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Description
[Technical Field]

[0001] The present invention relates to an excavation
tool in which a bit head which is rotatable about a bit
center line disposed away from an axis toward an outer
circumferential side is attached to a fore end part of a
shank device which is rotated about the axis and to which
a striking force is applied to a fore end side in an axial
direction.

[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2016-177490, filed in Japan on September 12,
2016, the content of which is incorporated herein by ref-
erence.

[Background Art]

[0003] As an excavation tool, for example, Patent Lit-
erature 1 and 2 disclose an excavation device in which
a recess which opens to a fore end surface of a shank
device is formed on an outer circumference of a fore end
part of the shank device which is rotated about an axis
and to which a striking force is applied toward a fore end
side in the axial direction, and a diameter enlargement
bit (bit head) is attached to the recess. The diameter en-
largement bit can be accommodated in the recess in a
reduced diameter state and can be rotated about a cen-
tral axis eccentric with respect to the axis. When the di-
ameter enlargement bit is enlarged and broughtinto con-
tact with a wall surface of the recess, the diameter ex-
pansion bit is positioned, and an outer diameter of the
tool fromthe axis enlarged to become larger than an outer
diameter of the fore end part of the shank device.

[Citation List]
[Patent Literature]
[0004]

[Patent Literature 1]

Japanese Unexamined Patent Application, First
Publication No. 2004-183471

[Patent Literature 2]

Japanese Unexamined Patent Application, First
Publication No. 2006-037612

[Summary of Invention]
[Technical Problem]

[0005] In such an excavation tool, in order to enlarged
and reduce the diameter of the bit head, a shaft of the
bit head is fitted into a hole formed on a fore end surface
of the shank device and a pin is inserted into a groove
formed in the shaft to lock the bit head so that the bit
head is not released. However, with this structure, it is
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difficult to secure a tool rigidity due to the increased
number of components. Therefore, itis difficult toimprove
excavation efficiency, and there is a problem in that us-
age conditions are limited to drilling relatively soft bed-
rock.

[0006] The fitting between the hole and the shatft is
formed as a clearance-fitting for rotating the bithead, and
when a striking force applied to the shank device is trans-
mitted to the bit head due to contact between a bottom
surface of the hole and a rear end surface of the shaft or
between a bottom surface of the recess and a rear end
surface of a head part provided at a fore end of the shaft,
and the shaft frequently moves back and forth inside the
hole and vibrates even if the moving distance is slight.
As a result, friction occurs on an outer circumferential
surface of the shaft or an inner circumferential surface
of the hole, and there is a likelihood that a mechanical
seizure may occur on the shaft due to frictional heat.
[0007] When the fitting between the hole and the shaft
is a clearance fitting, fine earth and sand enter this clear-
ance and thus abrasion of the outer circumferential sur-
face of the shaft or the inner circumferential surface of
the hole may be also increased, causing backlash to oc-
cur in the bit head or further deterioration in tool rigidity,
and in some cases, breakage of the shaft may occur.
The problems of friction and abrasion are particularly sig-
nificantin excavation with a high frequency hammer used
in recent years when drilling is performed by shortening
a striking cycle time while maintaining a small striking
force because a frequency of the striking increases, for
example, by about twice frequency.

[0008] The present invention has been made under
such circumstances, and it is an objective of the present
invention to provide an excavation tool which secures a
tool rigidity to improve drilling efficiency and makes it pos-
sible to drill hard bedrock, prolongs a service life of the
tool, and furthermore, can also be used for drilling using
a high frequency hammer.

[Solution to Problem]

[0009] In order to solve the above problem, the exca-
vation tool of the present invention includes a shank de-
vice which is rotated about an axis thereof and to which
a striking force is applied to a fore end side in an axial
direction, and a bit head attached to a fore end part of
the shank device, in which the bit head is rotatable about
a bit center line away from the axis to an outer circum-
ferential side, and the bit head is able to be taper-fitted
to the shank device by an inclined surface inclined with
respect to the bit center line.

[0010] In the excavation tool having the above-de-
scribed configuration, the bit head can be taper-fitted to
the shank device by the inclined surface inclined with
respect to the bit center line, and thereby the bit head
and the shank device can be firmly integrated at the time
of drilling and a tool rigidity can be improved. Therefore,
excavation efficiency can also be improved and drilling
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can be performed even on hard bedrock. Further, the bit
head does not vibrate due to a striking force applied to
the shank device, friction and abrasion can be sup-
pressed, and the tool can also be used for excavation
using a high frequency hammer.

[0011] In order to enable the bit head to be taper-fitted
to the shank device with the inclined surface, first, the bit
head may be made able to be taper-fitted to the shank
device toward a rear end side in the axial direction. For
example, a shaft to be inserted into a hole of the shank
device may be provided in the bit head, and an outer
circumferential surface of the shaft may be formed as a
tapered surface which is an inclined surface inclined with
respect to the bit center line, and the inclined surface
gradually reduces in diameter toward the rear end side.
When resistance acts from bedrock toward the rear end
side in the axial direction of the shank device at the time
of drilling, the tapered surface is pressed against aninner
circumferential surface of the hole of the shank device
and taper-fitted, and the bit head and the shank device
are firmly integrated.

[0012] When the bit head is made able to be taper-
fitted to the shank device toward the rear end side in the
axial direction by providing the inclined surface on the
shaft of the bit head, the inner circumferential surface of
the hole of the shank device is formed as a tapered hole
in which a diameter thereof contracts toward the rear end
side in accordance with an inclination of the outer cir-
cumferential surface of the shaft. The hole of the shank
device may be formed in an intermediate member at-
tached to the shank device. In this case, even when the
tapered hole is damaged, a service life of the shank de-
vice can be prolonged by replacing the intermediate
member.

[0013] A plurality of recesses may be formed at equal
intervals in a circumferential direction on an outer circum-
ferential part of the fore end of the shank device, and the
bit head may be attached to each of these recesses such
that the bit head is rotatable about the bit center line dis-
posed away from the axis toward the outer circumferen-
tial side.

[0014] The hole centered on the bit center line may be
formed on a side, opposite to the tool rotation direction,
of a bottom surface of the recess facing the fore end side
in the axial direction, and the inner circumferential sur-
face of the hole may be formed in a concave circular
truncated cone shape which gradually contracts in diam-
eter toward the rear end side in the axial direction with
the bit center line L as a center.

[0015] The bit center line may be parallel to the axis.

[0016] The bit head may include the columnar shaft
and the head part provided at a fore end of the shaft, the
shaft may be made to be coaxially inserted into the hole
of the shank device, and the shaft may be made to be
taper-fitted to the hole.

[0017] The head part may include a semicircular side
surface centered on the bit center line, two extended side
surfaces extending from both ends of the semicircular
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side surface, and an arcuate side surface having a radius
of curvature larger than that of the semicircular side sur-
face and connecting end parts of the extended side sur-
faces on a side opposite to the semicircular side surface.
[0018] When the bithead is rotated about the bit center
line in a direction opposite to the tool rotation direction,
the extended side surface of the head part is brought into
contact with a wall surface of the recess facing in the tool
rotation direction, and at this time, the arcuate side sur-
face of the bit head is disposed on a virtual cylindrical
surface having a larger radius than the fore end part of
the shank device.

[0019] A locking pin may be detachably inserted in a
plane perpendicular to the axis from the outer circumfer-
ential part of the shank device and the locking pin may
be engaged with a recess formed on a circumferential
surface of the bit head to prevent the bit head from falling
off.

[0020] A second configuration may be provided in
place of or in combination with the first configuration in
which the bit head can be taper-fitted to the shank device
toward the rear end side in the axial direction. In the sec-
ond configuration, a bit head can be taper-fitted to a
shank device toward a direction opposite to a rotation
direction of the shank device at the time of drilling. For
example, when the bit head includes a head part, a pro-
truding part may be formed on a side surface of the head
part facing a side opposite to the rotation direction of the
shank device at the time of drilling. In the shank device,
a recess for accommodating the protruding part is
formed, and a rear end surface of the protruding partand
a bottom surface of the recess are made to be perpen-
dicular to a bit center line. A fore end surface of the pro-
truding part and a ceiling face facing the bottom surface
of the recess are formed as an inclined surface to be
close to the rear end surface and the bottom surface to-
ward a direction opposite to the rotation direction. As a
result, in a state in which the head part is expanded in
diameter, the fore end surface of the protruding part and
the ceiling face of the recess are brought into contact
with each other, and the bit head is taper-fitted to the
shank device. When the bit center line is inclined toward
a rotation direction side at the time of drilling toward the
rear end side in the axial direction, the bit head can be
taper-fitted to the shank device toward the rear end side
in the axial direction and toward a direction opposite to
the rotation direction.

[Advantageous Effects of Invention]

[0021] According to the present invention, excavation
efficiency can be improved in accordance with improve-
ment of the tool rigidity, a service life of the tool can be
prolonged by suppressing friction and abrasion, and fur-
thermore, the tool can also be used for drilling hard bed-
rock or excavation using a high frequency hammer.
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[Brief Description of Drawings]

[0022]

Fig. 1A is a front view illustrating a state in which a
bit head is expanded in diameter in an excavation
tool according to a first embodiment of the present
invention.

Fig. 1B is a plan view illustrating the same enlarged
diameter state as in Fig. 1A.

Fig. 1C is a side sectional view illustrating the same
enlarged diameter state as in Fig. 1A.

Fig. 2Ais a front view of a state in which the bit head
of the first embodiment is contracted in diameter.
Fig. 2B is a plan view illustrating the same reduced
diameter state as in Fig. 2A.

Fig. 3A is a perspective view of a shank device of
the first embodiment.

Fig. 3B is a perspective view of the bit head of the
first embodiment when viewed from a fore end side.
Fig. 3C is a perspective view of the bit head of the
first embodiment when viewed from a rear end side.
Fig. 4Ais a front view illustrating a state in which the
bit head is expanded in diameter in a first modified
example of the first embodiment.

Fig. 4B is a plan view illustrating the same enlarged
diameter state as in Fig. 4A.

Fig. 4C is a side sectional view illustrating the same
enlarged diameter state as in Fig. 4A.

Fig. 5Ais a front view illustrating a state in which the
bit head of the first modified example illustrated in
Fig. 4A is contracted in diameter.

Fig. 5B is a plan view illustrating the same state as
in Fig. 5A.

Fig. 6A is a perspective view of a shank device of
the modified example illustrated in Fig. 4A.

Fig. 6B is a perspective view of the bit head of the
modified example illustrated in Fig. 4A when viewed
from a fore end side.

Fig. 6C is a perspective view of the bit head of the
modified example illustrated in Fig. 4A when viewed
from a rear end side.

Fig. 7A is a front view illustrating a state in which a
bit head is expanded in diameter in a second modi-
fied example of the embodimentillustrated in Fig. 1A.
Fig. 7B is a plan view illustrating the same state as
in Fig 7A.

Fig. 7C is a side sectional view illustrating the same
state as in Fig. 7A.

Fig. 8Ais a front view illustrating a state in which the
bit head of the second modified example illustrated
in Fig. 7A is contracted in diameter.

Fig. 8B is a plan view illustrating the same state as
in Fig. 8A.

Fig. 9A is a perspective view of a shank device of
the modified example illustrated in Fig. 7A.

Fig. 9B is a perspective view of the bit head of the
modified example illustrated in Fig. 7A when viewed

10

15

20

25

30

35

40

45

50

55

from a fore end side.

Fig. 9C is a perspective view of the bit head of the
modified example illustrated in Fig. 7A when viewed
from a rear end side.

Fig. 10A is a front view illustrating a state in which a
bit head is expanded in diameter in a third modified
example of the embodiment illustrated in Fig. 1A.
Fig. 10B is a plan view illustrating the same state as
in Fig. 10A.

Fig. 10C is a side sectional view illustrating the same
state as in Fig. 10A.

Fig. 11A is a front view illustrating a state in which
the bit head of the third modified example illustrated
in Fig. 10A is contracted in diameter.

Fig. 11B is a plan view illustrating the same state as
in Fig. 11A.

Fig. 12A is a perspective view of a shank device of
the modified example illustrated in Fig. 10A.

Fig. 12B is a perspective view of the bit head of the
modified example illustrated in Fig. 10A when viewed
from a fore end side.

Fig. 12C is a perspective view of the bit head of the
modified example illustrated in Fig. 10A when viewed
from a rear end side.

Fig. 13A is a front view illustrating a state in which a
bit head is expanded in diameter in an excavation
tool according to a second embodiment of the
present invention.

Fig. 13B is a plan view illustrating the same state as
in Fig. 13A.

Fig. 13C is a side sectional view illustrating the same
state as in Fig. 13A.

Fig. 13D is a perspective view illustrating the same
state as in Fig. 13A.

Fig. 14A is a front view of a state in which the bit
head of the embodimentiillustrated in Fig. 13Ais con-
tracted in diameter.

Fig. 14B is a plan view illustrating the same state as
in Fig. 14A.

Fig. 15A is a perspective view of a shank device of
the second embodiment illustrated in Fig. 13A.

Fig. 15B is a perspective view of the bit head of the
embodimentillustrated in Fig. 13A when viewed from
a fore end side.

Fig. 15C is another perspective view of the bit head
of the embodiment illustrated in Fig. 13A when
viewed from a fore end side.

Fig. 15D is a perspective view of the bit head of the
embodimentillustrated in Fig. 13A when viewed from
a rear end side.

Fig. 16A is a front view illustrating a state in which a
bit head is expanded in diameter in an excavation
tool according to a third embodiment of the present
invention.

Fig. 16B is a side sectional view illustrating the same
state as in Fig. 16A.

Fig. 16C is a partial front view when viewed in a di-
rection of an arrow X in Fig. 16B.
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Fig. 16D is a perspective view of the same state as
in Fig. 16A when viewed from a fore end side.

Fig. 16E is a perspective view of the same state as
in Fig. 16A when viewed from a rear end side.

Fig. 17A is a front view of a state in which the bit
head of the third embodiment illustrated in Fig. 16A
is contracted in diameter.

Fig. 17B is a side view of the same state as in Fig.
17A.

Fig. 17C is a partial front view when viewed in a di-
rection of an arrow X in Fig. 17B.

Fig. 17D is a perspective view of the same state as
in Fig. 17A when viewed from a fore end side.

Fig. 18A is a perspective view of a shank device of
the embodiment illustrated in Fig. 16A.

Fig. 18B is a perspective view of the bit head of the
embodimentillustratedin Fig. 16 Awhen viewed from
a fore end side.

Fig. 18C is another perspective view of the bit head
of the embodiment illustrated in Fig. 16A when
viewed from a fore end side.

Fig. 18D is a perspective view of the bit head of the
embodimentillustratedin Fig. 16 Awhen viewed from
arear end side.

[Description of Embodiments]

[0023] Figs. 1A to 3C illustrate an excavation tool of a
firstembodiment of the presentinvention. The excavation
tool of the present embodiment includes a shank device
1 and a plurality (three in this embodiment) of bit heads
3 attached to the shank device 1.

[0024] A main body of the shank device 1 is formed of
a metal material such as steel and is formed in a multi-
stage columnar shape or a disc shape in which a fore
end part has a diameter larger than that of a rear end
part with an axis O as a center. At the rear end part of
the shank device 1 having a relatively small diameter, a
tapered female screw 1a centered on the axis O which
opens to a rear end surface of the shank device 1 and
gradually contracts in diameter toward a fore end side is
formed. The shank device 1 may be connected, for ex-
ample, to a high frequency hammer (not illustrated) via
a rod (not illustrated) screwed to the tapered female
screw 1a so that a striking force directed toward the fore
end side in an axis O direction and thrust as necessary
is applied to the shank device 1 and the shank device 1
is rotated in a tool rotation direction T about the axis O
at the time of drilling.

[0025] A plurality (three in the present embodiment) of
recesses 2 are formed at equal intervals in a circumfer-
ential direction on an outer circumferential part of the fore
end of the shank device 1, and the bit heads 3 are re-
spectively attached to these recesses 2 to be rotatable
about a bit center line L disposed away from the axis O
to an outer circumferential side. When the shank device
1 is rotated in the tool rotation direction T at the time of
drilling, as illustrated in Fig. 1A, each of the bit heads 3
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rotates in a direction opposite to the tool rotation direction
T, and an outer diameter of the bit head 3 from the axis
O expands. After drilling has ended, when the shank de-
vice 1 is rotated in a direction opposite to the tool rotation
direction T, as illustrated in Fig. 2A, the bit head 3 rotates
in the tool rotation direction T so that the outer diameter
of the bit head 3 from the axis O is contracted and is
accommodated in the recess 2.

[0026] The recess 2 is formed in a substantially rec-
tangular shape extending in the circumferential direction
of the shank device 1 when viewed from the fore end
side in the axis O direction, and a hole 2a centered on
the bit center line L is formed on a side, opposite to the
tool rotation direction T, of a bottom surface facing the
fore end side in the axis O direction. In the first embodi-
ment, a cylindrical hole having a constant inner diameter
centered on the bit center line L is formed on the bottom
surface of the recess 2, an intermediate member 4 in a
bottomed cylindrical shape is inserted into the hole and
attached by press-fitting, shrink-fitting, cold-fitting, adhe-
sion, screw-fitting, or the like, and the inside of the inter-
mediate member 4 serves as the hole 2a. The interme-
diate member 4 may be formed of, for example, a steel
harder than a metal material such as the steel forming a
main body of the bit head 3 or the like.

[0027] Inthe present embodiment, aninner circumfer-
ential surface of the hole 2a is formed in a concave cir-
cular truncated cone shape which gradually contracts in
diameter toward the rear end side in the axis O direction
with the bit center line L as the center. In other words,
the inner circumferential surface of the hole 2a is formed
as an inclined surface inclined at a constant inclination
angle o with respect to the bit center line L. The bit center
line L is parallel to the axis O in the first embodiment
including first to third modified examples to be described
below. A bottom surface of the hole 2a facing the fore
end side in the axis O direction and the bottom surface
of the recess 2 at a portion at which the hole 2a opens
are perpendicular to the axis O.

[0028] A corner part at which a wall surface of the re-
cess 2 facing in the tool rotation direction T and a wall
surface facing the outer circumferential side of the shank
device 1 intersect is formed in a concave cylindrical sur-
face shape with the bit center line L as a center. A locking
pin 5 is inserted and fixed in a plane perpendicular to the
axis O from the outer circumferential part of the shank
device 1 towards the corner part. As illustrated in Fig.
1A, a body part of the locking pin 5 partially protrudes
into the corner part and is exposed, and the exposed
portion engages with a locking groove 3c formed on a
circumferential surface of the bit head 3, thereby prevent-
ing the bit head 3 from falling off.

[0029] An annular step part 1b having an larger diam-
eter is formed at a rear end of the outer circumferential
surface ofthe fore end partwith a relatively large diameter
in the shank device 1, and a fore end surface 1b1 of the
step part 1b facing the fore end side in the axis O direction
isformedin aconvex circular truncated cone shape which
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is inclined to be directed toward the rear end side in the
axis O direction toward the outer circumferential side.
[0030] On the bottom surface of the recess 2 on a front
side with respect to the tool rotation direction T, a sludge
discharge groove 1c, a depth of which extends toward
the outer circumferential side, is formed, and as illustrat-
ed in Fig. 1C, the discharge groove 1c extends parallel
to the axis O at the outer circumference of the fore end
partofthe shank device 1 and openstoarearend surface
of the fore end part.

[0031] A blow hole 1d is formed on a bottom surface
of the tapered female screw 1a facing the rear end side
in the axis O direction and extends toward the fore end
side along the axis O. The blow hole 1d branches off into
a plurality of portions to be directed toward the outer cir-
cumference side toward the fore end side in the axis O
direction in the fore end part of the shank device 1, and
opens to a bottom surface of the discharge groove 1c
facing the fore end side in the axis O direction and to a
corner part of the recess 2 at which a wall surface facing
a side opposite to the tool rotation direction T and the
wall surface facing the outer circumferential side inter-
sect.

[0032] Anoutercircumferential part of the fore end sur-
face of the shank device 1 is formed as a gauge surface
1f in a circular truncated cone shape which is directed
toward the rear end side in the axis O direction toward
the outer circumferential side, and a central part of the
fore end surface of the shank device 1 is formed as a
face surface 1g perpendicular to the axis O. An excava-
tion tip 6 made of a hard material such as cemented car-
bide having a higher hardness than the main body of the
shank device 1 is vertically implanted on these gauge
surface 1f and the face surface 1g. A rear end of the
excavation tip 6 has a columnar shape, and a fore end
thereof has a hemispherical shape.

[0033] The main body of the bit head 3 attached to the
shank device 1 is formed of a metal material such as
steel as described above and includes a columnar shaft
3a and a rectangular parallelepiped head part 3b provid-
ed at a fore end of the shaft 3a. The shaft 3a can be
inserted into the hole 2a of the shank device 1 coaxially
with the bit center line L. That is, an outer circumferential
surface of the shaft 3a is formed in a convex circular
truncated cone shape with the bit center line L as a center
which gradually contracts in diameter toward the rear end
side in the axis O direction, and is formed as an inclined
surface inclined at a constant inclination angle o with
respect to the bit center line L. The inclination angle a is
equal to an inclination angle o formed by the inner cir-
cumferential surface of the hole 2a with respect to the bit
center line L, and the shaft 3a can be taper-fitted to the
hole 2a.

[0034] The head part 3b is provided at a fore end part
of the shaft 3a and has a thick plate shape, and has a
side surface parallel to the bit center line L. When viewed
from the fore end side in the axis O direction, a side sur-
face of the head part 3b includes a semicircular side sur-
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face centered on the bit center line L, two extended side
surfaces extending from both ends of the semicircular
side surface, and an arcuate side surface having a radius
of curvature larger than that of the semicircular side sur-
face and connecting end parts of these extended side
surfaces on a side opposite to the semicircular side sur-
face.

[0035] In a state in which the shaft 3a is inserted into
the hole 2a to be coaxial with the bit center line L as
described above, the semicircular side surface of the
head part 3b has a radius of curvature equal to or slightly
smaller than that of the concave cylindrical surface of the
corner partatwhich the wall surface of the recess 2 facing
in the tool rotation direction T and the wall surface facing
the outer circumferential side of the shank device 1 in-
tersect each other, and is slidable on the concave cylin-
drical surface.

[0036] On the semicircular side surface, in a state in
which the shaft 3a is inserted into the hole 2a, a locking
groove 3c having an arcuate cross section is formed
along a plane perpendicular to the bit center line L at a
position corresponding to the locking pin 5 exposed to
the corner part of the recess 2. A width of the locking
groove 3c in a direction of the bit center line L is slightly
larger than a width of the exposed locking pin 5 in the
direction of the bit center line L.

[0037] In a state in which the shaft 3a of the bit head
3 is inserted into the hole 2a of the shank device 1 in
which the locking pin 5 is not inserted, the bit head 3 can
rotate aboutthe bitcenter line L as described above while
the outer circumferential surface of the shaft 3a is in slid-
ing contact with the inner circumferential surface of the
hole 2a, and the shaft 3a can be pulled out of the hole
2a. In this state, when the locking pin 5 is inserted, the
body part of the locking pin 5 exposed in the recess 2
engages with the locking groove 3c, and movement of
the shaft 3a in the axis O direction is hindered and the
bit head 3 is prevented from coming out while being ro-
tatable.

[0038] A rear end surface of the head part 3b facing
the rear end side in the axis O direction is in a plane
perpendicular to the bit center line L, and, in a state in
which the shaft 3ais inserted into the hole 2a and tapered
fitted, a slight clearance is formed between a rear end
surface of the shaft 3a and the bottom surface of the hole
2a and between the rear end surface of the head part 3b
and the bottom surface of the recess 2 at which the hole
2a opens.

[0039] The bit head 3 locked by the locking pin 5 is
rotated about the bit center line L in a direction opposite
to the tool rotation direction T as described above while
the semicircular side surface of the head part 3b is in
sliding contact with the concave cylindrical surface
shaped corner part of the recess 2, and in a state in which
an outer diameter of the head part 3b from the axis O is
expanded, as illustrated in Fig. 1A, the extended side
surface of the head part 3b facing a side opposite to the
tool rotation direction T comes into contact with the wall
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surface of the recess 2 facing in the tool rotation direction
T and is positioned. At this time, the arcuate side surface
ofthe bithead 3 is disposed on a virtual cylindrical surface
centered on the axis O having a larger radius than the
fore end part of the shank device 1.

[0040] From this state, the bit head 3 is rotated in the
tool rotation direction T about the bit center line L, and
when the outer diameter of the head part 3b from the axis
O is contracted in diameter, the extended side surface
of the head part 3b, which has been facing in the tool
rotation direction T, with the diameter expanded is
brought into contact with the wall surface of the recess
2 facing the outer circumferential side of the shank device
1 and is positioned as illustrated in Fig. 2A. At this time,
the bit head 3 is accommodated in the recess 2 such that
the outer diameter of the head part 3b from the axis O is
positioned within a virtual cylindrical surface having an
outer diameter equal to or less than an outer diameter of
a portion 1b2 on a fore end side of the step part 1b of the
shank device 1.

[0041] In a state in which the bit head 3 is expanded
in diameter, a fore end surface of the head part 3b of the
bit head 3 is formed as a gauge portion in a circular trun-
cated cone shape in which an outer circumferential part
thereof is directed toward the rear end side in the axis O
direction toward the outer circumferential side and an
inner circumferential side of the outer circumferential part
is formed as a face surface perpendicular to the axis O.
The face surface of the fore end surface of the bit head
3 and the face surface of the fore end surface of the shank
device 1 are positioned on the same plane in a state in
which the shaft 3a of the bit head 3 is taper-fitted to the
hole 2a of the shank device 1 as will be described below.
[0042] With the bit head 3 expanded in diameter, a
boundary between the gauge surface and the face sur-
face of the fore end surface of the head part 3b is dis-
posed to form an arc continuous to an outer circumfer-
ence of the portion 1b2 on the fore end side of the step
part 1b of the shank device 1 when viewed from the fore
end side in the axis O direction as illustrated in Fig. 1A.
On these gauge surface and the face surface, the exca-
vation tip 6 made of a hard material such as cemented
carbide having a higher hardness than a main body of
the bithead 3 is vertically implanted on the gauge surface
and the face surface.

[0043] Withthe head part 3b of the bit head 3 contract-
ed in diameter, the excavation tool configured as above
is inserted into a cylindrical casing pipe 7 centered on
the axis O from the rear end side in the axis O direction,
and the fore end surface of the shank device 1 and the
bit head 3 protrude toward the fore end side in the axis
O direction from an inner circumferential part of a cylin-
drical casing top 7a centered on the axis O attached to
a fore end part of the casing pipe 7. The casing pipe 7
has an inner diameter slightly larger than an outer diam-
eter of the step part 1b of the fore end part of the shank
device 1 and an outer diameter smaller than the outer
diameter of the head part 3b of the bit head 3 with the
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diameter expanded.

[0044] The casingtop 7ahasaninner diametersmaller
than the outer diameter of the step part 1b and slightly
larger than an outer diameter of the shank device 1 on
the fore end side further than the step part 1b and an
outer diameter equal to an outer diameter of the casing
pipe 7, and is joined and fixed to the fore end part of the
casing pipe 7 by welding or the like. Therefore, the inner
circumferential part of the casing top 7a extends to an
inner circumferential side at the fore end part ofthe casing
pipe 7, and a rear end surface of the extended portion
facing the rear end side in the axis O direction is formed
in a circular truncated cone shape which is inclined to be
directed toward the rear end side in the axis O direction
toward the outer circumferential side at an inclination an-
gle equal to an inclination angle formed by the fore end
surface 1b1 of the step part 1b of the shank device 1 with
respect to the axis O.

[0045] Therefore, whenthe excavation tool is coaxially
inserted into the casing pipe 7 in a state in which the head
part 3b of the bit head 3 is contracted in diameter as
described above, the fore end surface of the step part 1b
of the shank device 1 comes into contact with the rear
end surface of the casing top 7a, and thereby the casing
top 7a and the casing pipe 7 can move forward integrally
with the shank device 1 toward the fore end side in the
axis O direction. In this state, the fore end surface of the
shank device 1 and the bit head 3 protrude from the cas-
ing top 7a toward the fore end side in the axis O direction.
In regards to a circumferential direction, since the fore
end surface 1b1 of the step part 1b is in sliding contact
with the rear end surface of the casing top 7a, the casing
top 7a and the casing pipe 7 do not rotate integrally with
the shank device 1.

[0046] In a state in which the fore end of the shank
device 1 and the bit head 3 with a contracted diameter
protrude from the casing top 7a, when a rotating force in
the tool rotation direction T is applied to the shank device
1 while pressing the fore end surfaces of the shank device
1 and the head part 3b of the bit head 3 against bedrock,
the bit head 3 rotates in a direction opposite to the tool
rotation direction T due to resistance with the bedrock
and is positioned, and as illustrated in Fig 1C, the outer
diameter of the head part 3b from the axis O expands to
be larger than the outer diameter of the casing pipe 7.
[0047] When a striking force directed toward the fore
end side in the axis O direction and a thrust as necessary
are applied from a high frequency hammer to the shank
device 1, the bit head 3 is pushed into the rear end side
in the axis O direction, the outer circumferential surface
of the shaft 3a is firmly brought into close contact with
the inner circumferential surface of the hole 2a of the
shank device 1, and the bit head 3 is taper-fitted to and
integrated with the shank device 1. That s, in the present
embodiment, the bit head 3 can be taper-fitted to the
shank device 1 toward the rear end side in the axis O
direction. Therefore, the striking force is transmitted from
the shank device 1 to the bit head 3 which are integrated
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with each other, an excavation hole is formed in bedrock
by the excavation tip 6 implanted on the fore end surfaces
of the shank device 1 and the bit head 3 together with
the rotational force, and the casing pipe 7 which can move
forward integrally with the shank device 1 to the fore end
side in the direction of the axis O is inserted into the ex-
cavation hole.

[0048] Whenthe excavationholeisformed in this man-
ner, compressed air or the like is supplied to the blow
hole 1d to eject air or the like to the discharge groove 1c
and therecess 2, and sludge which is fine earth and sand
generated by the excavation tip 6 is discharged. When
an excavation hole is formed to a predetermined depth
and the drilling has ended, first, the shank device 1 and
the bit head 3 are moved back and the rear end surface
of the head part 3b is brought into contact with the fore
end of the casing top 7a, and thereby the bit head 3 is
pushed out toward the fore end side in the axis O direction
to release the tapered fitting with the shank device 1.
[0049] Next, when the shank device 1 is rotated in a
direction opposite to the tool rotation direction T at the
time of drilling while the rear end surface of the head part
3b is pressed against the fore end of the casing top 7a,
due tofriction with the casing top 7a, the bithead 3 rotates
in a direction opposite to the tool rotation direction T and
is positioned. When the head part 3b is accommodated
in the recess 2 and the outer diameter from the axis O
becomes smaller than an outer diameter of the portion
on the fore end side of the step part 1b of the shank
device 1, the excavation tool can be recovered by moving
back the shank device 1 in this state. The casing pipe 7
may be left as it is in the excavation hole to be used for
preventing the excavation hole from collapsing or may
be recovered by being pulled out of the excavation hole
afterinserting a reinforcing material into the inner circum-
ferential portion.

[0050] Asdescribed above, inthe excavation tool hav-
ing the above-described configuration, the bithead 3 can
be taper-fitted to the shank device 1 by the inclined sur-
face (the convex circular truncated cone shaped outer
circumferential surface of the shaft 3a in the first embod-
iment) of the bit head 3 inclined with respect to the bit
center line L, and thereby the bit head 3 is firmly integrat-
ed with the shank device 1 and a tool rigidity can be im-
proved at the time of drilling. Therefore, a striking force
from the shank device 1 can be efficiently transmitted to
the bit head 3, and thereby excavation efficiency can be
improved and, for example, even hard bedrock can be
drilled.

[0051] The bit head 3 does not vibrate due to a striking
force transmitted from the shank device 1 to the bit head
3, and damage to a service life of the tool due to friction
and abrasion of a striking force transmission surface can
be prevented. By suppressing friction and abrasion due
to such vibration, a striking force from the high frequency
hammer as described above can be transmitted and thus
more efficient drilling can be promoted.

[0052] Further, in the present embodiment, the outer
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circumferential surface of the shaft 3a of the bit head 3
inserted into the hole 2a of the shank device 1 is formed
as aninclined surface inclined with respect to the bit cent-
er line L in a convex circular truncated cone shape in
which the outer diameter gradually contracts toward the
rear end side in the axis O direction, the shaft 3a is in
close contact with the inner circumferential surface of the
hole 2a in a concave circular truncated cone shape on
the shank device 1 side in which the inner diameter grad-
ually contracts toward the rear end side in the direction
of the axis O in the same manner, and thereby the bit
head 3 is taper-fitted to the shank device 1. Therefore,
transmission of a striking force applied to the shank de-
vice 1 to the bit head 3 via the bottom surface of the hole
2a and the rear end surface of the shaft 3a or the bottom
surface of the recess 2 and the rear end surface of the
head part 3b as in the conventional case is eliminated,
and since a clearance can be formed between these bot-
tom surfaces and the rear end surfaces as described
above, damage due to friction can be more reliably pre-
vented.

[0053] When the outer circumferential surface of the
shaft 3a of the bit head 3 is brought into close contact
with the inner circumferential surface of the hole 2a on
the shank device 1 side and the bit head 3 is taper-fitted
to the shank device 1, it is preferable that the inclination
angle (single angle) a with respect to the bit center line
L of these inner and outer circumferential surfaces be in
arange of 3° to 10°. When the inclination angle o is larger
than the above-described range, the tapered fitting tends
to be released due to a striking force, and there is a like-
lihood that vibration of the bit head 3 cannot be prevented
and a tool rigidity cannot be improved, and when the in-
clination angle o is smaller than the above-described
range, the tapered fitting becomes too strong, and there
is a likelihood that the bit head 3 cannot be easily ex-
panded and contracted in diameter.

[0054] In the present embodiment, since the hole 2a
is formed in the intermediate member 4 attached to a
hole with a constantinner diameter formed on the bottom
surface of the recess 2 of the shank device 1, when abra-
sion occurs in the hole 2a or the shaft 3a while the bit
head 3 repeats expansion and contraction in diameter,
the bit head 3 or the intermediate member 4 may be re-
placed, and the main body of the shank device 1 itself
can be used over a longer period of time. Particularly, in
the present embodiment, since the intermediate member
4 is made of a material having a hardness higher than
that of the main body of the bit head 3, abrasion due to
expansion and contraction in diameter occurs only in the
bit head 3, and thus a service life of the shank device 1
including the intermediate member 4 can be prolonged.
In the present embodiment, the intermediate member 4
is formed in a bottomed cylindrical shape but may have
a cylindrical shape with no bottom, a ring shape, or a C-
shaped cross section.

[0055] Next, Figs. 4A to 6C, Figs. 7A to 9C, and Figs.
10A to 12C respectively illustrate first to third modified
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examples of the first embodiment, and portions common
to those in the first embodiment illustrated in Figs. 1A to
3C are denoted by the same reference signs, and de-
scription thereof will be omitted. The same applies to sec-
ond and third embodiments to be described below.
[0056] The first modified example illustrated in Figs.
4Ato 6C is an example in which the intermediate member
4 is not attached to the shank device 1 and the hole 2a
is formed directly on the bottom surface of the recess 2.
[0057] The second modified example illustrated in
Figs. 7A to 9C is an example in which the intermediate
member 4 is not attached to the shank device 1, and the
locking groove 3c of the bit head 3 is not formed on the
side surface of the head part 3b but formed in an annular
shape on the outer circumferential surface of the shaft
3a. Inthis case, the locking pin 5 is inserted into the shank
device 1 and fixed so that a body part of the locking pin
5 of the shank device 1 partially protrudes to a position
corresponding to the locking groove 3c of the hole 2a.
[0058] In the firstembodiment and the first and second
modified examples, the tapered female screw 1a is
formed at the rear end part of the shank device 1 to trans-
mit a striking force and a rotational force to the shank
device 1. In contrast, in the third modified example illus-
trated in Figs. 10A to 12C, a shank part 1e extending
toward a rear end side along the axis O is integrally
formed at a rear end part of the shank device 1. In this
case, a striking force and a rotational force from a down-
the-hole hammer or the like attached to the shank part
1e are transmitted to the shank device 1. Grooves ex-
tending in the axis O direction are formed at regular in-
tervals in the circumferential direction on an outer cir-
cumference of the shank part 1e and engaged with the
down-the-hole hammer or the like to be relatively non-
rotatable.

[0059] Figs. 13A to 15D illustrate a second embodi-
ment of the present invention, and Figs. 16A to 18D il-
lustrate a third embodiment of the present invention. In
the first embodiment and the first to third modified exam-
ples described above, the outer circumferential surface
of the shaft 3a of the bit head 3 is formed as an inclined
surface inclined with respect to the bit center line L and
is close contact with the inner circumferential surface of
the hole 2a which is an inclined surface inclined with re-
spect to the bit center line L in the same manner, and
thereby the bit head 3 can be taper-fitted to the shank
device 1. In contrast, in the second and third embodi-
ments, a bit head 3 can be taper-fitted to a shank device
1 toward a direction opposite to a tool rotation direction
T at the time of drilling.

[0060] In the second embodiment, a bit center line L
is parallel to an axis O of the shank device 1, and a pro-
truding part 3d is formed on a rear end side in an axis O
direction of a side surface of a head part 3b facing a side
opposite to the tool rotation direction T in an enlarged
diameter state. A rear end surface of the protruding part
3d facing the rear end side in the axis O direction is on
the same plane with a rear end surface of the head part
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3b and is a flat surface perpendicular to the bit center
line L. In the enlarged diameter state, a fore end surface
3e of the protruding part 3d facing a fore end side in the
axis O direction is formed as an inclined surface inclined
with respect to the bit center line L and extending toward
the rear end side in the axis O direction (that is, on a rear
end surface side of the protruding part 3d) toward a di-
rection opposite to the tool rotation direction T.

[0061] Arecess2b capable of accommodating the pro-
truding part 3d is formed in a recess 2 of the shank device
1 on the rear end side in the axis O direction of a wall
surface facing in the tool rotation direction T. A bottom
surface of the recess 2b facing the fore end side in the
axis O direction is on the same plane with a bottom sur-
face of the recess 2 facing the fore end side in the axis
O direction and is a flat surface perpendicular to the bit
center line L. On the other hand, a ceiling face 2c of the
recess 2b facing the rear end side in the axis O direction
to face the bottom surface is formed as an inclined sur-
face inclined with respect to the bit center line L extending
toward the rear end side in the axis O direction (that is,
on a bottom surface side of the recess 2b) toward a di-
rection opposite to the tool rotation direction T.

[0062] Inthe second embodiment, an inclination angle
B formed by the fore end surface 3e of the protruding part
3d with respect to the rear end surface of the protruding
part 3d and an inclination angle  formed by the ceiling
face 2c ofthe recess 2b with respect to the bottom surface
of the recess 2b are equal to each other, and are within,
for example, a range of 6° to 20°. As illustrated in Fig.
13B and Fig. 13D, the fore end surface 3e and the ceiling
face 2c are in close contact (surface contact) with each
otherin an enlarged diameter state. Thereby, the bit head
3 is taper-fitted to the shank device 1 toward a direction
opposite to the tool rotation direction T at the time of
drilling. That is, in the present embodiment, the bit head
3 can be taper-fitted to the shank device 1 toward a di-
rection opposite to the tool rotation direction T at the time
of drilling.

[0063] In the second embodiment and the third em-
bodiment, the hole 2a of the shank device 1 has a con-
stant inner diameter, and the shaft 3a of the bit head 3
has a columnar shape centered on the bit center line L
that can be fitted into the hole 2a. A locking groove 3c is
annularly formed on an outer circumferential surface of
the shaft 3a, a locking pin 5 is inserted into the shank
device 1 so that a body part of the locking pin 5 partially
protrudes to a position corresponding to the locking
groove 3c of the hole 2a, and thereby the bit head 3 is
fixed. Even when the hole 2a of the shank device 1 has
a constant inner diameter as described above, the hole
2a may be formed on a cylindrical intermediate member
4 attached to the shank device 1. In a reduced diameter
state, the head part 3b of the bit head 3 is accommodated
in the recess 2 including the protruding part 3d, and an
outer diameter from the axis O is equal to or less than
an outer diameter of a portion 1b2 on a fore end side of
a step part 1b of the shank device 1.
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[0064] Inthe second embodiment, when the shank de-
vice 1 is rotated in the tool rotation direction T and the
bit head 3 is rotated in a direction opposite to the tool
rotation direction T at the time of starting drilling, the pro-
truding part 3d of the head part 3b is accommodated in
the recess 2b of the recess 2 and the fore end surface
3e of the protruding part 3d is in close contact with the
ceiling face 2c of the recess 2b. Thereby, the shank de-
vice 1 and the bit head 3 are taper-fitted. After drilling
has ended, simply by rotating the shank device 1 in a
direction opposite to the tool rotation direction T at the
time of drilling, the bit head 3 rotates in the tool rotation
direction T due to resistance from a bottom surface of an
excavation hole. As a result, the fore end surface 3e is
separated from the ceiling face 2c, the protruding part 3d
is pulled out of the recess 2b, and the taper-fitting is re-
leased.

[0065] Accordingly, also in the second embodiment,
similarly to the first embodiment, a tool rigidity can be
improved by taper-fitting the bit head 3 to the shank de-
vice 1 at the time of drilling, and thereby a service life of
the tool can be prolonged due to improvement in exca-
vation efficiency and suppression of abrasion and friction
and the tool can also be used for excavation using a high
frequency hammer.

[0066] Inthe second embodiment, itis unnecessary to
release the taper-fitting by bringing the rear end surface
of the head part 3b of the bit head 3 into contact with the
fore end of the casing top 7a as in the first embodiment,
the shank device 1 need only be rotated in a direction
opposite to the tool rotation direction T at the time of
drilling similarly to a case in which a normal diameter
expansion bit is contracted, and thereby damage to the
bit head 3 can be more reliably prevented.

[0067] Inthe second embodiment, theinclination angle
B formed by the fore end surface 3e of the protruding part
3d with respect to the rear end surface of the protruding
part 3d and the inclination angle 3 formed by the ceiling
face 2c ofthe recess 2b with respect to the bottom surface
of the recess 2b are preferably within a range of 6° to 20°
asdescribed above. Whentheinclination angle Bis larger
than the above-described range, the tapered fitting tends
to be released due to a striking force, and there is a like-
lihood that vibration of the bit head 3 cannot be prevented
and a tool rigidity cannot be improved. When the inclina-
tion angle B is smaller than the above-described range,
the tapered fitting becomes too strong, and there is a
likelihood that the bit head 3 cannot be easily expanded
and contracted in diameter.

[0068] Ontheotherhand,inthe thirdembodiment, sim-
ilarly to the second embodiment, the protruding part 3d
having the fore end surface 3e which is an inclined sur-
face inclined with respect to the bit center line L is formed
atthe head part 3b of the bit head 3, the recess 2b having
the ceiling face 2c is formed in the recess 2 of the shank
device 1, and these fore end surface 3e and the ceiling
face 2c are brought into close contact with each other as
illustrated in Fig. 13B and Fig. 13D in an enlarged diam-
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eter state. Thereby, the bit head 3 can be taper-fitted to
the shank device 1 toward a direction opposite to the tool
rotation direction T.

[0069] However, inthe third embodiment, asillustrated
in Fig. 16B and Fig. 17B, the bit center line L is inclined
with respect to a plane perpendicular to the axis O of the
shank device 1. That is, in the third embodiment, the bit
center line L is inclined to the tool rotation direction T at
the time of drilling toward the rear end side in the axis O
direction. In accordance with this, a wall surface of the
recess 2 facing in the tool rotation direction T in which
the hole 2a and the recess 2b of the shank device 1 are
formed and the shaft 3a of the bit head are also inclined
to face in the tool rotation direction T at the time of drilling
toward the rear end side in the axis O direction. Further,
the bottom surface of the recess 2 and the rear end sur-
face of the head part 3b of the bit head 3 are inclined to
face the rear end side in the axis O direction toward a
direction opposite to the tool rotation direction T at the
time of drilling.

[0070] In a state in which the head part 3b is rotated
in a direction opposite to the tool rotation direction T and
positioned at the time of drilling, the above-described ar-
cuate side surface of the head part 3b of the bit head 3
is formed in a trapezoidal shape in which the tool rotation
direction T side is narrow as illustrated in Fig. 16B so that
aface surface of the fore end surface thereof is positioned
on the same plane with a face surface of the shank device
1. In a reduced diameter state, as illustrated in Fig. 17B,
the head part 3b is disposed so that the above-described
arcuate side surface protrudes toward the fore end side
in the axis O direction with respect to the fore end surface
of the shank device 1. In the reduced diameter state, the
fact that an outer diameter of the head part 3b from the
axis O is smaller than an outer diameter of the portion
1b2 on a fore end side of the step part 1b of the shank
device 1 is the same as in the second embodiment.
[0071] Inthe third embodiment, similarly to the second
embodiment, by rotating the shank device 1 in the tool
rotation direction T to rotate the bit head 3 in a direction
opposite to the tool rotation direction T at the start of
drilling, the fore end surface 3e of the protruding part 3d
is brought into close contact with the ceiling face 2c of
the recess 2b, and thereby the bit head 3 can be taper-
fitted to the shank device 1 toward a direction opposite
to the tool rotation direction T. Further, when resistance
from bedrock is directed toward the rear end side in the
axis O direction and acts on the bit head 3 at the time of
drilling, the head part 3b is pushed along the bottom sur-
face of the recess 2 in a direction opposite to the tool
rotation direction T, and the fore end surface 3e is strong-
ly brought into close contact with the ceiling face 2c.
Therefore, the shank device 1 and the bit head 3 can be
more firmly taper-fitted. That is, in the third embodiment,
the bit head 3 can be taper-fitted to the shank device 1
toward a direction opposite to the tool rotation direction
T at the time of drilling, and can also be taper-fitted to
the shank device 1 toward the rear end side in the axis
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O direction.

[0072] Therefore, according to the third embodiment,
a tool rigidity can be further improved to increase a hole
boring rate, friction and abrasion can be more reliably
suppressed to prolong a service life of the tool, and the
tool can cope with use of a higher frequency hammer.
Also in the third embodiment, at the end of drilling, by
rotating the shank device 1 in a direction opposite to the
tool rotation direction T at the time of drilling, the head
part 3b of the bit head 3 rotates in the tool rotation direc-
tion T to release the tapered fitting, the head part 3b is
accommodated in the recess 2, and the excavation tool
can be recovered.

[Industrial Applicability]

[0073] Accordingtothe presentinvention, itis possible
to improve atool rigidity, and thereby excavation efficien-
cy can be improved. In addition, a service life of the tool
can be prolonged by suppressing friction and abrasion,
and the tool can also be used for drilling hard bedrock or
for excavation using a high frequency hammer. There-
fore, the present invention is industrially applicable.

[Reference Signs List]
[0074]

1 Shank device

1a Tapered female screw

1b Step part

1e Shank part

2 Recess

2a Hole

2b Recess

2c¢ Ceiling face of recess 2b (inclined surface)
3 Bit head

3a Shaft

3b Head part

3d Protruding part

3e Fore end surface of protruding part 3d (inclined
surface)

4 Intermediate member

6 Excavation tip

7 Casing pipe

7a Casing top

O Axis of shank device 1

L Bit center line

T Tool rotation direction (rotation direction of shank
device 1 at the time of drilling)

Claims

1. An excavation tool comprising:

a shank device which is rotated about an axis
thereof and to which a striking force is applied
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to a fore end side in an axial direction; and
abithead attachedto afore end part of the shank
device and rotatable about a bit center line dis-
posed away from the axis toward an outer cir-
cumferential side, wherein

the bit head which is able to be taper-fitted to
the shank device by an inclined surface inclined
with respect to the bit center line.

The excavation tool according to claim 1, wherein
the bit head is able to be taper-fitted to the shank
device toward a rear end side in the axial direction.

The excavation tool according to claim 2, wherein
a shaft to be inserted into a hole of the shank device
is provided in the bit head,

an outer circumferential surface of the shaftis formed
as an inclined surface inclined with respect to the bit
center line, and the inclined surface gradually reduc-
es in diameter toward the rear end side, and

the hole of the shank device is formed in an interme-
diate member attached to the shank device.

The excavation tool according to any one of claim 1
to 3, wherein

the bit head is able to be taper-fitted to the shank
device toward a direction opposite to a rotation di-
rection of the shank device at the time of drilling.
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