter of the embedding hole by elastically deforming the tool body and to
press-fit the embedding portion of the rotary excavation tip. Alternatively, by utilizing a
difference in thermal expansion coefficient between the rotary excavation tip and the tool body,
the embedding portion of the rotary excavation tip may be inserted into the embedding hole
after heating the tool body and causing the embedding hole to be thermally expanded.

[0023] In addition, without directly forming the concave groove and the convex portion on
the outer peripheral surface of the embedding portion of the rotary excavation tip and the inner
peripheral surface of the embedding hole of the tool body in this manner, one of the concave
groove and the convex portion may be formed to have the intermediate member which is
attached and fixed to the outer peripheral surface of the embedding portion or the inner
peripheral surface of the embedding hole in which one of the concave groove and the convex
portion is disposed. In this case, it is also preferable to fix the intermediate member to the
outer peripheral surface of the embedding portion or the inner peripheral surface of the
embedding hole in which one of the concave groove and the convex portion which is formed in
the intermediate member is disposed, by press fitting, shrink fitting using a difference in the
thermal expansion coefficient, or interference fit such as the cool fitting described above.
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[0024] Second of all, without accommodating the convex portion in the concave groove in
this manner, the concave groove going around the central axis is formed on the outer
peripheral surface of the embedding portion of the rotary excavation tip. On the inner
peripheral surface of the embedding hole to which the rotary excavation tip is attached, the
concave portion going around the central axis or the pothole opening portion extending in the
tangential direction of the concave groove is formed at the position opposing the concave
groove in the direction of the central axis. In this manner, the locking member may be
accommodated in both of the concave groove and the concave portion or the pothole opening
portion.

[0025] Here, when the concave portion going around the central axis the same as that of the
concave groove is formed on the inner peripheral surface of the embedding hole, it is
preferable to decrease the diameter of a C-type ring serving as the locking member, to
accommodate the C-type ring in the concave groove of the outer peripheral surface of the
embedding portion for example, and to insert the C-type ring into the embedding hole. Then,
after the position of the concave groove coincides with the position of the concave portion, it is
preferable to increase the diameter of the C-type ring by using elastic deformation and to
accommodate the C-type ring in both of the concave groove and the concave portion.
Alternatively, multiple spherical members serving as the locking member may be inserted from
the outside into an annular hole which is formed by the concave groove coinciding with the
concave portion, and the C-type ring may be accommodated in both of the concave groove
and the concave portion. In addition, when the pothole opening portion extending in the
tangential direction of the concave groove is formed on the inner peripheral surface of the
embedding hole, a pin serving as the locking member may be inserted into the pothole and the
pin may be accommodated in both of the concave groove.

[0026] Furthermore, the embedding portion of the rotary excavation tip may be attached to
the embedding hole by the interference fit in which the interference with respect to the outer
diameter d (mm) of the embedding portion is in the range of 0.5xd/1000 (mm) to 1.5xd/1000
(mm). If the interference fit is performed in this range of the interference, the rotary
excavation tip is not rotatable during non-excavation. However, the rotary excavation tip can
be driven to be rotatable against the friction with the embedding hole by using the contact
resistance occurring from the ground or the rock which is caused by the rotation of the tool
body during the excavation. In addition, it is possible to lock the rotary excavation tip so as not
to fall out of the embedding hole.
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[0027] The surface hardened layer may be formed on at least the surface of the rotary
excavation tip. For example, coating treatment such as DLC, PVD, CVD and the like is
performed on the surface of the embedding portion of the rotary excavation tip so as to form
the surface hardened layer. In this manner, it is possible to improve strength of the
embedding portion and to improve rotating and sliding performance of the embedding portion
inside the embedding hole. In addition, the surface hardened layer is formed on the surface of
the cutting edge potion of the rotary excavation tip by using the above-described coating
treatment or the surface hardened layer formed of a polycrystalline diamond is formed on the
surface of the cutting edge portion. In this manner, it is possible to further extend the tool life
by improving the wear resistance of the cutting edge portion. The above-described surface
hardened layer may be formed on the surface of the excavation tip which is fixed to the tool
body.

[0028] In addition, the above-described surface hardened layer may be formed in the
vicinity of the embedding hole to which at least the rotary excavation tip of the tool body is
attached. In this manner, it is possible to prevent the wear of the embedding hole caused by
the rotation of the rotary excavation tip during the excavation. In particular, it is advantageous
when the concave groove or the convex portion is directly formed on the inner peripheral
surface of the embedding hole of the tool body. The surface hardened layer in the vicinity of
the embedding hole as described above may be formed by high-frequency hardening,
carburizing, laser hardening, nitriding treatment or the like, for example, in addition to the
above-described coating treatment such as DLC, PVD, CVD and the like.

[0029] Furthermore, a lubricant may be interposed between the outer peripheral surface of
the embedding portion of the rotary excavation tip and the inner peripheral surface of the
embedding hole to which the rotary excavation tip is attached. The interposed lubricant
enables the rotary excavation tip to be smoothly rotated. Thus, it is possible to further reduce
the wear of the embedding portion and the embedding hole.

[0030] Furthermore, the buffer material may be interposed between the rear end surface of
the embedding portion of the rotary excavation tip and the hole bottom surface of the
embedding hole to which the rotary excavation tip is attached. For example, the buffer
material having lower rigidity than that of the rotary excavation tip or the tool body, such as a
copper plate, is interposed therebetween. In this manner, it is possible to prevent damage to
the tool body by preventing a load generated during the excavation from being directly applied
to the tool body from the rotary excavation tip.
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[0031] In addition, the rear end surface of the embedding portion of the rotary excavation tip
may include a convex and conical surface-shaped potion centered around the central axis, and
the hole bottom surface of the embedding hole to which the rotary excavation tip is attached
may include a concave and conical surface-shaped portion which opposes the convex and
conical surface-shaped potion. The concave and conical surface-shaped portion and convex
and conical surface-shaped potion are brought into sliding contact with each other or are
caused to oppose each other via the buffer material. In this manner, the rotary excavation tip
can be reliably rotated around the central axis during the excavation. The concave and
conical surface-shaped portion and convex and conical surface-shaped potion, or the buffer
material as described above may be included in the embedding portion or in the embedding
hole which is fixed to the tool body.

EFFECTS OF THE INVENTION

[0032] Asdescribed above, according to the present invention, in the excavation tip which is
attached so as to be rotatable around the central axis of the embedding portion during the
excavation, and is locked so as not to slip toward the distal end side in the direction of the
central axis, it is possible to achieve uniform wear of the cutting edge portion without causing
the excavation tip to fall therefrom. Even under conditions where the cutting edge portion is
seriously worn due to the hard ground or rock, it is not necessary to regrind the cutting edge
portion by preventing the uneven wear such as the asymmetrical wear. Therefore, it is
possible to improve tool life and reduce the excavation cost per unit depth of the excavation pit
by maintaining the excavation performance and excavation efficiency of an excavation tip over

a longer period.

BRIEF DESCRIPTION OF DRAWINGS

[0033] FIG. 1is a perspective view of first to fourth embodiments of the present invention.

[0034] FIG. 2As afront view illustrating the first embodiment of the present invention, when

viewed from a distal end side in a direction of an axis line.

[0035] FIG. 2B is a cross-sectional view illustrating the first embodiment of the present
invention, which is taken along line ZOZ in FIG. 2A.

[0036] FIG. 3Ais a front view illustrating the second embodiment of the present invention,
when viewed from the distal end side in the direction of the axis line.



2016204850 26 Oct 2017

-11 -

[0037] FIG. 3B is a cross-sectional view illustrating the second embodiment of the present
invention, which is taken along line ZOZ in FIG. 3A.

[0038] FIG. 4Ais a front view illustrating the third embodiment of the present invention,
when viewed from the distal end side in the direction of the axis line.

[0039] FIG. 4B is a cross-sectional view illustrating the third embodiment of the present
invention, which is taken along line ZOZ in FIG. 4A.

[0040] FIG. 5Ais a front view illustrating the fourth embodiment of the present invention,

when viewed from the distal end side in the direction of the axis line.

[0041] FIG. 5B is a cross-sectional view illustrating the fourth embodiment of the present
invention, which is taken along line ZOZ in FIG. 5A.

[0042] FIG. 6Ais a cross-sectional view taken along a central axis, which illustrates a first
example of a rotary excavation tip and an embedding hole according to the embodiments
illustrated in FIGS. 1 to 5B.

[0043] FIG. 6B is a cross-sectional view taken along the central axis, which illustrates a
second example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0044] FIG. 6C is a cross-sectional view taken along the central axis, which illustrates a
third example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0045] FIG. 7Ais a cross-sectional view taken along the central axis, which illustrates a
fourth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0046] FIG. 7B is a cross-sectional view taken along the central axis, which illustrates a fifth
example of the rotary excavation tip and the embedding hole according to the embodiments
illustrated in FIGS. 1 to 5B.
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[0047] FIG. 8Ais a cross-sectional view taken along the central axis, which illustrates a
sixth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0048] FIG. 8B is a cross-sectional view taken along the central axis, which illustrates a
seventh example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0049] FIG. 9Ais a cross-sectional view taken along the central axis, which illustrates an
eighth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0050] FIG. 9B is a cross-sectional view taken along line ZZ in FIG. 9A, which illustrates the
rotary excavation tip and the embedding hole according to the embodiments illustrated in
FIGS. 1 to 5B.

[0051] FIG. 9C is a cross-sectional view taken along the central axis, which illustrates a
ninth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0052] FIG. 9D is a cross-sectional view taken along line ZZ in FIG. 9C, which illustrates the
rotary excavation tip and the embedding hole according to the embodiments illustrated in
FIGS. 1 to 5B.

[0053] FIG. 9E is a cross-sectional view taken along the central axis, which illustrates a
tenth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0054] FIG. 9F is a cross-sectional view taken along line ZZ in FIG. 9E, which illustrates the
rotary excavation tip and the embedding hole according to the embodiments illustrated in
FIGS. 1 to 5B.

[0055] FIG. 10Ais a cross-sectional view taken along the central axis, which illustrates an
eleventh example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.
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[0056] FIG. 10B is a cross-sectional view taken along the central axis, which illustrates a
twelfth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0057] FIG. 11Ais a cross-sectional view taken along the central axis, which illustrates a
thirteenth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0058] FIG. 11B is a cross-sectional view taken along the central axis, which illustrates a
fourteenth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0059] FIG. 12Ais a cross-sectional view taken along the central axis, which illustrates a
fifteenth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

[0060] FIG. 12B is a cross-sectional view taken along the central axis, which illustrates a
sixteenth example of the rotary excavation tip and the embedding hole according to the
embodiments illustrated in FIGS. 1 to 5B.

DESCRIPTION OF EMBODIMENTS

[0061] FIGS. 1 to 5B respectively illustrate first to fourth embodiments of the present
invention. In these embodiments, a tool body 1 is formed of steel. As illustrated in FIG. 1, a
distal end thereof (left side portion in FIG. 1, lower side portion in each B view of FIGS. 2A to
5B) has a large diameter. An outer diameter thereof is gradually decreased as the tool body 1
faces arear end side (right side portion in FIG. 1, upper side portion in each B view of FIGS. 2A
to 5B). The tool body 1 has a substantially multi-stage cylindrical shape centered on an axis
line O.

[0062] Arear end portion of the tool body 1 serves as a shank portion 2. The shank portion
2 is attached to a down-the-hole hammer (not illustrated). In this manner, the tool body 1
receives a striking force to a distal end side in a direction of the axis line O from the
down-the-hole hammer. In addition, an excavator is connected to the rear end of the
down-the-hole hammer via an excavation rod (not illustrated). The tool body 1 receives a
rotating force around the axis line O and a thrust force to the distal end side in the direction of
the axis line O from the excavator.
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[0063] A distal end portion 3 of the tool body 1 is configured so that an inner peripheral
portion 3A of a distal end surface thereof has a circular surface which is perpendicular to the
axis line O and is centered on the axis line O, and an outer peripheral portion 3B of the distal
end surface serves as a tapered surface-shaped gauge portion which is tilted toward the rear
end side as the tool body 1 faces an outer peripheral side. In addition, an outer peripheral
surface of the distal end portion 3 connected to the rear end side of the outer peripheral portion
3B of the distal end surface thereof forms a tapered surface which is slightly tilted toward an
inner peripheral side as the tool body 1 faces the rear end side. Thereafter, the outer
peripheral surface forms a concavely curved shape, protrudes to the outer peripheral side and
then is connected to the shank portion 2 via a step.

[0064] In order to discharge sludge repeatedly generated during excavation, multiple (eight
in the present embodiment) outer peripheral discharge grooves 4A extending in parallel with
the axis line O are formed at equal circumferential intervals, on the outer peripheral surface of
the distal end portion 3 thereof. These outer peripheral discharge grooves 4A are configured
so that a cross section orthogonal to the axis line O forms the concavely curved shape such as
a concave arc. The radius from the axis line O to a groove bottom thereof is slightly larger
than the radius of a circle formed by the inner peripheral portion 3A of the distal end surface.

[0065] Out of eight outer peripheral discharge grooves 4A, from a distal end of two outer
peripheral discharge grooves 4A (vertically positioned outer peripheral discharge grooves in
each A view of FIGS. 2A to 5B) positioned to be opposite to each other across the axis line O,
distal end discharge grooves 4B are formed which extend to the inner peripheral portion 3A of
the distal end surface toward the inner peripheral side to reach an approximately radius
position of the circle formed by the inner peripheral portion 3A of the distal end surface. In
addition, a blow hole 1A for compressed air is formed from the rear end to the distal end side
along the axis line O in the tool body 1. The blow hole 1A is divided into two in the distal end

portion 3 and is opened on an inner peripheral end of the distal end discharge groove 4B.

[0066] An excavation tip 5 is embedded in the inner peripheral portion 3A of the distal end
surface and the outer peripheral portion 3B of the distal end surface of the distal end portion 3
of the tool body 1. The excavation tip 5 is formed of sintered alloys such as ultra-hard metal
alloys which are harder than the tool body 1. As illustrated in FIGS. 6A to 12B, an embedding
portion 6 of the rear end side (lower side in FIGS. 6A to 8B, 9A, 9C, 9E and 10A to 12B) which
forms a substantially cylindrical shape centered on a central axis C is molded integrally with a
cutting edge portion 7 of the distal end side (upper side in FIGS. 6A to 8B, 9A, 9C, 9E and 10A
to 12B).
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[0067] Inthe excavation tip 5illustrated in FIGS. 6A to 12B, the cutting edge portion 7 forms
a hemispherical shape which has a center on the central axis C and a radius slightly larger than
the radius of the distal end of the embedding portion 6. However, the cutting edge portion 7
may form a conical shape whose distal end is rounded into a spherical shape and which is
centered on the central axis C, or may form a bullet shape centered on the central axis C.

[0068] The above-described excavation tip 5 is embedded in such a manner that the
embedding portion 6 is inserted into and embedded in an embedding hole 8 which is formed in
the tool body 1 and is recessed in a substantially cylindrical shape. The excavation tip 5 is
attached thereto so as to protrude the cutting edge portion 7. Then, in the first to fourth
embodiments, the plurality of excavation tips 5 is attached to the distal end portion of the tool
body 1. Out of the excavation tips, at least some of the excavation tips 5 illustrated by shading
in FIGS. 2A to 5B are rotatable around the central axis C during the excavation, are locked so
as not to slip toward the distal end side in the direction of the central axis C, and serve as a
rotary excavation tip 5A attached to the embedding hole 8.

[0069] In any one of the first to fourth embodiments, the plurality of excavation tips 5 are
respectively attached to the inner peripheral portion 3Aof the distal end surface and the outer
peripheral portion 3B of the distal end surface of the distal end portion 3 of the tool body 1.
Out of the excavation tips 5, total of eight excavation tips (respectively one by one) are
attached to the outer peripheral portion 3B of the distal end surface so that the respective
excavation tips 5, one by one, have substantially equal intervals in a circumferential direction
between the outer peripheral discharge grooves 4A which are adjacent to each other in the

circumferential direction.

[0070] The excavation tip 5 embedded in the outer peripheral portion 3B of the distal end
surface is embedded so that the central axis C extends toward the outer peripheral side as it
faces the distal end side of the tool body 1 and is approximately perpendicular to the outer
peripheral portion 3B of the distal end surface thereof. The maximum outer diameter from the
axis line O of the cutting edge portion 7 of the excavation tip 5 embedded in the outer
peripheral portion 3B of the distal end surface when viewed from the distal end side in the
direction of the axis line O (diameter of the circle centered on the axis line O and circumscribing
the cutting edge portion of the excavation tip 5 embedded in the outer peripheral portion 3B of
the distal end surface when viewed from the distal end in the direction of the axis line O) is
slightly larger than the maximum outer diameter of the distal end portion 3 of the tool body 1
(diameter of an intersection ridgeline between the outer peripheral portion 3B of the distal end
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surface and the outer peripheral surface of the distal end portion 3 which is connected to the
rear end side thereof).

[0071] In addition, four excavation tips 5 are attached to the outer peripheral side inside the
inner peripheral portion 3A of the distal end surface. The excavation tips 5 of the outer
peripheral side inside the inner peripheral portion 3A of the distal end surface are attached so
as to inscribe the circle formed by the inner peripheral portion 3A of the distal end surface when
viewed from the distal end in the direction of the axis line O. In addition, the excavation tips 5
are attached at equal circumferential intervals so as to be positioned inside the outer peripheral
discharge grooves 4A adjacent to both sides in the circumferential direction of two outer
peripheral discharge grooves 4A which communicate with the distal end discharge grooves
4B, out of the outer peripheral discharge grooves 4A.

[0072]  Furthermore, a plurality of (four) excavation tips 5 is also attached to the further inner
peripheral side than the excavation tips 5 of the outer peripheral side of the inner peripheral
portion 3A of the distal end surface. The excavation tips 5 of the inner peripheral side are
attached so as to avoid the distal end discharge grooves 4B and the blow hole 1A, and are
attached by being radially displaced so that mutual rotary orbits thereof around the axis line O
occupy substantially the entire region of the circle formed by the inner peripheral portion 3A of
the distal end surface excluding the extremely close region to the axis line O together with the
excavation tips 5 of the outer peripheral side of the inner peripheral portion 3A of the distal end
surface. The excavation tips 5 attached to the inner peripheral portion 3A of the distal end
surface are configured so that the central axes C thereof are parallel with the axis line O, and
protruding amounts of the cutting edge portions 7 in the direction of axis line O are uniform.

[0073] In the first embodiment illustrated in FIGS. 2A and 2B, out of the first to fourth
embodiments, all of the excavation tips 5 attached to the inner peripheral portion 3A of the
distal end surface and the outer peripheral portion 3B of the distal end surface of the distal end
portion 3 serve as a rotary excavation tip 5A. In addition, in the second embodiment
illustrated in FIGS. 3A and 3B, the excavation tips 5 attached to the outer peripheral portion 3A
and the excavation tips 5 of the outer peripheral side out of the excavation tips 5 attached to
the inner peripheral portion 3A of the distal end surface serve as the rotary excavation tip 5A.

[0074]  Furthermore, in the third embodiment illustrated in FIGS. 4A and 4B, all of the

excavation tips 5 attached to the outer peripheral portion 3B of the distal end surface serve as
the rotary excavation tip 5A. In the fourth embodiment illustrated in FIGS. 5A and 5B, every
other excavation tip 5 in the circumferential direction, that is, only four excavation tips 5 in total
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out of the excavation tips 5 attached to the outer peripheral portion 3B of the distal end surface,
serve as the rotary excavation tip 5A. In the second to fourth embodiments, the excavation
tips 5 other than the rotary excavation tip 5A are not allowed to be rotated around the central
axis C even during the excavation, are in a non-rotating state, are locked so as not to slip
toward the distal end side in the direction of the central axis C, and are firmly fixed to the tool
body 1.

[0075] Here, in order to fix the excavation tips 5 other than the rotary excavation tip 5A to
the tool body 1 without allowing the rotation around the central axis C in this manner, a
relatively large interference is set between the outer diameter of the embedding portion 6 of the
excavation tip 5 and the inner diameter of the embedding hole 8 of the tool body 1. Then, the
embedding portion 6 is press-fitted to the embedding hole 8, or the embedding portion 6 is
inserted into and shrink-fitted to the embedding hole 8 whose diameter is increased by heating
the tool body 1. In this manner, the excavation tip 5 may be fixed to the tool body 1 by

interference fit.

[0076] In contrast, first to sixteenth examples of attachment means when attaching the
rotary excavation tip 5A to the embedding hole 8 by allowing the rotation around the central
axis C during the excavation and locking the rotary excavation tip 5A so as not to slip toward
the distal end side in the direction of the central axis C as described above will be described
with reference to FIGS. 6A to 12B. Among the drawings, FIGS. 6A to 6C and 10A to 12B
illustrate a case where the rotary excavation tip 5A is directly attached to the embedding hole
8. In addition, FIGS. 7A to 8B illustrate a case where the rotary excavation tip 5A is attached
to the embedding hole 8 via an intermediate member. Furthermore, FIGS. 9A to 9F illustrate
a case where the rotary excavation tip 5A is attached to the embedding hole 8 by using a

locking member.

[0077] In the first example illustrated in FIG. 6A, the rear end portion of the embedding
portion 6 of the rotary excavation tip 5A has a cylindrical shape whose radius is slightly larger
than that of the distal end portion of the embedding portion 6 by one stage. The rear end
portion of the embedding portion 6 forms a convex portion 6A protruding to the outer peripheral
side of the distal end portion in the radial direction with respect to the central axis C. In
addition, the embedding hole 8 of the tool body 1 is configured so that the inner diameter of the
distal end portion of the opening portion side thereof is slightly larger than the outer diameter of
the distal end portion of the embedding portion 6 and is slightly smaller than the outer diameter
of the convex portion 6A of the rear end portion of the embedding portion 6.
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[0078] In contrast, the inner diameter of the rear end portion of the hole bottom side of the
embedding hole 8 is larger than that of the distal end portion of the embedding hole 8 by one
stage and is slightly larger than the outer diameter of the convex portion 6A of the rear end
portion of the embedding portion 6. The rear end portion of the embedding hole 8 is formed
so as to go around the central axis C and serves as a concave groove 8A for accommodating
the convex portion 6A. The length of the convex portion 6A in the direction of the central axis
C is slightly shorter than the length of the concave groove 8A in the direction of the central axis
C.

[0079] In addition, in the second example illustrated in FIG. 6B, an annular convex portion
6B which slightly protrudes to the outer peripheral side in the radial direction with respect to the
central axis C and goes around the central axis C is formed substantially in the center in the
direction of the central axis C of the embedding portion 6 of the rotary excavation tip 5A. A
cross section along the central axis C of the convex portion 6B has a convexly curved shape
such as a convex arc, for example. In contrast, in the embedding hole 8 of the tool body 1, a
concave groove 8B whose cross section has a concavely curved shape such as a concave arc
and which can accommodate the convex portion 6B is also formed at a position corresponding
to the convex portion 6B in the direction of the central axis C so as to go around the central axis
C.

[0080] The outer diameter of the convex portion 6B is larger than the inner diameter of the
embedding hole 8 excluding the concave groove 8B, and is slightly smaller than the inner
diameter of the concave groove 8B. In addition, the radius of the convexly curved line such as
the convex arc formed by the cross section of the convex portion 6B is slightly smaller than the
radius of the concavely curved line such as the concave arc formed by the cross section of the
concave groove 8B. Furthermore, the outer diameter of the embedding portion 6 in a portion
excluding the convex portion 6B is slightly smaller than the inner diameter of the embedding
hole 8 in a portion excluding the concave groove 8B.

[0081] In contrast, in the third example illustrated in FIG. 6C, contrary to the second
example illustrated in FIG. 6B, an annular concave groove 6C which is slightly recessed on the
inner peripheral side in the radial direction with respect to the central axis C and goes around
the central axis C is formed substantially in the center in the direction of the central axis C of
the embedding portion 6 of the rotary excavation tip 5A. A cross section along the central axis
C of the concave groove 6C has a concavely curved shape such as a concave arc, for
example. In contrast, in the embedding hole 8 of the tool body 1, a convex portion 8C whose
cross section has a convexly curved shape such as a convex arc and which can be
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accommodated in the concave groove 6C is formed at a position corresponding to the concave
groove 6C in the direction of the central axis C so as to go around the central axis C. The
inner diameter of the convex portion 8C is larger than the outer diameter of the concave groove
6C and is smaller than the outer diameter of the embedding portion 6 in the portion excluding
the concave groove 6C.

[0082] In the first to third examples, the outer diameter of the portion excluding the convex
portions 6A and 6B and the concave groove 6C within the embedding portion 6 of the rotary
excavation tip 5A is slightly smaller than the inner diameter of the portion excluding the
concave grooves 8A and 8B and the convex portion 8C within the embedding hole 8. The
outer peripheral surface of the embedding portion 6 is fitted to and inserted into the inner
peripheral surface of the embedding hole 8 with a gap for slidable contact in a clearance fit
manner. Then, the convex portions 6A, 6B and 8C are accommodated in and locked by the
concave grooves 8A, 8B and 6C. In this manner, the rotary excavation tip 5A is allowed to be
rotated around the central axis C during the excavation and non-excavation, in a state where
the rotary excavation tip 5A is locked so as not to slip toward the distal end side in the direction
of the central axis C.

[0083] In order to insert the above-described embedding portion 6 of the rotary excavation
tip 5A into the embedding hole 8 of the tool body 1, by utilizing a difference in the Young'’s
modulus between the tool body 1 made of steel and the rotary excavation tip 5A made of
sintered alloys such as ultra-hard metal alloys, it is preferable to elastically deform the tool
body 1 around the embedding hole 8 by press-fitting the embedding portion 6 to the
embedding hole 8 and to accommodate the convex portions 6A, 6B and 8C in the concave
grooves 8A, 8B and 6C. Alternatively, after inserting the embedding portion 6 of the rotary
excavation tip 5A into the embedding hole 8 whose diameter is increased by heating the distal
end portion 3 of the tool body 1 so as to be thermally expanded, the tool body 1 is cooled and
the embedding hole 8 is contracted. In this manner, the convex portions 6A, 6B and 8C may
be accommodated in the concave grooves 8A, 8B and 6C.

[0084] Next, in the fourth and fifth examples illustrated in FIGS. 7A and 7B, an intermediate
member 10 is attached to an inner periphery of the embedding hole 8 of the tool body 1. In
addition, in the sixth and seventh examples illustrated in FIGS. 8A and 8B, contrary to the
fourth and fifth examples, the intermediate member 10 is attached to an outer periphery of the
embedding portion 6 of the rotary excavation tip 5A. In this manner, the rotary excavation tips
5A are respectively locked so as not to slip by forming the concave groove or the convex
portion and are rotatable during the excavation.
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[0085] Out of the examples, in the fourth example illustrated in FIG. 7A, similar to in the first
example, the embedding portion 6 of the rotary excavation tip 5A has a multi-stage cylindrical
shape in which the rear end portion has the radius which is slightly larger than that of the distal
end portion by one stage, and forms the convex portion 6A which protrudes to the outer
peripheral side of the distal end portion in the radial direction with respect to the central axis C.
On the other hand, the embedding hole 8 of the tool body 1 has a constant inner diameter
which can accommodate the convex portion 6A throughout the direction of the central axis C.

[0086] The intermediate member 10 in the fourth example is a cylindrical member, and is
formed of the steel similar to the tool body 1. The outer diameter of the intermediate member
10 is slightly larger than the inner diameter of the embedding hole 8 before being attached to
the embedding hole 8. In addition, the inner diameter of the intermediate member 10 is
smaller than the outer diameter of the rear end portion serving as the convex portion 6A within
the embedding portion 6 of the rotary excavation tip 5A after being attached to the embedding
hole 8. The intermediate member 10 is configured to have the inner diameter which is larger
than the outer diameter of the further distal end side of the embedding portion 6.

[0087] The above-described intermediate member 10 in the fourth example is fixed to the
inner peripheral surface of the embedding hole 8 by interference fit as follows. After the
embedding portion 6 of the rotary excavation tip 5A is inserted into the embedding portion 6,
the intermediate member 10 is pressed into a portion between the inner periphery of the
embedding hole 8 and the outer periphery of the distal end portion of the embedding portion 6
by press fitting, or is inserted into the embedding hole 8 whose diameter is increased by
heating the tool body 1 so as to be thermally expanded. Therefore, the concave groove 8A in
which the convex portion 6A of the embedding portion 6 is accommodated is formed inside the
embedding hole 8 which is further on the rear end side than the intermediate member 10 fixed

in this manner.

[0088] In addition, in the fifth example illustrated in FIG. 7B, similar to in the third example,
the rotary excavation tip 5A is configured to have the annular concave groove 6C going around
the central axis C substantially in the center in the direction of the central axis C of the
embedding portion 6. The embedding hole 8 has a constant inner diameter which is slightly
larger than the outer diameter of the embedding portion 6 of the rotary excavation tip 5A by one
stage. Then, the cylindrical intermediate member 10 is inserted into and interposed between
the embedding portion 6 and the embedding hole 8 by interference fit.
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[0089] Similar to the convex portion 8C in the third example, a convex portion 10A is formed
at a position corresponding to the concave groove 6C of the embedding portion 6 in the
direction of the central axis C on the inner peripheral surface of the intermediate member 10 so
as to go around the central axis C. The convex portion 10A has the inner diameter which is
smaller than the outer diameter of the portion excluding the concave groove 6C of the
embedding portion 6, and can be accommodated in the concave groove 6C. The inner
diameter of the intermediate member 10 of the portion excluding the convex portion 10A is
slightly larger than the outer diameter of the embedding portion 6 of the portion excluding the
concave groove 6C.

[0090] The above-described intermediate member 10 in the fifth example is
interference-fitted and fixed to the embedding hole 8 by press fitting or by shrink fitting using
thermal expansion. Next, the embedding portion 6 of the rotary excavation tip 5A is
press-fitted to the intermediate member 10 fixed in this manner, or the embedding portion 6 of
the rotary excavation tip 5A is inserted into the inner peripheral portion of the intermediate
member 10 whose diameter is increased by heating the tool body 1 together with the
intermediate member 10 to be thermally expanded. Then, the convex portion 10A is
accommodated in the concave groove 6C, and the other portion is gap-fitted. The rotary
excavation tip 5A is rotatable during the excavation, and is attached thereto being locked so as
not to slip. Alternatively, in contrast, the intermediate member 10 in which the embedding
portion 6 of the rotary excavation tip 5A is clearance-fitted to the inner peripheral portion is
interference-fitted to the embedding hole 8 together with rotary excavation tip 5A. In this
manner, the intermediate member 10 may be attached to the embedding hole 8 by increasing
the diameter thereof.

[0091]  Furthermore, in the sixth and seventh examples illustrated in FIGS. 8A and 8B, the
rotary excavation tip 5A itself does not have the convex portions 6A and 6B and the concave
groove 6C in the embedding portion 6. Similar to the other excavation tips 5 whose rotation is
restricted, the embedding portion 6 keeps the cylindrical shape having a constant outer
diameter which is centered on the central axis C. Then, the tubular intermediate member 10
whose inner diameter is slightly smaller than the outer diameter of the embedding portion 6
before being attached is attached and fixed to the outer periphery of the embedding portion 6
by interference fit in such a manner that the embedding portion 6 is press-fitted to the inner
peripheral portion of the intermediate member 10 or the embedding portion 6 is inserted into
the inner peripheral portion of the intermediate member 10 whose diameter is increased by

thermal expansion.
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[0092] Here, in the sixth example illustrated in FIG. 8A, the length in the direction of the
central axis C of the intermediate member 10 is approximately equal to the depth of the
embedding hole 8. However, the outer diameter of the rear end portion side of the embedding
portion 6 is larger than that of the distal end portion side by one stage. The rear end portion
side whose diameter is larger by one stage serves as a convex portion 10B. In addition,
similar to in the first example, the concave groove 8A is formed in the rear end portion of the
embedding hole 8 of the tool body 1 in such a manner that the inner diameter of the rear end
portion of the bole bottom side is slightly larger than the inner diameter of the distal end portion
of the opening portion side by one stage. The convex portion 10B of the intermediate member
10 which is attached to the rotary excavation tip 5A is accommodated in the concave groove
8A. Furthermore, the inner diameter of the distal end portion of the embedding hole 8 of the
further opening portion side than the concave groove 8A is smaller than the outer diameter of
the convex portion 10B, and is slightly larger than the outer diameter of the distal end portion of
the intermediate member 10.

[0093] In addition, even in the seventh example illustrated in FIG. 8B, the length in the
direction of the central axis C of the intermediate member 10 is approximately equal to the
depth of the embedding hole 8. A convex portion 10C which forms a convexly curved shape
in cross section and slightly protrudes to the outer peripheral side in the radial direction is
formed in an annular shape going around the central axis C substantially in the central portion
in the direction of the central axis C of the outer peripheral portion thereof. The concave
groove 8B forming the concavely curved shape in cross section similar to in the second
example is formed at a position corresponding to the convex portion 10C in the direction of the
central axis C of the embedding hole 8 so as to go around the central axis C. The convex
portion 10C is accommodated in the concave groove 8B.

[0094] In addition, in the eighth to tenth examples illustrated in FIGS. 9A to 9F in which the
rotary excavation tip 5A is attached by using a locking member, a concave groove 6D going
around the central axis C is formed on the outer peripheral surface of the embedding portion 6.
In the eighth and tenth examples out of the examples, a concave groove 8D similarly going
around the central axis C is formed at a position corresponding to the concave groove 6D in the
direction of the central axis C of the inner peripheral surface of the embedding hole 8. In
addition, in the ninth example, an opening portion to the inner peripheral surface of the
embedding hole 8 of a pothole 8E drilled on the tool body 1 so as to extend in the tangential
direction of the circling concave groove 6D in the cross section orthogonal to the central axis C
is formed at a position corresponding to the concave groove 6D of the inner peripheral surface
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of the embedding hole 8. In the eighth to tenth examples, the embedding portion 6 is
clearance-fitted to the embedding hole 8.

[0095] In the eighth example illustrated in FIGS. 9A and 9B, the concave groove 6D is
configured to have a U-shaped cross section taken along the central axis C, for example. The
concave groove 8D has a semicircular shape in cross section having the diameter equal to the
groove width of the concave groove 6D. As the locking member, a C-type ring 11A formed of
an elastically deformable material such as spring steel is accommodated in the
above-described concave grooves 6D and 8D. The cross section of the C-type ring 11Ais a
circle having a size which can be in close contact with a semicircle formed by the cross section

of the concave groove 8D.

[0096] The above-described C-type ring 11A is accommodated inside the concave groove
6D by being elastically deformed and decreasing in diameter. Then, the embedding portion 6
is inserted into the embedding hole 8 in a state where the C-type ring 11A is accommodated in
this way. After the concave groove 6D and the concave groove 8D are coincident with each
other, the C-type ring 11A is caused to increase in diameter by elasticity so as to be
accommodated in both of the concave grooves 6D and 8D. In this manner, the rotary
excavation tip 5A is rotatable around the central axis C and is locked so as not to slip toward
the distal end side in the direction of the central axis C.

[0097] In addition, in the ninth example illustrated in FIGS. 9C and 9D, the concave groove
6D of the rotary excavation tip 5A has a semicircular shape in cross section. The pothole 8E
has the inner diameter having the size equal to the diameter of the semicircle formed by the
cross section of the concave groove 6D. In this ninth example, as illustrated in FIG. 9D, two
potholes 8E are formed for one embedding hole 8 in the tool body 1 so as to extend on one
plane orthogonal to the central axis C, by interposing the central axis C therebetween and
being in parallel with each other to the sides opposite to each other.

[0098] These potholes 8E extend in a direction where a central line thereof comes into
contact with the inner peripheral surface of the embedding hole 8 on the above-described
plane and are open on the inner peripheral surface. In this manner, the potholes 8E extend in
the tangential direction of the concave groove 6D. In a tangential point thereof, the opening
portion on the inner peripheral surface of the embedding hole 8 is coincident with the concave
groove 6D to form a circle in cross section. Then, a cylindrical shaft-shaped pin 11B serving
as the locking member is fitted to and inserted into the pothole 8E so as not to slip. The pin
11B is accommodated in both the opening portion and the concave groove 6D. In this
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manner, the rotary excavation tip 5A is allowed to be rotated around the central axis C, and is
locked so as not to slip toward the distal end side in the direction of the central axis C.

[0099] Furthermore, in the tenth example illustrated in FIGS. 9E and 9F, the concave
groove 6D of the rotary excavation tip 5A also has a semicircular shape in cross section. The
concave groove 8D of the inner peripheral surface of the embedding hole 8 also has the
semicircular shape in cross section having the radius equal to that of the concave groove 6D.
In addition, in the tool body 1, potholes 8F having the inner diameter of the radius equal to
those of the concave grooves 6D and 8D are drilled toward the concave groove 8D for one
embedding hole 8 so as to communicate with the concave groove 8D.

[00100] Then, multiple balls 11C are fed, through the pothole 8F, into an annular hole which
is formed by the concave grooves 6D and 8D being coincident with each other and has circular
shape in cross section, and are accommodated in both of the concave grooves 6D and 8D as
the locking member. After the balls 11C are accommodated in this way, a pin (not illustrated)
is inserted into the pothole 8F, thereby causing the balls 11C to slip out from the annular hole.
Therefore, rolling of the balls 11C enables the rotary excavation tip 5A to be rotated around the
central axis C and to be locked so as not to slip toward the distal end side in the direction of the
central axis C.

[00101] In the excavation tool configured as described above, the excavation tip 5 serving as
the rotary excavation tip 5A in this way is rotatable around the central axis C thereof. As the
tool body 1 is rotated around the axis line O during the excavation, the rotary excavation tip 5A
is also driven to rotate around the central axis C by the contact resistance from the ground or
therock. Therefore, in the rotary excavation tip 5A, the cutting edge portion 7 is also uniformly
worn in the circumferential direction due to the excavation. Accordingly, it is possible to
prevent the cutting edge portion 7 from being partially and asymmetrically worn. It is possible
to reduce significant degradation in excavation performance or excavation efficiency by
preventing the radius of curvature of a curved surface configuring the cutting edge portion 7

from increasing in size.

[00102] For example, in the excavation tool in the related art where all excavation tips were
fixed to the tool body so as not to be rotatable, the excavation tool will be described as an

example where the maximum outer diameter from the axis line O of the cutting edge portion of
the excavation tip which is embedded in the outer peripheral portion of the distal end surface
when viewed from the distal end side in the direction of the axis line O of the tool body was 152

mm. The excavation work was carried out under predetermined conditions. The excavation
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tips embedded on the outer peripheral portion of the distal end surface had the cutting edge
portions asymmetrically worn and the diameters thereof were respectively decreased by 2 mm
in the inner peripheral side. When the maximum outer diameter was 148 mm, the life of the
excavation tip was finished. At this time, the wear amount of the excavation tip was 2.9

grams.

[00103] However, in the excavation tool according to the present invention, in which the
excavation tip embedded in the outer peripheral portion of the distal end surface serves as the
rotary excavation tip 5A, even though the rotary excavation tip 5A is similarly worn by 2.9
grams, the cutting edge portion 7 was uniformly worn in the circumferential direction. In this
case, the amount of the decreased diameter was 0.64 mm and the maximum outer diameter of
the cutting edge portion was 150.7 mm. Therefore, it was found that the tool life can be
extended more than three times as compared to that of the excavation tool in the related art.

[00104] For this reason, according to the excavation tool configured as described above,
even under conditions where the cutting edge portion is seriously worn due to the hard ground
or rock, it is not necessary to regrind the cutting edge portion 7. Accordingly, it is possible to
extend the tool life and to reduce the excavation cost per unit depth for the excavation pit. On
the other hand, even when the rotatable excavation tip 5A is rotatable around the central axis C
in this way, the rotary excavation tip 5A is locked so as not to slip toward the distal end side in
the direction of the central axis C and is held by the embedding hole 8. Therefore, as in the
other excavation tip 5 embedded in the tool body 1 so as not to be rotatable, the excavation tip
5 does not fall from the tool body 1 and thus the excavation performance and excavation
efficiency will not be degraded.

[00105] When a plurality of the excavation tips 5 is embedded in the tool body 1, as in the first
embodiment illustrated in FIGS. 2A and 2B, all of the excavation tips 5 may serve as the
rotatable excavation tip 5A. However, whereas the life of the above-described rotary
excavation tip 5A can be extended by causing the cutting edge portion 7 to be uniformly worn,
it is difficult for the rotary excavation tip 5A to ensure rigidity in the attachment to the tool body
1 as compared to the excavation tip 5 which is fixed so as not to be rotatable. Therefore, there
is a possibility that it may become difficult to propagate the striking force and the thrust force to
the distal end side in the direction of the axis line O or the rotating force around the axis line O
which are applied from the tool body 1 to the rotary excavation tip 5A to the ground or the rock.

[00106] Therefore, in this case, as in the second to fourth embodiments illustrated in FIGS.
3A to 5B, out of a plurality of the excavation tips 5, some of the excavation tips 5 may serve as
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the rotary excavation tip 5A, and the remaining excavation tips 5 may be attached to the tool
body 1 so as not to be rotatable. The excavation tip 5 fixed so as not to be rotatable enables
the excavation pit to be formed by directly propagating the striking force, the thrust force or the
rotating force to the ground or the rock. The rotary excavation tip 5A enables the tool life to be
extended.

[00107] However, when some of the excavation tips 5 serve as the rotary excavation tip 5A
and the remaining is not rotatable in this way, the excavation tip 5 embedded in the inner
peripheral portion 3A of the distal end surface of the distal end portion 3 of the tool body 1 may
serve as the rotary excavation tip 5A, and the remaining excavation tips 5 embedded in the
outer peripheral portion 3B of the distal end surface may not be rotatable. However, the
excavation tip 5 of the inner peripheral portion 3A of the distal end surface is exclusively used
as the excavation tip 5 for forming the excavation pit by crushing the ground or the rock.
Accordingly, if the above-described excavation tip 5 serves as the rotary excavation tip 5A,
there is a possibility that it may become difficult to efficiently carry out the crushing work by
sufficiently propagating the above-described striking force, thrust force or rotating force to the
ground or the rock.

[00108] Therefore, when some of the excavation tips 5 serve as the rotary excavation tip 5A
in this way, as in the second to fourth embodiments, it is desirable to arrange at least one rotary
excavation tip 5A in the outer peripheral portion 3B of the distal end surface by causing the
excavation tip 5 which is fixed to the tool body 1 so as not to be rotatable to remain in the inner
peripheral portion 3A of the distal end surface of the tool body 1. The excavation tip 5 which
remains in the inner peripheral portion 3A of the distal end surface so as not to be rotatable in
this way enables the excavation pit to be formed by efficiently crushing the ground or the rock.
In contrast, the rotary excavation tip 5A arranged in the outer peripheral portion 3B of the distal
end surface is uniformly worn. Accordingly, it is possible to extend the tool life by reliably
increasing the diameter of the excavation pit up to a predetermined inner diameter over a long
period of time.

[00109] In the first to fourth embodiments, as illustrated by shading in FIGS. 2A to 5B in this
order, the number of rotary excavation tips 5A decreases from the inner peripheral portion 3A
of the distal end surface to the outer peripheral portion 3B of the distal end surface. The
excavation tool focusing on the extended tool life is shifted to the excavation tool focusing on
efficient crushing of the ground or the rock. In addition, as in the second embodiment
illustrated in FIGS. 3A and 3B, when the excavation tip 5 which is not rotatable and the rotary
excavation tip 5A are arranged in the inner peripheral portion 3A of the distal end surface of the
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tool body 1, it is desirable to arrange the rotary excavation tip 5A in the outer peripheral side of
the inner peripheral portion 3A of the distal end surface. Furthermore, it is desirable not to
arrange the rotary excavation tip 5A coaxially with the axis line O.

[00110] In addition, in the respective embodiments, in order to attach the rotary excavation
tip 5A which is rotatable around the central axis C and is locked so as not to slip toward the
distal end side in the direction of the central axis C, as in the first to third examples illustrated in
FIGS. 6A to 6C, first of all, the concave grooves 8A, 8B and 6C which go around the central
axis C and the convex portions 6A, 6B and 8C which are accommodated in the concave
grooves 8A, 8B and 6C are directly formed on the outer peripheral surface of the embedding
portion 6 of the rotary excavation tip 5A and the inner peripheral portion of the embedding hole
8 of the tool body 1. Alternatively, as in the fourth to seventh examples illustrated in FIGS. 7A
to 8B, the concave groove or the convex portion is formed in the intermediate member 10
attached to the outer peripheral surface of the embedding portion 6 or the inner peripheral
surface of the embedding hole 8.

[00111] In the first to third examples out of the examples, it is necessary to form the concave
grooves 8A, 8B and 6C or the convex portions 6A, 6B and 8C in both of the embedding portion
6 of the excavation tip 5 and the embedding hole 8 of the tool body 1. However, in this case,
it is advantageous in that the number of parts can be decreased. In contrast, in the fourth to
seventh examples, the number of parts is increased for only the intermediate member 10.
However, an advantageous effect can be obtained in that processing work of the embedding
portion 6 of the excavation tip 5 or the embedding hole 8 of the tool body 1 is facilitated.

[00112] On the other hand, in order to similarly attach the rotary excavation tip 5A which is
rotatable around the central axis C and is locked so as not to slip toward the distal end side in
the direction of the central axis C, in the eighth to tenth examples illustrated in FIGS. 9A to 9F,
second of all, the concave groove 6D is formed in the embedding portion 6, and the opening
portions of the concave groove 8D and the potholes 8E and 8F which go around the central
axis C are also formed on the inner peripheral surface of the embedding hole 8. In this
manner, the rotary excavation tip 5A is attached by using the locking member which is
accommodated in both of the concave grooves 6D and 8D and the pothole 8E.

[00113] In the eighth to tenth examples, which employ the C-type ring 11A, the pin 11B and
the ball 11C as the locking member, although the processing work for the embedding portion 6
and the embedding hole 8 is complicated and the number of parts is increased, it is possible to
attach the rotary excavation tip 5A without depending on the press fitting or the thermal
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expansion by heating. Accordingly, it is possible to prevent distortion from occurring in the
tool body 1 or the rotary excavation tip 5A. In addition, in the eighth to tenth examples, when
the cutting edge portion 7 of the rotary excavation tip 5A is worn, it is relatively easy to replace
the rotary excavation tip 5A.

[00114] In the first to seventh examples, it is necessary to form the concave grooves 8A, 8B
and 6C so as to go around the central axis C. However, the convex portions 6A, 6B and 8C
which are to be accommodated in the concave grooves 8A, 8B and 6C may be formed so as to
similarly go around the central axis C, or may be formed at intervals in the circumferential
direction around the central axis C so as to be dispersed. The rotary excavation tip 5A may be
attached to the inner peripheral portion 3A of the distal end surface of the tool body 1 by
employing the first to third examples in which the attachment rigidity is relatively high. The
rotary excavation tip 5A may be attached to the outer peripheral portion 3B of the distal end
surface by employing the fourth to tenth examples. In this manner, a plurality of the rotary
excavation tips 5A may be attached to one tool body 1 by using different attachment means.

[00115] On the other hand, in the attachment means of the first to tenth examples, the rotary
excavation tip 5A is attached to be rotatable around the central axis C not only during the
excavation but also while the excavation work is not carried out. However, as in the
attachment means of the eleventh to sixteenth examples illustrated in FIGS. 10A to 12B, the
embedding portion 6 of the rotary excavation tip 5A may be fitted into and attached to the
embedding hole 8 in the following interference fit. The interference with respect to an outer
diameter d (mm) of the embedding portion 6 is in a range of 0.5xd/1000 (mm) to 1.5xd/1000
(mm), and more preferably 1.0xd/1000 (mm). The above-described interference is smaller
than the interference when attaching the excavation tip 5 which is not rotatable with respect to
the embedding hole 8 of the tool body 1 by interference fit.

[00116] Here, in the eleventh examples illustrated in FIG. 10A, the embedding portion 6 of
the rotary excavation tip 5A forms a cylindrical shape having the above-described constant
outer diameter d (mm) which is centered on the central axis C. The embedding hole 8 also
forms a hole recessed in a cylindrical shape having the constant inner diameter (mm) so as to
be centered on the central axis C. Then, the outer diameter of the embedding portion 6 before
the rotary excavation tip 5A is fitted and attached is larger than the inner diameter of the
embedding hole 8. The above-described interference represents the difference between the
outer diameter of the embedding portion 6 before the rotary excavation tip 5A is fitted and
attached and the inner diameter of the embedding hole 8.
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[00117] In this manner, if interference fit is performed by using the interference in the range
smaller than that of the excavation tip 5 which is not rotatable, although the rotary excavation
tip 5A is not rotatable during the non-excavation, the contact resistance is generated from the
ground or the rock according to the rotation of the tool body 1 during the excavation. This
contact resistance enables the rotary excavation tip 5A to be driven to be rotatable around the
central axis C by bringing the outer peripheral surface of the embedding portion 6 into sliding
contact with the inner peripheral surface of the embedding hole 8. In addition, in a state
where the axis line O is aligned along the vertical direction and the tool body 1 is held by
causing the distal end portion 3 to face downward, the rotary excavation tip 5A is arranged so
as not to fall out from the embedding hole 8. In this manner, it is possible to lock the rotary
excavation tip 5A so as not to slip toward the distal end side in the direction of the central axis
C.

[00118] Next, in the twelfth example illustrated in FIG. 10B, similar to in the first example
illustrated in FIG. 6A, the rear end portion of the embedding portion 6 of the rotary excavation
tip 5A forms the convex portion 6A whose outer diameter is slightly larger than that of the distal
end portion. The rear end portion of the embedding hole 8 forms the concave groove 8A
whose inner diameter is also slightly larger than that of the distal end portion. Then, the
convex portion 6A is attached in the following interference fit. The interference of the outer
diameter d (mm) of the convex portion 6A with respect to the inner diameter (mm) of the
concave groove 8A is in a range of 0.5xd/1000 (mm) to 1.5xd/1000 (mm). The distal end
portion of the embedding portion 6 of the further distal end side than the convex portion 6A is
also fitted in the following interference fit. The interference of the outer diameter d (mm) of the
distal end portion with respect to the inner diameter (mm) of the distal end portion of the
embedding hole 8 is in a range of 0.5xd/1000 (mm) to 1.5xd/1000 (mm).

[00119] Even by using the attachment means of the twelfth example as described above, the
rotary excavation tip 5A is not rotatable during the non-excavation, but is rotatable during the
excavation. In addition, in addition to the friction between the embedding portion 6 and the

embedding hole 8, fitting of the convex portion 6A and the concave groove 8A also enables the
rotary excavation tip 5A to be locked so as not to slip. However, in the twelfth embodiment, if
the distal end portion of the embedding portion 6 is interference-fitted to the distal end portion
of the embedding hole 8 by using the above-described interference, the convex portion 6A and
the concave groove 8A may be clearance-fitted to each other. That is, the convex portion 6A
and the concave groove 8A may be exclusively used in locking the rotary excavation tip 5A so
as not to slip. In addition, contrarily, the convex portion 6A may be interference-fitted to the

concave groove 8A by using the above-described interference, and the distal end portion of



2016204850 26 Oct 2017

-130 -

the embedding portion 6A may be clearance-fitted to the distal end portion of the embedding
hole 8. Furthermore, the attachment means using the above-described interference fit can be
applied to the other attachment means in the second to tenth examples.

[00120] On the other hand, in the attachment means of the first to twelfth examples
described above, the rear end surface of the embedding portion 6 of the rotary excavation tip
5A is brought directly into contact with the hole bottom surface of the embedding hole 8 so as
to be slidable, and the striking force or the thrust force against the distal end side in the
direction of the axis line O which is applied to the tool body 1 is propagated to the cutting edge
portion 7 of the rotary excavation tip 5A. However, as in the attachment means of the
thirteenth to sixteenth examples illustrated in FIGS. 11A to 12B, a buffer material 12 may be
interposed between a rear end surface 6E of the embedding portion 6 of the rotary excavation
tip 5A and a hole bottom surface 8G of the embedding hole 8.

[00121] Here, even in the attachment means of not only the thirteenth and fourteenth
examples illustrated in FIGS. 11A and 11B but also the first to twelfth examples, the rear end
surface 6E of the embedding portion 6 of the rotary excavation tip 5A and the hole bottom
surface 8G of the embedding hole 8 have a planar shape perpendicular to the central axis C.
In the thirteenth and fourteenth examples, the buffer material 12 has a disk shape which can be
fitted into the hole bottom surface 8G. In addition, the buffer material 12 is formed from a
copper plate, for example, which is softer than not only the rotary excavation tip 5A formed of
ultra-hard alloys but also the steel configuring the tool body 1 having the embedding hole 8.

[00122] In the attachment means of the thirteenth and fourteenth examples as described
above, it is possible to avoid a case where a load acting as reaction force of the striking force or
the thrust force which is propagated from the tool body 1 to the rotary excavation tip 5A during
the excavation so as to crush the ground or the rock can directly act on the tool body 1 from the
rotary excavation tip 5A to the rear end side in the direction of the central axis C. Therefore, it
is possible to further extend the tool life by preventing the above-described load from causing
damage to the tool body 1. The thirteenth example illustrated in FIG 11A is configured to
interpose the buffer material 12 in the attachment means of the eleventh example illustrated in
FIG. 10A. The fourteenth example illustrated in FIG 11B is configured to interpose the buffer
material 12 in the attachment means of the twelfth example illustrated in FIG. 10B.

[00123] In addition, in the first to fourteenth examples, as described above, the rear end
surface 6E of the embedding portion 6 of the rotary excavation tip 5A and the hole bottom
surface 8G of the embedding hole 8 have a planar shape perpendicular to the central axis C.
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However, as in the fifteenth and sixteenth examples illustrated in FIGS. 12A and 12B, a convex
and conical surface-shaped portion 6F centered on the central axis C may be formed on the
rear end surface 6E of the embedding portion 6, and a concave and conical surface-shaped
portion 8H opposing the convex and conical surface-shaped portion 6F may be formed on the
hole bottom surface 8G of the embedding hole 8. The fifteenth example illustrated in FIG 12A
is configured so that the convex and conical surface-shaped portion 6F is formed on the rear
end surface 6E, the concave and conical surface-shaped portion 8H is formed on the hole
bottom surface 8G, and the buffer material 12 is interposed between the rear end surface 6E
and the hole bottom surface 8G in the thirteenth example illustrated in FIG. 11A. The
sixteenth example illustrated in FIG 12B is configured so that the convex and conical
surface-shaped portion 6F is formed on the rear end surface 6E, the concave and conical
surface-shaped portion 8H is formed on the hole bottom surface 8G, and the buffer material 12
is interposed between the rear end surface 6E and the hole bottom surface 8G in the
fourteenth example illustrated in FIG. 11B.

[00124] Here, in the fifteenth and sixteenth examples, the hole bottom surface 8G of the
embedding hole 8 entirely forms the concave and conical surface-shaped portion 8H centered
on the central axis C. A V-shaped crossing angle formed by the concave and conical
surface-shaped portion 8H in a cross section taken along the central axis C is an obtuse angle.
In addition, the rear end surface 6E of the embedding portion 6 of the rotary excavation tip 5A
forms a convex and circular truncated cone shape centered on the central axis C. The portion
forming the conical surface is the convex and conical surface-shaped portion 6F. The
V-shaped crossing angle formed by the convex and conical surface to which the convex and
conical surface-shaped portion 6F is extended in a cross section taken along the central axis C
is the obtuse angle equal to the crossing angle formed by the concave and conical
surface-shaped portion 8H. The buffer material 12 has a dish shape formed to have a circular
truncated cone-shaped surface in a cross section with a constant thickness similar to the rear
end surface 6E of the embedding portion 6. In addition, a portion is chamfered between the
convex and conical surface-shaped portion 6F and the outer peripheral surface of the
embedding portion 6.

[00125] In the attachment means of the fifteenth and sixteenth examples described above, if
the load serving as the reaction force acts on the rotary excavation tip 5A during the excavation
and the rotary excavation tip 5A is pressed against the rear end side in the direction of the
central axis C, the convex and conical surface-shaped portion 6F is pressed toward the
concave and conical surface-shaped portion 8H, and the rotary excavation tip 5A is rotated.
Therefore, the central axis C of the embedding portion 6 can be reliably coincident with the
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center of the embedding hole 8 so as to enable the rotary excavation tip 5A to be rotated.
Even when as in the fifteenth and sixteenth examples, the embedding portion 6 is attached to
the embedding hole 8 by interference fit, it is possible to prevent the embedding hole 8 from

being asymmetrically worn.

[00126] In the fifteenth and sixteenth examples, the buffer material 12 is interposed between
the rear end surface 6E of the embedding portion 6 of the rotary excavation tip 5A and the hole
bottom surface 8G of the embedding hole 8. However, without interposing the buffer material
12 therebetween, the convex and conical surface-shaped portion 6F may be directly brought
into contact with the concave and conical surface-shaped portion 8H so as to be slidable. In
addition, the above-described attachment means of the fifteenth and sixteenth examples can
also be applied to the attachment means in the first to twelfth examples. Furthermore, the
buffer material 12, the convex and conical surface-shaped portion 6F and the concave and
conical surface-shaped portion 8H in the thirteenth to sixteenth examples can also be applied
to the excavation tip 5 which is fixed to the tool body 1 so as not to be rotatable.

[00127] Furthermore, although not illustrated, a surface hardened layer may be formed at
least on the surface of the rotary excavation tip 5A. This surface hardened layer may be
formed in any one of the embedding portion 6 of the rotary excavation tip 5A and the cutting
edge portion 7, or may be formed in both of the embedding portion 6 and the cutting edge
portion 7. For example, when the rotary excavation tip 5A is formed of the ultra-hard alloys as
described above, coating treatment such as DLC, PVD, CVD and the like is performed on the
surface of the embedding portion 6 so as to form the surface hardened layer. In this manner,
it is possible to improve the strength of the embedding portion 6 and to improve the rotating
and sliding performance of the embedding portion 6 inside the embedding hole 8.

[00128] In addition, when the surface hardened layer is formed on the surface of the cutting
edge portion 7 of the rotary excavation tip 5A by the coating treatment, or the surface hardened
layer formed of a polycrystalline diamond is formed on the surface of the cutting edge portion 7,
it is possible to further extend tool life by improving the wear resistance of the cutting edge
portion 7. In particular, the above-described surface hardened layer of the cutting edge
portion 7 may be formed on the surface of the excavation tip 5 fixed to the tool body 1 other
than the rotary excavation tip 5A so as not to be rotatable.

[00129] On the other hand, this surface hardened layer may be formed on the surface of the
tool body 1. In particular, when the surface hardened layer is formed in the vicinity of the
embedding hole 8 to which the rotary excavation tip 5A of the tool body 1 is attached, it is
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possible to prevent the embedding hole 8 from being worn due to the rotation of the rotary
excavation tip 5A during the excavation. Accordingly, it is advantageous when as in the first
to third examples, the concave grooves 8A and 8B and the convex portion 8C are directly
formed on the inner peripheral surface of the embedding hole 8 of the tool body 1 which comes
into sliding contact with the rotary excavation tip 5A, or when as in the eleventh to sixteenth
examples, the embedding portion 6 of the rotary excavation tip 5A is brought into sliding
contact with the embedding hole 8 by interference fit. When the tool body 1 is formed of the
steel as described above, the surface hardened layer formed on the surface thereof may be
formed by high-frequency hardening, carburizing, laser hardening, nitriding treatment or the
like, for example, in addition to the above-described coating treatment such as DLC, PVD,
CVD and the like.

[00130] Furthermore, in order to reduce the wear of the embedding hole 8 or the wear of the
embedding portion 6 of the rotary excavation tip 5A as described above and in order to
smoothly rotate the rotary excavation tip 5A during the excavation, particularly in the first to
tenth examples in which the embedding portion 6 and the embedding hole 8 are
clearance-fitted to each other, a lubricant such as a solid lubricant may be interposed between
the outer peripheral surface of the embedding portion 6 and the inner peripheral surface of the
embedding hole 8.

[00131] In addition, in the above-described embodiments, the excavation tool has been
described in which the shank portion 2 of the rear end side of the tool body 1 receives the
striking force from the down-the-hole hammer to the distal end side in the direction of the axis
line O. However, the present invention can also be applied to a so-called top hammer tool
attached to a rock drill used in tunnels and mines. Furthermore, as a matter of course, the
present invention can also be applied to the excavation tool in which the thrust force and the
rotating force transmitted from the excavation rod causes the tool body 1 to move to the distal
end side in the direction of the axis line O without receiving the above-described striking force.

[00132] Hitherto, the embodiments of the present invention have been described. However,
the respective configurations and the combinations thereof in the respective embodiments
indicate one example, and the configurations can be added, omitted, replaced and modified
within a range not departing from the spirit of the present invention. In addition, the present
invention is not limited to the embodiments, and is limited only by the appended claims.
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INDUSTRIAL APPLICABILITY

[00133] As described above, according to an excavation tool of the present invention, it is
possible to maintain excavation performance and excavation efficiency over a longer period by
using an excavation tip, to improve tool life and to reduce excavation cost per unit depth for an
excavation pit. Therefore, the present invention can be used in an industrial field.

REFERENCE SIGNS LIST

1 tool body

3 distal end portion of tool body 1

3A inner peripheral portion of distal end surface
3B outer peripheral portion of distal end surface
5 excavation tip

5A rotary excavation tip

6 embedding portion

6A, 6B, 8C, 10A, 10B, 10C convex portion

6C, 6D, 8A, 8B, 8D concave groove

6E rear end surface of embedding portion 6

6F convex and conical surface-shaped portion
7 cutting edge portion

8 embedding hole

8E, 8F pothole

8G hole bottom surface of embedding hole 8
8H concave and conical surface-shaped portion
10 intermediate member

11A C-type ring (locking member)

11B pin (locking member)

11C ball (locking member)

12 buffer material

O axis line of tool body 1

C central axis of excavation tip 5
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1. An excavation tool comprising:

a tool body centered on an axis line; and

an excavation tip which is attached to an embedding hole drilled in a distal end
portion of the tool body,

wherein the tool body is centered on the axis line and is moved forward to a distal
end side in a direction of the axis line,

the excavation tip is configured so that an embedding portion having an outer
cylindrical shape about a central axis is formed integrally with a cutting edge portion of a distal
end side in a direction of the central axis,

the embedding portion is inserted into the embedding hole and the cutting edge
portion is protruded from the embedding hole,

at least one excavation tip serves as a rotary excavation tip which is rotatable about
the central axis of the embedding portion during excavation, and the rotary excavation tip is
attached in the embedding hole so as not to slip out of the embedding hole, and

between an outer peripheral surface of the embedding portion of the rotary
excavation tip and an inner peripheral surface of the embedding hole to which the rotary
excavation tip is attached, a first surface has an annular concave groove going around the
central axis and a second surface has a convex portion accommodated in the concave groove
so that the rotary excavation tip can rotate in the embedding hole about the central axis of the
embedding portion; and

the convex portion is formed integrally with the second surface.

2. The excavation tool according to claim 1,

wherein a plurality of the excavation tips is attached to the tool body, and

out of the excavation tips, some of the excavation tips serve as the rotary excavation
tip and the remaining excavation tip is fixed and attached to the tool body.

3. The excavation tool according to claim 1 or 2,

wherein a plurality of the excavation tips is attached to the tool body, and

out of the excavation tips, at least one excavation tip attached to an outer peripheral
portion of a distal end surface of the tool body serves as the rotary excavation tip and the
remaining excavation tip is fixed and attached to the tool body.
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4, The excavation tool according to any one of claims 1 to 3,

wherein a rear end surface of the embedding portion of the rotary excavation tip is
brought into contact with a hole bottom surface of the embedding hole so as to be rotatable
about the central axis of the embedding portion.

5. The excavation tool according to any one of the preceding claims,
wherein the embedding portion of the rotary excavation tip is attached to the
embedding hole by interference fit in which an interference of an outer diameter d (mm) of the

embedding portion is in a range of 0.5xd/1000 (mm) to 1.5xd/1000 (mm).

6. The excavation tool according to any one of the preceding claims,
wherein a surface-hardened layer is formed on at least a surface of the rotary

excavation tip.

7. The excavation tool according to any one of the preceding claims,
wherein a surface-hardened layer is formed in the vicinity of the embedding hole to
which at least the rotary excavation tip of the tool body is attached.

8. The excavation tool according to any one of the preceding claims,

wherein a lubricant is interposed between the outer peripheral surface of the
embedding portion of the rotary excavation tip and the inner peripheral surface of the
embedding hole to which the rotary excavation tip is attached.

9. The excavation tool according to claim 3, further comprising an inner peripheral
portion of the distal end surface of the tool body, and

at least one of the plurality of the excavation tips being disposed in the inner
peripheral portion.

10. The excavation tool according to claim 9, wherein
the outer peripheral portion of the distal end surface is a tapered surface tilted
toward a rear end side of the tool body.

11. The excavation tool according to claim 1, wherein

the convex portion is a rear end portion of the embedding portion of the rotary
excavation tip, the rear end portion has a cylindrical shape whose radius is larger than that of
a front end portion of the embedding portion.
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12. The excavation tool according to claim 1, wherein

the convex portion is an annular convex portion which protrudes from the outer
peripheral surface of the embedding portion of the rotary excavation tip and goes around the
central axis of the embedding portion.

13. The excavation tool according to claim 1,

wherein the convex portion is an annular convex portion which protrudes from the
inner peripheral surface of the embedding hole and goes around the central axis of the
embedding hole.
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