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(57) Abrégée/Abstract:

A shank attachment structure for drilling systems capable of detachable engagement with a shank of a cutter to a tubular shank
attachment hole with a single motion. The shank attachment structure includes a coolant supplying hole formed at a central portion
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(57) Abrege(suite)/Abstract(continued):

of the body portion of an arbor; a valve body formed at a tip end portion of the coolant supplying hole and a sealing member
disposed at a position of the coolant supplying hole for contacting the valve body to form a fluid-tight state. A first sleeve having a
pressing portion Is disposed In the shank attachment hole. The pressing portion of this sleeve contacts the valve body by a
movement of the first sleeve to cause the valve body to separate from the sealing member. A valve body operating member Is
Included In the structure for controlling the pressing portion to manage the separation of the sealing member.
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ABSTRACT

A shank attachment structure for drilling systems capable of detachable
engagement with a shank of a cutter to a tubular shank attachment hole with a single
motion. The shank attachment structure includes a coolant supplying hole formed at a
central portion of the body portion of an arbor; a valve body formed at a tip end portion
of the coolant supplying hole and a sealing member disposed at a position of the coolant
supplying hole for contacting the valve body to form a fluid-tight state. A first sleeve
having a pressing portton is disposed in the shank attachment hole. The pressing portion
of this sleeve contacts the valve body by a movement of the first sleeve to cause the
valve body to separate from the sealing member. A valve body operating member is
included 1n the structure for controlling the pressing portion to manage the separation of

the sealing member.



CA 02648760 2009-01-14

DESCRIPTION
Shank Attachment Structure
Technical Field
[0001] The present invention relates to a shank attachment structure by which a shank
of a cutter can be attached to an arbor of a drilling device with a single motion, that 1s,

quickly and easily.

Background Art

[0002] Conventionally known is a shank attachment structure by which a shank ot a
cutter can be attached with a single motion to an arbor whose base end 1s attached to a
drilling device (electrically-powered drill or drill press). In the case of this one-touch
shank attachment structure, only by inserting the shank of the cutter into a shank
attachment hole which opens on a lower surface of the arbor, the shank of the cutter can
be attached to the arbor with a single motion by a fixing mechanism formed on the shank
of the cutter and the arbor (see Patent Document 1).

[0003] In order to solve the technical problems of the above shank attachment structure,
the present applicant has provided a simply-configured shank attachment structure by
which the cutter can be detached from the arbor by operating a detachment sleeve with
one hand, the shank does not drop off even if something accidentally contacts the sieeve
during the rotation of the drilling device, and a coolant (cutting fluid) can be supplied

internally (see Patent Document 2).

Patent Document 1: Japanese Laid-Open Patent Application Publication Hei

7-9211

Patent Document 2: WO 98/37999
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Disclosure of the Invention

Problems to be Solved by the Invention

[0004] However, in the case of the shank attachment structure described in Patent
Document 2, the coolant can be supplied only when the drill has a center pin, and the
coolant cannot be supplied when the drill, such as a core drill, does not have the center
pin. Further, in the case of the shank attachment structure described in Patent
Document 2, the amount of the coolant cannot be adjusted in accordance with, for
example, cutting conditions.

[0005] The present invention was made in light of the above circumstances, and an
object of the present invention is to provide a shank attachment structure which solves

the above problems.

Means for Solving the Problems

[0006] The object of the present invention can be achieved by a shank attachment
structure configured as below.

[0007] A shank attachment structure according to the present invention is capable of
detachably attaching a shank of a cutter to a tubular shank attachment hole with a single
motion, the shank having at a base end portion thereof a concave portion for holding a
part of an engaging member, and the shank attachment hole being formed such that: the
engaging member projects radially inwardly from an inner peripheral surface ot the
shank attachment hole and is able to move radially outwardly therefrom; a longitudinal
direction of the shank attachment hole extends in a body portion of an arbor 1n an axial
direction of the arbor; and a tip end of the shank attachment hole opens on a tip end
surface of the body portion, wherein: a coolant supplying hole 1s formed at a central

portion of the body portion in a radial direction of the body portion and 1s adjacent to a
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base end side of the shank attachment hole such that a tip end of the coolant supplying
hole communicates with the shank attachment hole; a valve body 1s disposed at a tip end
portion of the coolant supplying hole so as to be movable toward a base end side, and a
sealing member is disposed at a position of the coolant supplying hole which 1s closer to
a tip end side than the valve body and contacts the valve body to form a fluid-tight state
between the valve body and the sealing member; a first sleeve 1s disposed 1n the shank
attachment hole such that: a base end of the shank contacts a tip end of the first sleeve to
cause the first sleeve to move toward the base end side in the axial direction; a pressing
portion contacts the valve body by this movement of the first sleeve to cause the valve
body to be separated from the sealing member; in a state in which the shank is not in
contact with the tip end of the first sleeve, an outer peripheral surface of the first sleeve
having an outer diameter substantially equal to a diameter of the shank attachment hole
causes the engaging member to move radially outwardly from an inner peripheral surface
of the shank attachment hole; and a valve body operating member having at a base end
thereof the pressing portion which presses the valve body to cause the valve body to be
separated from the sealing member and having at a tip end thereof a contact surface
which 1s contacted by the shank 1is disposed in the shank attachment hole.

|0008] In accordance with the shank attachment structure according to the present
invention configured as above, when the shank of the cutter is inserted into the shank
attachment hole of the body portion of the arbor, the base end of the shank causes the
valve body operating member, disposed 1n the shank attachment hole of the body portion
of the arbor, to move toward the base end side of the shank attachment hole. By this

movement of the valve body operating member, the pressing portion of the valve body
operating member causes the valve body to move toward the base end side, thereby

causing the valve body to be separated from the sealing member. Therefore, it is
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possible to supply the coolant to the cutter only at the time of drilling even 1f the cutter
does not have the center pin.

Moreover, when the shank of the cutter 1s inserted into the shank attachment
hole of the body portion of the arbor, the base end of the shank causes the first sleeve,
disposed in the shank attachment hole of the body portion of the arbor, to move toward
the base end side of the shank attachment hole, causing the engaging member to project
radially inwardly from the inner peripheral surface of the body portion. Thus, a part of
the engaging member is engaged with the concave portion of the shank. As a result, the

shank can be attached to the arbor with a single motion.

(0009] In the shank attachment structure, the first sleeve and the valve body operating
member may be integrally connected to each other. In such case, the number of
components can be reduced.

(0010] In the shank attachment structure, the valve body and the valve body operating
member may be integrally connected to each other. In such case, the number of
components can be reduced.

(0011] In the shank attachment structure, an outer diameter of the shank may be set
such that the shank is able to be inserted into the shank attachment hole in a state in

which the engaging member has moved radially outwardly from the inner peripheral
surface of the shank attachment hole; the concave portion may be formed at the base end
portion of the shank to have an elongated shape such that the shank i1s movable in the
axial direction of the arbor for a predetermined distance in a state in which a part of the

engaging member 1s held in the concave portion; and the first sleeve may cause the valve
body to be separated from the sealing member 1n a state in which the engaging member is
located at a tip end position of the elongated concave portion of the shank, and the first

sleeve may not cause the valve body to be separated from the sealing member 1n a state
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in which the engaging member is located at a base end position of the elongated concave
portion of the shank. In this case, in a state in which the engaging member of the arbor
1s locked by the concave portion of the shank, that is, the cutter is locked by the arbor,
the coolant can be supplied when the engaging member 1s located at the tip end position
of the elongated concave portion of the shank, and the supply of the coolant stops when
the engaging member 1s located at the base end position of the elongated concave portion
of the shank.

To be specific, in a state in which the tip end of the cutter 1s in contact with a
surface to be processed when drilling the surface to be processed by the cutter, the valve
body is not separated from the sealing member, and the coolant 1s not supplied to the
cutter. When the cutter 1s further pressed toward the base end side from the above state,
the engaging member of the arbor moves toward the tip end side in the concave portion
of the shank of the cutter, and the shank of the cutter i1s further inserted into the shank
attachment hole of the arbor. As a result, the base end of the shank causes the first
sleeve of the arbor to move toward the base end side to press the valve body toward the
base end side, thereby causing the valve body to be separated from the sealing member.
Therefore, since a gap 1s formed between the valve body and the sealing member, the
coolant having been supplied in the coolant supplying hole 1s supplied from the gap
through the shank attachment hole to the cutter.

Thus, the coolant can be supplied to a drilling portion only at the time of drilling
even 1f the cutter does not have the center pin.

10012] Moreover, 1n the shank attachment structure, a ring-shaped engaging concave
portion may be formed along a circumferential direction of the shank attachment hole at
a position of a tip end side of the shank attachment hole which position 1s adjacent to a

tip end of a region where the first sleeve moves in the axial direction, and a retaining ring
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member may be disposed at the engaging concave portion so as to have an inner diameter
that 1s a minimum diameter portion which is slightly smaller than an outer diameter of a
base end of the shank and an outer diameter that is a maximum diameter portion which is
larger than an outer diameter of the concave portion in a free state, so as to have such a
wavy ring shape that a part of the retaining ring member projects radially outwardly from
a virtual perfect circle and the other part is depressed from the virtual perfect circle, and
so as to be formed such that the radially outwardly projecting part is deformable in an
ax1al direction of the shank attachment hole. In this case, when inserting the shank into
the shank attachment hole, the retaining ring member deforms with the retaining ring
member locked by the engaging concave portion, and allows the shank to pass through
the retaining ring member and be further deeply inserted into the shank attachment hole.
Moreover, when pulling out the shank from the shank attachment hole, the retaining ring
member deforms with the retaining ring member locked by the engaging concave portion,
and only the shank can be pulled out from the shank attachment hole.

By the retaining ring member, the first sleeve is maintained in the shank
attachment hole when the shank is inserted into and pulled out from the shank attachment
hole. Therefore, the first sleeve can be maintained in the shank attachment hole with an
extremely simple configuration.

[0013] Moreover, in the shank attachment structure, a thickness of a wall of the body
portion on which wall the engaging member is disposed may be set to be smaller than a
dimension of the engaging member in a thickness direction of the wall; a supporting hole
for supporting the engaging member may be formed on the wall so as to extend in a
direction perpendicular to the axial direction such that a radially inner end of the

supporting hole opens on the inner peripheral surface of the shank attachment hole within

the region where the first sleeve moves in the axial direction in the shank attachment hole
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and a radially outer end of the supporting hole opens on an outer peripheral surface of the
wall; a first elastic member may be disposed on a base end side of the first sleeve in the
shank attachment hole to bias the first sleeve, causing a tip end of the first sleeve to
contact the retaining ring member; and a second sleeve including a first cam surface
protruding radially inwardly and a second cam surface on an inner peripheral surface
thereof may be disposed on an outer peripheral side of the body portion so as to be
movable in one of a direction toward the tip end and a direction toward the base end in
the axial direction of the arbor, so as to be able to press the engaging member radially
inwardly in the supporting hole by the first cam surface in a state in which the second
sleeve has moved in the above one of the directions, and so as to be able to hold the
engaging member radially outwardly by the second cam surface in a state in which the
second sleeve has not moved, the second sleeve may be pressed in the above one of the
directions by an elastic force of a second elastic member to cause a part of the engaging
member to be held in the concave portion of the shank, and the second sleeve may be
kept not to move against the elastic force of the second elastic member such that the
engaging member is able to move radially outwardly in the supporting hole. In this case,
when the shank 1s simply inserted into the shank attachment hole of the arbor in a state in
which the second sleeve has been moved in a direction opposite the above one of the
directions (direction toward the base end side and direction toward the tip end side), the
engaging member moves on the outer peripheral surface of the shank in a relatively axial
direction while keeping contacting the outer peripheral surface of the shank, and then a
radially 1nner part of the engaging member is held in the concave portion of the shank.
As above, when the engaging member is held in the concave portion,
engagement between the engaging member and the second sleeve is canceled, and the

second sleeve moves in the above one of the directions by the elastic force of the second
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elastic member. As a result, the shank 1s locked and supported in the shank attachment
hole of the arbor. Thus, the shank can be attached to the shank attachment hole of the
arbor with a single motion.

In contrast, when the second sleeve 1s moved 1n a direction opposite the above
one of the directions in the case of detaching the shank from the arbor, the engaging
member a part of which has been held in the concave portion can move radially
outwardly, and engagement between the engaging member and the concave portion of the
shank is canceled. As a result, the shank of the cutter can be easily detached from the
arbor.

[0014] Therefore, when attaching the shank, a user just have to insert the shank to the
shank attachment hole of the arbor, and when detaching the shank, the user just have to

cause the second sleeve to move in a direction opposite the above one of the directions

against the second elastic member. Thus, the shank can be detached easily. That 1s,
the shank can be attached to and detached from the arbor easily even with one hand.
Moreover, the shank can be detached from the arbor by causing the second sleeve to shide
in a direction opposite the above one of the directions (direction toward the tip end side
and direction toward the base end side). Therefore, the shank does not drop off even if
something accidentally contacts the second sleeve during the rotation of the device as in
the conventional cases. Especially, in the case of realizing such a configuration that
engagement between the engaging member and the second sleeve 1s canceled by pressing
the second sleeve toward the base end side to cause the second sleeve to slide toward the
base end side, even 1f an object to be drilled has a foreign matter or a projection and the
second sleeve contacts the foreign matter or the projection, the shank does not drop off

from the arbor, which 1s excellent in configuration.

Moreover, 1in light of the configuration, especially in light of working, since the
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shank attachment structure according to the present invention can be realized only by
working of a circular part or working of a combination of circular parts, it is easily
worked, and assembling of the parts is easily carried out.

[0015] Moreover, in the shank attachment structure, a first coolant supplying passage
whose tip end communicates with the coolant supplying hole and whose base end is
exposed on an outer peripheral surface of the body portion may be formed in the body
portion of the arbor; a fixing member including: a second coolant supplying passage
having a ring-shaped passage which opens on an inner peripheral surface of the fixing
member; a third coolant supplying passage whose tip end communicates with a base end
of the second coolant supplying passage and whose base end is exposed on an outer
periphery of the fixing member; and a tubular body portion supporting hole which
rotatably supports the body portion on an outer peripheral side may be disposed on an
outer peripheral side of the body portion such that a tip end of the second coolant
supplying passage communicates with the base end of the first coolant supplying
passage; and a coolant flow rate adjusting mechanism capable of changing a cross
section of the third coolant supplying passage may be disposed on the third coolant
supplying passage of the fixing member. In this case, by operating the flow rate
adjusting mechanism, a necessary and sufficient amount of coolant can be supplied from
the third coolant supplying passage through the second coolant supplying passage, the
tirst coolant supplying passage and the coolant supplying hole to a drilling portion of the
cutter.

10016] Moreover, in the shank attachment structure, the flow rate adjusting mechanism
may include: a tapered hole tormed on the third coolant supplying passage; a tapered
core member having an outer shape corresponding to the tapered hole; and a thread

mechanism which i1s able to cause the tapered core member to move close to or move
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away from the tapered hole. In this case, it is possible to realize the flow rate adjusting
mechanism which can adjust the flow rate correctly with a simple configuration.

|0017] Moreover, in the shank attachment structure, the engaging member may be a
sphere, the sealing member may be an O ring made of an elastic member, and the sphere
may be biased by a coil spring toward the sealing member. In this case, the

configuration is simple, and working and assembling are easy.

Effects of the Invention
0018] In accordance with the shank attachment structure of the present invention, even
if the drill does not have the center pin, it is possible to supply a necessary amount of

coolant only at the time of working with a simple configuration.

Brief Description of the Drawings
[0019] [Fig. 1] Fig. 1 is a plan view of an arbor of a shank attachment structure
according to Embodiment 1 of the present invention when viewed from a side of the
arbor which is attached to a drilling device.

|F1g. 2] Fig. 2 1s a partially cross-sectional side view of an internal configuration
of the arbor when viewed from a direction indicated by arrows 1I-1I of Fig. 1.

|Fig. 3] Fig. 3 1s a bottom view of the arbor of the shank attachment structure
when viewed from a difection indicated by arrows III-1II of Fig. 2.

|Fi1g. 4] Fig. 4 shows that a cutter is not yet attached to the arbor shown in Fig. 1
and 1S a partially cross-sectional side view of internal configurations of the arbor and
cutter of the shank attachment structure.

[Fig. 5] Fig. 5 shows that a shank of the cutter has attached to the shank

attachment hole of the arbor after the state shown in Fig. 4 and is a partially
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cross-sectional side view of an internal configuration of the shank attachment structure.
|[Fig. 6] Fig. 6 1s a partially cross-sectional side view of the internal

configuration of the shank attachment structure in a state in which the cutter is further

inserted toward a base end side from the state shown in Fig. 5 at the time of drilling.

|Fig. 7] Fig. 7 1s a diagram when viewed from a bottom surface side of the shank
attachment hole 1n a state in which a first stopper ring is inserted into an engaging
concave portion of the shank attachment hole, and a part of the first stopper ring projects
radially inwardly from an inner peripheral surface of the shank attachment hole.

[Fig. 8] Fig. 8 is a plan view of the configuration of the first stopper ring shown
in kFag. 7.

|Fig. 9] Fig. 9 1s a partially cross-sectional view of the configuration of a flow
rate adjuster of the shank attachment structure shown in Fig. 2.

|Fig. 10] Fig. 10 is a view showing that the flow rate adjuster shown in Fig. 9 is
adjusted so as not to supply the coolant.

[Fig. 11] Fig. 11 is a partially cross-sectional side view of the configuration of
the shank attachment structure according to an embodiment (Embodiment 2) different
from the embodiment shown in Figs. 1 to 10.

|Fig. 12] Fig. 12 is a partially cross-sectional side view of the shank attachment
structure according to an embodiment (Embodiment 3) different from Embodiments 1
and 2 and 1s a view showing that the cutter is not yet attached to the arbor.

(Fig. 13] Fig. 13 1s a partially cross-sectional side view of the shank attachment
structure 1n a state in which the shank of the cutter is inserted into the shank attachment
hole of the arbor after the state shown in Fig. 12 and then the shank of the cutter is

further inserted toward the base end side at the time of drilling.
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Explanation of Reference Numbers

10020] A arbor
C cutter
2 shank attachment hole
3 coolant supplying hole
4 sealing member
5 valve body
15 engaging member
20 first sleeve

1B body portion
30 shank

31 concave portion

Best Mode for Carrying Out the Invention
{0021} Hereinafter, a shank attachment structure according to embodiments of the
present invention will be specifically explained in reference to the drawings. However,
the present invention i1s not limited to these embodiments.

Embodiment 1

Fig. 1 is a plan view of an arbor according to the present embodiment when
viewed from a side of a drilling device. Fig. 2 is a partially cross-sectional side view of
an internal configuration of the arbor when viewed from a direction indicated by arrows
II-11 of Fig. 1. Fig. 3 is a bottom view of the arbor when viewed from a direction
indicated by arrows 11I-111 of Fig. 2.
(0022] In Figs. 1 to 3, “A” denotes the arbor. As shown in Figs. 1 to 3, the arbor A

includes an arbor main body 1, and the arbor main body 1 includes: a body portion 1B
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which is integrally attached to a rotating shaft of a drilling device (not shown) to rotate
integrally with the rotating shaft; and a fixing member 1A which covers an outer
periphery of a base end portion (upper half portion in Fig. 2) of the body portion 1B so as
to rotatably support the body portion 1B.
[0023] The fixing member 1A is tixed to and non-rotatably supported by, for example, a
body of the drilling device (not shown) using a fixing bracket 90 which is integrally
attached to the fixing member 1A by attachment bolts B.
[0024] As shown in Fig. 2, in the present embodiment, the body portion 1B has a
cylindrical shape having a step portion 1E which is a diametrically expanded tip end
portion at a portion lower than a center of the body portion 1B, and is rotatably supported
at a portion higher than the step portion 1E in a cylindrical body portion supporting hole
le, formed at a center of the fixing member 1A, via a pair of bearings 12A and 12B
which are disposed on a base end side and tip end side of the body portion 1B to be
spaced apart from ecach other. In order to prevent the coolant from leaking from
attachment portions of the bearings 12A and 12B, a sealing member 23 is disposed
between the fixing member 1A and the body portion 1B, that is, a sealing member 23 is
disposed on each of the attachment portions of the bearings 12A and 12B.
[0025] The diametrically expanded tip end portion of the body portion 1B has a
cylindrical shank attachment hole 2 whose center coincides with a central axis X of the
arbor main body 1, whose tip end opens on its tip end (lower end in Fig. 2) surface, and
which extends from an opening 2a toward the base end side (upper side in Fig. 2).
Moreover, a diametrically contracted base end portion of the body portion 1B
has an attachment shaft portion 1W which 1s attached to a chuck of the drilling device
(not shown). Further, at a radially central portion of a position lower than the

attachment shaft portion 1W of the body portion 1B, a cylindrical coolant supplying hole
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3 having a smaller diameter than the shank attachment hole 2 1s formed concentrically
with the shank attachment hole 2 such that a tip end of the coolant supplying hole 3
communicates with a base end of the shank attachment hole 2. Since a below-described
coil spring 6 1s disposed in the coolant supplying hole 3, a part of the coolant supplying
hole 3 1s hidden by the coil spring 6 in Fig. 2

In the present embodiment, a concave ring groove 3A whose cross section has a
rectangular shape and opens radially inwardly is formed around an inner peripheral
surface of a tip end portion (lower end portion in Fig. 2) of the coolant supplying hole 3,
that 1s, around an inner peripheral surface of a portion where the step portion 1E is
formed. In the ring groove 3A, an O ring (sealing member) 4 made of an elastic body
(made of rubber in the present embodiment) is disposed such that an inner peripheral
portion of the O ring 4 projects radially inwardly from an inner peripheral surface of the
coolant supplying hole 3. Moreover, on the base end side in the coolant supplying hole
3 1n which the O ring 4 1s disposed, a valve body 5 constructed of a metal sphere is
disposed to be movable in a portion of the coolant supplying hole 3 which is located on
the base end side of the O ring 4. Further, the valve body 5 is biased from the base end
side (upper end side in Fig. 2) toward the tip end side (toward the O ring 4) by the coil
spring 6. The valve body 5 1s constructed of the sphere in the present embodiment.
However, the valve body 5 may be constructed of the other shape, such as a cylindrical
body whose tip end is a cone shape. Alternatively, the valve body may have a shape
described in Embodiment 3. The sealing member is constructed of the O ring 4 in the
present embodiment. However, the sealing member may be constructed of a shape
other than the O ring.
10026] A tip end (radially inner end, upstream end) of a first coolant supplying passage

7 extending 1n a radial direction in the body portion 1B communicates with the base end
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portion (upper end portion in Fig. 2) of the coolant supplying hole 3 so as to be
perpendicular to the base end portion of the coolant supplying hole 3. A base end
(radially outer end, downstream end) of the first coolant supplying passage 7 is exposed
on an outer peripheral surface 1b of the body portion 1B.
[0027]) On an inner peripheral surface of the fixing member 1A, a second coolant
supplying passage 8 constructed ot a ring-shaped space is formed to communicate with
the base end (downstream end) of the first coolant supplying passage 7.

In the present embodiment, the second coolant supplying passage 8 is formed on
a radially inner side of a flange member 9 which is integrally attached to the fixing
member 1A and is made of a ring-shaped polymeric material (synthetic rubber for
example) which forms a part of the fixing member 1A. An inner peripheral surface of
the flange member 9 fluid-tightly covers the body portion 1B of the arbor main body 1.
On one side (left side in Fig. 2) of the flange member 9, a pipe-shaped third coolant
supplying passage 10 is formed to communicate with the second coolant supplying
passage 3. In the present embodiment, a tip end of the third coolant supplying passage
10 gets 1nto an inside of the flange member 9.
10028] A ftlow rate adjuster 16 1s disposed at a base end portion of the third coolant
supplying passage 10. As shown in a partially cross-sectional enlarged view of Fig. 9,
the flow rate adjuster 16 is configured such that: a core member 16A having a tapered
outer shape having the same tapered angle as a tapered hole 16B is disposed in the
tapered hole 16B; a gap 16a whose passage cross-sectional area can be changed
arbitrarilly by causing the core member 16A to move in a longitudinal direction
(crosswise direction in Figs. 2, 9 and 10) of the hole 16B i1s formed between an inner
peripheral surface of the hole 16B and an outer peripheral surface of the core member

16A to adjust the flow rate of the coolant which passes through between the inner
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peripheral surface of the hole 16B and the outer peripheral surface of the core member
16A. Moreover, a straight hole 16C is formed to be connected to a base end side (left
side 1n Figs. 2, 9 and 10) of the tapered hole 16B. A fourth coolant supplying passage
17 whose base end (downstream end) is connected to a coolant supplying hose (not
shown) communicates with an outer peripheral surface of the hole 16C. Moreover, an
internal thread 16t 1s formed on an inner peripheral surface of a base end portion of the
hole 16C, and an external thread 16m which threadedly engages the internal thread 16f is
formed on a base end portion of the core member 16A. With this thread mechanism, the
size of the gap 16a can be changed from “none” (see Fig. 10) to any size. Moreover, an
adjustment knob 16D for operating the thread mechanism is integrally formed on the
base end of the core member 16A. In Figs. 9 and 10, a reference number 16s denotes a
sealing member for sealing between the core member 16A and the hole 16B.
|0029] A plurality of (for example, three in the present embodiment) supporting holes
lg each of which penetrates a diametrically expanded tip end portion 1d of the body
portion 1B in a direction (radial direction) perpendicular to an axial direction of the
shank attachment hole 2, is circular in cross section and supports an engaging member 15
are formed on the diametrically expanded tip end portion 1d of the body portion 1B to be
spaced apart from each other in a circumterential direction of the diametrically expanded
tip end portion 1d of the body portion 1B. The engaging member 15 made of metal and
having a spherical shape 1s disposed in the supporting hole 1g so as to be movable in a
radial direction of the body portion 1B.

A longitudinal dimension of the supporting hole 1g, in other words, the
thickness of a portion of the body portion 1B where the supporting hole 1g is formed has
a dimension smaller than the diameter of the engaging member 15. Therefore, a part of

the engaging member 15 held 1n the supporting hole 1g projects from an outer peripheral
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surface 1a or inner peripheral surface 11 of the body portion 1B.

[0030] On a cylindrical outer peripheral side of the body portion 1B on which the
supporting holes 1g are formed, a second sleeve 11 1s disposed to be slidable along the
outer peripheral surface la of the body portion 1B in an axial direction (longitudinal
direction, vertical direction in Fig. 2). In the present embodiment, the second sleeve 11

1s pressed by a coil spring (second elastic member) 13 toward the tip end side (lower end

side 1n Fi1g. 2) of the arbor A.

[0031] Moreover, a second stopper ring 14 which restricts the movement of the second
sleeve 11 toward the tip end side 1s disposed on a portion of the body portion 1B which is
below the second sleeve 11. The second stopper ring 14 1s engaged with an engaging
concave portion lk (see Fig. 7) formed on the outer peripheral surtace of the body
portion 1B. Thus, the second stopper ring 14 is fixed there in the axial direction.

[0032] A diametrically expanded portion 11a for holding the coil spring (second elastic
member) 13 is formed on an inner periphery of a base end portion of the second sleeve
11, and a diametrically expanded portion 11b for holding a part of the engaging member
15 1s formed on an inner periphery of a tip end portion of the second sleeve 11. The
diametrically expanded portion 11b formed on the inner periphery of the tip end portion
of the second sleeve 11 forms a second cam surface. A non-diametrically expanded
portion 11c¢ at a center portion between the diametrically expanded portion 11a and the
diametrically expanded portion 11b forms a first cam surface. To be specitic, when the
engaging member 15 contacts the diametrically expanded portion 11b, a portion of the
engaging member 15 which projects from the outer peripheral surface la of the body
portion 1B is held in the diametrically expanded portion 11b. In contrast, when the
engaging member 15 contacts the non-diametrically expanded portion 11c, the engaging

member 15 1s pressed radially inwardly, and the engaging member 15 projects from an
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inner peripheral surface of the body portion 1B.

[0033] The coil spring 13 is disposed such that an inner periphery thereof conforms to
the outer peripheral surface 1a of the arbor main body 1 and an outer periphery thereof
conforms to an inner periphery of the diametrically expanded portion 11b of the second
sleeve 11.

[0034] A first sleeve 20 having a coolant passing hole 20p 1s disposed in the shank
attachment hole 2 so as to be movable in a longitudinal direction (axial direction) of the
shank attachment hole 2. Moreover, at a portion of the shank attachment hole 2 which
1s below a portion where the supporting hole 1g 1s formed, a first stopper ring 21 that 1s a
retaining ring member is disposed to prevent the first sleeve 20 from moving lower than
the first stopper ring 21. The first sleeve 20 1s biased toward the tip end side by a coil
spring (first elastic member) 22 disposed on a base end side of the first sleeve 20.

As shown in an enlarged view of Fig. 8, the first stopper ring 21 has an inner
diameter rl that is a minimum diameter portion which 1s smaller than an outer diameter
R1 of a base end of a below-described shank 30, and an outer diameter r2 that is a
maximum diameter portion which 1s larger than an outer diameter R2 of a
below-described engaging concave portion in a case where no external force is applied to
the first stopper ring 21. In plan view, the first stopper ring 21 has such a wavy ring
shape that some portions of the first stopper ring 21 project radially outwardly from a
virtual perfect circle and the other portions are depressed from the virtual perfect circle.
The first stopper ring 21 1s constructed of an elastic member, such as spring steel. The
first stopper ring 21 is configured such that when a tip end of the shank 30 contacts the
first stopper ring 21, at least an inner peripheral portion of the first stopper ring 21
deforms in a thickness direction to diametrically expand an inner diameter dimension of

the first stopper ring 21.



CA 02648760 2008-10-08

19

The first stopper ring 21 is engaged with the engaging concave portion 1k (see
Fig. 7) formed around the inner peripheral surface of the shank attachment hole 2.  Thus,
the first stopper ring 21 1s fixed there.

The first sleeve 20 is configured to be slidable in the shank attachment hole 2 1n
a state in which an outer peripheral surface of the first sleeve 20 substantially contacts
the inner peripheral surface of the shank attachment hole 2. Moreover, the first sleeve
20 is configured such that the outer peripheral surface of the first sleeve 20 pushes out
the engaging member 15 radially outwardly.

The coil spring 22 is disposed such that a tip end thereof is supported by a
receiving seat formed on a base end surface (upper end surface) of the first sleeve 20, and
a base end thereof is supported by a receiving seat formed on an upper end surface of the
shank attachment hole 2.

A pressing portion 20t capable of pressing the valve body 5 from the tip end side
to the base end side projects from a central portion of an upper end surtace ot the first
sleeve 20. In a state in which the first sleeve 20 moves toward the base end side in the
shank attachment hole 2, the pressing portion 20t presses the valve body 5 to cause the
valve body 5 to move toward the base end side.

In the present embodiment, the first sleeve 20 is configured to function as a
valve body operating member capable of pressing the valve body 5 to cause the valve
body 5 to be separated from the O ring 4. However, as in Embodiment 3 described
below, it is possible to realize as another embodiment such a configuration that the
configuration (function) of the valve body operating member 1s removed from a first
sleeve 220. Details of this configuration will be explained in detail in Embodiment 3

described below.

[0035] As shown in Figs. 2 and 4, in a state in which a shank 25 of a cutter C 1s not
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inserted into the shank attachment hole 2 of the arbor A, a tip end of the first sleeve 20
contacts the first stopper ring 21 by the coil spring 22, and an outer peripheral surface of
the first sleeve 20 pushes out the engaging member 15 toward the radially outer side of
the supporting hole 1 g In this state, since a radially outer end of the engaging member
15 projects radially outwardly from the outer peripheral surface 1a of the body portion
1B, the engaging member 15 is located at the diametrically expanded portion (second
cam surface) 11b of the second sleeve 11, so that the second sleeve 11 cannot move
downward by the engaging member 15. In such state, the coil spring 13 is in a
compressed state.
(0036] The shank 30 of the cutter C which is inserted into the shank attachment hole 2
of the arbor A is configured as below. To be specific, the outer diameter of the shank 30
1s substantially equal to (to be precise, slightly smaller than) the inner diameter of the
shank attachment hole 2. As shown 1n Fig. 4, an outer peripheral edge of the base end
of the shank 30 is subjected to chamfering (taper machining) so as to have an outer
diameter that 1s smaller than the minimum diameter portion of the inner periphery of the
first stopper ring 21. In Fig. 4, the chamfered portion is shown by a reference number
33.

A plurality of (three in the present embodiment) concave portions 31 for holding
a part of the engaging member 15 are formed on a position on a slightly tip end side from
the base end of the shank 30 so as to be spaced apart from each other in a circumferential
direction. A distance between the concave portions 31 in the circumferential direction
is equal to a distance between the engaging members 15 in the circumferential direction.
However, the distance between the concave portions 31 may be 1/2 or 1/4 of the distance

between the engaging members 15.

Moreover, the concave portion 31 1s formed to have an elongated shape in a
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longitudinal direction (axial direction) of the cutter C such that the engaging member 15
1s movable in the axial direction even when a part of the engaging member 15 is held in
the concave portion 31. In the present embodiment, a longer diameter of the concave
portion 31 i1s about twice to three times a shorter diameter of the concave portion 31.
However, the present embodiment 1s not limited to these numerical values. According
to need, the longer diameter may be, for example, 1.5 to 4 times or 1.3 to 6 times the
shorter diameter depending on the amount of movement of the valve body 5.
[0037] In the present embodiment, as shown in, for example, Fig. 4, the cutter C is
constructed of a cutter main body 40 and an attachment member 41 which is integrally
attached to an upper end of the cutter main body 40 and is attached to the arbor A. Of
course, these may be integrally formed as the cutter C.
|0038] Moreover, the type of the cutter C may be a core cutter as in the present
embodiment or may be a cutter other than the core cutter.
|0039] In accordance with the shank attachment structure configured as above, the
shank 30 of the cutter C can be detachably attached to the shank attachment hole 2 of the
arbor A as described below, and the coolant can be supplied to the tip end of the cutter C
at the time of drilling holes by causing the coolant to flow through the inside of the arbor
A In a state in which the shank 30 1s attached to the shank attachment hole 2.

To be specific, as shown in Fig. 4, in the case of attaching (inserting) the cutter
C to (into) the arbor A, the cutter C is inserted into the shank attachment hole 2 in a state
in which the shank 30 of the cutter C fits in the shank attachment hole 2 of the arbor A.
In the process of this insertion, when the base end of the cutter C contacts the stopper
ring 21, the chamfered portion 33 of the cutter C causes the stopper ring 21 to detorm (to
diametrically expand), so that the shank 30 can be further inserted into the shank

attachment hole 2. When the shank 30 i1s further inserted, the base end of the shank 30
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contacts the first sleeve 20, so that the first sleeve 20 moves toward the base end side.
In this movement, the engaging member 15 1s transferred from the outer peripheral
surface of the first sleeve 20 to the outer peripheral surface of the shank 30. When the
engaging member 15 gets into the concave portion 31 of the shank 30, the engaging
member 15 moves radially inwardly, so that the engaging member 15 having projected
from the outer peripheral surface 1la of the body portion 1B moves radially inwardly.
As a result, the second sleeve 11 having been biased by the coil spring 13 toward the tip
end side moves toward the tip end side. In this state, the non-diametrically expanded
portion 11c that is the first cam surface of the second sleeve 11 maintains a state in which
the engaging member 15 1s caused to move radially inwardly. Therefore, as shown in
Fig. 5, the cutter C is engaged with the arbor A via the engaging member 15. As a result,
the cutter C is integrally supported by the arbor A.
[0040] In this state, in the case of pressing the cutter C from the base end side in a state
in which the tip end of the cutter C contacts a surface to be drilled, the shank 30 of the
cutter C 1s further inserted into the shank attachment hole 2 of the arbor A, and as shown
in Fig. 6, the first sleeve 20 further moves in the shank attachment hole 2 toward the base
end side, and the pressing portion 20t of the first sleeve 20 causes the valve body 5 to
move toward the base end side. In this state, the shank attachment hole 2 and the first
coolant supplying passage 7 communicate with each other. Therefore, the coolant is
supplied to the tip end side of the cutter C through the first coolant supplying passage 7,
the shank attachment hole 2 and the coolant passing hole 20p.

In the case of the shank attachment structure, when the supply amount of the
coolant 1s 1nappropriate, the flow rate adjuster 16 1s adjusted, to be specific, the
adjustment knob 16D 1s rotated clockwise or counterclockwise to change the gap 16a

formed between the inner peripheral surface of the hole 16B and the outer peripheral
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surface of the core member 16A, thereby supplying an appropriate amount of coolant in
accordance with a situation of drilling. Specifically, a state in which the gap 16a
corresponding the above adjusted amount is formed as shown in Fig. 9 can be formed
from a state in which the inner peripheral surface of the hole 16B and the outer
peripheral surface of the core member 16A tightly contact each other to form no gap 16a
as shown 1n Fig. 10.

[0041] Moreover, when detaching the cutter C from the arbor A, the second sleeve 11 1s
slid toward the base end side with respect to the body portion 1B, so that the engaging
member 15 can move radially outwardly. In this state, the cutter C is pressed trom the
base end side by a stretching force of the coil spring 22. Thus, the engaging member 15
is pushed out radially outwardly. As a result, the engagement between the cutter C and
the arbor A is canceled, and the cutter C can be easily detached from the arbor A.

Embodiment 2

In Embodiment 1, the first stopper ring 21 is disposed on the tip end side of the
first sleeve 20 to restrict the movement of the first sleeve 20 to the tip end side of the first
stopper ring 21. However, instead of this, the present invention can be configured as in
Embodiment 2 shown in Fig. 11.

To be specific, in Embodiment 2, a protruding portion 1201r expanding radially
outwardly is disposed around a base end portion of a first sleeve 120, and a third sleeve
140 in which a coolant supplying hole 103 is formed on a radially inner side thereof and
a protruding portion 103r protruding radially inwardly 1s disposed around an inner
peripheral side of a tip end thereof is detachably attached 1n a body portion 101B. A
stopper ring 140A is disposed on a tip end side of the protruding portion 120r of the first

sleeve 120 such that the first sleeve 120 does not protrude from a shank attachment hole

102 of the body portion 101B toward the tip end side. Moreover, a diametrically



CA 02648760 2009-01-14

24

expanded step portion 140a is formed on an inner peripheral surface of a base end side of
the third sleeve 140. An O ring 104 is disposed at the step portion 140a to seal the
coolant between the step portion 140a and a valve body 105.
[0042] Although this configuration is structurally and slightly more complex than that
of the shank attachment structure in Embodiment 1, 1t excels in durability. In Fig. 11
showing Embodiment 2, reference numbers obtained by adding 100 to the reference
numbers of the major components of Embodiment 1 are used for components that are the
same as or corresponding to the major components of Embodiment 1, and repetition of
the same explanation 1s avoided.

Embodiment 3

In order to supply or stop supplying the coolant from the coolant supplying hole
3 or 103, Embodiment 1 or 2 adopts a sphere as the valve body 5 or 105. However, as
shown 1n Figs. 12 and 13, a columnar member whose base end portion and tip end
portion have different diameters and which has at an intermediate portion thereof a
tapered sheet surface 205a, diametrically contracted on the tip end side, on an outer
peripheral surface thereof may be used as a valve body 205. Even 1n this case, effects
that are basically the same as those of Embodiments 1 and 2 can be obtained when
supplying the coolant. To be specific, a base end of a shank 230 of a cutter 200C
contacts and presses a tip end of a large diameter portion 205B connected to a tip end of
the columnar valve body 205 to cause the valve body 205 to be separated from an O ring
204 disposed on a tip end portion of a coolant supplying hole 203. Thus, through a gap
s (see Fig. 13) formed between the O ring 204 and the valve body 203, the coolant can be
supplied to the shank attachment hole 202 of an arbor 200A. Moreover, in Embodiment

3, the large diameter portion 205B which functions as the valve body operating member

1s formed at a lower portion of the valve body 205 integrally with the valve body 205.
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Therefore, unlike Embodiments 1 and 2, the below-described first sleeve 220 1n
Embodiment 3 does not press the valve body 205 to cause the valve body 205 to be
separated from the O ring 204. Instead of the configuration of Embodiment 3, the valve
body operating member formed integrally with the valve body 205 may be formed
separately.

[0043] Moreover, in the case of the shank attachment structure of Embodiment 3, a coil
spring 1s used as the first sleeve 220 instead of the first sleeves 20 and 120 ot
Embodiments 1 and 2, and an engaging member 215 can be pushed out radially
outwardly by this coil spring. Moreover, the coil spring constituting the first sleeve 220
also serves as the coil spring 22 of Embodiment 1 and a coil spring 122 of Embodiment 2.
To be specific, when detaching the cutter 200C, the coil spring functions to push out the
cutter 200C from the shank attachment hole 202 toward an outer side by its elastic force.
This configuration is preferable since the number of components can be reduced.

[0044] In Figs. 12 and 13 showing Embodiment 3, reference numbers obtained by
adding 200 to the reference numbers of the major components ot Embodiment 1 are used
for components that are the same as or corresponding to the major components of
Embodiment 1, and repetition of the same explanation is avoided.

[0045] The present invention 1s not limited to Embodiments 1 to 3, and of course,

various modifications can be carried out within the same technical idea.

Industrial Applicability

[0046] The shank attachment structure according to the present invention can be
utilized when attaching and detaching a cutting tool, such as a cutter, to and from a drill

press, a handheld power drill, a hammer drill or the like.
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CLAIMS

(1] A shank attachment structure capable of detachably attaching a shank of a cutter
to a tubular shank attachment hole with a single motion, the shank having at a base end
portion thereof a concave portion for holding a part of an engaging member, and the
shank attachment hole being formed such that: the engaging member projects radially
inwardly from an inner peripheral surface of the shank attachment hole and is able to
move radially outwardly therefrom; a longitudinal direction of the shank attachment hole
extends in a body portion of an arbor in an axial direction of the arbor; and a tip end of
the shank attachment hole opens on a tip end surface of the body portion, wherein:

a coolant supplying hole is formed at a central portion of the body portion in a
radial direction of the body portion and is adjacent to a base end side of the shank
attachment hole such that a tip end of the coolant supplying hole communicates with the
shank attachment hole;

a valve body is disposed at a tip end portion of the coolant supplying hole so as
to be movable toward a base end side, and a sealing member 1s disposed at a position of
the coolant supplying hole which is closer to a tip end side than the valve body and
contacts the valve body to form a fluid-tight state between the valve body and the sealing
member;

a first sleeve is disposed in the shank attachment hole such that: a base end of
the shank contacts a tip end of the first sleeve to cause the first sleeve to move toward the
base end side in the axial direction; a pressing portion contacts the valve body by this
movement of the first sleeve to cause the valve body to be separated from the sealing
member; in a state in which the shank is not in contact with the tip end of the first sleeve,
an outer peripheral surface of the first sleeve having an outer diameter substantially equal

to a diameter of the shank attachment hole causes the engaging member to move radially
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outwardly from an inner peripheral surface of the shank attachment hole; and

a valve body operating member having at a base end thereof the pressing portion
which presses the valve body to cause the valve body to be separated from the sealing
member and having at a tip end thereof a contact surface which is contacted by the shank

is disposed in the shank attachment hole.

2] The shank attachment structure according to claim 1, wherein the first sleeve

and the valve body operating member are integrally connected to each other.

13] The shank attachment structure according to claim 1, wherein the valve body

and the valve body operating member are integrally connected to each other.

14] The shank attachment structure according to claim 1 or 2, wherein:

an outer diameter of the shank 1s set such that the shank 1s able to be inserted
into the shank attachment hole 1n a state in which the engaging member has moved
radially outwardly from the inner peripheral surface of the shank attachment hole;

the concave portion 1s formed at the base end portion of the shank to have an
elongated shape such that the shank 1s movable in the axial direction of the arbor for a
predetermined distance in a state in which a part of the engaging member is held in the
concave portion; and

the first sleeve causes the valve body to be separated from the sealing member in
a state in which the engaging member is located at a base end position of the elongated
concave portion of the shank, and the first sleeve does not cause the valve body to be
separated from the sealing member 1n a state 1n which the engaging member 1s located at

a tip end position of the elongated concave portion ot the shank.
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15] The shank attachment structure according to any one of claims 1, 2 and 4,
wherein:

a ring-shaped engaging concave portion 1S formed along a circumferential
direction of the shank attachment hole at a position of a tip end side of the shank
attachment hole which position is adjacent to a tip end of a region where the first sleeve
moves in the axial direction, and a retaining ring member is disposed at the engaging
concave portion so as to have an inner diameter that 1S a minimum diameter portion
which is slightly smaller than an outer diameter of a base end of the shank and an outer
diameter that is a maximum diameter portion which is larger than an outer diameter of
the concave portion in a free state, so as to have such a wavy ring shape that a part of the
retaining ring member projects radially outwardly from a virtual perfect circle and the
other part is depressed from the virtual perfect circle, and so as to be formed such that the
radially outwardly projecting part is deformable in an axial direction of the shank
attachment hole; and

a chamfered portion is formed around an outer peripheral edge of the base end of
the shank such that an outer diameter of a tip end of the chamfered portion 1s smaller

than the minimum diameter portion of the retaining ring member.

(6] The shank attachment structure according to claim 5, wherein:

a thickness of a wall of the body portion on which wall the engaging member 1s
disposed is set to be smaller than a dimension of the engaging member in a thickness
direction of the wall;

a supporting hole for supporting the engaging member is formed on the wall so

as to extend in a direction perpendicular to the axial direction such that a radially mner
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end of the supporting hole opens on the inner peripheral surface of the shank attachment
hole within the region where the first sleeve moves in the axial direction in the shank
attachment hole and a radially outer end of the supporting hole opens on an outer
peripheral surface of the wall;

a first elastic member i1s disposed on a base end side of the first sleeve in the
shank attachment hole to bias the first sleeve, causing a tip end of the first sleeve to
contact the retaining ring member; and

a second sleeve including a first cam surface protruding radially inwardly and a
second cam surface on an inner peripheral surface thereof is disposed on an outer
peripheral side of the body portion so as to be movable in one of a direction toward the
tip end and a direction toward the base end in the axial direction of the arbor, so as to be
able to press the engaging member radially inwardly in the supporting hole by the first
cam surface in a state in which the second sleeve has moved in said one of the directions,
and so as to be able to hold the engaging member radially outwardly by the second cam
surface in a state in which the second sleeve has not moved, the second sleeve 1s pressed
in said one of the directions by an elastic force of a second elastic member to cause a part
of the engaging member to be held in the concave portion of the shank, and the second
sleeve is kept not to move against the elastic force of the second elastic member such that

the engaging member is able to move radially outwardly 1n the supporting hole.

7] The shank attachment structure according to any one of claims 1, 2, and 4 to 6,
wherein:

a first coolant supplying passage whose tip end communicates with the coolant
supplying hole and whose base end is exposed on an outer peripheral surface of the body

portion is formed in the body portion of the arbor;
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a fixing member including: a second coolant supplying passage having a
ring-shaped passage which opens on an inner peripheral surface of the fixing member; a
third coolant supplying passage whose tip end communicates with a base end of the
second coolant supplying passage and whose base end is exposed on an outer periphery
of the fixing member; and a tubular body portion supporting hole which rotatably
supports the body portion on an outer peripheral side 1s disposed on an outer peripheral
side of the body portion such that a tip end of the second coolant supplying passage
communicates with the base end of the first coolant supplying passage; and

a coolant flow rate adjusting mechanism capable of changing a cross section of
the third coolant supplying passage is disposed on the third coolant supplying passage ot

the fixing member.

[8] The shank attachment structure according to claim 7, wherein the tlow rate
adjusting mechanism includes: a tapered hole formed on the third coolant supplying
passage; a tapered core member having an outer shape corresponding to the tapered hole;
and a thread mechanism which is able to cause the tapered core member to move close to

or move away from the tapered hole.

9] The shank attachment structure according to any one of claims 1, 2, and 4 to &,
wherein the valve body is a sphere, the sealing member is an O ring made of an elastic

member, and the sphere is biased by a co1l spring toward the sealing member.
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