Office de la Proprieté
Intellectuelle
du Canada

Un organisme
d'Industrie Canada

Canadian
Intellectual Property
Office

An agency of
Industry Canada

CA 2836382 C 2017/10/10

(11)(21) 2 836 382

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2012/05/08

(87) Date publication PCT/PCT Publication Date: 2012/11/22
(45) Date de délivrance/lssue Date: 2017/10/10

(85) Entree phase nationale/National Entry: 2013/11/15

51) Cl.Int./Int.Cl. B235 57/00(2006.01),
B23B 51/06 (2006.01), B23B 51/08 (2006.01)

(72) Inventeurs/Inventors:
KAKIMOTO, MASAKAZU, JP;
AOKI, WATARU, JP

(86) N° demande PCT/PCT Application No.: J

P 2012/061749

(73) Proprietaires/Owners:

(87) N° publication PCT/PCT Publication No.: 2012/157468
(30) Priorité/Priority: 2011/05/18 (JP2011-111798)

UHT CORPORATION, JP;
BTT CORPORATION, JP

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : TREPAN ET DISPOSITIF DE PERCAGE EMPLOYANT LEDIT TREPAN
(54) Title: DRILL AND BORING DEVICE USING SAME

(57) Abrégée/Abstract:

(a)

100
101a
6 102 103

AL RIS EAIEELEESLIRLL S PETIIEA S

120

.,’#/_{..J

SR ////ijf/?‘é')’?""‘fj Y WRI D LTIV ISP

///////

120

\
102

Provided are a drill that enhances work efficiency and process accuracy of a boring process, and a boring 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
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(57) Abrege(suite)/Abstract(continued):
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 exhaust 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 VW while a

driving source rotates the drill body 101.
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ABSTRACT OF THE DISCLOSURE

Provided are a drill that enhances work efficiency and process accuracy of a boring
process, and a boring device enabling dust collection and recovery by using the drill.  Ina
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
exhaust 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.

32
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DRILL AND BORING DEVICE USING SAME

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 boring process using the drill, the boring device being
suitable 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 reinforced 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 performed for a CFRP material, a large
amount of cutting powder resulting from fine carbon fibers that are cut during the process 1s
mixed in chips. In a case where such cutting powder scatters in a workshop, a working

environment 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.

Heretofore, in order to improve a working environment, there is proposed a tool 1n
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
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shank of the cylindrical drill and a hollow part (suction hole) of the machine spindle (Patent
Document 1).

Additionally, in a tool using a cylindrical drill similarly, 1t 1s 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).

In order to improve defects of these conventional techniques, this applicant has
proposed a boring device 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 thereot 1s mounted on a tip
of the hollow spindle, a dust collection mechanism is coupled to a passage back end 1n 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-rccovered in the dust collection mechanism through the passage in the hollow spindle
(Patent Document 3, Patent Document 4). ‘
PRIOR ART DOCUMENT
(0003]

[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
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SUMMARY OF THE INVENTION

(0004]

The Patent Document 3 and Patent Document 4 each specifically disclose that a

boring process is performed 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 1s uniform.
However, at an actual work site, a boring process 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 perform a required

boring process again.

Therefore, a plurality of boring drills needs to be assorted, and furthermore, the
replacement work of the drills requires troublesome labor, and high work efficiency 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.

[0005]

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
process is proposed. However, since the shape or the arrangement structure of a chamfering

edge or a counter boring edge thereof is complicated, molding may be difficult and such a
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structure does not yet put into use. Furthermore, assembling with the collection mechanism

is remarkably difficult.

(0006]

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 process for a countersink, chamfering, a counter boring
hole, etc. without replacement of the drill according to need, and enhances work efticiency
and process accuracy of the boring process.

Another object is to provide a boring device that enables this new drill to be
relatively easily molded, facilitates assembling with the dust coliection mechanism for chips,

and enables reliable dust collection and recovery of chips (including an aspect where a cut

core is included) produced during a boring process.

10007]

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 an outer diameter increased via a ditferent 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 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.
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10008]

The drill body is a cylindrical drill discloscd in each of Patent Document 1 - 4,
namely, has a structure in which the chip exhaust formed in the drill body penetrates 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 surtace
with a predetermined tip angle, closing a tip of the chip exhaust and formed with a first
cutting edge on the tip surface.

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 cutting edge, and chips produced
during the process enter in the chip exhaust through the second scrap lead pocket.

[0009]

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 surtace.

According to another aspect of the different level part, the different level part is a
perpendicular surface orthogonal 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 surtface.
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[0010]

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

IrooVve.

[0011]

Furthermore, the drill body includes a sub-cutting edge, the sub-cutting edge 1s a
boring edge that is arranged just behind a pair of the first cutting edges between 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.
[0012]

A boring device of the present invention includes 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 collection 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 sccond cutting edge of the drill aré 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.



[0013]

~ 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.

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 sourcc is not particularly restricted.
However, in consideration of downsizihg of the device, it 1s preferable to employ a hollow
motor arranged in a housing of the device. In this case, the single cylinder spindle is
rotatably incbrporated in a rotor of the hollow motor. ‘

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 consideration 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.

(0014]

According to the present invention, a countersink, a chamfering, a counter boring
hole, or the like 1s 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.

CA 2836382 2017-06-28B
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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 variously formed,
and a boring device easily mounted with a dust collection mechanism can be obtained.
BRIEF DESCRIPTION OF THE DRAWINGS

[00135]

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);

FI1G. 2(a) is a partially cut-out side elevational view 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) 1s a sectional
view taken along the line (d) - (d) in FIG. 2(c¢); '

F1G. 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 (chamfering) 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;

FI1G. 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 F1G. 6(c);
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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 showing a cut-out part of a boring device of
the present invention; and

FIG. 10 is an enlarged side elevational view of a device tip part, showing a state where a

process for boring a work material is being performed.
[0016]

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.

| to FIG. 8, and a boring device of the present invention will be described with reference to

FI1G. 9 and FIG. 10.
[0017]

FIG. 1 shows a drill 100 of a first embodiment, and a drill body 101 is a basic

configuration.

The drill body 101 has a tip-blocked shaped narrow cylindrical form tn 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
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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.
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.

[0018]

The drill body 101 forms first cutting edges 110 on the tip surface thereof, and forms
second cutting edges 120 on the difterent level part G formed from the inplined surface.

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 second
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.

The first cutting edges 110 and the second cutting 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.

[0019]

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.

10
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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 exhaust 102 via this second scrap lead
pocket 122.

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 arc 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 exhaust 102 inside the drill body 101 through the second scrap lead
pockets 122.

[0020]

FIG. 2 shows a drill 200 of a second embodiment. 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 figures, and description thereof will be omitted.

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.

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.

11
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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 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 periphery of the drill body 201.
[0021]

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 exhaust 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,

[0022]

F1G. 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 surface. In order to avoid

redundant description, the same components are denoted by the same reference numerals In

the figures, and description thereof will be omitted.
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 structure where the

chip exhaust 102 is an inner passage which penetrates over the whole length, similarly to

12
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Patent 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.

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 produced 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.

[0023]

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 difterent
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.

10024]

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 example of a
éountersink 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 counter boring hole process of

forming a through hole H along with a counter boring hole Hz.

13
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In FIG. 4, the work material W is bored along arrow Ya by using the drill 100 or 300,
and the work material W 1s bored by the first cutting cdges 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 cutting edges 120 are exhausted along arrow Yb from
the drill base end through the chip exhaust 102 inside the drill body.

The work material W for which this countersink process is performed is useful as a
joint for plate member by a rivet.

The length of the different level (inclined surface) G of the drill 100 or 300 1s
shortened, or the boring length of the different level G is shortened, so that a chamfering
process can be performed for forming not a countersink but a smooth chamfering on the inlet
end of the through hole H.

[0025]

Similarly, in FIG. 5, the work material W is bored along arrow Ya by using the driil
200, and the work material 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.

14
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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.
[0026]

FIG. 6 shows a drill 100A of a fourth embodiment. This drill 100A has the same
basic configuration as the drill 100 of FIG. | (first embodiment), and is different from the drill
100 in that a drill body 101 is formed with sub-cutting edges 130. For convenience of
explanation, the same configurations as the drill 100 are denoted by the same reference
numerals in the figures, and description thereof will be omitted.

The sub-cutting edges 130 are configured such that cutting edges are provided on
groove verges by forming 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
predetermined intervals. Each of the sub-cutting edges 130, namely, each of grooves 130a is
preferably formed in an inclined shape where the tip prccedes the rotating direction 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 improved.

[0027]

According to the drill 100A of the fourth embodiment, 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 resistance of the drill outer periphery surface is

increased because a drill hole bored with the first cutting edges 110 contract in cutting 1s

15
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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.

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).

10028]

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 description thereof will be
omitted.

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.

10029]

According to the drill 100B of the fifth embodiment, it is possible to prevent

occurrence of burrs which are likely to occur on the work material W intended for a CFRP

16
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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.

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).

10030]

[n 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 drilis.

Additionally, the case where the second cutting edges 120, 220 are arranged on the same
circumference as the first cutting edges 110, 310 as shown in the figures is exemplitied, but

the second cutting edges 120, 220 are arbitrarily displaced by a prcdetermined angle, tor

example, 90 degrees, etc.

17
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(0031]

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 sintered compact, a diamond edge tip, or a
base material such as a ceramic material and a silicon carbide composite material is subjected
to diamond coating to prepare cutting edges, and the prepared cutting edges are attached at
predetermined positions by brazing, or the like.

[0032]

Description of an embodiment of a boring device 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.

FIG. 9 is a partial cut-out side élevational view schematically showing a main part of
the device A, and exemplifies a configuration where a holiow motor 10 and a feed motor 20
serve as a driving source are mounted inside a housing 1.

The housing 1 1s a substantially rectangular housing, and is provided, on an inner
bottom surface, with rails 2 extending in z:i front-back direction (the horizontal 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
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hollow motor 10 is arranged on the substantial center area in the housing 1 so as to be
movable frontward and backward.

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.
[0033]

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.

The hollow motor 10 integrally includes a machine 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 periphery 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.

10034 ]

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.
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.
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10035]

A first hood 17 that covers the front portion of the collet chuck 16 provided on the tip
of the single cylinder 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 I, 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.

The first hood 17 and the second hood 4 may be formed integrally with the motor
case 11, and the housing 1, but preferably detachably mounted as separate members.
[0036]

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 connector 35 via the dust
collection hose S1.

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.

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 collector 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 suction force is generated on the
tip of the chip exhaust 102 of the drill 300 via the passage 120 of the spindlel?2, '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
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where a cyclone 52 is incorporated in the dust collector 50a, thereby further effectively
suctioning the recovered chips and the like.
[0037]

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.

Since the case where the drill device A is a hand-held drill device is excmplitied, 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 scrves as a support during a boring process, and an
operation rod 7 that controls start-up and stop of the hollow 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.

[0038]

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 1s set to

the jig 60 (see FI1G. 10).
The structure of the jig 60 is not necessarily limited, but a support cylindrical

structure having a cavity part 61 is exemplified as the structure, and an insertion port 62 that

enables inscftion of the drill 300 by consistency of the drill 300 and the center of an axis 1s
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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 periphery of the jig 60.

[0039]

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.

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.

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
process, namely a boring process starts.

[0040]
That is, as shown in FIG. 10, the drill 300 proceeds 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
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mechanism 50, and rccovered 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.

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 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 1s
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 exhaust 102.

In the last end area of the boring step, the second 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 collection hose 51.

[0041]

Accordingly, during the boring process performed by using the drill 300, chips and a

cut core produced can be reliably recovered, and hence working environment can be
improved. Additionally, since the hollow spindle has a single cylindrical structure, the outer

diameter of the single cylinder spindle 12 can be reduced, and hence the hollow motor 10 can

be downsized.
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10042]

Operation setting such as startup timing of the hollow motor 10 and the feed motor
20 is set by the controller 53, and is not necessarily coincide with the description 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.

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 ot the both

motors 10, 20 depending on the progress status of boring work.

[0043]

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

countersink process or a counter boring process can be similarly performed. Also in such a

case, chips produced during these processes can be recovered in the dust collector 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.
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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 passage 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 collection

mechanism through the inner passage.

[0044]

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 applicable to

a boring process where only chips are produced without hollowing out a cut core.

(0045]

In the embodiment, two of the rotary motor (hollow 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. Moreover, the case of the hand-held drill device 1s

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.
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[Explanation of Letters and Numerals]

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
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301: drill body

310: first cutting edge

311: verge line

312: first scrap lead pocket
120: second cutting edge
121a, 121b: verge line
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

CA 02836382 2013-11-15
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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
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Claims

What 1s claimed 1is:

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 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 rotating direction front side of a verge line that extends backward from
the first cutting edge and leading to said chip exhaust;

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 lineé that extend forward and
backward from the second cutting edge and leading to said chip exhaust; and

a boring edge and a boring edge scrap lead pocket that are arranged just behind said first
cutting edge, wherein an outer diameter of said boring edge is larger than an outer diameter of

said first cutting edge.

2. The drill according to claim 1, wherein said different level part 1s an inclined surface
oradually increasing an outer diameter toward the base end side, and the second cutting edge 1s

for a countersink process or a chamfering process, which is formed on the inclined surface.

3. The drill according to claim 1, wherein said different level part i1s a perpendicular surface
orthogonal to the center of an axis of the drill body, and the second cutting edge 1s for a counter

boring process, which 1s formed on the perpendicular surface.

4. The drill according to claim 1, 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.
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5. A boring device comprising:

a hollow spindle serving as a spindle rotated by a driving source; and

the drill according to claim 1 mounted on a tip of the hollow spindle via a chuck, wherein

a dust collection mechanism is coupled to a passage back end in said hollow spindle,

a work material 1s 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
1n the chip exhaust through the first scrap lead pocket,

chips produced during boring performed by the second cutting edge of said drill are
sucked 1n 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.

0. The boring device according to claim 5, wherein said hollow spindle has a single

2

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.

7. The boring device according to claim 5, wherein said driving source is a hollow motor

arranged 1n a housing, and said hollow spindle is rotatably coupled in a rotor of the hollow

motor.

3.  The boring device according to claim 5, wherein said driving source is a combination of a
hollow motor and a feed motor arranged in a housing, said hollow spindle is rotatably coupled n

a rotor of the hollow motor, and the feed motor causes said hollow spindle to move forward and

backward to enable pitch feeding of said drill.

9. The drill according to claim 2, wherein said drill body includes a sub-cutting edge, and
said sub-cutting edge 1s configured such that a groove 1s 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

OgTrOOVE.
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10.  The drill according to claim 3, wherein said drill body includes a sub-cutting edge, and
said sub-cutting edge is configured such that a groove 1s formed on an outer periphery

surface from a vicinity of the tip of said drill body to said different level part 1n a periphery

direction at predetermined intervals, and a cutting edge 1s provided on a verge end of said

oTQOVe.

11. A boring device according to claim 5, wherein the different level part of said drill 1s an
inclined surface gradually increasing an outer diameter toward the base end side, and the second
cutting edge 1s for a countersink process or a chamfering process, which 1s formed on the

inclined surface.

12. A boring device according to claim 5, wherein the different level part of said drill 1s a
perpendicular surface orthogonal to the center of an axis of the drill body, and the second cutting

edge 1s for a counter boring process, which is formed on the perpendicular surface.

13. A boring device according to claim 5, 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

grO0VE.

14.  The boring device according to claim 6, wherein said driving source is a hollow motor
arranged in a housing, and said hollow spindle is rotatably coupled 1n a rotor of the hollow

motor.

15.  The boring device according to claim 6, wherein said driving source is a combination of a
hollow motor and a feed motor arranged in a housing, said hollow spindle is rotatably coupled 1n
a rotor of the hollow motor, and the feed motor causes said hollow spindle to move forward and

backward to enable pitch feeding of said drill.
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FIG. 9
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FIG. 10
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