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(54) DRILL AND DRILLING DEVICE USING SAME

(57) Provided are a drill that enhances work efficien-
cy and process accuracy of a boring process, and a bor-
ing device enabling dust collection and recovery by using
the drill. In a drill formed with a chip exhaust 102 along
a center of an axis in a drill body 101, a large-diameter
cylindrical body 101a with an outer diameter increased
via a different level part G or G’ is provided on a base
end side of the drill body 101, first cutting edges 110 are
provided on a tip part of the drill body, first scrap lead
pockets 112 leading to the chip exhaust are provided in

the vicinity of the first cutting edges 110, second cutting
edges 120 are provided on the different level part, and
second scrap lead pockets 122 leading to the chip ex-
haust are provided in the vicinity of the second cutting
edges 120. A boring device is configured such that a dust
collection mechanism 50 is coupled to a back end of the
chip exhaust 102 of the drill body, and produced chips
are suction-recovered in the dust collection mechanism
50 by boring a work material W while a driving source
rotates the drill body 101.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a drill and a
boring device using the same, and more specifically to a
drill formed with a chip exhaust in a drill body, and a
boring device with a dust collection mechanism for a bor-
ing process using the drill, the boring device being suit-
able for a process of boring a work material (work) that
is a fiber reinforced composite material, particularly a
non-metal material such as CFRP (carbon-fiber rein-
forced plastic) that is main wing material for an a aircraft,
and a vehicle body material for a vehicle, an Al alloy, or
the like.

BACKGROUND ART

[0002] Generally, in a case where drill boring is per-
formed for a CFRP material, a large amount of cutting
powder resulting from fine carbon fibers that are cut dur-
ing the process is mixed in chips. In a case where such
cutting powder scatters in a workshop, a working envi-
ronment remarkably deteriorates. To cope with this, for
example, a worker wears a dustproof workwear, or a dust
protective mask. However, since the cutting powder is
fine powder of carbon fibers that are harmful to a human
body, more reliable recovery of the chips is demanded.
[0003] Heretofore, in order to improve a working envi-
ronment, there is proposed a tool in which a cylindrical
drill is mounted on the tip of a hollow machine spindle
(spindle), and chips produced during a boring process
are suction-recovered in a dust collector through a shank
of the cylindrical drill and a hollow part (suction hole) of
the machine spindle (Patent Document 1).
[0004] Additionally, in a tool using a cylindrical drill sim-
ilarly, it is proposed to hollow out a work material with a
cylindrical drill, and suck a hollowed cut core through a
drill hole with a vacuum suction device, in order to reduce
the production amount of chips (Patent Document 2).
[0005] In order to improve defects of these convention-
al techniques, this applicant has proposed a boring de-
vice in which a hollow spindle is used as a spindle that
rotates with a driving source, and a cylindrical drill having
an edge part on a tip thereof is mounted on a tip of the
hollow spindle, a dust collection mechanism is coupled
to a passage back end in the hollow spindle via a chuck,
a work material is bored while the driving source rotates
the cylindrical drill via the hollow spindle, so that chips
and a cut core produced are suction-recovered in the
dust collection mechanism through the passage in the
hollow spindle (Patent Document 3, Patent Document 4).

PRIOR ART DOCUMENT

[0006]

[Patent Document 1] Japanese Utility Model Laid-

open No. H 2-35653
[Patent Document 2] Japanese Patent Application
Laid-open No. H 2-237707
[Patent Document 3] Japanese Patent Application
No. 2009-257996
[Patent Document 4] Japanese Patent Application
No. 2010-109657

SUMMARY OF THE INVENTION]

[0007] The Patent Document 3 and Patent Document
4 each specifically disclose that a boring process is per-
formed for a work material such as CFRP, but specify
only a case where the work material is bored to be formed
with a through hole whose inner diameter is uniform.
[0008] However, at an actual work site, a boring proc-
ess for not only the through hole but also a countersink,
a chamfering, a counter boring hole, etc. is required.
In this case, after the through hole is bored by using the
boring drill, it is necessary to replace the drill with a drill
for countersink or a drill for a counter boring hole to per-
form a required boring process again.
[0009] Therefore, a plurality of boring drills needs to
be assorted, and furthermore, the replacement work of
the drills requires troublesome labor, and high work effi-
ciency cannot be expected. Moreover, defects in process
accuracy, for example occurrence of core misalignment
between the initial through hole and the subsequent
countersink, counter boring hole, etc., are caused.
[0010] On the other hand, in a conventional general
drill, such as a cylindrical drill, which does not form a chip
exhaust in a drill body, and provides a chip exhaust
groove on an outer periphery surface of the drill body, a
structure enabling a chamfering or a counter boring proc-
ess is proposed. However, since the shape or the ar-
rangement structure of a chamfering edge or a counter
boring edge thereof is complicated, molding may be dif-
ficult and such a structure does not yet put into use. Fur-
thermore, assembling with the collection mechanism is
remarkably difficult.
[0011] In order to solve the conventional defects, an
object of the present invention is to provide a drill that
not only bores a work material to merely form a through
hole, etc. with the single drill, but also can perform a proc-
ess for a countersink, chamfering, a counter boring hole,
etc. without replacement of the drill according to need,
and enhances work efficiency and process accuracy of
the boring process.
[0012] Another object is to provide a boring device that
enables this new drill to be relatively easily molded, fa-
cilitates assembling with the dust collection mechanism
for chips, and enables reliable dust collection and recov-
ery of chips (including an aspect where a cut core is in-
cluded) produced during a boring process.
[0013] A drill according to the present invention is a
drill having an inner passage that is formed along a center
of an axis in a drill body and serves as a chip exhaust,
and includes: a large-diameter cylindrical body having

1 2 



EP 2 711 112 A1

3

5

10

15

20

25

30

35

40

45

50

55

an outer diameter increased via a different level part, and
coaxially provided on a base end side of the drill body; a
first cutting edge provided on a tip part of the drill body
and a first scrap lead pocket being opened toward a ro-
tating direction front side of a verge line that extends
backward from the first cutting edge and leading to the
chip exhaust; and a second cutting edge provided on the
different level part and a second scrap lead pocket being
opened toward a rotating direction front side of verge
lines that extend forward and backward from the second
cutting edge and leading to the chip exhaust.
[0014] The drill body is a cylindrical drill disclosed in
each of Patent Document 1 - 4, namely, has a structure
in which the chip exhaust formed in the drill body pene-
trates from the base end side to the tip. Additionally, the
drill body includes not only a drill formed with a first cutting
edge (boring edge, drill edge) on the tip verge, but also
a drill having a tip surface with a predetermined tip angle,
closing a tip of the chip exhaust and formed with a first
cutting edge on the tip surface.
[0015] A work material is bored by the first cutting edge
to perform a boring process (a through hole or a blind
hole), and chips (including a cut core) produced during
the process enter in the chip exhaust through the first
scrap lead pocket. Additionally, at the end of the boring
step, the boring process is continued by the second cut-
ting edge, and chips produced during the process enter
in the chip exhaust through the second scrap lead pocket.
[0016] According to an aspect of the different level part,
the different level part is an inclined surface gradually
increasing an outer diameter toward the base end side.
In this case, the second cutting edge is a cutting edge
for a countersink process or a chamfering process, which
is formed on the inclined surface.
According to another aspect of the different level part,
the different level part is a perpendicular surface orthog-
onal to the center of an axis of the drill body. In this case,
the second cutting edge is a cutting edge for a counter
boring process, which is formed on the perpendicular sur-
face.
[0017] As a further specific aspect of the drill, the drill
body includes a sub-cutting edge, and the sub-cutting
edge is configured such that a groove is formed on an
outer periphery surface from a vicinity of the tip of the
drill body to the different level part in a periphery direction
at predetermined intervals, and a cutting edge is provided
on a verge end of the groove.
[0018] Furthermore, the drill body includes a sub-cut-
ting edge, the sub-cutting edge is a boring edge that is
arranged just behind a pair of the first cutting edges be-
tween both of the first cutting edges in a circumferential
direction, and formed along with a scrap lead pocket, and
an outer diameter of each of the sub-cutting edges is
larger than an outer diameter of each of the first cutting
edges.
[0019] A boring device of the present invention in-
cludes a hollow spindle serving as a spindle rotated by
a driving source, and any of the drills mounted on a tip

of the hollow spindle via a chuck, wherein a dust collec-
tion mechanism is coupled to a passage back end in the
hollow spindle, a work material is bored while the driving
source rotates the drill through the hollow spindle, chips
produced during boring performed by the first cutting
edge of the drill are sucked in the chip exhaust through
the first scrap lead pocket, chips produced during boring
performed by the second cutting edge of the drill are
sucked in the chip exhaust through the second scrap lead
pocket, and the chips sucked in the chip exhaust are
suction-recovered in the dust collection mechanism
through a passage in the hollow spindle.
[0020] As a specific configuration of the boring device,
the hollow spindle has a single cylindrical structure, the
drill is mounted on a tip of the single cylinder spindle via
the chuck, and the dust collection mechanism is coupled
to a back end of the single cylinder spindle.
[0021] On the other hand, as long as the driving source
is a rotary motor that rotates a single cylinder spindle, a
type or a structure of the driving source is not particularly
restricted. However, in consideration of downsizing of
the device, it is preferable to employ a hollow motor ar-
ranged in a housing of the device. In this case, the single
cylinder spindle is rotatably incorporated in a rotor of the
hollow motor (claim 6).
[0022] As a preferred embodiment, the driving source
is a combination of the hollow motor and the feed motor,
thereby enabling automated feeding corresponding to
the thickness, the quality of the material, or the like of the
work material. In the combination of the hollow motor and
the feed motor, the both motors are coaxially arranged
to enable a compact structure. Alternatively, in consid-
eration of productivity, the feed motor is arranged at a
lower position near the hollow motor. In either structure,
the feed motor causes the hollow motor to move forward
and backward by a feed function, thereby enabling pitch
feeding of the hollow spindle and the drill.
[0023] According to the present invention, a counter-
sink, a chamfering, a counter boring hole, or the like is
formed together with boring of a work material without
replacement of a drill, and hence work efficiency and
process accuracy of a boring process can be enhanced.
Additionally, a drill structure in which a drill body has a
chip exhaust therein is utilized, and hence a cutting edge
and a scrap lead pocket can be relatively easily and var-
iously formed, and a boring device easily mounted with
a dust collection mechanism can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1(a) is a partially cut-out side elevational view
of a drill of a first embodiment; FIG. 1(b) is a front
elevational view thereof, FIG. 1(c) is a plan view, and
FIG. 1(d) is a sectional view taken along the line (d)
- (d) in FIG. 1(c);
FIG. 2(a) is a partially cut-out side elevational view
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of a drill of a second embodiment, FIG. 2(b) is a front
elevational view thereof, FIG. 2(c) is a plan view, and
FIG. 2(d) is a sectional view taken along the line (d)
- (d) in FIG. 2(c);
FIG. 3(a) is a partially cut-out side elevational view
of a drill of a third embodiment, FIG. 3(b) is a front
elevational view thereof, FIG. 3(c) is a plan view, and
FIG. 3(d) is a sectional view taken along the line (d)
- (d) in FIG. 3(c);
FIG. 4 is a sectional view where a countersink (cham-
fering) process is performed for a work material;
FIG. 5 is a sectional view where a counter boring
hole process is performed for a work material;
FIG. 6(a) is a partially cut-out side elevational view
of a drill of a fourth embodiment, FIG. 6(b) is a front
elevational view thereof, FIG. 6(c) is a plan view, and
FIG. 6(d) is a sectional view taken along the line (d)
- (d) in FIG. 6(c);
FIG. 7(a) is a partially cut-out side elevational view
of a drill of a fifth embodiment, FIG. 7(b) is a front
elevational view thereof, FIG. 7(c) is a plan view,
FIG. 7(d) is a sectional view taken along the line (d)
- (d) in FIG. 7(c);
FIG. 8 is a sectional view showing the progress of a
boring process performed by the drill of FIG. 7 (fifth
embodiment);
FIG. 9 is a side elevational view schematically show-
ing a cut-out part of a boring device of the present
invention; and
FIG. 10 is an enlarged side elevational view of a de-
vice tip part, showing a state where a process for
boring a work material is being performed.

[0025] Embodiments of the present invention will be
described. Each configuration of a drill of the present
invention and boring steps thereof will be described with
reference to FIG. 1 to FIG. 8, and a boring device of the
present invention will be described with reference to FIG.
9 and FIG. 10.
[0026] FIG. 1 shows a drill 100 of a first embodiment,
and a drill body 101 is a basic configuration.
[0027] The drill body 101 has a tip-blocked shaped nar-
row cylindrical form in which a tip is blocked with a tip
surface (tip head) having a predetermined tip angle, and
a chip exhaust 102 is formed over the whole length inside
the drill body. This drill body 101 is integrated with a large-
diameter cylindrical body 101a having an outer diameter
increased via a different level part G on a base end side
(back side) at a predetermined interval from the tip, and
the back part of the large-diameter cylindrical body 101a
is used as a shank 103.
[0028] The different level part G of the drill body 101
is an inclined surface with an outer diameter gradually
increasing toward the base end side.
[0029] The drill body 101 forms first cutting edges 110
on the tip surface thereof, and forms second cutting edg-
es 120 on the different level part G formed from the in-
clined surface.

[0030] As the first cutting edges 110, a case where a
pair of cutting edges is formed by the tip angle of the tip
surface, specifically a pair of cutting edges 110 are
formed from respective ends of chisel edges toward an
outer peripheral end is exemplified. Similarly, as the sec-
ond cutting edges 120, a case where a pair of cutting
edges 120 are formed on both sides with respect to the
center of drill rotation in the inclined different level part
G is exemplified.
[0031] The first cutting edges 110 and the second cut-
ting edges 120 each are prepared by pressing a cutting
edge tool against the drill body 101 at a predetermined
angle to form cuts, and the cuts formed by the cutting
edge tool form first scrap lead pockets 112 near the first
cutting edges 110, and form second scrap lead pockets
122 near the second cutting edges 120.
[0032] Each first scrap lead pocket 112 is a notched
hole part which is opened toward a rotating direction front
side with respect to a reference verge of the first cutting
edge 110 and a verge line 111 extending on the outer
periphery of the drill body 101, and the first cutting edge
110 faces the chip exhaust 102 via this first scrap lead
pocket 112.
[0033] Similarly, each second scrap lead pocket 122
is a notched hole part which is opened toward a rotating
direction front side with respect to a reference verge of
the second cutting edge 120 and verge lines 121a and
121b extending on the outer periphery of the drill body
101, and the second cutting edge 120 faces the chip ex-
haust 102 via this second scrap lead pocket 122.
[0034] Consequently, in a boring step performed by
the drill 100, chips produced in a step of boring a work
material W with the first cutting edges 110 are exhausted
to the chip exhaust 102 inside the drill body 101 through
the first scrap lead pockets 112, and chips produced in
a subsequent step of boring the work material W with the
second cutting edges 120 are exhausted to the chip ex-
haust 102 inside the drill body 101 through the second
scrap lead pockets 122.
[0035] FIG. 2 shows a drill 200 of a second embodi-
ment. Similarly to the first embodiment, a drill body 201
includes a large-diameter cylindrical body 101a, a chip
exhaust 102, and a shank 103, and further includes first
cutting edges 110 and first scrap lead pockets 112. In
order to redundant description, the same components
are denoted by the same reference numerals in the fig-
ures, and description thereof will be omitted.
[0036] This drill 200 is different from the drill of the first
embodiment in the shape of a different level part and the
shape of second cutting edges 220 related to the different
level part.
[0037] That is, a different level part G’ of the drill body
201 is a perpendicular surface orthogonal to an axis O
of the drill body 201, in place of an inclined surface, as
shown in FIG. 2(c). In other words, a tip surface of the
large-diameter cylindrical body 101a is a vertical surface,
the second cutting edges 220 are formed on the vertical
surface, and second scrap lead pockets 222 each are
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formed by opening a notched hole part toward a rotating
direction front side with respect to a reference verge of
verge lines 221a and 221b where the front and back of
the second cutting edges 220 extend on the outer pe-
riphery of the drill body 201.
[0038] Also in a boring step performed by this drill 200,
chips produced in a step of boring a work material W with
the first cutting edges 110 are exhausted to the chip ex-
haust 102 inside the drill body 201 through the first scrap
lead pockets 112, and chips produced in a subsequent
step of boring the work material W with the second cutting
edges 220 are exhausted to the chip exhaust 102 inside
the drill body 201 through the second scrap lead pockets
222.
[0039] FIG. 3 shows a drill 300 of a third embodiment.
Similarly to drill 100 of the first embodiment, a drill body
301 includes a large-diameter cylindrical body 101a, a
chip exhaust 102, and a shank 103, and further includes
second cutting edges 120 and second scrap lead pockets
122 on a different level part G formed by an inclined sur-
face. In order to avoid redundant description, the same
components are denoted by the same reference numer-
als in the figures, and description thereof will be omitted.
[0040] This drill 300 is different from the drill of the first
embodiment in that a tip surface of the drill body 301 is
opened, namely, the drill body has a cylindrical drill struc-
ture where the chip exhaust 102 is an inner passage
which penetrates over the whole length, similarly to Pat-
ent Document 1 - 4, and with this structure, first cutting
edges 310 each are formed on a tip verge of the drill body
301, and each of first scrap lead pockets 312 formed on
a rotating direction front side with respect to a verge line
311 has a notched shape with a tip opened.
[0041] Similarly to the first embodiment, in a boring
process performed by the drill 300 chips produced in a
step of boring a work material W with the first cutting
edges 310 are exhausted to the chip exhaust 102 inside
the drill body 301 through a tip opening and the first scrap
lead pockets 312 of the drill body 301, and chips pro-
duced in a subsequent step of boring the work material
W with the second cutting edges 120 are exhausted to
the chip exhaust 102 inside the drill body 301 through
the second scrap lead pockets 122.
[0042] Although illustration and description will be
omitted, also in the drill 300, the different level part G
formed by an inclined surface is arbitrarily placed with
the different level part G’ formed by a vertical surface,
and the second cutting edges 220, and the second scrap
lead pockets 222 are arbitrarily formed on the different
level part G’, like the second embodiment in FIG. 2.
[0043] FIG. 4 and FIG. 5 show process examples
where the work material W such as a CFRP material is
bored by using the drill 100 to 300. FIG. 4 shows an ex-
ample of a countersink process of forming a countersink
(or chamfering) Hx along with a through hole H on the
work material W, and FIG. 5 shows an example of a coun-
ter boring hole process of forming a through hole H along
with a counter boring hole Hz.

[0044] In FIG. 4, the work material W is bored along
arrow Ya by using the drill 100 or 300, and the work ma-
terial W is bored by the first cutting edges 110 (310) to
form the through hole H. Additionally, in a last end area
in the boring step where the through hole H penetrates,
the upper part of the work material W is cut by the second
cutting edges 120, so that the countersink Hx is formed
as shown in the figure. During this boring step, chips cut
by the first cutting edges 110 (310), and the second cut-
ting edges 120 are exhausted along arrow Yb from the
drill base end through the chip exhaust 102 inside the
drill body.
[0045] The work material W for which this countersink
process is performed is useful as a joint for plate member
by a rivet.
[0046] The length of the different level (inclined sur-
face) G of the drill 100 or 300 is shortened, or the boring
length of the different level G is shortened, so that a cham-
fering process can be performed for forming not a coun-
tersink but a smooth chamfering on the inlet end of the
through hole H.
[0047] Similarly, in FIG. 5, the work material W is bored
along arrow Ya by using the drill 200, and the work ma-
terial W is bored by the first cutting edges 110 to form
the through hole H. Additionally, in a last end area in the
boring step where the through hole H penetrates, the
upper part of the work material W is cut by the second
cutting edges 220, so that the countersink Hz is formed
as shown in the figure. The work material W for which
this counter boring hole process is performed is useful
as a joint for plate member by a rivet or a bolt.
[0048] Even when the modification (where the different
level part G of the drill 300 is replaced with the different
level part G’ configured from a vertical surface) is used
in place of the drill 200, a similar counter boring hole
process is possible.
[0049] FIG. 6 shows a drill 100A of a fourth embodi-
ment. This drill 100A has the same basic configuration
as the drill 100 of FIG. 1 (first embodiment), and is dif-
ferent from the drill 100 in that a drill body 101 is formed
with sub-cutting edges 130. For convenience of expla-
nation, the same configurations as the drill 100 are de-
noted by the same reference numerals in the figures, and
description thereof will be omitted.
[0050] The sub-cutting edges 130 are configured such
that cutting edges are provided on groove verges by form-
ing grooves 130a on an outer periphery surface from the
vicinity of the tip of the drill body 101 to the vicinity of the
different level part G in a periphery direction at predeter-
mined intervals. Each of the sub-cutting edges 130,
namely, each of grooves 130a is preferably formed in an
inclined shape where the tip precedes the rotating direc-
tion front side as shown in the figure, and the sectional
shape of the groove 130a is preferably changed such
that the rake angle of the sub-cutting edges 130 gradually
reduces toward the rotating direction. Consequently, the
cutting property of the sub-cutting edges 130 can be im-
proved.
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[0051] According to the drill 100A of the fourth embod-
iment, although not limited, an negative effect that is likely
to occurs on the work material W intended for a CFRP
material, namely, an negative effect that the frictional re-
sistance of the drill outer periphery surface is increased
because a drill hole bored with the first cutting edges 110
contract in cutting is solved by reducing frictional heat
during the boring process by the action of the sub-cutting
edges 130, and an altered layer can be prevented from
generating on a hole inner surface.
[0052] In FIG. 6, the case where the sub-cutting edges
130 are added in the drill of FIG. 1 (first embodiment) is
exemplified. However, the present invention is not limited
to this, and the sub-cutting edges 130 can be applied to
the drill of FIG. 2 (second embodiment), or FIG. 3 (third
embodiment).
[0053] FIG. 7 shows a drill 100B of a fifth embodiment.
This drill 100B has also the same basic configuration as
the drill 100 of FIG. 1 (first embodiment), and is different
from the drill 100 in that a drill body 101 is formed with
sub-cutting edges 140. For convenience of explanation,
the same configurations as the drill 100 are denoted by
the same reference numerals in the figures, and descrip-
tion thereof will be omitted.
[0054] The sub-cutting edges 140 are boring edges
that are arranged just behind a pair of first cutting edges
110 between both cutting edges 110 in a circumferential
direction, and are formed along with small scrap lead
pockets 142. As shown in FIG. 7(b) and FIG. 7(d), the
outer diameter Db of each sub-cutting edge 140 is larger
than the outer diameter Da of the first cutting edge 110,
namely the outer diameter Da of each first cutting edge
110 is smaller than the outer diameter Db of each sub-
cutting edge 140.
[0055] According to the drill 100B of the fifth embodi-
ment, it is possible to prevent occurrence of burrs which
are likely to occur on the work material W intended for a
CFRP material. That is, in a case where a boring process
is performed for the work material W by using the drill
100B as shown in FIG. 8 (1), at a stage where the drill
100B penetrates the work material W to form a through
hole H, burrs Q are sometimes caused by boring with
first cutting edges 110 as shown in FIG. 8 (2), but are cut
and removed by the boring action of the subsequent sub-
cutting edges 140 as shown in FIG. 8 (3). The subsequent
FIG. 8 (4) shows a state where a countersink Hx is formed
after penetration of the through hole H.
[0056] Although FIG. 7 exemplifies a case where the
sub-cutting edges 140 are added to the drill of FIG. 1
(first embodiment), the present invention is not limited to
this. The sub-cutting edges 140 may be applied to the
drill of FIG. 2 (second embodiment).
[0057] In the respective embodiments, the first cutting
edges 110, 310 and the second cutting edges 120, 220
of the respective drills each are a pair of edges, namely
two edges arranged on the both sides with respect to the
rotation center, thereby ensuring stability of drill rotation
during boring, and facilitating preparation of the edge

parts. However, the present invention is not necessarily
limited to this, and includes a single edge, three edges,
four edges, etc. like conventional drills. Additionally, the
case where the second cutting edges 120, 220 are ar-
ranged on the same circumference as the first cutting
edges 110, 310 as shown in the figures is exemplified,
but the second cutting edges 120, 220 are arbitrarily dis-
placed by a predetermined angle, for example, 90 de-
grees, etc.
[0058] Then, the drill bodies 101, 201, 301 each are
prepared with a superhard material such as a cemented
carbide and a high speed steel. As to the cutting edge
parts, namely the first cutting edges 110, 310, the second
cutting edges 120, 220, and the sub-cutting edges 140,
edge part surfaces formed by an ultra-high pressure sin-
tered compact, a diamond edge tip, or a base material
such as a ceramic material and a silicon carbide com-
posite material is subjected to diamond coating to pre-
pare cutting edges, and the prepared cutting edges are
attached at predetermined positions by brazing, or the
like.
[0059] Description of an embodiment of a boring de-
vice using the drill of the present invention will cover a
case of a hand-held drill device A, with reference to FIG.
9 and FIG. 10.
[0060] FIG. 9 is a partial cut-out side elevational view
schematically showing a main part of the device A, and
exemplifies a configuration where a hollow motor 10 and
a feed motor 20 serve as a driving source are mounted
inside a housing 1.
[0061] The housing 1 is a substantially rectangular
housing, and is provided, on an inner bottom surface,
with rails 2 extending in a front-back direction (the hori-
zontal direction in the figure) at an interval right and left
(the depth direction in the figure), and a sliding block 3
of the hollow motor 10 is slidably mounted on the rails 2.
Although not shown in the drawing, a plurality of guide
members are provided above the rails 2 in the housing
1, and the upper part of the hollow motor 10 is slidably
supported on the guide members. Consequently, the hol-
low motor 10 is arranged on the substantial center area
in the housing 1 so as to be movable frontward and back-
ward.
[0062] The feed motor 20 is placed on the back part
bottom surface of the housing 1, and engages with the
hollow motor 10 such that the motor 10 moves frontward
and backward.
[0063] The types of the hollow motor 10 and the feed
motor 20 are not particularly limited. This embodiment
exemplifies a case where a servo motor is used for the
hollow motor 10, and a pulse motor integral with a screw
shaft is used for the feed motor 20.
[0064] The hollow motor 10 integrally includes a ma-
chine spindle (spindle) on a hollow shaft part in a motor
case 11. A single cylinder spindle 12 that is formed with
only a passage 120 which penetrates along a center of
an axis serves as the spindle, and the hollow motor 10
rotatably incorporated by integrally coupling the outer pe-
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riphery surface of the spindle 12 with a rotor 13. In the
feed motor 20, a feed screw 22 coupled to a rotation
driving shaft 21 extends below the bottom surface of the
hollow motor 10, and the feed screw 22 is screwed with
a feed nut (not shown) provided on the bottom of the
hollow motor 10, so that the hollow motor 10 is moved in
the front-back direction by rotation of the feed motor 20.
[0065] The single cylinder spindle 12 is provided with
a collet chuck 16 on the tip thereof, and is mounted with
the drill such that any of the drills is detachably replaced
by the chuck 16, and connects a dust collection hose 51
connected to a dust collection mechanism 50.
[0066] As the drill, any drill may be arbitrarily employed.
For convenience of explanation, a case where the drill
300 of FIG. 3 (third embodiment) is used is exemplified.
[0067] A first hood 17 that covers the front portion of
the collet chuck 16 provided on the tip of the single cyl-
inder spindle 12 is provided on the tip of the hollow motor
10, a second hood 4 that covers the front portion of the
first hood 17 is mounted on the tip of the housing 1, and
the first hood 17 is mounted so as to be slidably fitted
with the second hood 4. That is, the first hood 17 and the
second hood 4 cover and protect the outer periphery of
the drill 300 mounted on the collet chuck 16.
[0068] The first hood 17 and the second hood 4 may
be formed integrally with the motor case 11, and the hous-
ing 1, but preferably detachably mounted as separate
members.
[0069] On the other hand, a connector 35 is mounted
on the back end of the single cylinder spindle 12, and
connected to a dust collection mechanism 50 to the con-
nector 35 via the dust collection hose 51.
[0070] This connector 35 causes an arm 36 to be
locked to a rotation stopper 19 that protrudes from a case
11 of the hollow motor 10, thereby preventing rotation.
[0071] The dust collection mechanism 50 is configured
by a dust collector 50a including a suction function, the
dust collection hose 51 that extends from the dust col-
lector 50a, and the like. In the dust collection mechanism
50, the dust collection hose 51 is connected to the single
cylinder spindle 12 to allow suction, so that powerful suc-
tion force is generated on the tip of the chip exhaust 102
of the drill 300 via the passage 120 of the spindle12, and
chips and the like generated during boring of the first
cutting edges 310 by the suction are recovered in the
dust collector 50a. This dust collection mechanism 50
preferably has a configuration where a cyclone 52 is in-
corporated in the dust collector 50a, thereby further ef-
fectively suctioning the recovered chips and the like.
[0072] A reference numeral 53 shown in FIG. 9 is a
controller incorporated with a power supply and a control
unit, is connected to the hollow motor 10 and the feed
motor 20 that are driven and controlled by this controller
53, with wiring cords 54 and 55.
[0073] Since the case where the drill device A is a
hand-held drill device is exemplified, as shown in FIG. 9,
a handle for carrying 5 used when carried is provided on
the upper surface of the housing 1, and a handle rod 6

that serves as a support during a boring process, and an
operation rod 7 that controls start-up and stop of the hol-
low motor 10, and the feed motor 20 are provided on the
bottom surface, so that the controller 53 is operated by
the operation rod 7. That is, while the drill device A is a
hand-held drill device, the device that is systematized by
connecting auxiliary devices such as the dust collection
mechanism 50 and the controller 53 to the hollow motor
10, etc. being a boring main portion is exemplified.
[0074] As to a process status of boring work performed
by using the drill device A, a case where CFRP is bored
as the work material W is shown. In this case, a jig 60
fixed on the surface of the work material W along this
surface is mounted, and the drill device A is set to the jig
60 (see FIG. 10).
[0075] The structure of the jig 60 is not necessarily lim-
ited, but a support cylindrical structure having a cavity
part 61 is exemplified as the structure, and an insertion
port 62 that enables insertion of the drill 300 by consist-
ency of the drill 300 and the center of an axis is opened
on the tip surface of the cavity part 61. A lock verge 65
that is fit with the tip part of the second hood 4 protruding
on the front portion of the housing 1, and locks the second
hood 4 by slight rotation is provided on the tip outer pe-
riphery of the jig 60.
[0076] Thus, a worker holds the handle rod 6 and the
operation rod 7, fits the second hood 4 with the tip part
of the jig 60 to lock to the lock verge 65, so that the drill
device A is set to the jig 60. Then, the worker turns on a
startup switch 7a attached to the operation rod 7, so that
a boring process starts.
[0077] First, by startup of the feed motor 20, the drill
300 moves forward along with the hollow motor 10 to
enter from the insertion port 62 of the jig 60 in the cavity
part 61.
[0078] Then, at appropriate timing, the hollow motor
10 starts, and the drill 300 rotates the number of rotation
that is set, via the single cylinder spindle 12. The drill 300
further moves forward, the first cutting edges 310 come
into contact with the work material W, and a boring proc-
ess, namely a boring process starts.
[0079] That is, as shown in FIG. 10, the drill 300 pro-
ceeds while remaining a core portion of the work material
W and cutting the outer periphery by rotation of the first
cutting edges 310. With the boring process, chips are
produced around the first cutting edges 310. These chips
are reliably sucked in the chip exhaust 102 through the
periphery of the first cutting edges 310, namely the tip
opening and the first scrap lead pockets 312, by strong
suction force resulting from a negative pressure condition
of the inside of the chip exhaust 102 by the dust collection
mechanism 50, and recovered from the chip exhaust 102
to the dust collector 50a via the passage 120 of the single
cylinder spindle 12, and the dust collection hose 51.
[0080] Then, until the through hole H penetrates, the
dust collection recovery of the chips continues in a similar
manner, and in the boring last end area where the through
hole H penetrates, a core portion is hollowed out from
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the work material W, and a cut core P which is a cylindrical
(short columnar) chip with a diameter smaller than the
chip exhaust 102 is formed. This cut core P is recovered
together with chips from the chip exhaust 102 to the dust
collector 50a via the passage 120, and the dust collection
hose 51, by the strong suction force resulting from the
negative pressure condition of the inside of the chip ex-
haust 102.
[0081] In the last end area of the boring step, the sec-
ond cutting edges 120 bore the work material W to form
the countersink Hx. Similarly, chips produced at this
stage are sucked in the chip exhaust 102 inside the drill
body 301 through the second scrap lead pockets 122,
and recovered in the dust collector 50a via the passage
120 of the single cylinder spindle 12, and the dust col-
lection hose 51.
[0082] Accordingly, during the boring process per-
formed by using the drill 300, chips and a cut core pro-
duced can be reliably recovered, and hence working en-
vironment can be improved. Additionally, since the hollow
spindle has a single cylindrical structure, the outer diam-
eter of the single cylinder spindle 12 can be reduced, and
hence the hollow motor 10 can be downsized.
[0083] Operation setting such as startup timing of the
hollow motor 10 and the feed motor 20 is set by the con-
troller 53, and is not necessarily coincide with the de-
scription of the process status. Therefore, the operation
setting is arbitrarily changed. Particularly, the number of
rotation of the hollow motor 10, the feed speed and the
feed amount of the feed motor 20, and the like are set in
consideration of the material or the thickness of the work
material W.
[0084] Although the figure shows the case where the
operation rod 7 is provided with only the single startup
switch 7a, startup switches of the hollow motor 10 and
the feed motor 20 may be separately provided, and a
worker may determine appropriate startup of the both
motors 10, 20 depending on the progress status of boring
work.
[0085] The case where the drill 300 of FIG. 3 (third
embodiment) is used as a drill in the drill device A is
described. According to this , as described above, most
chips can be collected and recovered as the cut core P,
and hence a dust collection function can be improved.
However, in the present invention, the used drill is not
limited to this. Also when the drill 100, the drill 200, the
drill 100A, or the drill 100B is used, a boring and a coun-
tersink process or a counter boring process can be sim-
ilarly performed. Also in such a case, chips produced
during these processes can be recovered in the dust col-
lector 50a through the chip exhaust 102 of the drill body
and via the passage 120 of the single cylinder spindle
12, and the dust collection hose 51.
[0086] Additionally, the case where the single cylinder
spindle 12 is used as a hollow spindle in the drill device
A is exemplified. The hollow spindle is not limited to this,
and may have a double cylindrical structure configured
from an inner passage and an outer passage. In this case,

an air supply mechanism that feeds compressed air is
coupled to the outer passage of the double cylindrical
spindle, a dust collection mechanism is coupled to the
back end of the inner passage, and a work material is
bored while compressed air fed through the outer pas-
sage is sucked in the inner passage from the periphery
of the cutting edges of the drill, so that chips and a cut
core produced can be suction-recovered in the dust col-
lection mechanism through the inner passage.
[0087] In the embodiment, CFRP is used as a work
material. However, the work material is not limited to this,
and FRP, or other fiber reinforced composite material
may be used as the work material. Alternatively, in a case
where a drill including a cutting edge with high strength
is used, an Al alloy or other metal material may be used
as the work material. Furthermore, depending on the
work material, the present invention is arbitrarily applica-
ble to a boring process where only chips are produced
without hollowing out a cut core.
[0088] In the embodiment, two of the rotary motor (hol-
low motor) 10 and the feed motor 20 are mounted as a
driving source. However, the driving source is not limited
to this, and the feed motor 20 is arbitrarily omitted. More-
over, the case of the hand-held drill device is exemplified,
but the drill device is not restricted to this. An automated
system where the drill device is incorporated in a robot
may be applied.

[Explanation of Letters and Numerals]

[0089]

100: drill
101: drill body
101a: large-diameter cylindrical body
102: chip exhaust
103: shank
G: different level part
110: first cutting edge
111: verge line
112: first scrap lead pocket
120: second cutting edge
121a, 121b: verge line
122: second scrap lead pocket
200: drill
201: drill body
G’: different level part
O: axis
220: second cutting edge
221a, 221b: verge line
222: second scrap lead pocket
300: drill
301: drill body
310: first cutting edge
311: verge line
312: first scrap lead pocket
120: second cutting edge
121a, 121b: verge line
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122: second scrap lead pocket
W: work material
H: through hole
Hx: countersink
Hz: counter boring hole
Ya, Yb: arrow
100A: drill
130: sub-cutting edge
130a: groove
100B: drill
140: sub-cutting edge
142: scrap lead pocket
Q: burr
A: drill device
10: hollow motor
11: motor case
12: single cylinder spindle
120: passage in single cylinder spindle
16: collet chuck
20: feed motor
40: air supply mechanism
41: air supply hose
50: dust collection mechanism
51: dust collection hose
P: cut core

Claims

1. A drill having an inner passage that is formed along
a center of an axis in a drill body and serves as a
chip exhaust, the drill comprising:

a large-diameter cylindrical body having an out-
er diameter increased via a different level part,
and coaxially provided on a base end side of the
drill body;
a first cutting edge provided on a tip part of the
drill body and a first scrap lead pocket being
opened toward a rotating direction front side of
a verge line that extends backward from the first
cutting edge and leading to said chip exhaust;
and
a second cutting edge provided on said different
level part and a second scrap lead pocket being
opened toward a rotating direction front side of
verge lines that extend forward and backward
from the second cutting edge and leading to said
chip exhaust.

2. The drill according to claim 1, wherein said different
level part is an inclined surface gradually increasing
an outer diameter toward the base end side, and the
second cutting edge is for a countersink process or
a chamfering process, which is formed on the in-
clined surface.

3. The drill according to claim 1, wherein said different

level part is a perpendicular surface orthogonal to
the center of an axis of the drill body, and the second
cutting edge is for a counter boring process, which
is formed on the perpendicular surface.

4. The drill according to any of claims 1 to 3, wherein
said drill body includes a sub-cutting edge, and
said sub-cutting edge is configured such that a
groove is formed on an outer periphery surface from
a vicinity of the tip of said drill body to said different
level part in a periphery direction at predetermined
intervals, and a cutting edge is provided on a verge
end of said groove.

5. The drill according to any of claims 1 to 3, wherein
said drill body includes a sub-cutting edge, and
said sub-cutting edges are boring edges that are ar-
ranged just behind a pair of said first cutting edges
between both of said first cutting edges in a circum-
ferential direction, and formed along with scrap lead
pockets, and an outer diameter of each of said sub-
cutting edges is larger than an outer diameter of each
of said first cutting edges.

6. A boring device comprising:

a hollow spindle serving as a spindle rotated by
a driving source; and
the drill according to any one of claims 1 to 5
mounted on a tip of the hollow spindle via a
chuck, wherein
a dust collection mechanism is coupled to a pas-
sage back end in said hollow spindle,
a work material is bored while said driving
source rotates said drill via the hollow spindle,
chips produced during boring performed by the
first cutting edge of said drill are sucked in the
chip exhaust through the first scrap lead pocket,
chips produced during boring performed by the
second cutting edge of said drill are sucked in
the chip exhaust through the second scrap lead
pocket, and
the chips sucked in the chip exhaust are suction-
recovered in the dust collection mechanism
through a passage in said hollow spindle.

7. The boring device according to claim 6, wherein said
hollow spindle has a single cylindrical structure, said
drill is mounted on a tip of the single cylinder spindle
via the chuck, and the dust collection mechanism is
coupled to a back end of the single cylinder spindle.

8. The boring device according to claim 6 or 7, wherein
said driving source is a hollow motor arranged in a
housing, and said hollow spindle is rotatably coupled
in a rotor of the hollow motor.

9. The boring device according to claim 6 or 7, wherein
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said driving source is a combination of a hollow motor
and a feed motor arranged in a housing, said hollow
spindle is rotatably coupled in a rotor of the hollow
motor, and the feed motor causes said hollow spindle
to move forward and backward to enable pitch feed-
ing of said drill.
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