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(57) ABSTRACT

A robot hand device according to an embodiment includes
extensible arms which can be extended and shortened, a
drive motor, and at least one clutch. The extensible arms
support an object to be carried and are capable of being
extended and shortened. The drive motor extends and short-
ens the extensible arms. The at least one clutch are capable
of transmitting power of the motor to at least one of the
extensible arms selected among the extensible arms to
extend and shorten the selected at least one of the extensible
arms.
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ROBOT HAND DEVICE AND CARRIER
APPARATUS USING THE ROBOT HAND
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2016-183274, filed on Sep. 20, 2016, the entire contents
of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate to a robot
hand device which carries heavy articles and a carrier
apparatus using a robot hand device.

BACKGROUND

[0003] A carrier apparatus which takes an object to be
carried out of a box pallet and carries the object to a
predetermined platform is known. The carrier apparatus
takes an object to be carried out of the box pallet by a
gripping device provided with a suction pad. However,
since, for example, a corrugated-board box as an object to be
carried is formed of a porous body, it is difficult to increase
suction pressure and to carry heavy articles in a technique
when such a suction pad is used. The carrier apparatus may
be provided with a belt conveyor as means for assisting
taking-out and conveyance of an object to be carried.
Accordingly, the carrier apparatus causes a problem that it
requires much time to take out and carry an object to be
carried and the size of the carrier apparatus is increased.
[0004] In addition, in production facilities, an extensible
robot arm which is formed by connecting a plurality of
blocks is used. However, it is difficult to take out and carry
heavy articles using such a robot arm.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a schematic diagram illustrating a carrier
apparatus using a robot hand device according to an embodi-
ment.

[0006] FIG. 2 is an enlarged schematic diagram illustrat-
ing the carrier apparatus.

[0007] FIG. 3 is a diagram illustrating the structure of the
robot hand device seen from the top.

[0008] FIGS. 4 to 6 are enlarged diagrams illustrating
operation states of the robot hand device seen from the top.
[0009] FIG. 7 is a partial enlarged perspective view of the
internal structure of a body into which extensible arms of the
robot hand device according to the embodiment are placed.
[0010] FIG. 8 is a partial enlarged perspective view of
representative one of the extensible arms.

[0011] FIG. 9 is a perspective view illustrating a state in
which the representative one of the extensible arms and
representative one of sprockets are engaged with each other.
[0012] FIG. 10 is a block diagram illustrating configura-
tion for controlling the carrier apparatus.

[0013] FIG. 11 is a flow chart illustrating control process-
ing of the carrier apparatus.

[0014] FIG. 12 is a block diagram illustrating configura-
tion for controlling the robot hand device.

[0015] FIG. 13 is a flow chart illustrating control process-
ing of the robot hand device.
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DETAILED DESCRIPTION

[0016] A robot hand device according to an embodiment
includes extensible arms which can be extended and short-
ened, a drive motor, and at least one clutch. The extensible
arms support an object to be carried and are capable of being
extended and shortened. The drive motor extends and short-
ens the extensible arms. The at least one clutch are capable
of transmitting power of the motor to at least one of the
extensible arms selected among the extensible arms to
extend and shorten the selected at least one of the extensible
arms.

[0017] Hereinafter, further embodiments will be described
with reference to the drawings. In the drawings, the same
reference numerals denote the same or similar portions
respectively.

[0018] FIGS. 1 and 2 are diagrams schematically illustrat-
ing a carrier apparatus using a robot hand device according
to an embodiment. In FIG. 1, for the purpose of describing
a carrying operation, an object to be carried, a conveying
carriage etc. are also illustrated. FIG. 2 is an enlarged view
of'the carrier apparatus and shows the structure of the carrier
apparatus specifically.

[0019] In FIG. 1, a carrier apparatus 1 is a carrier robot
including a robot hand device 50. The carrier apparatus 1
sequentially holds and takes out eighteen corrugated-board
boxes 4, for example, as objects to be carried which are
loaded on a conveying carriage such as a box pallet 3.
Further, the carrier apparatus 1 carries the corrugated-board
boxes 4 which are taken out to a predetermined place or a
platform such as a conveyor line 2 from the box pallet 3.
[0020] The direction of the width 4w of the corrugated-
board box 4 will be referred to as an X direction, the
direction of the depth 44 of the corrugated-board box 4 will
be referred to as a Y direction, and the direction of the
thickness 4¢ of the corrugated-board box 4 will be referred
to as a Z direction. The corrugated-board boxes 4 are loaded
on the box pallet 3 so as to have three columns in the X
direction, two columns in the Y direction and three rows in
the Z direction.

[0021] When the corrugated-board boxes 4 are carried by
the carrier apparatus 1, the robot hand device 50 puts the
corrugated-board boxes 4 on extensible arms 53 having the
same structure so as to support the boxes 4 from below, as
illustrated in FIG. 2. The extensible arms 53 will be
described specifically below. The direction of the width 4w
of the corrugated-board box 4 (the X direction) is set to a
direction in which the extensible arms 53 having chain-like
structure are arranged at regular intervals and in parallel
with each other. Other components illustrated in FIGS. 1 and
2 will be described below.

[0022] FIG. 3 is a diagram illustrating the structure of the
robot hand device 50 seen from the top in FIG. 1. The box
pallet 3 and the corrugated-board boxes 4 are also illustrated
in FIG. 3. As illustrated in FIG. 3, the robot hand device 50
is provided with the extensible arms 53a, a drive motor 51
which drives the extensible arms 53 disposed in a box-
shaped body 50q, rotating shafts 54, clutches 52 which are
used to drive the extensible arms 53, and sprockets 55 which
are gears.

[0023] The drive motor 51 is a driving power source
which generates rotational power and is used to make the
extensible arms 53 extend and shorten in the Y direction.
The drive motor 51 can be rotated in a normal direction and
in a reverse direction. Hereinafter, “rotated in a normal
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direction and a reverse direction” is simply referred to as
“rotated”. “Extending of the extensible arms 53" means that
the extensible arms 53 extend out of the body 50a of the
robot hand device 50. Further, “Shortening of the extensible
arms 53” means that the extensible arms 53 are placed into
the body 50a of the robot hand device 50 and are placed in
the body 50a.

[0024] For example, the drive motor 51 extends the exten-
sible arms 53 by being rotated in the normal direction, and
shortens the extensible arms 53 by being rotated in a reverse
direction.

[0025] FIGS. 4 to 6 are enlarged diagrams illustrating
respective operation states of the robot hand device 50. FIG.
4 illustrates a state in which the extensible arms are placed
in the body of the robot hand device 50. FIG. 5 illustrates a
state in which the corrugated-board box 4 is supported by
two extensible arms. FIG. 6 illustrates a state in which the
corrugated-board box 4 is supported by other two extensible
arms.

[0026] In FIGS. 4 to 6, the rotating shafts 54 of FIG. 3 are
shown as a first rotating shaft 54a, a second rotating shaft
54b, a third rotating shaft 54¢, a fourth rotating shaft 544, a
fifth rotating shaft 54e, and a sixth rotating shaft 54f. The
clutches 52 of FIG. 3 are shown as a first clutch 52a, a
second clutch 5254, a third clutch 52¢, a fourth clutch 524,
and a fifth clutch 52e respectively having the same structure.
The sprockets 55 of FIG. 3 are shown as a first sprocket 554,
a second sprocket 555, a third sprocket 55¢, a fourth
sprocket 55d, a fifth sprocket 55¢, and a sixth sprocket 55f.
The extensible arms 53 of FIG. 3 are shown as a first
extensible arm 53a, a second extensible arm 535, a third
extensible arm 53¢, a fourth extensible arm 53d, a fifth
extensible arm 53e, and a sixth extensible arm 537

[0027] One end of the first rotating shaft 54a is connected
to the drive motor 51 without interposing a clutch between
the first rotating shaft 54a and the drive motor 51. The first
rotating shaft 54a is rotated by the rotational drive of the
drive motor 51. The first clutch 52a is mounted on the other
end of the first rotating shaft 54a.

[0028] The first clutch 52a is mounted on one end of the
second rotating shaft 545. When the first clutch 52q is made
in an on state, the second rotating shaft 545 is connected to
the first rotating shaft 54a and the rotational power of the
first rotating shaft 54a is transmitted to the second rotating
shaft 545. Accordingly, the second rotating shaft 545 is
rotated.

[0029] In addition, when the first clutch 52a is made in an
off state, the connection between the second rotating shaft
545 and the first rotating shaft 54a is released and the
rotational power of the first rotating shaft 54q is not trans-
mitted to the second rotating shaft 546. Accordingly, the
second rotating shaft 546 becomes in a state in which
rotation stops.

[0030] The second clutch 524 is mounted on the other end
of the second rotating shaft 545.

[0031] The third to fifth rotating shafts 54¢ to 54e have the
same structure as the second rotating shaft 545. The second
to fifth clutches 525 to 52e are selectively mounted on the
third to fifth rotating shafts 54¢ to 54e as illustrated in FIGS.
4 to 6 in the same manner as the mounting of the first and
second clutches 52a, 526 on the second rotating shaft 545.
Specifically, the second to fifth clutches 5256 to 52e¢ are
mounted on one ends of the third to fifth rotating shafts 54¢
to 54e, respectively. The third to fifth clutches 52¢ to 52¢ are
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mounted on the other ends of the third to fifth rotating shafts
54c¢ to 54e, respectively. The fifth clutch 52e is mounted on
one end of the sixth rotating shaft 54f, but any clutch for
driving an extensible arm is not mounted on the other end of
the sixth rotating shaft 54f. According to the above-men-
tioned structure, when the second to fifth clutches 525 to 52e
which are mounted on one ends of the respective third to
sixth rotating shafts 54¢ to 54f are made in an on state, the
third to sixth rotating shafts 54¢ to 54f are connected to the
second to fifth rotating shafts 545 to 54e. For example, when
the third clutch 52¢ is made in an on state, the fourth rotating
shaft 544 is connected to the third rotating shaft 54c.
Accordingly, when the second to fifth clutches 525 to 52¢
which are mounted on one ends of the respective third to
sixth rotating shafts 54¢ to 54f are made in an on state, the
rotational power of the second to fifth rotating shafts 545 to
54e is transmitted to the third to sixth rotating shafts 54¢ to
54f. Accordingly, the third to sixth rotating shafts 54c¢ to 54f°
are rotated. For example, when the third clutch 52¢ is made
in an on state, the rotational power of the third rotating shaft
54c is transmitted to the fourth rotating shaft 54¢1. Accord-
ingly, the fourth rotating shaft 544 is rotated. When the first
rotating shaft 54a is rotated and the first and second clutches
52a, 52b are made in an on state during the rotation of the
fourth rotating shaft 54d, the second and third rotating shafts
54b, 54c¢ also rotate.

[0032] In addition, when the second to fifth clutches 524
to 52¢ mounted on one ends of the respective third to sixth
rotating shafts 54c¢ to 54f are made in an off state, the
connection between the third to sixth rotating shafts 54¢ to
54f and the other rotating shafts is released. For example,
when the third clutch 52¢ is made in an off state, the
connection between the fourth rotating shaft 544 and the
third rotating shaft 54c¢ is released and the fourth rotating
shaft 544 does not receive the rotational power of the third
rotating shaft 54¢. Accordingly, the fourth rotating shaft 544
becomes in a state in which rotation stops.

[0033] The first to fifth clutches 52a to 52e can transmit
the power of the drive motor 51 to extensible arms which are
selected among the first to sixth extensible arms 53a to 53f,
so as to extend and shorten the selected extensible arms in
the Y direction.

[0034] As described above, the first clutch 52a is mounted
on the other end of the first rotating shaft 54a and one end
of the second rotating shaft 54b. The first clutch 52a
connects the other end of the first rotating shaft 54a to one
end of the second rotating shaft 545 by being made in an on
state. The first clutch 52qa transmits the rotational power of
the first rotating shaft 54a to the second rotating shaft 5454.
[0035] The first clutch 52a releases connection between
the other end of the first rotating shaft 54a and one end of
the second rotating shaft 545 by being made in an off state.
The first clutch 52a stops transmission of the rotational
power of the first rotating shaft 54a to the second rotating
shaft 545.

[0036] The second to fifth clutches 526 to 52¢ have the
same structure as the first clutch 52a. Specifically, the
second to fifth clutches 524 to 52e are selectively mounted
on the other ends of the second to fifth rotating shafts 545 to
54e¢ and one ends of the third to sixth rotating shafts 54c¢ to
54f. The second to fifth clutches 5256 to 52¢ connect the other
ends of the two to fifth rotating shafts 545 to 54e to one ends
of the third to sixth rotating shafts 54c¢ to 54f, respectively,
by being made in an on state. The second to fifth clutches
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52b to 52e transmit the rotational power of the second to
fifth rotating shafts 5456 to 54e to the third to sixth rotating
shafts 54¢ to 54f. For example, the third clutch 52¢ transmits
the rotational power of the third rotating shaft 54¢ to the
fourth rotating shaft 544 by being made in an on state.
Accordingly, all of the first to third clutches 52a to 52¢ are
made in an on state to transmit the rotational power of the
first rotating shaft 54a to the fourth rotating shaft 544
through the second and third rotating shafts 5456, S4c.
[0037] The second to fifth clutches 525 to 52e release the
connection between the other ends of the second to fifth
rotating shafts 545 to 54¢ and one ends of the third to sixth
rotating shafts 54¢ to 54f'by being made in an off state. The
second to fifth clutches 524 to 52¢ stops transmission of the
rotational power of the second to fifth rotating shafts 545 to
54¢ to the third to sixth rotating shafts 54c¢ to 54f.

[0038] The first to sixth sprockets 55a to 55f shorten or
extend the first to sixth extensible arms 53a to 53f by
winding or feeding the first to sixth extensible arms 53a to
531

[0039] The first sprocket 554 is mounted on the first
rotating shaft 54a. One end portion of the first extensible
arm 53a is mounted on the first sprocket 55a.

[0040] The first sprocket 554 is rotated with the rotation of
the first rotating shaft 54a. The first sprocket 55a winds the
extensible arm 53 (53a) by being rotated in a reverse
direction.

[0041] Since the first sprocket 55a winds the first exten-
sible arm 53a, the first sprocket 55a shortens the first
extensible arm 53a and causes the first extensible arm 53a
to be placed into the body 50a.

[0042] The first sprocket 55a feeds the first extensible arm
53a by being rotated in the normal direction. Since the first
sprocket 55a feeds the first extensible arm 53a, the first
sprocket 55a causes the first extensible arm 53a to go out of
the body 50a and to extend. Since the first sprocket 55a
causes the first extensible arm 534 to go out of the body 50a
and to extend, the first sprocket 55a extends the first
extensible arm 53a.

[0043] The second to sixth sprockets 555 to 55/ have the
same structure as the first sprocket 55a. As illustrated in
FIGS. 4 to 6, the second to sixth sprockets 556 to 55/ are
respectively mounted on the second to sixth rotating shafts
545 to 54f. In addition, one end portions of the second to
sixth extensible arms 535 to 53/ are mounted on the second
to sixth sprockets 55b to 55f, respectively.

[0044] When the first clutch 52a is made in an on state, the
second sprocket 555 is rotated with the rotation of the first
and second rotating shafts 54a, 54b. When the first and
second clutches 52a, 52b are made in an on state, the third
sprocket 55¢ is rotated with the rotation of the first to third
rotating shafts 54a to 54¢. When the first to third clutches
52a to 52¢ are made in an on state, the fourth sprocket 554
is rotated with the rotation of the first to fourth rotating
shafts 54a to 54d. When the first to fourth clutches 52a to
54d are made in an on state, the fifth sprocket 55¢ is rotated
with the rotation of the first to fifth rotating shafts 54a to 54e.
When the first to fifth clutches 524 to 54e are made in an on
state, the sixth sprocket 55fis rotated with the rotation of the
first to sixth rotating shafts 54a to 54f. As in the case of the
first sprocket 554, the second to sixth sprockets 555 to 55/
wind the second to sixth extensible arms 535 to 53/, respec-
tively, and cause the second to sixth extensible arms 535 to
53/ to be placed into the body 50a by being rotated in a
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reverse direction. Since the second to sixth sprockets 555 to
55f cause the second to sixth extensible arms 535 to 53f'to
be placed into the body 504, the second to sixth sprockets
55b to 55/ shorten the second to sixth extensible arms 535
to 53f, respectively.

[0045] The second to sixth sprockets 555 to 55f feed the
second to sixth extensible arms 535 to 53/ when rotating in
the normal direction. Since the second to sixth sprockets 5556
to 55ffeed the second to sixth extensible arms 535 to 53f; the
second to sixth sprockets 555 to 55f cause the second to sixth
extensible arms 534 to 53/to extend out of the body 504 and
extend the second to sixth extensible arms 5356 to 53/
[0046] Each of the first to sixth sprockets 55a to 55f is
mounted on two rotating shafts selected from the first to
sixth rotating shafts 54a to 54f'so that the respective inter-
vals between the first to sixth sprockets 55a to 55/ are the
same interval in the X direction orthogonal to the extending
direction of the first to sixth extensible arms 53 (the Y
direction). In this case, since the corrugated-board box 4 as
an object to be carried is not always limited to an article
having the same size, the respective intervals between the
first to sixth extensible arms 53 are not limited to the same
interval.

[0047] The first to sixth extensible arms 53a to 53/ have
the same structure, and the other end portion of each of the
first to sixth extensible arms 53a to 53f'is a free end.
[0048] As described above, one end portions of the first to
sixth extensible arms 53a to 53f are mounted on the first to
sixth sprockets 554 to 55f which are arranged at regular
intervals, for example, respectively. The first to sixth exten-
sible arms 534 to 53f are arranged in the same plane so that
the respective intervals between the first to sixth extensible
arms 53a to 53/ are the same interval in the direction of the
width 4w of the corrugated-board box illustrated in FIG. 5.
[0049] When the first to sixth sprockets 55a to 55/ are
rotated as described above, the first to sixth extensible arms
53a to 53f are extended and shortened in the Y direction.
[0050] In the structure of the above-mentioned robot hand
device 50, the lengths of the first to sixth extensible arms 53a
to 53f which are to be increased and reduced are controlled
by the number of revolutions of the drive motor 51, for
example. The numbers of revolutions of the first to sixth
sprockets 55a to 55f are controlled by the control. The
numbers of revolutions of the first to sixth sprockets 554 to
551 are controlled so that the winding lengths and the
rewinding lengths of the first to sixth extensible arms 53a to
53f'to be wound and rewound by the first to sixth sprockets
55a to 55f are controlled. The winding lengths and the
rewinding lengths are controlled so that the lengths of the
first to sixth extensible arms 53a to 53/ which are to be
increased and reduced are controlled.

[0051] The drive motor 51 and the first to fifth clutches
52a to 52e of the robot hand device 50 are controlled by a
control device 56, which will be described below.

[0052] An example of operation of the robot hand device
50 will be described below.

[0053] In FIG. 4, the drive motor 51 is in a stop state. All
of the first to fifth clutches 52a to 52e¢ are made in an off
state. In addition, all of the first to sixth extensible arms 53a
to 53/ are in a state in which the first to sixth extensible arms
53a to 53f are wound by the first to sixth sprockets 55a to
55f and are shortened.

[0054] A case in which the first and second extensible
arms 53a, 535 extend in the Y direction as illustrated in FIG.
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5 from the above-mentioned state illustrated in FIG. 4 will
be described. In order to cause the first and second exten-
sible arms 53a, 534 to extend, the first clutch 52a among the
first to fifth clutches 52a to 52e is made in an on state
according to the width 4w of a corrugated-board box 4 to be
carried.

[0055] After the first clutch 52a is made in an on state, the
drive motor 51 is rotated by the number of revolutions
corresponding to the depth 4d of the corrugated-board box
4 to be carried. The first rotating shaft 54q is rotated in the
normal direction by driving of the drive motor 51, and the
second rotating shaft 545 is also rotated in the normal
direction through the first clutch 52a.

[0056] When the second rotating shaft 546 is rotated in the
normal direction together with the first rotating shaft 54a,
the first and second sprockets 55a, 555 are rotated in the
normal direction.

[0057] When the first and second sprockets 55a, 555 are
rotated in the normal direction, the first and second exten-
sible arms 53a, 535 wound on the first and second sprockets
55a, 55b are rewound by a length corresponding to the depth
4d of the corrugated-board box 4. The depth 44 is the length
of the corrugated-board box 4 in the extending direction of
the first to sixth extensible arms 534 to 53/ (the Y direction).
As aresult, the first and second extensible arms 53a, 535 are
extended to a length which can cover the depth 44 of the
corrugated-board box 4 toward the lower surface of the
corrugated-board box, and support the corrugated-board box
44, as illustrated in FIG. 5.

[0058] For example, all of the first to fifth clutches 52a to
52e are made in an on state to correspond to the position of
a new corrugated-board box 4 as an object to be carried
(hereinafter, referred to “a first position™) and the width 4w
of the corrugated-board box 4 as illustrated in FIG. 6 from
the above-mentioned state illustrated in FIG. 4. The first
position is the position of the corrugated-board box 4 in the
direction in which the first to sixth extensible arms 53a to
53/ are arranged at regular intervals (the X direction), and is
a position where the corrugated-board box 4 closest to the
sixth extensible arm 53f is disposed, for example, a center
position or a corner position of the corrugated-board box 4
on an X-Y plane.

[0059] After the first to fifth clutches 52a to 52¢ are made
in an on state, the drive motor 51 is rotated by the number
of revolutions corresponding to the position of the corru-
gated-board box 4 to be carried (hereinafter, referred to “a
second position”) and to the depth 4d of the corrugated-
board box 4. The first rotating shaft 54a is rotated in the
normal direction by the above-mentioned rotation of the
drive motor 51, and the second to sixth rotating shafts 545
to 54f are rotated in the normal direction through the first to
fifth clutches 52a to 52e. The second position is a position
of'the corrugated-board box 4 in a direction in which the first
to sixth extensible arms 53a to 53f are extended and short-
ened (the Y direction). The second position of the corru-
gated-board box 4 is a position of a front side i.e. a left side
or a back side, i.e., a right side of the corrugated-board box
4 present in the box pallet 3 of the corrugated-board box, in
FIG. 3.

[0060] When the second to sixth rotating shafts 545 to 54f°
are rotated in the normal direction together with the first
rotating shaft 54a, the first to sixth sprockets 55a to 55f are
rotated in the normal direction.
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[0061] When the first to sixth sprockets 55a to 55/ are
rotated in the normal direction, the first to sixth extensible
arms 53a to 53 wound on the first to sixth sprockets 55a to
55f are rewound by a rewinding length corresponding to the
depth 44 of the corrugated-board box 4 and the second
position of the corrugated-board box 4. As a result, the fifth
and sixth extensible arms 53e, 53f are extended by a length
which corresponds to the depth 4d of the corrugated-board
box 4 and the second position of the corrugated-board box
4 toward the lower surface of the corrugated-board box 4,
and support the corrugated-board box 4, as illustrated in
FIG. 6.

[0062] The drive motor 51 is rotationally driven in a
reverse direction to shorten the first and second extensible
arms 53a, 53b and to cause the first and second extensible
arms 53a, 53b to be placed into the body 50aq, in a state in
which the first and second extensible arms 53a, 535 illus-
trated in FIG. 5 are extended. Specifically, in a state in which
the first clutch 52a is made in an on state, the drive motor
51 is rotationally driven in the reverse direction by the
number of revolutions corresponding to a length by which
the first and second extensible arms 53a, 535 are extended.

[0063] When the drive motor 51 is rotationally driven in
the reverse direction as described above, the second rotating
shaft 5454 is rotated together with the first rotating shaft 54q.
When the first and second rotating shafts 54a, 545 are
rotated, the first and second sprockets 55a, 555 are rotated
in the reverse direction by the number of revolutions cor-
responding to a length by which the first and second exten-
sible arms 53a, 535 are extended.

[0064] When the first and second sprockets 55a, 555 are
rotated in the reverse direction, the first and second exten-
sible arms 53a, 53b are wound by the first and second
sprockets 55a, 55b and are placed into the body 50a as
illustrated in FIG. 4.

[0065] Further, likewise, the drive motor 51 is rotationally
driven in the reverse direction while the first to fifth clutches
52a to 52e are maintained in an on state, in a state in which
the first to sixth extensible arms 53a to 53f are extended as
illustrated in FIG. 6. As a result, the first to sixth extensible
arms 53a to 53f are placed into the body 50a as illustrated
in FIG. 4.

[0066] The specific internal structure of the body 50a will
be described with reference to FIG. 7. FIG. 7 is a partial
enlarged perspective view of the internal structure of the
body 50a in which the extensible arms are placed. In FIG.
7, only the first and second extensible arms 53a, 536 are
representatively illustrated and the third to sixth extensible
arms 53¢ to 53/ having the same structure as the first and
second extensible arms 53a, 535 are omitted. Further, the
second to fifth clutches 5254 to 52e, the third to sixth rotating
shafts 54¢ to 54f, and the third to sixth sprockets 55¢ to 55/
will be omitted.

[0067] As illustrated in FIG. 7, the drive motor 51 is fixed
to a support frame 505 provided in the body 50a. The first
and second rotating shafts 54a, 545 are rotatably supported
by bearings 50c¢ provided on the support frame 505.

[0068] The movement of portions of the first and second
extensible arms 53a, 535 which have a chain-like structure
and are wound on the first and second sprockets 55a, 555 is
assisted by auxiliary rollers 504 provided on the support
frame 505. The movement of portions of the first and second
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extensible arms 53a, 535 which are separated from the first
and second sprockets 554, 556 is guided by guide rollers
50e.

[0069] The specific structure of the extensible arms 53a to
53f'will be described with reference to FIGS. 8 and 9. FIG.
8 is a partial enlarged perspective view of the structure of
representative one of the extensible arms 53a to 53f. FIG. 9
is a perspective view illustrating a state in which represen-
tative one of the extensible arms 53a to 53f and represen-
tative one of the sprockets 55a to 55/ are engaged with each
other. As illustrated in FIG. 9, the extensible arm 534 as the
representative one of the extensible arms includes blocks
53/ which are guided by the guide rollers 50e. Each block
53) is engaged with one tooth 55¢ of the sprocket 554
corresponding to each block 534.

[0070] Each block 53% has a “U”-shaped cross-sectional
shape as illustrated in FIGS. 8 and 9. Each block 534 is a
recessed part having a “U”-shaped cross-sectional shape as
illustrated in FIG. 9, and is engaged with one tooth 55g of
the sprocket 55a.

[0071] InFIG. 8, the adjacent blocks 53/ are connected to
each other by each shaft 53g. In addition, the blocks 53/ are
engaged with each other by gravity at stopper portions 53;
illustrated in FIG. 8, in a state in which the blocks 53/ are
connected to each other. As illustrated in FIG. 8, each block
53/ is rotatable about each shaft 53g in a direction of an
arrow shown by a solid line, i.e., in a counterclockwise
direction in FIG. 8. Each block 53/ is also rotatable in the
direction of an arrow shown by a dotted line, i.e., in a
clockwise direction in FIG. 8. However, each stopper por-
tion 53; works so that the rotation of each block 537 in the
direction of the arrow shown by the dotted line can be
prevented by the stopper portion 53;.

[0072] As illustrated in FIG. 8, each stopper portion 53;
includes a protrusion formed on one block 53/ and a recess
formed on an adjacent block 53%. The protrusion of one
block 53/ comes into contact with the recess of the adjacent
block 53/, and prevents rotation of each block 53% in a
direction of the arrow shown by the dotted line which is
caused by gravity. The rotation of each block 53/ which is
caused by gravity is prevented by the stopper portion.
Accordingly, when the extensible arm 53a is extended or
shortened, the extensible arm 53a can be straightly moved
without being bent by gravity.

[0073] The block 53/ which is positioned at the free end
of the extensible arm 53a includes a tapered portion 53% as
illustrated in FIG. 8. The extensible arm 53« includes
support rollers 53i. A pair of support rollers 53i is provided
on each block 53/, but two pairs of support rollers 53i are
provided on the block 53/ which is positioned at the free end
of the extensible arm 53a. The support rollers 53i are
rotatable on each block 53/, and support an object to be
carried when the object is placed on the extensible arm 53a.
[0074] An exemplary configuration for controlling the
robot hand device 50 will be described with reference to
FIG. 12. FIG. 12 is a block diagram illustrating the example.
The robot hand device 50 includes a control device 56 as
illustrated in FIG. 12. The drive motor 51 and the first to fifth
clutches 52a to 52e are connected to the control device 56.
In addition, the robot hand device 50 includes an input
device 57 which is connected to the control device 56.
[0075] The control device 56 includes a CPU 56a, a ROM
565 and a RAM 56¢. The CPU 564 controls the drive motor
51 and the first to fifth clutches 52a to 52e.
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[0076] The ROM 565 stores control programs which are
used to control the drive motor 51 and the first to fifth
clutches 52a to 52e.

[0077] The RAM 56¢ provides a work storage area which
temporarily stores the control programs read out from the
ROM 566.

[0078] The input device 57 receives first and second
operation instructions from the outside. The input device 57
receives the first and second operation instructions from a
main control device 70 of the carrier apparatus 1, which will
be described below.

[0079] The first operation instruction is an instruction for
extending each of the extensible arms. The first operation
instruction includes information as to the first and second
positions, the width 4w and the depth 4d of the corrugated-
board box 4 as an object to be carried.

[0080] The second operation instruction is an instruction
for shortening each of the extensible arms.

[0081] An example of control processing which is per-
formed by the CPU 56a according to the control programs
will be described with reference to FIG. 13.

[0082] As illustrated in FIG. 13, in Step S1, the CPU 564
waits for the reception of the first operation instruction input
through the input device 57. At this time, the robot hand
device 50 is in an initial state, for example. Rotation of the
drive motor 51 is stopped in the initial state. In addition, all
of'the first to fifth clutches 52a to 52e are made in an off state
in the initial state. All of the first to sixth extensible arms 53a
to 53f are wound by the first to sixth sprockets 554 to 55fand
are shortened. When the input device 57 receives the first
operation instruction, the control processing by the CPU 564
proceeds to Step S2.

[0083] In Step S2, the CPU 56a obtains information as to
the corrugated-board box 4 as an object to be carried. The
information is included in the first operation instruction. The
CPU 56a selects a clutch, which is to be made in an on state
among the first to fifth clutches 52a to 52e, on the basis of
the obtained information as to the corrugated-board box 4.
Specifically, the CPU 56a selects a clutch which is to be
made in an on state among the first to fifth clutches 52a to
52e, on the basis of the first position and/or the width 4w of
the corrugated-board box 4.

[0084] Further, in Step S3, the CPU 56a makes only the
selected clutch in an on state. For example, the CPU 56a
makes the selected first clutch 524 in an on state in the case
illustrated in FIG. 5. For example, the CPU 564 makes the
selected first to fifth clutches 52a to 52e in an on state in the
case illustrated in FIG. 6.

[0085] Then, in Step S4, the CPU 56a determines the
number of revolutions of the drive motor 51 on the basis of
the obtained information as to the corrugated-board box 4.
Specifically, the CPU 56a determines the number of revo-
Iutions of the drive motor 51 on the basis of the first position
and/or the depth 4d of the corrugated-board box 4.

[0086] Furthermore, in Step S5, the CPU 564 drives the
drive motor 51 by the determined number of revolutions.
[0087] Only extensible arms which correspond to the
information as to the corrugated-board box 4 and are
selected among the first to sixth extensible arms 53a to 53/
are extended by the control processing which is performed
until Step S5 by the CPU 56a. For example, only the
selected first and second extensible arms 53a, 535 are
extended in the Y direction in the case illustrated in FIG. 5.
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The selected first to sixth extensible arms 53a to 53f are
extended in the Y direction in the case illustrated in FIG. 6.
[0088] Then, in Step S6, the CPU 564 waits for reception
of the second operation instruction input through the input
device 57. When the input device 57 receives the second
operation instruction (YES in Step S6), the control process-
ing of the CPU 56a proceeds to Step S7.

[0089] In Step S7, the CPU 56a returns the state of the
robot hand device 50 to the initial state by controlling the
drive motor 51 and a necessary clutch among the first to fifth
clutches 52a to 52e. Accordingly, the extended extensible
arms are shortened.

[0090] The control processing which is performed by the
CPU 564 is not limited to the processing illustrated in FIG.
13. The input device 57 may receive photographed images
output from a camera device 30 which will be described
below, in the Step S1, and the CPU 564 may obtain the
information as to the corrugated-board box 4 on the basis of
the photographed images in Step S2.

[0091] As described above, the robot hand device 50
according to the embodiment includes the first to sixth
extensible arms 53a to 537, the drive motor 51, and the first
to fifth clutches 52a to 52e.

[0092] The first to sixth extensible arms 53a to 53f are
arms which support an object to be carried and can be
extended and shortened. The drive motor 51 is a drive motor
which extends and shortens the extensible arms. The first to
fifth clutches 52a to 52e are clutches which transmit the
power of the drive motor 51 to arms selected among the first
to sixth extensible arms 53a to 53fto extend and shorten the
selected arms.

[0093] Thus, according to the robot hand device 50 of the
embodiment, it is possible to provide a robot hand device
which can carry heavy articles at high speed and can be
reduced in size.

[0094] The entire structure of the carrier apparatus 1
according to the embodiment will be described with refer-
ence to FIGS. 1 and 2.

[0095] The carrier apparatus 1 is a carrier robot. As
illustrated in FIGS. 1 and 2, the carrier apparatus 1 includes
a robot body 10, a multijoint arm device 20, a camera device
30, a holding device 40 which holds a corrugated-board box
4, and the above-mentioned robot hand device 50.

[0096] The robot body 10 which has a box-shaped appear-
ance is fixed to a floor, for example, and supports the
multijoint arm device 20. The robot body 10 includes a main
control device 70 described below which is provided in the
robot body 10.

[0097] As illustrated in FIG. 2, the multijoint arm device
20 includes a first arm 21a, a second arm 2154, a third arm
21c, a fourth arm 214, and a fifth arm 21e. The multijoint
arm device 20 further includes a first joint part 22a, a second
joint part 225, a third joint part 22¢, and a fourth joint part
22d.

[0098] One end of the first arm 21a is fixed to the robot
body 10, and the other end of the first arm 21q is connected
to one end of the second arm 215 through the first joint part
22a.

[0099] Since one end of the second arm 215 is connected
to the first arm 21a through the first joint part 22a, one end
of the second arm 215 is rotated about the axis of the second
arm 21b as a center of rotation in a direction of an arrow of
a dotted line shown in FIG. 2. Since the second arm 215 is
rotated, the second arm 215 moves the holding device 40
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and the robot hand device 50 including the extensible arms
53 in a direction toward the box pallet 3 in FIG. 1 and/or in
a direction toward the conveyor line 2. FIG. 1 illustrates a
state in which the holding device 40 and the robot hand
device 50 are moved in the direction toward the box pallet
3 by rotation of the second arm 215 on the first joint part 22a
in the normal direction.

[0100] The other ends of the second to fourth arms 215 to
214 are connected to one ends of the third to fifth arms 21¢
to 21e through the second to fourth joint parts 225 to 22d,
respectively.

[0101] On the contrary, one ends of the third to fifth arms
21c to 21e are connected to the second to fourth arms 215
to 21d through the second to fourth joint parts 225 to 22d,
respectively. The third to fifth arms 21c¢ to 21e are rotated
about the X direction orthogonal to the axial directions of the
second to fourth arms 215 to 21d as a center of rotation, in
a direction of an arrow of a dotted line shown in FIG. 2.
[0102] Since the third to fifth arms 21¢ to 21e are rotated
as described above, the third to fifth arms 21c¢ to 21e move
the camera device 30, the holding device 40 and the robot
hand device 50 in a vertical direction (the Z direction) and/or
in a horizontal direction (the Y direction).

[0103] The fifth arm 21e supports the camera device 30 at
the other end portion of the fifth arm 21e. The fifth arm 21e
supports the holding device 40 at a lower portion of the other
end portion of the fifth arm 21e. In addition, the fifth arm 21e
supports the robot hand device 50 via a support arm 21g at
a lower portion of the fifth arm 21e which is closer to the
fourth joint part 224 than the holding device 40.

[0104] The first joint part 22a is connected to the first and
second arms 21a, 215 as described above. The first joint part
224 has a first motor 23a included in a drive unit 23 for
driving a rotatable joint part illustrated in FIG. 10 and
described below. When the first motor 23a is rotationally
driven, the first motor 23a rotates the second arm 215 with
respect to the first arm 21a as described above.

[0105] The second to fourth joint parts 225 to 224 connect
the second to fifth arms 215 to 21e as described above. The
second to fourth joint parts 225 to 22d respectively have
second to fourth motors 235 to 234 included in the drive
units 23 for driving rotatable joint parts illustrated in FIG. 10
and described below. When the second to fourth motors 235
to 23d are rotationally driven, the second to fourth motors
23b to 23d rotate the third to fifth arms 21c¢ to 21e with
respect to the second to fourth arms 215 to 214 as described
above.

[0106] In the structure of the above-mentioned multijoint
arm device 20, the rotational drive and the numbers of
revolutions of the drive units 23 for driving the joint parts
are controlled by the main control device 70 illustrated in
FIG. 10 and described below.

[0107] The camera device 30 is mounted on the other end
portion of the fifth arm 21e. The camera device 30 includes
first and second cameras 31a, 315, for example. The first
camera 3la is moved to a predetermined first imaging
position by rotation of the third to fifth arms 21c¢ to 21e. The
first camera 31a images the loading state of the corrugated-
board boxes 4 seen from the upper side of the corrugated-
board boxes 4 arranged in the box pallet 3 of FIG. 1, from
the first imaging position.

[0108] The second camera 315 is moved to a predeter-
mined second imaging position by rotation of the third to
fifth arms 21c to 21e.
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[0109] The second camera 315 images the loading state of
the corrugated-board boxes 4 seen from the front side of the
corrugated-board boxes 4, i.e., the side of the corrugated-
board boxes 4 facing the robot hand device 50, from the
second imaging position.

[0110] The camera device 30 outputs the images which are
taken by the cameras 31a, 315 to the main control device 70
which is described below.

[0111] The holding device 40 is a device which holds an
upper surface of the corrugated-board box 4 loaded on the
box pallet 3. The holding device 40 is a suction device which
holds the corrugated-board box 4 by suction of the corru-
gated-board box 4, using a vacuum suction method. How-
ever, the holding device 40 is not limited to a device which
holds the corrugated-board box 4 by a vacuum suction
method. The holding device 40 may be a device which holds
a corrugated-board box 4 by gripping the corrugated-board
box 4.

[0112] In FIG. 2, the holding device 40 includes two
suction pads 41a, 41b. The suction pads 41a, 415 are moved
to a predetermined holding position by rotation of the third
to fifth arms 21¢ to 21e. The suction pads 41a, 415 hold the
corrugated-board box 4 by sucking the upper surface of the
corrugated-board box 4 at the holding position. The holding
position is a position where the upper surface of the corru-
gated-board box 4 can be sucked.

[0113] The suction pads 41a, 415 are connected to a
vacuum pump through solenoid valves (not illustrated),
respectively. The holding device 40 can adjust the suction
forces of the suction pads 41a, 415 according to the size or
the surface state of the corrugated-board box 4.

[0114] The carrier apparatus 1 having the above-men-
tioned structure carries corrugated-board boxes 4 which are
loaded on the box pallet 3 of FIG. 1 one by one. At first, the
carrier apparatus 1 carries the corrugated-board boxes 4
placed at the uppermost stage one by one. When the carriage
of the corrugated-board boxes 4 at the uppermost stage is
ended, the carrier apparatus 1 carries the corrugated-board
boxes 4 at the next lower stage one by one. The carrier
apparatus 1 carries the corrugated-board boxes 4 placed at
each stage according to a carrying order which is determined
based on an arrangement pattern of the corrugated-board
boxes 4 placed at the uppermost stage.

[0115] A specific example of an operation for carrying
corrugated-board boxes 4 by the carrier apparatus 1 will be
described below. In FIG. 1, imaging of the loading state of
the corrugated-board boxes 4 which is performed by the
camera device 30 is completed in advance. The robot hand
device 50 shortens all of the extensible arms 53 and place the
extensible arms 53 in the body 50a of FIG. 3. In this state,
the multijoint arm device 20 faces the box pallet 3.

[0116] At least one arm of the third to fifth arms 21c to 21e
is rotated on at least one joint part of the second to fourth
joint parts 225 to 22d by rotational drive of at least one
motor of the second to fourth motors 236 to 23d of the
multijoint arm device 20. The third to fifth arms 21c¢ to 21e
are rotated until the holding device 40 mounted on the fifth
arm 2le reaches the position of the upper surface of a
corrugated-board box 4 as an object to be carried.

[0117] When the holding device 40 reaches the position of
the upper surface of the corrugated-board box 4, the holding
device 40 is operated to suck the upper surface of the
corrugated-board box 4 by the suction pads 41a, 415.
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[0118] When the corrugated-board box 4 as an object to be
carried is sucked by the holding device 40, at least one arm
of the third to fifth arms 21¢ to 21e is rotated on at least one
joint part of the second to fourth joint parts 225 to 22d by
rotational drive of at least one motor of the second to fourth
motors 235 to 234 again. The third to fifth arms 21¢ to 21e
are selectively rotated until the corrugated-board box 4
sucked by the holding device 40 is lifted to a predetermined
height. The predetermined height is a height of a degree that
a gap which enables inserting at least the selected extensible
arms 53 into the gap is formed between the corrugated-board
box 4 and a corrugated-board box 4 positioned below the
corrugated-board box 4.

[0119] In a state in which the corrugated-board box 4 as an
object to be carried is lifted, the selected extensible arms 53
of the robot hand device 50 are extended in the Y direction
as described above and are inserted into the gap. The
selected extensible arms 53 support the lower surface of the
lifted corrugated-board box 4 by being inserted into the gap.
[0120] Ina state in which the corrugated-board box 4 as an
object to be carried is sucked by the holding device 40 and
is supported by the selected extensible arms 53, at least one
arm of the third to fifth arms 21c¢ to 21e is rotated on at least
one joint part of the second to fourth joint parts 225 to 22d
by rotational drive of at least one motor of the second to
fourth motors 235 to 23d again. The third to fifth arms 21c¢
to 21e are selectively rotated until the corrugated-board box
4 goes out of the box pallet 3.

[0121] When the corrugated-board box 4 goes out of the
box pallet 3, the second arm 215 is rotated on the first joint
part 22a in the reverse direction by the rotational drive of the
first motor 23a of the multijoint arm device 20 in the reverse
direction. The second arm 215 is rotated in the reverse
direction until the multijoint arm device 20 faces the con-
veyor line 2 of FIG. 1.

[0122] Since the multijoint arm device 20 faces the con-
veyor line 2, the corrugated-board box 4 which is sucked by
the holding device 40 and is supported by the selected
extensible arms 53 is carried to the conveyor line 2.
[0123] When the corrugated-board box 4 is carried to the
conveyor line 2, at least one arm of the third to fifth arms 21¢
to 21e is rotated on at least one joint part of the second to
fourth joint parts 225 to 22d by the rotational drive of at least
one motor of the second to fourth motors 235 to 234 again.
The third to fifth arms 21c to 2le are rotated until the
corrugated-board box 4 which is sucked by the holding
device 40 and is supported by the selected extensible arms
53 is carried to a position above the conveyor line 2.
[0124] Subsequently, the selected extensible arms 53 of
the robot hand device 50 are shortened. When the shortening
of the selected extensible arms 53 is completed, the corru-
gated-board box 4 becomes in a state in which the corru-
gated-board box 4 is lifted by the holding device 40 only at
a position above the conveyor line 2.

[0125] In this state, at least one arm of the third to fifth
arms 21c to 2le is rotated on at least one joint part of the
second to fourth joint parts 225 to 22d by rotational drive of
at least one motor of the second to fourth motors 235 to 234
again. The third to fifth arms 21c¢ to 21e are selectively
rotated until the corrugated-board box 4 as an object to be
carried is placed on the conveyor line 2.

[0126] When the corrugated-board box 4 is placed on the
conveyor line 2, the holding device 40 is stopped. As a
result, the suction of the corrugated-board box 4 is released
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so that the corrugated-board box 4 is separated from the
suction pads 41a, 415. The carriage of the corrugated-board
box 4 as an object to be carried to the conveyor line 2 from
the box pallet 3 is completed by the above processes.
[0127] When the corrugated-board boxes 4 as objects to be
carried remain on the box pallet 3 in the state, the second
arm 2156 is rotated on the first joint part 22a in the normal
direction by rotational drive of the first motor 23a of the
multijoint arm device 20 in the normal direction in order to
carry these corrugated-board boxes 4. The second arm 215
is rotated in the normal direction until the multijoint arm
device 20 faces the box pallet 3 in FIG. 1. When the
multijoint arm device 20 faces the box pallet 3, the carrier
apparatus 1 repeats the above carrying operation until any
corrugated-board box as an object to be carried is not present
on the box pallet 3.

[0128] A configuration for controlling the carrier appara-
tus 1 will be described with reference to FIG. 10. FIG. 10 is
a block diagram illustrating a configuration for controlling
the carrier apparatus 1. The carrier apparatus 1 includes the
main control device 70 as described above. The multijoint
arm device 20, the camera device 30, the holding device 40
and the robot hand device 50 which are illustrated in FIGS.
1 and 2 are connected to the main control device 70.

[0129] The main control device 70 includes a CPU 70a, a
ROM 706, and a RAM 70c. The CPU 70a controls the
multijoint arm device 20 to move the camera device 30 to
the first and second imaging positions.

[0130] Further, the CPU 70a controls the multijoint arm
device 20 to move the holding device 40 to the holding
position.

[0131] The CPU 70a controls the multijoint arm device 20
to carry the corrugated-board box 4 as an object to be carried
which is sucked by the holding device 40 and is supported
by the robot hand device 50, to the conveyor line 2.
[0132] The CPU 70a controls the camera device 30 which
is moved to the first and second imaging positions.

[0133] The CPU 70a controls the holding device 40 which
is moved to the holding position. The CPU 70a controls the
holding device 40 so that the holding device 40 releases the
suction of the corrugated-board box 4 on the conveyor line
2

[0134] In addition, the CPU 70q acquires a photographed
image output from the first camera 31a of the camera device
30 as described above.

[0135] The photographed image includes information rep-
resenting a loading state of the corrugated-board boxes 4
onto the box pallet 3 seen from the upper side of the box
pallet 3, i.e., the upper side in the Z direction of FIG. 1.
[0136] The photographed image which is output from the
second camera 315 of the camera device 30 includes infor-
mation representing the loading state of the corrugated-
board boxes 4 in the box pallet 3 seen from the front side of
the corrugated-board boxes 4, i.e., the side of the box pallet
3 facing the carrier apparatus 1 in the Y direction in FIG. 1.
[0137] The CPU 70a obtains an arrangement pattern of the
corrugated-board boxes 4 placed at at least the uppermost
stage of the box pallet 3, on the basis of the photographed
images which are acquired from the first and second cameras
31a, 315 of the camera device 30. The CPU 70a determines
a carrying order of the corrugated-board boxes 4 in the box
pallet 3 on the basis of the arrangement pattern of the
corrugated-board boxes 4.
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[0138] The CPU 70a obtains the information as to the
corrugated-board box 4 as an object to be carried, on the
basis of the photographed images. Specifically, the CPU 70a
obtains the first position of the corrugated-board box 4 in the
X direction, the second position of the corrugated-board box
4 in the Y direction, and the width 4w and the depth 4d of
the corrugated-board box 4 as information as to the corru-
gated-board box 4, on the basis of the photographed images.
[0139] The CPU 70a outputs the first and second operation
instructions for extending and shortening the extensible
arms 53 to the robot hand device 50 to control the robot hand
device 50. The CPU 70a outputs the first operation instruc-
tion which includes the information as to the corrugated-
board box 4 to the robot hand device 50 according to the
carrying order. The CPU 70a outputs the second operation
instruction for shortening the extensible arms 53 to the robot
hand device 50 whenever the carriage of each one corru-
gated-board box 4 is completed.

[0140] The ROM 705 stores control programs which are
used to control the multijjoint arm device 20, the camera
device 30, the holding device 40, and the robot hand device
50.

[0141] The ROM 706 previously stores reference arrange-
ment patterns of the corrugated-board boxes 4 of the upper-
most stage in the box pallet 3, and an optimum carrying
order of the corrugated-board boxes 4 for each of these
reference arrangement patterns. The CPU 70a compares the
arrangement pattern which is obtained on the basis of the
photographed images with the reference arrangement pat-
terns that are stored in the ROM 705, and determines a
carrying order corresponding to the reference arrangement
pattern which corresponds to the obtained arrangement
pattern, as the carrying order of the corrugated-board boxes
4.

[0142] RAM 70c¢ provides a work storage area which
temporarily stores the control programs read out from the
ROM 705.

[0143] An example of control processing which is per-
formed by the CPU 70a according to the control programs
will be described with reference to FIG. 11.

[0144] As illustrated in FIG. 11, in Step S11, the CPU 70a
acquires photographed images, which include information
representing a loading state of the corrugated-board boxes 4,
by using the camera device 30 illustrated in FIGS. 1 and 2.
[0145] Specifically, the CPU 70qa drives the drive unit 23
for moving the joint part of the multijoint arm device 20 to
move the camera device 30 to the first and second imaging
positions. As described above, the first imaging position is a
position at which the loading state of the corrugated-board
boxes 4 seen from the upper side of the corrugated-board
boxes 4 in the box pallet 3 of FIG. 1 is imaged. The second
imaging position is a position at which the loading state of
the corrugated-board boxes 4 seen from the front side of the
corrugated-board boxes 4, i.e., the side of the corrugated-
board boxes 4 facing the robot hand device 50 is imaged.

[0146] The CPU 70a acquires photographed images by
operating the camera device 30 at the first and second
imaging positions.

[0147] Subsequently, in Step S12, the CPU 70a deter-
mines a carrying order of the corrugated-board boxes 4
present in the box pallet 3.

[0148] Specifically, the CPU 704 obtains the arrangement
pattern of the corrugated-board boxes 4 of the uppermost
stage present in the box pallet 3 on the basis of the
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photographed images. The CPU 704 determines the carrying
order of the corrugated-board boxes 4 through the compari-
son of the obtained arrangement pattern with the reference
arrangement patterns which are stored in the ROM 705.
[0149] Further, in Step S13, the CPU 70a obtains the first
position of each corrugated-board box 4 present in the box
pallet 3 in the X direction, the second position of each
corrugated-board box 4 in the Y direction, and the width 4w
and the depth 44 of each corrugated-board box 4 on the basis
of the photographed images.

[0150] Then, in Step S14, the CPU 70qa holds the first
corrugated-board box 4 of the carrying order, and lifts the
held corrugated-board box 4 by a predetermined height to
support the lower surface of the corrugated-board box 4 by
the extensible arms 53 of the robot hand device 50.

[0151] Specifically, the CPU 70a moves the holding
device 40 to the holding position of the first corrugated-
board box 4 on the basis of the obtained second position of
the corrugated-board box 4 in the Y direction. The CPU 70a
drives the drive unit 23 for the joint part of the multijoint arm
device 20 to move the holding device 40 to the holding
position.

[0152] Inaddition, the CPU 70a sucks the upper surface of
the corrugated-board box 4 and holds the corrugated-board
box 4 by operating the holding device 40 at the holding
position. The CPU 70q drives the drive unit 23 for moving
the joint part of the multijoint arm device 20 to lift the held
corrugated-board box 4 by a predetermined height.

[0153] Subsequently, in Step S15, the CPU 70a drives the
robot hand device 50 to support the lower surface of the
corrugated-board box 4 which is lifted by the predetermined
height by the extensible arms 53 of the robot hand device 50.
[0154] Specifically, the CPU 70a outputs the first opera-
tion instruction to the robot hand device 50 to drive the robot
hand device 50.

[0155] As described above, the robot hand device 50
extends the extensible arms 53 in the Y direction on the basis
of the first operation instruction, and supports the lower
surface of the corrugated-board box 4.

[0156] Subsequently, in Step S16, the CPU 70a carries the
corrugated-board box 4 which is sucked by the holding
device 40 and is supported by the robot hand device 50, to
the conveyor line 2. For this purpose, the CPU 70q drives the
drive unit 23 for moving the joint part of the multijoint arm
device 20.

[0157] When the corrugated-board box 4 reaches the con-
veyor line 2, the CPU 704 drives the robot hand device 50
so as to release the support of the corrugated-board box 4
performed by the robot hand device 50.

[0158] Specifically, the CPU 70a outputs the second
operation instruction to the robot hand device 50 to drive the
robot hand device 50.

[0159] As described above, the robot hand device 50
shortens the extensible arms 53 on the basis of the second
operation instruction, and releases the support of the corru-
gated-board box 4.

[0160] In addition, the CPU 70a drives the drive unit 23
for moving the multijoint arm device 20 so that the corru-
gated-board box 4 the support of which is released and
which is supported by the holding device 40 only is loaded
onto the conveyor line 2.

[0161] When the corrugated-board box 4 is placed on the
conveyor line 2, the CPU 70qa stops the operation of the
holding device 40.
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[0162] Then, in Step S17, the CPU 70a determines
whether or not a corrugated-board box 4 corresponding to
the next carrying order is present. For example, the CPU 70a
determines whether or not the corrugated-board box 4
carried to the conveyor line 2 is one corresponding to the
final carrying order of the determined carrying order.
[0163] If the corrugated-board box 4 carried to the con-
veyor line 2 is not one corresponding to the final carrying
order (“NO” in Step S17), the control processing of the CPU
70a returns to Step S14.
[0164] If the corrugated-board box 4 carried to the con-
veyor line 2 is one corresponding to the final carrying order
(“YES” in Step S17), the control processing of the CPU 70a
proceeds to Step S18.
[0165] In Step S18, the CPU 70a stops the operation of the
carrier apparatus 1.
[0166] The control processing which is performed by the
CPU 70aq is not limited to the processing illustrated in FIG.
11. For example, in Step S15 and Step S16, the CPU 70a
may directly drive and control the drive motor 51 and the
clutches 52 of the robot hand device 50. In this case, the
control device 56 of the robot hand device 50 can be omitted.
[0167] As described above, the carrier apparatus 1 which
is a carrier robot according to the embodiment includes the
holding device 40, the robot hand device 50, and the main
control device 70.
[0168] The holding device 40 holds the upper surface of a
corrugated-board box 4 which is an object to be carried. The
robot hand device 50 supports the lower surface of the
corrugated-board box 4. The main control device 70 controls
the operation of the holding device 40 and the operation of
the robot hand device 50 so as to support the lower surface
of the corrugated-board box 4 by the robot hand device after
holding the upper surface of the corrugated-board box 4 by
the holding device 40.
[0169] According to the embodiment, heavy articles can
be carried at high speed and the device can be reduced in
size.
[0170] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions. The embodiments described
herein may be embodied in a form a combination of some of
the embodiments.
What is claimed is:
1. A robot hand device comprising:
extensible arms which support an object and are capable
of being extended and shortened;
a drive motor which extends and shortens the extensible
arms; and
at least one clutch which are capable of transmitting
power of the motor to at least one of the extensible arms
selected among the extensible arms to be extended and
shortened.
2. The robot hand device according to claim 1, wherein
each of the extensible arms includes blocks, adjacent ones of
the blocks being connected to each other by a shaft.
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3. The robot hand device according to claim 1, further
comprising sprockets, wherein the sprockets are provided
for every extensible arm, respectively, and extend and
shorten the extensible arms by winding or feeding the
extensible arms.
4. The robot hand device according to claim 1, wherein
the extensible arms are provided in the same plane at
intervals in a width direction of the object and are extended
and shortened in a direction crossing the width direction of
the object.
5. The robot hand device according to claim 1, wherein
the at least one clutch transmits power of the motor to at least
one of the extensible arms which is selected among the
extensible arms according to a width of the object.
6. The robot hand device according to claim 1, wherein
the at least one clutch transmits power of the motor to the at
least one of extensible arms which are selected among the
extensible arms according to a position of the object in a
direction parallel to a width direction of the object.
7. The robot hand device according to claim 1, wherein
the extensible arms to be selected are at least two or more
extensible arms.
8. A carrier apparatus comprising:
a holding device which holds an object to be carried;
a robot hand device according to claim 1 which supports
a lower surface of the object; and

a control device which controls operations of the holding
device and the robot hand device so as to support the
lower surface of the object by the robot hand device
after holding the object by the holding device.

9. The carrier apparatus according to claim 8, further
comprising an multijoint arm, wherein the multijoint arm
moves the holding device and the robot hand device.

10. The carrier apparatus according to claim 9, wherein
the control device controls to move the holding device to a
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predetermined holding position at which the object is
capable of being held, by controlling operation of the
multijoint arm.

11. The carrier apparatus according to claim 8, wherein
the control device makes the robot hand device support the
lower surface of the object by controlling the operation of
the robot hand device, after lifting the object which is held
by the holding device by a predetermined height by con-
trolling an operation of the multijoint arm.

12. The carrier apparatus according to claim 8, further
comprising a camera device, wherein the camera device
obtains a photographed image of a loading state of the object
in a conveying carriage on which the object is loaded.

13. The carrier apparatus according to claim 12, wherein
the control device controls operation of the robot hand
device on the basis of information relating to the width of the
object and the position of the object obtained from a
photographed image which is output from the camera
device.

14. The carrier apparatus according to claim 12, wherein
the control device determines a carrying order of the object
which is to be carried from the conveying carriage by the
holding device and the robot hand device, on the basis of an
arrangement pattern of the object obtained from a photo-
graphed image which is output from the camera device.

15. The carrier apparatus according to claim 14, further
comprising a memory, wherein the memory stores reference
arrangement patterns of the object and carrying orders
according to the reference arrangement patterns previously,
and the control device determines a carrying order through
a comparison of an arrangement pattern obtained from the
photographed image and the reference arrangement patterns
stored in the memory.
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