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(54) PROCESSING TARGET CONVEYING DEVICE AND CUTTING SYSTEM

(57) A processing target conveying device includes
a conveying unit that takes out a processing target ac-
commodated in a stocker. An adapter having a first en-
gagement projection and a second engagement projec-
tion are attached to the processing target. The conveying
unit includes: a first hook in which a first engagement
recess configured to engage with the first engagement
projection is formed; a second hook which is disposed
to face the first hook in a front-rear direction and in which

a second engagement recess configured to engage with
a second engagement projection is formed; a first spring
that applies elastic force so that the first hook moves
toward the second hook when the first engagement pro-
jection is positioned in the first engagement recess; and
a second spring that applies elastic force so that the sec-
ond hook moves toward the first hook when the second
engagement projection is positioned in the second en-
gagement recess.
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Description

[0001] The present application claims priority from
Japanese Patent Application No. 2016-237644 filed on
December 7, 2016, which is incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a processing
target conveying device that conveys a processing tar-
get, which is a cutting target, and a cutting system includ-
ing the processing target conveying device.

Description of the Related Art

[0003] Conventionally, a cutting device that cuts a
processing target formed of a ceramic material, a resin
material or the like into a desired shape is known. The
processing target is formed in a disc form, for example.
In a cutting device of this type, as disclosed in Japanese
Patent Application Publication No. 2015-120222, for ex-
ample, an arc-shaped portion of a disc-shaped process-
ing target is cut by a processing tool in a state in which
the arc-shaped portion is held by an approximately C-
shaped holding member.
[0004] However, in the cutting device disclosed in Jap-
anese Patent Application Publication No. 2015-120222,
when cutting processing is performed with respect to a
plurality of processing targets, it is necessary to secure
a space for accommodating the plurality of processing
targets in a portion other than the cutting device. More-
over, a user needs to take out processing targets from
the space in which the plurality of processing targets are
accommodated one by one with his or her hands and
attach the processing target to a holding member.

SUMMARY OF THE INVENTION

[0005] With the foregoing in view, an object of the
present invention is to provide a processing target con-
veying device and a cutting system capable of accom-
modating a plurality of processing targets and alleviating
user’s burden.
[0006] A processing target conveying device accord-
ing to the present invention includes a stocker, a convey-
ing unit, a moving mechanism, and a controller. The
stocker is configured to accommodate a plurality of
processing targets. The conveying unit is configured to
take out one of the processing targets, which are accom-
modated in the stocker from the stocker. The moving
mechanism is configured to move the conveying unit in
a three-dimensional direction relative to the stocker. The
controller is configured to control the moving mechanism.
An adapter having a first engagement projection formed
at one end in a first direction and a second engagement

projection formed at the other end on a side opposite to
the one end is configured to be attached to the processing
target. The conveying unit includes a conveying unit
body, a first hook, a second hook, a first spring, and a
second spring. The first hook extends in a second direc-
tion orthogonal to the first direction from the conveying
unit body and a first engagement recess configured to
engage with the first engagement projection is formed at
a distal end thereof. The second hook at a position facing
the first hook in the first direction extends in the second
direction from the conveying unit body and a second en-
gagement recess configured to engage with the second
engagement projection is formed at a distal end thereof.
The first spring is configured to apply elastic force to the
first hook so that the distal end of the first hook moves
toward the second hook when the first engagement pro-
jection is positioned in the first engagement recess. The
second spring is configured to apply elastic force to the
second hook so that the distal end of the second hook
moves toward the first hook when the second engage-
ment projection is positioned in the second engagement
recess.
[0007] According to the processing target conveying
device of the present invention, it is possible to accom-
modate a plurality of processing targets in the stocker.
When the processing target accommodated in the stock-
er is taken out, first, the controller controls the moving
mechanism so that the conveying unit moves toward the
processing target accommodated in the stocker. More-
over, when the conveying unit is moved so that the
processing target is positioned between the first and sec-
ond hooks of the conveying unit, the first engagement
projection of the adapter attached to the processing tar-
get engages with the first engagement recess of the first
hook and the second engagement projection of the
adapter engages with the second engagement recess of
the second hook. In this case, the distal end of the first
hook moves toward the second hook by the elastic force
of the first spring. The distal end of the second hook
moves toward the first hook by the elastic force of the
second spring. Therefore, the conveying unit can grasp
the processing target using the elastic force of the first
and second springs. Moreover, the conveying unit moves
in a state of grasping the processing target. In this way,
it is possible to take out the processing target from the
stocker. Therefore, it is possible to automatically take out
the processing target from the stocker using the process-
ing target conveying device. As a result, it is possible to
alleviate user’s burden.
[0008] According to the present invention, it is possible
to provide a processing target conveying device capable
of accommodating a plurality of processing targets and
alleviating user’s burden.
[0009] The above and other elements, features, steps,
characteristics and advantages of the present invention
will become more apparent from the following detailed
description of the preferred embodiments with reference
to the attached drawings.

1 2 



EP 3 332 906 A1

3

5

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a perspective view of a cutting system ac-
cording to a first embodiment;
FIG. 2 is a plan view of a processing target to which
an adapter is attached;
FIG. 3 is a perspective view of the cutting system
and is a diagram illustrating a state in which a lid of
a conveying device is open;
FIG. 4 is a plan view of the conveying device and is
a conceptual diagram illustrating a state in which the
lid is closed;
FIG. 5 is a plan view of the conveying device and is
a conceptual diagram illustrating a state in which the
lid is open;
FIG. 6 is a plan view of a conveying unit and is a
diagram illustrating a state in which a processing tar-
get is grasped by a conveying unit;
FIG. 7 is a plan view of the conveying unit and is a
diagram illustrating a state in which the processing
target is not grasped by the conveying unit;
FIG. 8 is a plan view of the conveying unit and is a
diagram illustrating a state in which the processing
target is not grasped by the conveying unit;
FIG. 9 is a plan view illustrating a state in which a
first contact member is in contact with a first hook
and a second contact member is in contact with a
second hook at a standby position;
FIG. 10 is a block diagram of the conveying device;
FIG. 11 is a front view of a cutting device;
FIG. 12 is a perspective view of a tool magazine;
FIG. 13 is a perspective view of a rotation supporting
member and a clamp;
FIG. 14 is a plan view of the conveying unit and is a
diagram illustrating a state in which the processing
target is not grasped by the conveying unit;
FIG. 15 is a plan view of the conveying unit and is a
diagram illustrating a state in which the processing
target is not grasped by the conveying unit;
FIG. 16 is a plan view of the conveying unit and is a
diagram illustrating a state in which the grasping
state of the processing target grasped by the con-
veying unit is released;
FIG. 17 is a plan view of a conveying unit according
to a second embodiment and is a diagram illustrating
a state in which the processing target is grasped by
the conveying unit; and
FIG. 18 is a plan view of the conveying unit according
to the second embodiment and is a diagram illustrat-
ing a state in which the processing target is not
grasped by the conveying unit.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0011] Hereinafter, a cutting system having a process-

ing target conveying device according to an embodiment
of the present invention will be described with reference
to the drawings. Naturally, embodiments described here-
in are not intended to limit the present invention particu-
larly. Moreover, members and portions which provide the
same effects are denoted by the same symbols, and re-
dundant description will be appropriately omitted or sim-
plified.

First Embodiment

[0012] FIG. 1 is a perspective view of a cutting system
100 according to a first embodiment. FIG. 2 is a plan view
of a processing target 5 to which an adapter 8 is attached.
In the following description, when a user being in front of
the cutting system 100 faces the cutting system 100, a
side on which the user moves away from the cutting sys-
tem 100 is defined as a front side, and a side on which
the user moves toward the cutting system 100 is defined
as a rear side. Left, Right, Up, and Down mean the di-
rections left, right, up, and down, respectively, when the
user being in front of the cutting system 100 faces the
cutting system 100. Moreover, the symbols F, Rr, L, R,
U, and D in the drawings mean front, rear, left, right, up,
and down, respectively. In the present embodiment,
when orthogonal axes X, Y, and Z are defined, the cutting
system 100 is disposed on a plane formed by the X and
Y-axes. Here, the X-axis is an axis extending in a front-
rear direction. The Y-axis is an axis extending in a left-
right direction. The Z-axis is an axis extending in an up-
down direction. Moreover, symbols θx, θy, and θz indi-
cate rotation directions around X, Y, and Z-axes, respec-
tively. However, the above-described directions are de-
fined for the sake of convenience only. The above-de-
scribed directions do not limit an installation aspect of
the cutting system 100 and do not limit the present in-
vention. In the present embodiment, the front-rear direc-
tion corresponds to a "first direction" of the present in-
vention. The left-right direction corresponds to a "second
direction" of the present invention.
[0013] In the cutting system 100 according to the
present embodiment, a plurality of processing targets 5
(see FIG. 2) are accommodated. One processing target
5 among the plurality of accommodated processing tar-
gets 5 is selected. Cutting processing is performed with
respect to the selected processing target 5. For example,
the cutting system 100 cuts the processing target 5 to
produce an artificial tooth. In the present embodiment,
as illustrated in FIG. 2, the processing target 5 has a disc
shape. The processing target 5 is formed of various ma-
terials such as zirconia, wax, polymethyl methacrylate
resin (PMMA), hybrid resin, polyether ether ketone
(PEEK) resin, or gypsum. When zirconia is used as a
material of the processing target 5, half-sintered zirconia
is used, for example. However, the shape and the mate-
rial of the processing target 5 are not particularly limited.
[0014] In the present embodiment, an adapter 8 is at-
tached to the processing target 5. In a state in which the
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adapter 8 is attached thereto, the processing target 5 is
accommodated in the cutting system 100 and is subject-
ed to cutting processing. In this example, an insertion
hole 8a is formed in a central portion of the adapter 8.
The processing target 5 is inserted into this insertion hole
8a whereby the processing target 5 is attached to the
adapter 8. In the following description, the processing
target 5 refers to the processing target 5 to which the
adapter 8 is attached. The processing target 5 includes
the adapter 8 attached to the processing target 5 in ad-
dition to the processing target 5.
[0015] In the present embodiment, as illustrated in FIG.
1, the cutting system 100 includes a processing target
conveying device 10 (hereinafter referred to as a con-
veying device 10) and a cutting device 60. Hereinafter,
the conveying device 10 and the cutting device 60 will
be described.
[0016] FIG. 3 is a perspective view of the cutting sys-
tem 100. FIG. 3 is a diagram illustrating a state in which
a lid 12 (to be described later) of the conveying device
10 is open. In the present embodiment, as illustrated in
FIG. 3, a plurality of processing targets 5 are accommo-
dated in the conveying device 10. The conveying device
10 selects one processing target 5 among the plurality
of accommodated processing targets 5. Moreover, the
conveying device 10 conveys the selected processing
target 5 to the cutting device 60. The conveying device
10 is formed in a box form. In this example, the conveying
device 10 includes a conveying case body 11, a lid 12,
a stocker 13, and a conveying unit 14 (see FIG. 6).
[0017] The conveying case body 11 is formed in a box
form. The conveying case body 11 has an inner space.
The inner space of the conveying case body 11 is a space
for accommodating the stocker 13 in which the plurality
of processing targets 5 are accommodated. Moreover,
an opening 17 is formed in a front portion of the conveying
case body 11. In the present embodiment, the conveying
case body 11 corresponds to a "main body" of the present
invention.
[0018] The lid 12 is provided in the conveying case
body 11 so as to be able to open and close the opening
17 in the front portion of the conveying case body 11. In
the present embodiment, the lid 12 is supported by the
conveying case body 11 so as to be rotatable about a
right end thereof. In this example, the lid 12 is a planar
member extending in the up-down direction. As illustrat-
ed in FIG. 1, a supporting projection 12a is provided in
the lid 12 so as to extend toward the right side from a
right portion of the lid 12. The supporting projection 12a
is supported by the conveying case body 11. In this ex-
ample, the lid 12 rotates about the supporting projection
12a to open and close the opening 17 of the conveying
case body 11 as illustrated in FIG. 3. When the opening
17 is open by the lid 12, a state in which the inner space
of the conveying case body 11 communicates with the
outside is created. A lock mechanism for locking move-
ment of the lid 12 relative to the conveying case body 11
when the lid 12 opens the opening 17 may be provided

in the lid 12.
[0019] A plurality of processing targets 5 are accom-
modated in the stocker 13. In the present embodiment,
the stocker 13 is provided in the lid 12. In the following
description, the front, rear, left, and right sides of the
stocker 13 mean the front, rear, left, and right sides when
a user being in front of the conveying device 10 faces
the conveying device 10 in a state in which the lid 12
closes the opening 17 of the conveying case body 11. In
the present embodiment, the stocker 13 includes a stock-
er body 21 and a plurality of accommodation portions 22.
The stocker body 21 is a box-shaped member extending
in the up-down direction. The stocker body 21 has an
inner space. An opening 25 is formed in a left portion of
the stocker body 21.
[0020] FIG. 4 is a plan view of the conveying device
10. FIG. 4 is a conceptual diagram illustrating a state in
which the lid 12 is closed. FIG. 5 is a plan view of the
conveying device 10. FIG. 5 is a conceptual diagram il-
lustrating a state in which the lid 12 is open. As illustrated
in FIG. 4, a front end of the stocker body 21 is connected
to a right end of the lid 12. As illustrated in FIG. 3, an
upper end of the stocker body 21 and an upper end of
the lid 12 are connected by an upper connecting plate
26 which is an example of a connecting member. The
upper connecting plate 26 connects the stocker body 21
and the lid 12. A lower end of the stocker body 21 and a
lower end of the lid 12 are connected by a lower connect-
ing plate 27. As illustrated in FIG. 4, in a plan view, an
angle R1 between a surface (in this example, a left sur-
face) of the stocker body 21 facing the lid 12 and a surface
(in this example, a rear surface) of the lid 12 on the side
of the conveying case body 11 is 90°. In other words, in
a plan view, an angle R1 between a straight line L1 on
an opening end of the stocker body 21 and a straight line
L2 on the rear surface of the lid 12 is 90°, for example.
In this example, the angle of 90° includes slight errors
(for example, 85° to 95°) in addition to the exact 90°.
However, in a plan view, a specific value of the angle R1
between the straight line L1 on the opening end of the
stocker body 21 and the straight line L2 on the rear sur-
face of the lid 12 is not particularly limited. In the present
embodiment, when the lid 12 rotates about the supporting
projection 12a (see FIG. 1), the stocker body 21 rotates
with the lid 12. For example, as illustrated in FIG. 4, when
the lid 12 closes the opening 17 (see FIG. 3) of the con-
veying case body 11, the opening 25 of the stocker body
21 is open to the left side. As illustrated in FIG. 5, when
the lid 12 opens the opening 17, the opening 25 of the
stocker body 21 is open to the front side. When the lid
12 is open, the stocker 13 moves forward. A portion of
the processing target 5 accommodated in the stocker 13
protrudes forward more than the conveying case body
11.
[0021] As illustrated in FIG. 3, the processing target 5
to which the adapter 8 (see FIG. 2) is accommodated in
each of the plurality of accommodation portions 22. The
plurality of accommodation portions 22 are disposed in

5 6 



EP 3 332 906 A1

5

5

10

15

20

25

30

35

40

45

50

55

the inner space of the stocker body 21. The plurality of
accommodation portions 22 are disposed to be aligned
in the up-down direction. In this example, the accommo-
dation portion 22 is a member having an inner space.
The processing target 5 is accommodated in the inner
space of the accommodation portion 22. For example,
an inner circumferential surface that forms the inner
space of the accommodation portion 22 has a shape cor-
responding to the shape of the processing target 5 to
which the adapter 8 is attached. One processing target
5 is accommodated in one accommodation portion 22.
In the present embodiment, nine accommodation por-
tions 22 are disposed in the stocker body 21. Therefore,
nine processing targets 5 can be accommodated in the
stocker 13. However, the number of accommodation por-
tions 22 is not particularly limited. Moreover, an arrange-
ment position of the plurality of accommodation portions
22 is not particularly limited. For example, some of the
plurality of accommodation portions 22 may be disposed
to be aligned in the left-right direction.
[0022] Next, the conveying unit 14 will be described.
FIG. 6 is a plan view of the conveying unit 14. FIG. 6 is
a diagram illustrating a state in which the processing tar-
get 5 is grasped by the conveying unit 14. FIG. 7 is a plan
view of the conveying unit 14. FIG. 7 is a diagram illus-
trating a state in which the processing target 5 is not
grasped by the conveying unit 14. As illustrated in FIG.
6, the conveying unit 14 is configured to take out the
processing target 5 accommodated in the accommoda-
tion portion 22 of the stocker 13 from the stocker 13. The
conveying unit 14 is configured to convey the taken-out
processing target 5 to the cutting device 60. Moreover,
the conveying unit 14 is configured to accommodate the
processing target 5 in the accommodation portion 22 of
the stocker 13. Although not illustrated in the drawings,
the conveying unit 14 is disposed in the inner space of
the conveying case body 11. In the present embodiment,
the conveying unit 14 includes a conveying unit body 31,
a first hook 32, a second hook 33, a first spring 34, a
second spring 35, and a fixing member 36.
[0023] The conveying unit body 31 is a planar member.
The first and second hooks 32 and 33 are members that
sandwich the processing target 5 to which the adapter 8
is attached. The first and second hooks 32 and 33 may
be disposed to face each other in the front-rear direction.
In the present embodiment, the first hook 32 is provided
on the upper surface of the conveying unit body 31. In
this example, a first shaft 41 extending upward is provid-
ed on a rear portion of the upper surface of the conveying
unit body 31. The first hook 32 is supported by the first
shaft 41. The first hook 32 can rotate about the first shaft
41. The second hook 33 is provided on the upper surface
of the conveying unit body 31 similarly to the first hook
32. In this example, a second shaft 42 extending upward
is provided on a front portion of the upper surface of the
conveying unit body 31. The second shaft 42 faces the
first shaft 41 in the front-rear direction. The second hook
33 is supported by the second shaft 42. The second hook

33 can rotate about the second shaft 42.
[0024] In the present embodiment, a distal end of the
first hook 32 and a distal end of the second hook 33 are
a right portion of the first hook 32 and a right portion of
the second hook 33, respectively. The distal end of the
first hook 32 and the distal end of the second hook 33
refers to an end close to the side facing the processing
target 5 accommodated in the stocker 13. As illustrated
in FIG. 7, a first engagement recess 43 that engages with
a portion of the adapter 8 attached to the processing tar-
get 5 is formed in the distal end of the first hook 32. The
first engagement recess 43 is depressed backward from
the surface of the first hook 32 close to the second hook
33. In this example, a first engagement projection 8b that
protrudes backward is formed on a left portion of the rear
surface of the adapter 8. The first engagement recess
43 of the first hook 32 engages with the first engagement
projection 8b of the adapter 8. Moreover, in the present
embodiment, a first inclined surface 45 is formed in a
front surface of the first hook 32 at a distal end thereof,
the first inclined surface 45 being formed closer to the
distal end than the first engagement recess 43 and being
inclined to a side opposite to the second hook 33 toward
the distal end. Moreover, a first projection 47a is formed
on a base end which is an end on a side opposite to the
distal end of the first hook 32. In this example, the first
projection 47a extends backward from the base end of
the first hook 32. The first projection 47a extends in a
direction opposite the second hook 33 from the base end
of the first hook 32. Moreover, a first base end projection
47b is formed in the base end of the first hook 32 on a
side closer to the base end than the first projection 47a.
The first base end projection 47b is a projection extending
in the left-right direction. In the following description, the
base end of the first hook 32 includes the first base end
projection 47b.
[0025] A second engagement recess 44 that engages
with a portion of the adapter 8 attached to the processing
target 5 is formed in the distal end of the second hook
33. The second engagement recess 44 faces the first
engagement recess 43 of the first hook 32 in the front-
rear direction. The second engagement recess 44 is de-
pressed forward from a surface of the second hook 33
close to the first hook 32. In this example, a second en-
gagement projection 8c that protrudes forward is formed
on a left portion of the front surface of the adapter 8. The
second engagement recess 44 of the second hook 33
engages with the second engagement projection 8c of
the adapter 8. Moreover, in the present embodiment, a
second inclined surface 46 is formed in a rear surface of
the second hook 33 at a distal end thereof, the second
inclined surface 46 being formed to closer to the distal
end than the second engagement recess 44 and being
inclined to a side opposite to the first hook 32 toward the
distal end. The second inclined surface 46 faces the first
inclined surface 45 of the first hook 32 in the front-rear
direction. Moreover, a second projection 48a is formed
on a base end which is an end on a side opposite to the
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distal end of the second hook 33. In this example, the
second projection 48a extends forward from the base
end of the second hook 33. The second projection 48a
extends in a direction opposite the first hook 32 from the
base end of the second hook 33. Moreover, a second
base end projection 48b extending toward the left side
is formed on the base end of the second hook 33 on a
side closer to the base end than the second projection
48a. In the following description, the base end of the sec-
ond hook 33 includes the second base end projection
48b.
[0026] The first spring 34 is configured to apply elastic
force to the first hook 32. In the present embodiment, the
first spring 34 applies elastic force in such a direction that
the distal end of the first hook 32 moves toward the sec-
ond hook 33 when at least a portion of the first inclined
surface 45 of the first hook 32 is positioned closer to the
front side than the distal end (in this example, the rear
end) of the first engagement projection 8b of the adapter
8. FIG. 8 is a plan view of the conveying unit 14 and is a
diagram illustrating a state in which the processing target
5 is not grasped by the conveying unit 14. As illustrated
in FIG. 8, the first spring 34 applies elastic force to the
first hook 32 so that the distal end of the first hook 32
does not move when the first inclined surface 45 is po-
sitioned closer to the rear side than the first engagement
projection 8b of the adapter 8. In FIG. 8, the distal end
of the first hook 32 is not moved by the elastic force of
the first spring 34. Moreover, as illustrated in FIG. 6, the
first spring 34 applies elastic force in such a direction that
the distal end of the first hook 32 moves toward the sec-
ond hook 33 when the first engagement projection 8b of
the adapter 8 is positioned in the first engagement recess
43 of the first hook 32. As illustrated in FIG. 8, the first
spring 34 applies elastic force to the first hook 32 so that
the distal end of the first hook 32 does not move when
the first engagement projection 8b of the adapter 8 is not
positioned in the first engagement recess 43. In the
present embodiment, the first spring 34 is provided on
the upper surface of the conveying unit body 31 on a side
closer to the left side than the first shaft 41. The first
spring 34 is connected to the first base end projection
47b of the first hook 32.
[0027] The second spring 35 is configured to apply
elastic force to the second hook 33. In the present em-
bodiment, as illustrated in FIG. 7, the second spring 35
applies elastic force in such a direction that the distal end
of the second hook 33 moves toward the first hook 32
(that is, toward the rear side) when at least a portion of
the second inclined surface 46 of the second hook 33 is
positioned closer to the rear side than the distal end (in
this example, the front end) of the second engagement
projection 8c of the adapter 8. As illustrated in FIG. 8,
the second spring 35 applies elastic force to the second
hook 33 so that the distal end of the second hook 33 does
not move when the second inclined surface 46 is posi-
tioned closer to the front side than the second engage-
ment projection 8c. In FIG. 8, the distal end of the second

hook 33 is not moved by the elastic force of the second
spring 35. Moreover, as illustrated in FIG. 7, the second
spring 35 applies elastic force in such a direction that the
distal end of the second hook 33 moves toward the first
hook 32 when the second engagement projection 8c of
the adapter 8 is positioned in the second engagement
recess 44 of the second hook 33. As illustrated in FIG.
8, the second spring 35 applies elastic force to the second
hook 33 so that the distal end of the second hook 33 does
not move when the second engagement projection 8c of
the adapter 8 is not positioned in the second engagement
recess 44. In the present embodiment, the second spring
35 is provided on the upper surface of the conveying unit
body 31 on a side closer to the left side than the second
shaft 42. The second spring 35 is connected to the sec-
ond base end projection 48b of the second hook 33.
[0028] In the following description, as illustrated in FIG.
6, the orientation of the distal end of the first hook 32 and
the orientation of the distal end of the second hook 33
when at least a portion of the first inclined surface 45 of
the first hook 32 is positioned closer to the front side than
the distal end of the first engagement projection 8b of the
adapter 8 and at least a portion of the second inclined
surface 46 of the second hook 33 is positioned closer to
the rear side than the distal end of the second engage-
ment projection 8c of the adapter 8 are referred to as a
grasping orientation D11. The grasping orientation D11
is the orientation of the distal end of the first hook 32
when the first engagement recess 43 of the first hook 32
engages with the first engagement projection 8b. The
grasping orientation D11 is the orientation of the distal
end of the second hook 33 when the second engagement
recess 44 of the second hook 33 engages with the second
engagement projection 8c. The grasping orientation D11
is an orientation in which the first and second hooks 32
and 33 can grasp the processing target 5. On the other
hand, as illustrated in FIG. 8, the orientation of the distal
end of the first hook 32 and the orientation of the distal
end of the second hook 33 when the first inclined surface
45 of the first hook 32 is positioned closer to the rear side
than the first engagement projection 8b of the adapter 8
and the second inclined surface 46 of the second hook
33 is positioned closer to the front side than the second
engagement projection 8c are referred to as a non-grasp-
ing orientation D12. The non-grasping orientation D12 is
the orientation of the distal end of the first hook 32 when
the first engagement recess 43 of the first hook 32 does
not engage with the first engagement projection 8b. The
non-grasping orientation D12 is the orientation of the dis-
tal end of the second hook 33 when the second engage-
ment recess 44 of the second hook 33 does not engage
with the second engagement projection 8c. The non-
grasping orientation D12 is the orientation of the first and
second hooks 32 and 33 when the processing target 5
is not grasped by the first and second hooks 32 and 33.
[0029] In the present embodiment, a first contact pro-
jection 49a and a second contact projection 49b are pro-
vided on the upper surface of the conveying unit body 31
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so as to extend upward. The first contact projection 49a
is provided, in the conveying unit body 31, in a portion
located closer to the side opposite to the second hook
33 than the first shaft 41. In this example, the first contact
projection 49a is provided closer to the left side than the
first shaft 41. As illustrated in FIG. 8, the first projection
47a of the first hook 32 comes into contact with the first
contact projection 49a when the orientation of the distal
end of the first hook 32 is the non-grasping orientation
D12. As illustrated in FIG. 6, a surface of the other end
(in this example, the first base end projection 47b) of the
first hook 32 on a side opposite to the second hook 33
does not make contact with the first contact projection
49a when the orientation of the distal end of the first hook
32 is the grasping orientation D11. Although not illustrat-
ed in the drawings, in the present embodiment, a surface
of the other end of the first hook 32 on a side opposite
to the second hook 33 comes into contact with the first
contact projection 49a when the orientation of the distal
end of the first hook 32 is moved toward the second hook
33 more than the grasping orientation D11. Therefore,
the first contact projection 49a performs a role of restrict-
ing the orientation of the distal end of the first hook 32
from excessively entering toward the second hook 33
more than the grasping orientation D11.
[0030] The second contact projection 49b is provided,
in the conveying unit body 31, in a portion located closer
to the side opposite to the first hook 32 than the second
shaft 42. In this example, the second contact projection
49b is provided closer to the left side than the second
shaft 42. As illustrated in FIG. 8, the second projection
48a of the second hook 33 comes into contact with the
second contact projection 49b when the orientation of
the distal end of the second hook 33 is the non-grasping
orientation D12. As illustrated in FIG. 6, a surface of the
base end (in this example, the second base end projec-
tion 48b) of the second hook 33 on a side opposite to the
first hook 32 does not make contact with the second con-
tact projection 49b when the orientation of the distal end
of the second hook 33 is the grasping orientation D11.
Although not illustrated in the drawings, a surface of the
other end of the second hook 33 on a side opposite to
the first hook 32 comes into contact with the second con-
tact projection 49b when the orientation of the distal end
of the second hook 33 is moved toward the first hook 32
more than the grasping orientation D11. Therefore, the
second contact projection 49b performs a role of restrict-
ing the orientation of the distal end of the second hook
33 from excessively entering toward the first hook 32
more than the grasping orientation D11.
[0031] The fixing member 36 is a member for sup-
pressing falling of the processing target 5 when the
processing target 5 is grasped by the first hook 32 and
the second hook 33 of the conveying unit 14. In the
present embodiment, the fixing member 36 extends to-
ward the right side from the lower surface of the convey-
ing unit body 31. The fixing member 36 is disposed below
the first and second hooks 32 and 33. At least a portion

of the fixing member 36 is disposed between the first and
second hooks 32 and 33 in a plan view. As illustrated in
FIG. 6, in a state in which the processing target 5 is
grasped by the first and second hooks 32 and 33, a por-
tion of the adapter 8 attached to the processing target 5
is positioned on the fixing member 36. In this example,
the fixing member 36 is a metal plate formed of metal.
However, a material for forming the fixing member 36 is
not particularly limited. In the present embodiment, a
plate spring 37 is provided in a right portion of the con-
veying unit body 31. The plate spring 37 applies elastic
force toward the processing target 5 when the processing
target 5 is disposed on the upper surface of the fixing
member 36. In this example, the processing target 5 to
which the adapter 8 is attached is sandwiched by the
plate spring 37 in a state of being disposed on the upper
surface of the fixing member 36 whereby the processing
target 5 is fixed to the conveying unit 14.
[0032] In the present embodiment, as illustrated in FIG.
3, the conveying unit 14 is configured to stand by at a
standby position P1 when the conveying unit 14 does not
convey the processing target 5. A specific position of the
standby position P1 is not particularly limited. In this ex-
ample, the standby position P1 is a lower portion of the
inner space of the conveying case body 11 and is be-
tween the accommodation portion 22 positioned the sec-
ond place from the bottom among the plurality of accom-
modation portions 22 and the accommodation portion 22
positioned at the bottom. FIG. 9 is a plan view illustrating
a state in which the first contact member 38 is in contact
with the first hook 32 and the second contact member 39
is in contact with the second hook 33 at the standby po-
sition P1. In this example, as illustrated in FIG. 9, the first
contact member 38 that can make contact with the first
projection 47a of the first hook 32 and the second contact
member 39 that can make contact with the second pro-
jection 48a of the second hook 33 are provided at the
standby position P1. The first contact member 38 is a
member that comes into contact with the first projection
47a of the first hook 32 from the left side when the ori-
entation of the distal end of the first hook 32 is the non-
grasping orientation D12 to change the orientation of the
first hook 32 to the grasping orientation D11. The second
contact member 39 is a member that comes into contact
with the second projection 48a of the second hook 33
from the left side when the orientation of the distal end
of the second hook 33 is the non-grasping orientation
D12 to change the orientation of the second hook 33 to
the grasping orientation D11. In this example, the first
and second contact members 38 and 39 are provided so
as to protrude inward from an inner circumferential sur-
face that forms the inner space of the conveying case
body 11. A material of the first and second contact mem-
bers 38 and 39 is not particularly limited. In this example,
the first and second contact members 38 and 39 are met-
al plates.
[0033] FIG. 10 is a block diagram illustrating the con-
veying device 10. In the present embodiment, as illus-

11 12 



EP 3 332 906 A1

8

5

10

15

20

25

30

35

40

45

50

55

trated in FIG. 10, the conveying device 10 includes a
moving mechanism 15 that moves the conveying unit 14
in a three-dimensional direction relative to the stocker 13
(see FIG. 3). A specific configuration of the moving mech-
anism 15 is not particularly limited. In this example, the
moving mechanism 15 moves the conveying unit 14 in a
three-dimensional direction so that the conveying unit 14
is moved in a three-dimensional direction relative to the
stocker 13. For example, the moving mechanism 15 in-
cludes a first guide rail (not illustrated) extending in the
front-rear direction, a second guide rail (not illustrated)
that extends in the left-right direction to guide movement
of the conveying unit 14 in a direction toward the accom-
modation portion 22, a third guide rail (not illustrated)
extending in the up-down direction, and a motor 15a con-
nected to the conveying unit body 31 of the conveying
unit 14. When the motor 15a is driven, the conveying unit
14 moves in the front-rear direction along the first guide
rail, moves in the left-right direction along the second
guide rail, and moves in the up-down direction along the
third guide rail.
[0034] In the present embodiment, the conveying de-
vice 10 includes a controller 16. The controller 16 is a
device that controls conveying of the processing target
5. The controller 16 is configured as a microcomputer.
The controller 16 is provided inside the conveying case
body 11. The controller 16 includes a central processing
unit (CPU), a ROM that stores programs to be executed
by the CPU, a ROM, and the like. In this example, control
related to conveying of the processing target 5 is per-
formed using the programs stored in the microcomputer.
[0035] The controller 16 is electrically connected to the
motor 15a of the moving mechanism 15. The controller
16 controls driving of the motor 15a. In this example, the
controller 16 controls driving of the motor 15a to control
movement of the conveying unit 14 in the three-dimen-
sional direction.
[0036] Next, the cutting device 60 will be described. In
this example, as illustrated in FIG. 1, the cutting device
60 cuts the processing target 5 conveyed from the con-
veying device 10. For example, the cutting device 60 is
formed in a box form. A portion of the cutting device 60
communicates with the conveying device 10. The cutting
device 60 includes a cutting case body 61 and a cover
62. The cutting case body 61 is formed in a box form.
The cutting case body 61 has an inner space. A front
portion of the cutting case body 61 is open. The cover
62 is supported by the cutting case body 61 so as to be
able to open and close the opening of the cutting case
body 61.
[0037] FIG. 11 is a front view of the cutting device 60.
FIG. 11 illustrates an open state of the cover 62. More-
over, the conveying device 10 is omitted in FIG. 11. FIG.
12 is a perspective view of the tool magazine 64. FIG.
13 is a perspective view of a rotation supporting member
65 and a clamp 66. For example, as illustrated in FIG.
11, the cutting device 60 includes a spindle 63, a tool
magazine 64, a rotation supporting member 65 (see FIG.

13), and a clamp 66 (see FIG. 13).
[0038] The spindle 63 is an example of a "cutting por-
tion" of the present invention. The spindle 63 is config-
ured to rotate the processing tool 6 to cut the processing
target 5. The spindle 63 includes a grasping portion 71
and a rotating portion 72. The grasping portion 71 is con-
figured to grasp the upper end of the processing tool 6.
In the present embodiment, the rotating portion 72 is pro-
vided at the upper end of the grasping portion 71.
[0039] The rotating portion 72 is configured to rotate
the processing tool 6 grasped by the grasping portion 71.
The rotating portion 72 extends in the up-down direction.
In this example, a motor (not illustrated) is connected to
the rotating portion 72. When the motor is driven, the
rotating portion 72 is configured to be rotatable in the
direction θz around the Z-axis. With rotation of the rotat-
ing portion 72, the processing tool 6 grasped by the
grasping portion 71 rotates in the direction θz around the
Z-axis. Moreover, the rotating portion 72 is configured to
move in the left-right direction and the up-down direction
with the aid of a first driving member (not illustrated).
[0040] As illustrated in FIG. 12, the tool magazine 64
is configured to be able to accommodate the plurality of
processing tools 6. In the present embodiment, the tool
magazine 64 is formed in a box form. A plurality of holes
81 for accommodating the processing tools 6 are formed
in the upper surface of the tool magazine 64. The
processing tool 6 is inserted into the hole 81 in a state in
which an upper portion thereof is exposed. When the
processing tool 6 is exchanged, the processing tool 6
grasped by the grasping portion 71 is returned to the hole
81. Moreover, the grasping portion 71 and the rotating
portion 72 are moved to a position above the processing
tool 6 to be used next. After that, the grasping portion 71
grasps the upper end of the processing tool 6 positioned
below the grasping portion 71.
[0041] A rotation shaft 83 that rotatably supports the
rotation supporting member 65 is provided in the tool
magazine 64. The rotation shaft 83 extends in the left-
right direction. As illustrated in FIG. 13, the rotation shaft
83 is connected to the rotation supporting member 65.
Although not illustrated in the drawing, a second driving
member is provided in the tool magazine 64. The rotation
shaft 83 is configured to be rotatable in the direction θy
around the Y-axis with the aid of the second driving mem-
ber. When the rotation shaft 83 rotates in the direction
θy around the Y-axis, the rotation supporting member 65
rotates in the direction θy around the Y-axis.
[0042] The rotation supporting member 65 rotatably
supports the clamp 66. The rotation supporting member
65 is formed in an approximately U-shape in a plan view.
The rotation supporting member 65 includes a first part
91 connected to the rotation shaft 83 so as to extend in
the front-rear direction, a second part 92 extending to-
ward the left side from the rear end of the first part 91,
and a third part 93 extending toward the left side from
the front end of the first part 91. The clamp 66 is rotatably
supported by the second and third parts 92 and 93. A
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motor 95 for rotating the clamp 66 in the direction θx
around the X-axis is provided in the third part 93.
[0043] The clamp 66 is a member that holds the
processing target 5. For example, the clamp 66 has a
shape corresponding to the shape of the adapter 8 (see
FIG. 2) attached to the processing target 5. The clamp
66 has an approximately C-shape in a plan view. The
clamp 66 holds the processing target 5 grasped by the
conveying unit 14 of the conveying device 10. In the
present embodiment, cutting processing is performed
with respect to the processing target 5 held by the clamp
66.
[0044] Hereinabove, the configuration of the cutting
system 100 according to the present embodiment has
been described. Next, a procedure in which the convey-
ing unit 14 takes out the processing target 5 accommo-
dated in the accommodation portion 22 of the stocker 13
from the accommodation portion 22 in the conveying de-
vice 10 of the cutting system 100 will be described. In
the present embodiment, as illustrated in FIG. 2, the
adapter 8 is attached to the processing target 5 accom-
modated in the accommodation portion 22. As illustrated
in FIG. 7, before the processing target 5 accommodated
in the accommodation portion 22 is taken out by the con-
veying unit 14, the orientations of the first and second
hooks 32 and 33 of the conveying unit 14 are the grasping
orientation D11.
[0045] First, the controller 16 controls the motor 15a
(see FIG. 10) of the moving mechanism 15 so that the
conveying unit 14 is positioned on the left side of the
accommodation portion 22 in which the processing target
5 to be taken from the accommodation portion 22 is ac-
commodated. In this example, the left side of the accom-
modation portion 22 is a direction in which the conveying
unit 14 is positioned in front of the opening 25 of the
stocker body 21. After the conveying unit 14 is moved to
the left side of the accommodation portion 22, as illus-
trated in FIG. 7, the controller 16 causes the distal end
of the first hook 32 and the distal end of the second hook
33 of the conveying unit 14 to approach the processing
target 5 accommodated in the accommodation portion
22. In this example, the controller 16 controls the moving
mechanism 15 so that the conveying unit 14 is moved
toward the right side. When the conveying unit 14 is
moved toward the right side, as illustrated in FIG. 14, the
first inclined surface 45 of the first hook 32 comes into
contact with the first engagement projection 8b of the
adapter 8 attached to the processing target 5. Moreover,
the second inclined surface 46 of the second hook 33
comes into contact with the second engagement projec-
tion 8c of the adapter 8. When the conveying unit 14 is
moved further toward the right side in such a state, as
illustrated in FIG. 15, the distal end of the first hook 32
is pressed by the first engagement projection 8b to move
in a direction (in this example, toward the rear side) op-
posite the second hook 33 about the first shaft 41 in a
state in which the first inclined surface 45 is in contact
with the first engagement projection 8b. At the same time,

the distal end of the second hook 33 is pressed by the
second engagement projection 8c to move in a direction
(in this example, toward the front side) opposite the first
hook 32 about the second shaft 42 in a state in which the
second inclined surface 46 is in contact with the second
engagement projection 8c.
[0046] When the conveying unit 14 is moved further
toward the right side in such a state, as illustrated in FIG.
6, the first engagement projection 8b of the adapter 8
engages with the first engagement recess 43 of the distal
end of the first hook 32. In this case, a state in which the
distal end of the first hook 32 is pressed toward the sec-
ond hook 33 by the elastic force of the first spring 34 is
created. At the same time, the second engagement pro-
jection 8c of the adapter 8 engages with the second en-
gagement recess 44 of the distal end of the second hook
33. In this case, a state in which the distal end of the
second hook 33 is pressed toward the first hook 32 by
the elastic force of the second spring 35 is created. In
this way, the orientations of the first and second hooks
32 and 33 are the grasping orientation D11. In this case,
a surface of the other end (in this example, the first base
end projection 47b) of the first hook 32 on a side opposite
to the second hook 33 does not make contact with the
first contact projection 49a. Moreover, a surface of the
base end (in this example, the second base end projec-
tion 48b) of the second hook 33 on a side opposite to the
first hook 32 does not make contact with the second con-
tact projection 49b. In this way, the first engagement pro-
jection 8b of the adapter 8 engages with the first engage-
ment recess 43 of the first hook 32 and the second en-
gagement projection 8c of the adapter 8 engages with
the second engagement recess 44 of the second hook
33 whereby a state in which the processing target 5 is
grasped by the conveying unit 14 is created. Therefore,
the movement of the processing target 5 in the front-rear
direction and the left-right direction relative to the con-
veying unit 14 is restricted. Moreover, when the process-
ing target 5 is grasped by the conveying unit 14, a state
in which the processing target 5 is disposed on the upper
surface of the fixing member 36 and is fixed by the plate
spring 37 provided in the conveying unit body 31 is cre-
ated. Therefore, movement of the processing target 5 in
the up-down direction relative to the conveying unit 14 is
restricted.
[0047] Subsequently, in a state in which the processing
target 5 is grasped by the conveying unit 14, the controller
16 controls the moving mechanism 15 so that the con-
veying unit 14 is moved in a direction away from the ac-
commodation portion 22. In this case, the conveying unit
14 moves toward the left side in a state of grasping the
processing target 5. In this way, the conveying unit 14
can detach the processing target 5 accommodated in the
accommodation portion 22 from the accommodation por-
tion 22. After the processing target 5 is detached from
the accommodation portion 22, the controller 16 may
control the moving mechanism 15 so that the conveying
unit 14 conveys the processing target 5 to the cutting
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device 60.
[0048] Next, a procedure in which the processing tar-
get 5 grasped by the conveying unit 14 is accommodated
in the accommodation portion 22 of the stocker 13 in the
conveying device 10 will be described. As illustrated in
FIG. 6, in a state in which the first and second hooks 32
and 33 of the conveying unit 14 grasp the processing
target 5, the controller 16 controls the motor 15a (see
FIG. 10) of the moving mechanism 15 so that the con-
veying unit 14 is positioned on the left side of the accom-
modation portion 22 that accommodates the processing
target 5. After that, the controller 16 controls the moving
mechanism 15 so that the conveying unit 14 is moved
toward the right side in order to cause the conveying unit
14 to approach the accommodation portion 22. The con-
veying unit 14 moves toward the right side and the
processing target 5 grasped by the conveying unit 14 is
moved and positioned in the accommodation portion 22.
In this way, the processing target 5 grasped by the con-
veying unit 14 is accommodated in the accommodation
portion 22.
[0049] In a state in which the processing target 5
grasped by the conveying unit 14 is accommodated in
the accommodation portion 22, the controller 16 controls
the moving mechanism 15 so that the conveying unit 14
is moved further toward the right side. In this case, as
illustrated in FIG. 16, the distal end of the first hook 32
is pressed by the first engagement projection 8b of the
adapter 8 whereby the distal end of the first hook 32 is
moved in the direction opposite the second hook 33. At
the same time, the distal end of the second hook 33 is
pressed by the second engagement projection 8c of the
adapter 8 whereby the distal end of the second hook 33
is moved in the direction opposite the first hook 32. In
this way, the state of engagement between the first en-
gagement recess 43 of the first hook 32 and the first
engagement projection 8b of the adapter 8 and the state
of engagement between the second engagement recess
44 of the second hook 33 and the second engagement
projection 8c of the adapter 8 are released. When these
engagement states are released, the orientations of the
first and second hooks 32 and 33 are the non-grasping
orientation D12. In this case, the first contact projection
49a comes into contact with the first projection 47a of the
first hook 32. The second contact projection 49b comes
into contact with the second projection 48a of the second
hook 33. When the orientations of the first and second
hooks 32 and 33 are the non-grasping orientation D12,
the elastic force of the first spring 34 is applied in such a
direction that the distal end of the first hook 32 does not
move. In this case, the elastic force of the second spring
35 is applied in such a direction that the distal end of the
second hook 33 does not move. Therefore, in the non-
grasping orientation D12, the distal end of the first hook
32 is not moved by the elastic force of the first spring 34.
In the non-grasping orientation D12, the distal end of the
second hook 33 is not moved by the elastic force of the
second spring 35.

[0050] After the state of engagement between the first
engagement recess 43 of the first hook 32 and the first
engagement projection 8b of the adapter 8 and the state
of engagement between the second engagement recess
44 of the second hook 33 and the second engagement
projection 8c of the adapter 8 are released, the controller
16 controls the moving mechanism 15 so that the con-
veying unit 14 is moved away from the accommodation
portion 22. In this way, the conveying unit 14 moves to-
ward the left side. In this manner, it is possible to accom-
modate the processing target 5 grasped by the conveying
unit 14 in the accommodation portion 22 of the stocker 13.
[0051] After the processing target 5 grasped by the
conveying unit 14 is accommodated in the accommoda-
tion portion 22, the orientations of the first and second
hooks 32 and 33 of the conveying unit 14 are the non-
grasping orientation D12. In this case, as illustrated in
FIG. 9, the controller 16 may control the moving mech-
anism 15 so that the conveying unit 14 is moved to the
standby position P1. When the conveying unit 14 moves
to the standby position P1, the first and second hooks 32
and 33 of the conveying unit 14 approach from the base
end side toward the distal ends of the first and second
contact members 38 and 39 provided at the standby po-
sition P1. After that, the left surface of the first projection
47a of the first hook 32 comes into contact with the distal
end of the first contact member 38. In a state in which
the first projection 47a and the first contact member 38
are in contact with each other, the first hook 32 moves
toward the first contact member 38. At the same time,
the left surface of the second projection 48a of the second
hook 33 comes into contact with the distal end of the
second contact member 39. In a state in which the second
projection 48a and the second contact member 39 are
in contact with each other, the second hook 33 moves
toward the second contact member 39.
[0052] In this case, the first hook 32 is pressed toward
the right side by the first contact member 38, and the
second hook 33 is pressed toward the right side by the
second contact member 39. In this way, as illustrated in
FIG. 7, the first hook 32 rotates about the first shaft 41,
whereby the orientation of the distal end of the first hook
32 is changed from the non-grasping orientation D12 to
the grasping orientation D11. Moreover, the second hook
33 rotates about the second shaft 42, whereby the ori-
entation of the second hook 33 is changed from the non-
grasping orientation D12 to the grasping orientation D11.
[0053] As described above, in the present embodi-
ment, as illustrated in FIG. 3, since the plurality of ac-
commodation portions 22 in which the processing targets
5 are accommodated are provided in the stocker 13, it is
possible to accommodate the plurality of processing tar-
gets 5 in the stocker 13. In the present embodiment, when
the processing target 5 accommodated in the accommo-
dation portion 22 of the stocker 13 is taken out, first, the
controller 16 controls the moving mechanism 15 so that
the conveying unit 14 is moved toward the processing
target 5 accommodated in the accommodation portion
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22. Moreover, as illustrated in FIG. 6, when the conveying
unit 14 is moved so that the processing target 5 is posi-
tioned between the first and second hooks 32 and 33 of
the conveying unit 14, the first engagement projection 8b
of the adapter 8 attached to the processing target 5 en-
gages with the first engagement recess 43 of the first
hook 32 and the second engagement projection 8c of the
adapter 8 engages with the second engagement recess
44 of the second hook 33. In this case, the distal end of
the first hook 32 is moved toward the second hook 33 by
the elastic force of the first spring 34. The distal end of
the second hook 33 is moved toward the first hook 32 by
the elastic force of the second spring 35. Therefore, the
conveying unit 14 can grasp the processing target 5 using
the elastic force of the first and second springs 34 and
35. Moreover, the conveying unit 14 moves in a state of
grasping the processing target 5 whereby the processing
target 5 can be taken out from the stocker 13. Therefore,
it is possible to automatically take out the processing tar-
get 5 from the stocker 13 using the conveying device 10.
As a result, it is possible to alleviate user’s burden.
[0054] In the present embodiment, the first hook 32 is
supported by the first shaft 41 so as to be rotatable rel-
ative to the first shaft 41. The second hook 33 is supported
by the second shaft 42 so as to be rotatable relative to
the second shaft 42. The first spring 34 applies elastic
force to the first hook 32 so that the distal end of the first
hook 32 rotates toward the second hook 33 when the
first engagement projection 8b of the adapter 8 is posi-
tioned in the first engagement recess 43. Moreover, as
illustrated in FIG. 8, the first spring 34 applies elastic force
to the first hook 32 so that the distal end of the first hook
32 does not rotate when the first engagement projection
8b is not positioned in the first engagement recess 43.
Moreover, as illustrated in FIG. 6, the second spring 35
applies elastic force to the second hook 33 so that the
distal end of the second hook 33 rotates toward the first
hook 32 when the second engagement projection 8c is
positioned in the second engagement recess 44. More-
over, as illustrated in FIG. 8, the second spring 35 applies
elastic force to the second hook 33 so that the distal end
of the second hook 33 does not rotate when the second
engagement projection 8c is not positioned in the second
engagement recess 44. In this way, when the orientations
of the distal ends of the first and second hooks 32 and
33 are the non-grasping orientation D12, the first hook
32 is not moved backward by the elastic force of the first
spring 34 and the second hook 33 is not moved forward
by the elastic force of the second spring 35. Therefore,
it is possible to suppress the interval between the first
and second hooks 32 and 33 from increasing excessively
when the orientations of the distal ends of the first and
second hooks 32 and 33 are the non-grasping orientation
D12.
[0055] In the present embodiment, as illustrated in FIG.
8, when the orientation of the distal end of the first hook
32 is the non-grasping orientation D12, the first contact
projection 49a comes into contact with the first projection

47a of the first hook 32. When the orientation of the distal
end of the second hook 33 is the non-grasping orientation
D12, the second contact projection 49b comes into con-
tact with the second projection 48a of the second hook
33. In this way, it is possible to prevent the distal end of
the first hook 32 from moving backward when the orien-
tation of the distal end of the first hook 32 is the non-
grasping orientation D12. Moreover, it is possible to pre-
vent the distal end of the second hook 33 from moving
forward when the orientation of the distal end of the sec-
ond hook 33 is the non-grasping orientation D12. In the
present embodiment, when the interval between the first
and second hooks 32 and 33 increases excessively, it is
not possible to change the orientations of the first and
second hooks 32 and 33 automatically to the grasping
orientation D11. According to the present embodiment,
it is possible to change the orientations of the first and
second hooks 32 and 33 automatically to the grasping
orientation D11.
[0056] In the present embodiment, when the orienta-
tion of the distal end of the first hook 32 is the non-grasp-
ing orientation D12, as illustrated in FIG. 9, the first pro-
jection 47a of the first hook 32 is pressed toward the distal
end by the first contact member 38 at the standby position
P1, whereby the orientation of the first hook 32 can be
changed to the grasping orientation D11. Moreover,
when the orientation of the distal end of the second hook
33 is the non-grasping orientation D12, the second pro-
jection 48a of the second hook 33 is pressed toward the
distal end by the second contact member 39 at the stand-
by position P1, whereby the orientation of the second
hook 33 can be changed to the grasping orientation D11.
Therefore, when the conveying unit 14 moves from the
standby position P1 toward the accommodation portion
22, the orientations of the first and second hooks 32 and
33 can be changed to the grasping orientation D11.
[0057] In the present embodiment, as illustrated in FIG.
7, in a state in which the orientations of the first and sec-
ond hooks 32 and 33 are the grasping orientation D11,
the conveying unit 14 is moved toward the processing
target 5 accommodated in the accommodation portion
22. When the conveying unit 14 moves toward the ac-
commodation portion 22, as illustrated in FIG. 14, the
first inclined surface 45 of the first hook 32 comes into
contact with the first engagement projection 8b of the
adapter 8 attached to the processing target 5. At the same
time, the second inclined surface 46 of the second hook
33 comes into contact with the second engagement pro-
jection 8c of the adapter 8. When the conveying unit 14
is moved further toward the right side in such a state, as
illustrated in FIG. 15, the distal end of the first hook 32
is pressed by the first engagement projection 8b to move
in a direction opposite the second hook 33 about the first
shaft 41 in a state in which the first inclined surface 45
is in contact with the first engagement projection 8b. At
the same time, the distal end of the second hook 33 is
pressed by the second engagement projection 8c to
move in a direction (in this example, toward the front side)
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opposite the first hook 32 about the second shaft 42 in a
state in which the second inclined surface 46 is in contact
with the second engagement projection 8c. When the
conveying unit 14 is moved further toward the accommo-
dation portion 22 in such a state, as illustrated in FIG. 6,
the first engagement projection 8b of the adapter 8 en-
gages with the first engagement recess 43 of the distal
end of the first hook 32. At the same time, the second
engagement projection 8c of the adapter 8 engages with
the second engagement recess 44 of the distal end of
the second hook 33. Therefore, in the present embodi-
ment, the first inclined surface 45 performs a role of guid-
ing the movement of the first hook 32. The second in-
clined surface 46 performs a role of guiding the move-
ment of the second hook 33. Therefore, the first and sec-
ond hooks 32 and 33 easily move in a grasping direction
while making contact with the adapter 8 attached to the
processing target 5.
[0058] In the present embodiment, the fixing member
36 extends toward the right side from the conveying unit
body 31 at a position below the first and second hooks
32 and 33 and between the first and second hooks 32
and 33 in a plan view. In this way, it is possible to suppress
the processing target 5 from falling from the conveying
unit 14 when the processing target 5 is grasped by the
first and second hooks 32 and 33.
[0059] In the present embodiment, the plate spring 37
that applies elastic force toward the processing target 5
when the processing target 5 is disposed on the upper
surface of the fixing member 36 is provided in the con-
veying unit body 31. In this way, when the processing
target 5 is grasped by the first and second hooks 32 and
33, the processing target 5 is fixed by the plate spring
37. Therefore, it is possible to prevent the processing
target 5 from easily falling from the conveying unit 14.
[0060] In the present embodiment, as illustrated in FIG.
3, the stocker 13 (specifically, the stocker body 21) is
connected to a surface of the lid 12 on the side of the
conveying case body 11. The stocker 13 is configured to
move following the movement of the lid 12. Due to this,
as illustrated in FIG. 5, when the user opens the lid 12,
the stocker 13 is moved toward the front side. Therefore,
the user can easily load the processing target 5 into the
stocker 13. Moreover, the user can easily take out the
processing target 5 from the accommodation portion 22
of the stocker 13 with his or her hands.
[0061] In the present embodiment, as illustrated in FIG.
4, in a plan view, the angle R1 between the surface of
the stocker body 21 facing the lid 12 and the surface (in
this example, the rear surface) of the lid 12 on the side
of the conveying case body 11 is 90°. In other words, in
a plan view, the angle R1 between the straight line L1 on
the opening end of the stocker body 21 and the straight
line L2 on the rear surface of the lid 12 is 90°, for example.
In this way, the stocker 13 is disposed so that the opening
25 of the stocker 13 faces the front side when the lid 12
is open so that the angle between the rear surface of the
lid 12 and the opening end surface of the conveying case

body 11 is 90°. Therefore, the user can easily load the
processing target 5 into the stocker 13. The user can
easily take out the processing target 5 from the accom-
modation portion 22 of the stocker 13 with his or her
hands.
[0062] Hereinabove, the cutting system 100 having the
conveying device 10 according to the first embodiment
will be described. The conveying device according to the
present invention is not limited to the conveying device
10 according to the first embodiment but can be imple-
mented in various other embodiments. Next, other em-
bodiments will be described briefly. In the following de-
scription, constituent elements having the same config-
uration as those described above will be denoted by the
same symbols and the description thereof will be omitted
appropriately.

Second Embodiment

[0063] Next, a conveying device 110 according to a
second embodiment will be described. FIG. 17 is a plan
view of a conveying unit 114. FIG. 17 is a diagram illus-
trating a state in which the processing target 5 is grasped
by the conveying unit 114. FIG. 18 is a plan view of the
conveying unit 114. FIG. 18 is a diagram illustrating a
state in which the processing target 5 is not grasped by
the conveying unit 114.
[0064] In the present embodiment, similarly to the first
embodiment, as illustrated in FIG. 2, the processing tar-
get 5 to which the adapter 8 is attached is accommodated
in the accommodation portion 22 of the stocker 13.
[0065] As illustrated in FIG. 17, the conveying device
110 includes the conveying unit 114. As illustrated in FIG.
3, the conveying unit 114 is configured to take out the
processing target 5 accommodated in the accommoda-
tion portion 22 of the stocker 13 from the accommodation
portion 22. The conveying unit 114 is configured to con-
vey the taken-out processing target 5 to the cutting device
60. Moreover, the conveying unit 114 is configured to
accommodate the processing target 5 in the accommo-
dation portion 22. The conveying unit 114 includes a con-
veying unit body 131, a first hook 132, a second hook
133, a first spring 134, a second spring 135, and a fixing
member 136.
[0066] In the present embodiment, the conveying unit
body 131 is a planar member. In this example, the motor
15a (see FIG. 10) of the moving mechanism 15 is con-
nected to the conveying unit body 131. When the motor
15a is driven, the conveying unit 114 moves in a three-
dimensional direction relative to the stocker 13. The first
and second hooks 132 and 133 are members that sand-
wich the processing target 5 to which the adapter 8 is
attached. The first and second hooks 132 and 133 are
disposed to face each other in the front-rear direction. In
the present embodiment, the first and second hooks 132
and 133 are provided on the lower surface of the con-
veying unit body 131. Although not illustrated in the draw-
ings, a first shaft and a second shaft extending in the up-
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down direction are provided on the lower surface of the
conveying unit body 131. The first hook 132 is provided
in the first shaft. The first hook 132 can rotate about the
first shaft. The second hook 133 is provided in the second
shaft. The second hook 133 can rotate about the second
shaft.
[0067] In the present embodiment, a first engagement
recess 143 similar to the first engagement recess 43 of
the first embodiment and a first inclined surface 145 sim-
ilar to the first inclined surface 45 of the first embodiment
are formed in the distal end of the first hook 132. More-
over, a first projection 147a similar to the first projection
47a of the first embodiment is formed on the base end
of the first hook 132. A second engagement recess 144
similar to the second engagement recess 44 of the first
embodiment and a second inclined surface 146 similar
to the second inclined surface 46 of the first embodiment
are formed in the distal end of the second hook 133.
Moreover, a second projection 148a similar to the first
projection 48a of the first embodiment is formed on the
base end of the second hook 133. In this example, a
projection similar to the first base end projection 47b of
the first embodiment is omitted from the first hook 132.
A projection similar to the second base end projection
48b of the first embodiment is omitted from the second
hook 133.
[0068] The first spring 134 is configured to apply elastic
force to the first hook 132. As illustrated in FIG. 17, the
first spring 134 applies elastic force in such a direction
that the distal end of the first hook 132 moves toward the
second hook 133 when the first engagement projection
8b of the adapter 8 is positioned in the first engagement
recess 143 of the first hook 132. Moreover, as illustrated
in FIG. 18, the first spring 134 applies elastic force to the
first hook 132 so that the distal end of the first hook 132
does not move when the first engagement projection 8b
of the adapter 8 is not positioned in the first engagement
recess 143. The first spring 134 is provided on the upper
surface of the conveying unit body 131. In the present
embodiment, the first spring 134 is a coil spring. One end
of the first spring 134 is connected to the upper surface
of the conveying unit body 131. The other end of the first
spring 134 is connected to a portion of the first hook 132
located closer to the right side than the portion to which
the first shaft is connected.
[0069] The second spring 135 is configured to apply
elastic force to the second hook 133. As illustrated in
FIG. 17, the second spring 135 applies elastic force in
such a direction that the distal end of the second hook
133 moves toward the first hook 132 when the second
engagement projection 8c of the adapter 8 is positioned
in the second engagement recess 144 of the second hook
133. Moreover, as illustrated in FIG. 18, the second
spring 135 applies elastic force to the second hook 133
so that the distal end of the second hook 133 does not
move when the second engagement projection 8c of the
adapter 8 is not positioned in the second engagement
recess 144. The second spring 135 is provided on the

upper surface of the conveying unit body 131 located
closer to the front side than the first spring 134. In the
present embodiment, the second spring 135 is a coil
spring similarly to the first spring 134. One end of the
second spring 135 is connected to the upper surface of
the conveying unit body 131. The other end of the second
spring 135 is connected to a portion of the second hook
133 located closer to the right side than the portion to
which the second shaft is connected.
[0070] The fixing member 136 is a member for sup-
pressing falling of the processing target 5 when the
processing target 5 is grasped by the first and second
hooks 132 and 133 of the conveying unit 114. In the
present embodiment, the fixing member 136 includes a
first fixing member 136a extending toward the right side
from the lower surface of the conveying unit body 131
and a second fixing member (not illustrated) disposed
above the first fixing member 136a to extend toward the
right side from the conveying unit body 131. The first
fixing member 136a and the second fixing member are
planar members. The first and second hooks 132 and
133 are disposed between the first fixing member 136a
and the second fixing member. In a state in which the
processing target 5 is grasped by the first and second
hooks 132 and 133, the processing target 5 is positioned
between the first fixing member 136a and the second
fixing member.
[0071] Hereinabove, the configuration of the convey-
ing unit 114 according to the present embodiment has
been described. The conveying unit 114 can take out the
processing target 5 accommodated in the accommoda-
tion portion 22 by the controller 16 controlling the moving
mechanism 15 by a procedure similar to the procedure
in which the conveying unit 14 of the first embodiment
takes out the processing target 5 accommodated in the
accommodation portion 22 (see FIG. 3) of the stocker
13. Moreover, in the present embodiment, the conveying
unit 114 can accommodate the processing target 5
grasped by the conveying unit 114 in the accommodation
portion 22 by the controller 16 controlling the moving
mechanism 15 by a procedure similar to the procedure
in which the conveying unit 14 of the first embodiment
accommodates the grasped processing target 5 in the
accommodation portion 22. The conveying unit 114 ac-
cording to the present embodiment provides effects sim-
ilar to those of the conveying unit 14 according to the first
embodiment.
[0072] While preferred embodiments of the present in-
vention have been described above, it is to be understood
that variations and modifications will be apparent to those
skilled in the art without departing from the scope and
spirit of the present invention. The scope of the present
invention, therefore, is to be determined solely by the
following claims.
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Claims

1. A processing target conveying device comprising:

a stocker (13) which is configured to accommo-
date a plurality of processing targets (5);
a conveying unit (14) that is configured to take
out one of the processing targets (5), which are
accommodated in the stocker (13), from the
stocker (13);
a moving mechanism (15) that is configured to
move the conveying unit (14) in a three-dimen-
sional direction relative to the stocker (13); and
a controller (16) that is configured to control the
moving mechanism (15), wherein
an adapter (8) having a first engagement pro-
jection (8b) formed at one end in a first direction
and a second engagement projection (8c)
formed at the other end on a side opposite to
the one end is configured to be attached to the
processing target (5), and
the conveying unit (14) includes:

a conveying unit body (31);
a first hook (32) which extends in a second
direction orthogonal to the first direction
from the conveying unit body (31) and in
which a first engagement recess (43) con-
figured to engage with the first engagement
projection (8b) is formed at a distal end
thereof;
a second hook (33) which, at a position fac-
ing the first hook (32) in the first direction,
extends in the second direction from the
conveying unit body (31) and in which a sec-
ond engagement recess (44) configured to
engage with the second engagement pro-
jection (8c) is formed at a distal end thereof;
a first spring (34) that is configured to apply
elastic force to the first hook (32) so that the
distal end of the first hook (32) moves to-
ward the second hook (33) when the first
engagement projection (8b) is positioned in
the first engagement recess (43); and
a second spring (35) that is configured to
apply elastic force to the second hook (33)
so that the distal end of the second hook
(33) moves toward the first hook (32) when
the second engagement projection (8c) is
positioned in the second engagement re-
cess (44).

2. The processing target conveying device according
to claim 1, wherein
the conveying unit (14) includes:

a first shaft (41) provided in the conveying unit
body (31); and

a second shaft (42) provided in the conveying
unit body (31) at a position facing the first shaft
(41) in the first direction,
the first hook (32) is supported by the first shaft
(41) so as to be rotatable relative to the first shaft
(41),
the second hook (33) is supported by the second
shaft (42) so as to be rotatable relative to the
second shaft (42),
the first spring (34) is configured to apply elastic
force to the first hook (32) so that the distal end
of the first hook (32) rotates toward the second
hook (33) when the first engagement projection
(8b) is positioned in the first engagement recess
(43) and to apply elastic force to the first hook
(32) so that the distal end of the first hook (32)
does not rotate when the first engagement pro-
jection (8b) is not positioned in the first engage-
ment recess (43), and
the second spring (35) is configured to apply
elastic force to the second hook (33) so that the
distal end of the second hook (33) rotates toward
the first hook (32) when the second engagement
projection (8c) is positioned in the second en-
gagement recess (44) and to appy elastic force
to the second hook (33) so that the distal end of
the second hook (33) does not rotate when the
second engagement projection (8c) is not posi-
tioned in the second engagement recess (44).

3. The processing target conveying device according
to claim 2, wherein
a first projection (47a) extending toward a side op-
posite to the second hook (33) is formed on a base
end of the first hook (32),
a second projection (48a) extending toward a side
opposite to the first hook (32) is formed on a base
end of the second hook (33), and
a standby position (P1), at which the conveying unit
(14) stands by, is set in advance,
the processing target conveying device further com-
prising:

a first contact member (38) that is configured to
come into contact with the first projection (47a)
and to press the first projection (47a) toward the
distal end of the first hook (32) when the con-
veying unit (14) moves to the standby position
(P1); and
a second contact member (39) that is configured
to come into contact with the second projection
(48a) and to press the second projection (48a)
toward the distal end of the second hook (33)
when the conveying unit (14) moves to the
standby position (P1).

4. The processing target conveying device according
to claim 2 or 3, wherein
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a first projection (47a) extending toward a side op-
posite to the second hook (33) is formed on a base
end of the first hook (32), and
a second projection (48a) extending toward a side
opposite to the first hook (32) is formed on a base
end of the second hook (33),
the processing target conveying device further com-
prising:

in a case where an orientation of the distal end
of the first hook (32) when the first engagement
recess (43) of the first hook (32) is not engaged
with the first engagement projection (8b) and an
orientation of the distal end of the second hook
(33) when the second engagement recess (44)
of the second hook (33) is not engaged with the
second engagement projection (8c) are a non-
grasping orientation (D12),
a first contact projection (49a) provided, in the
conveying unit body (31), in a portion located
closer to a side opposite to the second hook (33)
than the first shaft (41) to make contact with the
first projection (47a) when the orientation of the
distal end of the first hook (32) is the non-grasp-
ing orientation (D12); and
a second contact projection (49b) provided, in
the conveying unit body (31), in a portion located
closer to a side opposite to the first hook (32)
than the second shaft (42) to make contact with
the second projection (48a) when the orientation
of the distal end of the second hook (33) is the
non-grasping orientation (D12).

5. The processing target conveying device according
to any one of claims 1 to 4, wherein
a first inclined surface (45) is formed in a portion of
a surface of the first hook (32) at an distal end thereof
on the second hook (33) side, the portion being clos-
er to the distal end than the first engagement recess
(43), and the first inclined surface (45) being inclined
to a side opposite to the second hook (33) toward
the distal end and being configured to make contact
with the first engagement projection (8b), and
a second inclined surface (46) is formed in a portion
of a surface of the second hook (33) at a distal end
thereof on the first hook (32) side, the portion being
closer to the distal end than the second engagement
recess (44), and second inclined surface (46) being
inclined to a side opposite to the first hook (32) to-
ward the distal end and being configured to make
contact with the second engagement projection (8c).

6. The processing target conveying device according
to any one of claims 1 to 5, further comprising:
a fixing member (36) extending in the second direc-
tion from the conveying unit body (31) at a position
below the first hook (32) and the second hook (33)
and between the first hook (32) and the second hook

(33) in a plan view.

7. The processing target conveying device according
to claim 6, wherein
a plate spring (37) that is configured to apply elastic
force to the processing target (5) when the process-
ing target (5) is disposed on an upper surface of the
fixing member (36) is provided in the conveying unit
body (31).

8. The processing target conveying device according
to any one of claims 1 to 7, further comprising:

a main body (11) which has an inner space and
in which an opening is formed in a portion there-
of; and
a lid (12) provided in the main body (11) so as
to open and close the opening of the main body
(11), wherein
the stocker (13) is connected to a surface of the
lid (12) on a side of the main body (11).

9. The processing target conveying device according
to claim 8, wherein
the stocker (13) is configured to move following
movement of the lid (12).

10. The processing target conveying device according
to claim 9, wherein
the stocker (13) includes:

a stocker body (21) which has an inner space
and in which an opening is formed in a portion
of a side surface thereof; and
an accommodation portion (22) disposed in the
inner space of the stocker body (21) and capable
of accommodating the processing target (5),
wherein
the stocker body (21) is connected to a surface
of the lid (12) on the side of the main body (11),
and
in a plan view, an angle between a surface of
the stocker body (21) facing the lid (12) and a
surface of the lid (12) on the side of the main
body (11) is 90°.

11. The processing target conveying device according
to claim 10, further comprising:
a connecting member (26) that is configured to con-
nect the stocker body (21) and the lid (12).

12. The processing target conveying device according
to claim 10 or 11, wherein a plurality of accommo-
dation portions (22) are provided in an up-down di-
rection.

13. A cutting system comprising:
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the processing target conveying device (10) ac-
cording to any one of claims 1 to 12; and
a cutting device (60) that is configured to cut the
processing target (5).

14. The cutting system according to claim 13, wherein
the cutting device (60) includes:

a clamp (66) that is configured to hold the
processing target (5); and
a cutting portion (63) that is configured to cut the
processing target (5) held by the clamp (66).
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