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DESCRIPTION

Title of Invention

TRANSPORT VEHICLE

Technical Field

[0001] One aspect of the present invention relates to a transport vehicle.
Background Art

[0002] An overhead transport vehicle that travels near the ceiling or a
position higher than a floor surface of a cleanroom and the like and
transports a container accommodating semiconductor wafers, reticles,
liquid crystal substrates, or the like has been known. As such an
overhead transport vehicle, for example, Patent Literature 1 discloses an
overhead transport vehicle that includes a swing suppression device that
contacts a side surface (a front surface or a rear surface in a traveling
direction of the overhead transport vehicle) of a container that is a
transported object. With the overhead transport vehicle disclosed in
Patent Literature 1, the swing of the transported object that occurs
during traveling can be suppressed.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Patent Publication
No. 2012-166911

Summary of Invention

Technical Problem

[0004] A transport vehicle that transports a transported object, including

such an overhead transport vehicle, is desired to transport a heavier
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transported object or transport the transported object at a faster speed.
For this reason, a swing suppression device that suppresses a swing of a
transported object is also desired to suppress a swing of the transported
object more effectively.

[0005] Thus, an object of one aspect of the present invention is to
provide a transport vehicle capable of effectively suppressing the swing
of the transported object in the traveling direction.

Solution to Problem

[0006] A transport vehicle according to one aspect of the present
invention is a transport vehicle including a pair of swing suppression
units configured to contact a transported object from front and rear in a
traveling direction, a moving mechanism configured to move at least
one of the swing suppression units in the traveling direction between a
first position contacting the transported object and a second position
spaced away from the transported object by a drive of a drive unit, and a
buffer mechanism configured to allow the swing suppression unit that
has been moved to the first position by the drive of the drive unit to
move to the traveling direction after stopping the drive of the drive unit,
wherein the buffer mechanism includes an operation portion coupled to
the swing suppression unit and configured to perform a movement of an
operation amount in accordance with an amount of movement of the
swing suppression unit to the second position direction, a first bias
portion configured to bias the operation portion so that the swing
suppression unit presses the transported object, and a second bias
portion configured to act on the operation portion when the operation

amount of the operation portion is greater than a predetermined amount
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and to bias the operation portion so that the swing suppression unit
presses the transported object.

[0007] In the transported vehicle of this configuration, when a swing
occurs on the transported object after stopping the drive unit and when
the swing suppression unit moves in the traveling direction, the first bias
portion acts so that only the first bias portion biases the operation
portion so as to press the transported object, if the swing of the
transported object is within a predetermined range. Meanwhile, if the
swing of the transported object exceeds the predetermined range, the
second bias portion acts on the operation portion, and biases the
operation portion so that the swing suppression unit presses the
transported object.  Accordingly, as soon as the swing of the
transported object exceeds the predetermined range, the biasing force
acting on the transported object is instantaneously switched. As a
result, when the swing amount exceeds the predetermined range, one
swing suppression unit that is pushed out by the transported object is
biased with a relatively large biasing force, and the other swing
suppression unit is biased with a relatively small biasing force. As a
result, a situation in which the swing of the transported object continues
due to both swing suppression units pushing with similar biasing forces
is able to be suppressed or prevented. That is, as compared with the
case of being supported with the same magnitude of biasing force from
the traveling direction, the swing of the transported object in the
traveling direction can be effectively reduced or prevented.

[0008] In a transport vehicle according to one aspect of the present

invention, the moving mechanism may include a supporting portion
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rotatable bidirectionally around a rotation shaft and configured to
support the swing suppression unit, a drive shaft configured to rotate by
a drive of the drive unit, a crank portion configured to rotate
bidirectionally by rotation of the drive shaft, and a connecting portion
coupled at one end to a position that is eccentric to the drive shaft of the
crank portion so as to be rotatable bidirectionally and coupled at the
other end to a position that is eccentric to the rotation shaft of the
supporting portion so as to be rotatable bidirectionally. With this
configuration, because the buffer mechanism is able to be provided in
the connecting portion, the buffer mechanism is able to be compactly
mounted.

[0009] In a transport vehicle according to one aspect of the present
invention, the drive shaft, a coupling position between the crank portion
and the connecting portion, and a coupling portion between the
connecting portion and the supporting portion may be located on one
straight line in an extending direction of the connecting portion when
the swing suppression unit is located at the first position. With this
configuration, when the swing suppression unit is located at the first
position, the crank portion and the connecting portion are located in a
state of what is called a dead center, and an external force exerted on the
swing suppression unit after stopping the drive unit is difficult to be
transmitted to the drive unit. As a result, without using a drive unit
with a large output, it is possible to resist the force transmitted to the
swing suppression unit.

[0010] In a transport vehicle according to one aspect of the present

invention, the buffer mechanism may be provided in the connecting
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portion, the operation portion may include a first coupling portion
coupled to the supporting portion and a rod-shaped portion of a rod
shape coupled at one end to the first coupling portion, the buffer
mechanism may further include a second coupling portion including a
first body portion coupled to the crank portion and a second body
portion that has an insertion hole through which the rod-shaped portion
is inserted, and that is arranged at an interval from the first body portion,
the first bias portion may be arranged so as to contact the first coupling
portion and the second body portion, the second bias portion may be
arranged in the first body portion or fixed to the other end of the
rod-shaped portion, and the rod-shaped portion and the first body
portion may come into contact with each other via the second bias
portion when an operation amount of the operation portion exceeds a
predetermined amount. With this configuration, the buffer mechanism
can be easily provided in the connecting portion.

[0011] In a transport vehicle according to one aspect of the present
invention, the moving mechanism may include a first link portion fixed
to the drive shaft, a second link portion rotatable bidirectionally around
the rotation shaft, and a third link portion coupled to both of the first
link portion and the second link portion so as to be rotatable
bidirectionally, the third link portion may be movable between an
advanced position arranged below the transported object and a retracted
position arranged at a position retracted from below the transported
object, movement of the third link portion to the advanced position may
interlock with movement of the swing suppression unit to the first

position, and movement of the third link portion to the retracted position
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may interlock with movement of the swing suppression unit to the
second position. With this configuration, because the third link portion
can be driven as a fall prevention portion that prevents the fall of the
transported object by utilizing the power of the drive unit that is a drive
source of the swing suppression unit, as compared with providing a
drive unit for each, an overall size of the device is able to be made
compact.

[0012] In a transport vehicle according to one aspect of the present
invention, the elastic modulus of the second bias portion may be greater
than the elastic modulus of the first bias portion.  With this
configuration, the swing of the transported object in the traveling
direction is able to be reduce or prevented.

[0013] In a transport vehicle according to one aspect of the present
invention, the second bias portion may have viscoelasticity. With this
configuration, because the second bias portion has the viscoelasticity,
the swing of the transported object is able to be attenuated.

[0014] In the transport vehicle according to one aspect of the present
invention, the first bias portion may be a spring member and the second
bias portion may be a rubber body. With this configuration, the first
bias portion and the second bias portion capable of effectively reducing
or prevented the swing of the transported object in the traveling
direction is able to be easily configured.

Advantageous Effects of Invention

[0015] According to one aspect of the present invention, the swing of
the transported object in the traveling direction is able to be effectively

reduced or prevented.
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Brief Description of Drawings
[0016] FIG. 1 is a front view illustrating an overhead transport vehicle
according to one embodiment.

FIG. 2 is a perspective view illustrating a state of each
mechanism when a first fall prevention portion, a second fall prevention
portion, and a swing suppression unit of FIG. 1 are located in an
advanced position.

FIG. 3 is a perspective view illustrating a state of each
mechanism when the first fall prevention portion, the second fall
prevention portion, and the swing suppression unit of FIG. 1 are located
in a retracted position.

FIG. 4 is a perspective view illustrating a state of a moving
mechanism and a buffer mechanism when the second fall prevention
portion and the swing suppression unit of FIG. 1 are located in the
advanced position.

FIG. 5 is a perspective view illustrating a state of the moving
mechanism and the buffer mechanism when the second fall prevention
portion and the swing suppression unit of FIG. 1 are located in the
retracted position.

FIG. 6(a) to FIG. 6(d) are each a side view illustrating the
operation transition of the buffer mechanism of FIG. 1.

FIG. 7(a) and FIG. 7(b) are each a plan view illustrating the
operation transition of the moving mechanism and the buffer
mechanism of FIG. 1.

FIG. 8(a) and FIG. 8(b) are each a plan view illustrating the

operation transition of the moving mechanism and the buffer
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mechanism of FIG. 1.

FIG. 9 is a diagram illustrating a state of the moving mechanism
and the buffer mechanism in a steady state and (b) is a diagram
illustrating a state of the moving mechanism and the buffer mechanism
at the time of occurrence of a swing.

FIG. 10 1s a diagram illustrating a state of the moving
mechanism and the buffer mechanism at the time of occurrence of a
swing.

FIG. 11 is a perspective view illustrating a state of the moving
mechanism and the buffer mechanism when a swing suppression unit
according to a modification is located in the advanced position.
Description of Embodiment
[0017] With reference to the accompanying drawings, the following
describes a preferred embodiment of one aspect of the present invention
in detail. In the description of the drawings, identical constituent
elements will be denoted by identical reference signs and redundant
explanations will be omitted.

[0018] An overhead transport vehicle (transport vehicle) 1 illustrated in
FIG. 1 travels along a traveling rail 2 provided at a position higher than
the floor surface such as the ceiling and the like of a cleanroom. The
overhead transport vehicle 1 transports a FOUP (front-opening unified
pod) (transported object) 90 as an article, between a storage facility and
a predetermined load port, for example. The FOUP 90 has a
box-shaped housing 91 having an opening, and a lid 93 covering the
opening. The lid 93 is detachably provided with respect to the housing
91. In the FOUP 90, a plurality of semiconductor wafers and the like
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are accommodated, for example. The FOUP 90 includes a flange 95
that is held by the overhead transport vehicle 1.

[0019] In the following description, for the sake of convenience of
description, the left-and-right direction (X-axis direction) in FIG. 1 is
defined as the front-and-rear direction (traveling direction) of the
overhead transport vehicle 1. The up-and-down direction in FIG. 1 is
defined as the vertical direction (Z-axis direction) of the overhead
transport vehicle 1. The depth direction in FIG. 1 is defined as the
width direction (Y-axis direction) of the overhead transport vehicle 1.
The X-axis, Y-axis, and Z-axis are orthogonal to one another.

[0020] As illustrated in FIG. 1, the overhead transport vehicle 1
includes a traveling drive unit 3, a horizontal drive unit 5, a rotation
drive unit 6, an elevating drive unit 7, an elevating device 10, a holding
device 11, first fall prevention portions 20, second fall prevention
portions (third link portions) 40, swing suppression units 70, rotation
mechanisms 50 of the first fall prevention portions 20 (see FIG. 2 and
FIG. 3), moving mechanisms 60 of the second fall prevention portions
40 and the swing suppression units 70 (see FIG. 4 and FIG. 5), and
buffer mechanisms 80. The overhead transport vehicle 1 is provided
with a pair of frames 8 and 8 so as to cover the horizontal drive unit 5,
the rotation drive unit 6, the elevating drive unit 7, the elevating device
10, and the holding device 11 from front and rear in the traveling
direction. The pair of frames 8 and 8 define a space in which the
FOUP 90 is accommodated below the holding device 11 in a state where
the elevating device 10 is raised to an elevating end.

[0021] The traveling drive unit 3 moves the overhead transport vehicle
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1 along the traveling rail 2. The traveling drive unit 3 is arranged in
the traveling rail 2. The traveling drive unit 3 drives a roller (not
depicted) that travels on the traveling rail 2. In the lower portion of the
traveling drive unit 3, the horizontal drive unit 5 is coupled to via a shaft
3A. The horizontal drive unit 5 moves, in the horizontal plane, the
rotation drive unit 6, the elevating drive unit 7, and the elevating device
10 in the direction (width direction) that is orthogonal to an extending
direction of the traveling rail 2. The rotation drive unit 6 rotates, in the
horizontal plane, the elevating drive unit 7 and the elevating device 10.
The elevating drive unit 7 raises and lowers the elevating device 10 by
winding and unwinding four belts 9. The traveling drive unit 3 may be
configured by a linear motor and the like that generates propulsion on
the overhead transport vehicle 1. The belts 9 in the elevating drive unit
7 may use hanging members such as wires, ropes, and the like, as
appropriate.

[0022] The elevating device 10 in the present embodiment is capable of
being raised and lowered by the elevating drive unit 7, and functions as
an elevating platform in the overhead transport vehicle 1. The holding
device 11 holds the FOUP 90. The holding device 11 includes a pair
of L-shaped arms 12 and 12, hands 13 and 13 fixed to each of the arms
12 and 12, and an opening and closing mechanism 15 that opens and
closes the pair of arms 12 and 12.

[0023] The pair of arms 12 and 12 is coupled to the opening and closing
mechanism 15. The opening and closing mechanism 15 moves the
pair of arms 12 and 12 in a direction to approach each other and a

direction to separate from each other. By the operation of the opening
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and closing mechanism 15, the pair of arms 12 and 12 advances and
retracts along the X-axis direction. As a result, the pair of hands 13
and 13 fixed to the arms 12 and 12 opens and closes. In the present
embodiment, the height position of the holding device 11 (elevating
device 10) is adjusted so that, when the pair of hands 13 and 13 is in an
opened state, the holding surfaces of the hands 13 are lower than the
height of the lower surface of the flange 95. Then, as the pair of hands
13 and 13 are in a closed state in this situation, the holding surfaces of
the hands 13 and 13 advance below the lower surface of the flange 95,
and by raising the elevating device 10 in this situation, the flange 95 is
held by the pair of hands 13 and 13 and the FOUP 90 is supported.
[0024] As illustrated in FIG. 2 and FIG. 3, as the first fall prevention
portion 20 is arranged in front of the lid 93, the 1id 93 is prevented from
falling from the FOUP 90 held by the holding device 11 (see FIG. 1).
The first fall prevention portion 20 has a rotation axis in the Z-axis
direction and is rotatable along a front surface 90a and a side surface
90b of the FOUP 90 between an advanced position P1 arranged in front
of the lid 93 and a retracted position P2 arranged at a position retracted
from the front of the lid 93. The first fall prevention portion 20 is a
plate-shaped member extending to a distal end portion 20b with a
rotation axis 20a as a base point. The first fall prevention portion 20 is
made of a material such as stainless steel. A portion of the first fall
prevention portion 20 is parallel to the lid 93 when the first fall
prevention portion 20 is located in the advanced position P1.

[0025] The rotation mechanism 50 of the first fall prevention portion 20

is accommodated in each of the pair of frames 8 and 8. The rotation
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mechanism 50 includes a drive unit 51, a drive shaft 52, a first gear
portion 53, a second gear portion 54, a link portion 55, a link portion 56,
a third gear portion 57, and an arm portion 58. The rotation
mechanism 50 converts the rotational motion of the drive unit 51 into a
linear motion of the first fall prevention portion 20 (reciprocating
motion between the advanced position and the retracted position).
[0026] The second fall prevention portion 40 is arranged on the lower
surface of the FOUP 90, so that the FOUP 90 itself held by the holding
device 11 (see FIG. 1) is prevented from falling and the lid 93 is
prevented from falling from the FOUP 90. The second fall prevention
portion 40 is a plate-shaped member extending in the Y-axis direction
and is made of a material such as stainless steel. As illustrated in FIG.
2 to FIG. 5, the second fall prevention portion 40 is provided so as to be
movable between an advanced position P3 arranged below the lid 93,
and a retracted position P4 arranged in a position retracted from below
the 1lid 93, that is, a position accommodated in the area of the frame 8
when viewed from above in the Z-axis direction.

[0027] The movement of the second fall prevention portion 40 to the
advanced position P3 and the retracted position P4 interlocks with the
movement of the first fall prevention portion 20 to the advanced
position P1 and the retracted position P2. That is, if the first fall
prevention portion 20 advances to the advanced position P1, the second
fall prevention portion 40 also advances to the advanced position P3,
and if the first fall prevention portion 20 retracts to the retracted position
P2, the second fall prevention portion 40 also retracts to the retracted

position P4.
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[0028] The swing suppression unit 70 contacts and supports the side
surface 90b of the FOUP 90, and suppresses the swing of the FOUP 90
held by the holding device 11 in the X-axis direction of the overhead
transport vehicle 1 during traveling. As illustrated in FIG. 4 and FIG.
5, the swing suppression unit 70 includes two rollers 70A and 70A
contacting and supporting the FOUP 90 (see FIG. 1). The swing
suppression unit 70 is movable between an advanced position (first
position) P5 contacting with the side surface 90b of the FOUP 90 and a
retracted position (second position) P6 at a position away from the side
surface 90b of the FOUP 90.

[0029] The movement of the swing suppression unit 70 to the advanced
position P5 and the retracted position P6 interlocks with the movement
of the first fall prevention portion 20 to the advanced position P1 and
the retracted position P2. That is, if the first fall prevention portion 20
advances to the advanced position P1, the swing suppression unit 70
also advances to the advanced position P5, and if the first fall
prevention portion 20 retracts to the retracted position P2, the swing
suppression unit 70 also retracts to the retracted position P6.
Furthermore, the movement of the swing suppression unit 70 to the
advanced position P5 and the retracted position P6 interlocks with the
movement of the second fall prevention portion 40 to the advanced
position P3 and the retracted position P4. That is, if the second fall
prevention portion 40 advances to the advanced position P3, the swing
suppression unit 70 also advances to the advanced position P5, and if
the second fall prevention portion 40 retracts to the retracted position

P4, the swing suppression unit 70 also retracts to the retracted position
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P6. The following describes the second fall prevention portion 40, and
the interlocking operation between the swing suppression unit 70 and
the second fall prevention portion 40.

[0030] As illustrated in FIG. 2 to FIG. 5, the moving mechanism 60 of
the second fall prevention portion 40 and the swing suppression unit 70
i1s accommodated in each of the pair of frames 8 and 8 (see FIG. 1), and
includes a rotation shaft (drive shaft) 59, a crank portion 61, a
supporting portion 63, a connecting portion 65, a first link portion 62,
and a second link portion 66.

[0031] The rotation shaft 59 integrally rotates with the third gear
portion 57 that rotates in a series of advancing operations in the first fall
prevention portion 20 (see FIG. 2 and FIG 4). That is, the rotation
shaft 59 rotates by the drive of the drive unit 51. The drive unit 51
includes a stepping motor, for example. The crank portion 61 is fixed
to the rotation shaft 59 and rotates bidirectionally by the rotation of the
rotation shaft 59. The supporting portion 63 is rotatable bidirectionally
around a rotation shaft 63a and supports the swing suppression unit 70.
The connecting portion 65 is coupled at one end to the crank portion 61
so as to be rotatable bidirectionally at a position (coupling portion 65a)
that is eccentric to the rotation shaft 59 and is coupled at the other end to
a position (coupling portion 65b) that is eccentric to the rotation shaft
63a of the supporting portion 63 so as to be rotatable bidirectionally.
The first link portion 62 is fixed to the rotation shaft 59 and rotates
bidirectionally by the rotation of the rotation shaft 59. The second link
portion 66 is rotatable bidirectionally around the rotation shaft 63a as a

center. The second link portion 66 rotates bidirectionally around the
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rotation shaft 63a as a center, by the movement of the connecting
portion 65 that operates simultaneously with the rotation of the rotation
shaft 59. The second fall prevention portion 40 is fixed to both of the
first link portion 62 and the second link portion 66 so as to be rotatable
bidirectionally.

[0032] As illustrated in FIG. 4 to FIG. 6(a), in the connecting portion
65, a buffer mechanism 80 is provided. The buffer mechanism 80
allows the swing suppression unit 70, which has been moved to the
advanced position P5 by the drive of the drive unit 51, to move to the
X-axis direction after stopping the drive unit 51. The buffer
mechanism 80 includes a first coupling portion (operation portion) 81, a
rod-shaped portion (operation portion) 82, a second coupling portion 83,
a first bias portion 84, and a second bias portion 85.

[0033] The first coupling portion 81 and the rod-shaped portion 82 are
members that perform a movement of an operation amount in
accordance with the amount of movement of the swing suppression unit
70 to the retracted position P6 direction. Specifically, the first
coupling portion 81 and the rod-shaped portion 82 move (operate) to the
second coupling portion 83 side along the extending direction of the
rod-shaped portion 82 in accordance with the amount of movement of
the swing suppression unit 70 to the retracted position P6 direction. In
more detail, the first coupling portion 81 and the rod-shaped portion 82
move farther greatly along the extending direction of the rod-shaped
portion 82 to the second coupling portion 83 side, as the amount of
movement of the swing suppression unit 70 to the retracted position P6

direction increases. The first coupling portion 81 is a rod-shaped
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member rotatively coupled to the supporting portion 63. The
rod-shaped portion 82 extends in one direction D. One end 82a of the
rod-shaped portion 82 is coupled to the first coupling portion 81, and on
the other end 82b of the rod-shaped portion 82, the second bias portion
85 is attached. The second coupling portion 83 includes a first body
portion 83a that is coupled to the crank portion 61, a second body
portion 83b on which an insertion hole 83c through which the
rod-shaped portion 82 is inserted is provided and that is spaced at an
interval from the first body portion 83a, and a coupling portion 83d that
couples the first body portion 83a and the second body portion 83b.
[0034] The first bias portion 84 is able to come in contact with both of
the first coupling portion 81 and the second body portion 83b of the
second coupling portion 83. The first bias portion 84 biases the first
coupling portion 81 so that the swing suppression unit 70 presses the
FOUP 90. In more detail, the first bias portion 84 biases the first
coupling portion 81 so that the swing suppression unit 70 moves in the
direction of pressing the FOUP 90. The first bias portion 84 is a spring
member.

[0035] The second bias portion 85, when the operation amount of the
first coupling portion 81 and the rod-shaped portion 82 (the amount of
movement of the first coupling portion 81 and the rod-shaped portion 82
to the second coupling portion 83 side in the extending direction of the
rod-shaped portion 82) is greater than or equal to a predetermined
amount, contacts (acts on) the rod-shaped portion 82, and biases the first
coupling portion 81 and the rod-shaped portion 82 so that the swing

suppression unit 70 moves in the direction of pressing the FOUP 90.
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In more detail, the second bias portion 85 contacts the rod-shaped
portion 82 and biases the first coupling portion 81 and the rod-shaped
portion 82 so that the swing suppression unit 70 presses the FOUP 90,
only when the operation amount of the first coupling portion 81 and the
rod-shaped portion 82 is greater than or equal to the predetermined
amount. The second bias portion 85 has viscoelasticity and has an
elastic modulus greater than that of the first bias portion 84. The
second bias portion 85 is a rubber body made of urethane rubber, for
example.

[0036] The second bias portion 85 is fixed to the other end 82b of the
rod-shaped portion 82, and the second bias portion 85 moves to the first
body portion 83a direction between the first body portion 83a and the
second body portion 83b simultaneously with the movement of the first
coupling portion 81 and the rod-shaped portion 82 to the second
coupling portion 83 side. The rod-shaped portion 82 and the first body
portion 83a are able to come in contact with each other via the second
bias portion 85 when the operation amount of the rod-shaped portion 82
reaches the predetermined amount (see FIG. 6(b) and FIG. 6(c)). Then,
the second bias portion 85 is compressed by the rod-shaped portion 82
and the first body portion 83a, when the operation amount of the
rod-shaped portion 82 is greater than the predetermined amount. That
is, the second bias portion 85 acts on the rod-shaped portion 82 when
the operation amount of the rod-shaped portion 82 is greater than the
predetermined amount, and biases the rod-shaped portion 82 so that the
swing suppression unit 70 presses the FOUP 90.

[0037] Next, an advancing-and-retracting operation in the second fall

17
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prevention portion 40 and the swing suppression unit 70 will be
described. When the third gear portion 57 (see FIG. 2 and FIG. 3)
rotates as the drive unit 51 (see FIG. 2 and FIG 3) is driven, as
illustrated in FIG. 4 and FIG. 5, the crank portion 61 rotates in an arrow
direction all in conjunction with this rotation. When the crank portion
61 rotates, due to the action of the connecting portion 65, the supporting
portion 63 rotates in an arrow direction al2 with the rotation shaft 63a
as a base point. As a result, the swing suppression unit 70 advances to
the advanced position P5. When the swing suppression unit 70 is
located in the advanced position P5, the rotation shaft 59, the coupling
portion 65a between the crank portion 61 and the connecting portion 65,
and the coupling portion 65b between the connecting portion 65 and the
supporting portion 63 are located on one straight line in the one
direction (an extending direction of the connecting portion 65) D (the
crank portion 61 and the connecting portion 65 are located in a state of
what is called a dead center). When the crank portion 61 and the
connecting portion 65 are located in a state of what is called a dead
center, as illustrated in FIG. 3, a rotation shaft 54a of the second gear
portion 54, a coupling portion 55a that is located at a position eccentric
to the rotation shaft 54a and is between the second gear portion 54 and
the link portion 55, and a coupling portion 55b between the link portion
55 and the link portion 56 are located on one straight line in one
direction (an extending direction of the link portion 55).

[0038] At the same time the above-described crank portion 61 rotates,
the first link portion 62 rotates in an arrow direction a2l with the

rotation shaft 59 as a base point. Similarly, at the same time the
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supporting portion 63 rotates, the second link portion 66 rotates in an
arrow direction a22 with the rotation shaft 63a as a base point. As a
result, the second fall prevention portion 40 coupled to the first link
portion 62 and the second link portion 66 advances to the advanced
position P3.

[0039] By the above-described series of operations, the second fall
prevention portion 40 rotatively coupled to the first link portion 62 and
the second link portion 66 advances from the retracted position P4 to the
advanced position P3, and the swing suppression unit 70 rotatively
coupled to the supporting portion 63 advances from the retracted
position P6 to the advanced position P5. The movement of the second
fall prevention portion 40 from the advanced position P3 to the retracted
position P4 and the movement of the swing suppression unit 70 from
the advanced position P5 to the retracted position P6 are performed by
the operations in the reverse direction of the above-described series of
operations.

[0040] Next, an operation of the buffer mechanism 80 will be
described. As illustrated in FIG. 7(a), when the second fall prevention
portion 40 and the swing suppression unit 70 are located in the retracted
position P4 and the retracted position P6, respectively, the second bias
portion 85 is, as illustrated in FIG. 6(a), not in contact with the first body
portion 83a and is spaced away by a distance GO. Then, as illustrated
in FIG. 7(b), from the time point when the swing suppression unit 70
comes into contact with the FOUP 90, the compression of the first bias
portion 84 is started. As illustrated in FIG. 8(a), when the second fall

prevention portion 40 and the swing suppression unit 70 advance to the
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advanced position P3 and the advanced position PS5, respectively, the
second bias portion 85 is, as illustrated in FIG. 6(b), not in contact with
the first body portion 83a and is spaced away by a distance G1. Under
this situation, the swing suppression units 70 come into contact with the
side surfaces 90b of the FOUP 90 from front and rear in the X-axis
direction and suppress the swing of the FOUP 90 to the X-axis
direction. At this time, the first bias portion 84 biases the first
coupling portion 81 so that the swing suppression unit 70 presses the
FOUP 90 and the second bias portion 85 does not bias the rod-shaped
portion 82.

[0041] After moving to the advanced position P5 by the drive of the
drive unit 51 and stopping the drive of the drive unit 51, as illustrated in
FIG. 8(b), when the FOUP 90 swings in the X-axis direction by the
swing amount M1 due to the traveling and the like of the overhead
transport vehicle 1, as illustrated in FIG. 6(c), the second bias portion 85
comes into contact with the first body portion 83a. At this time also,
similarly to the situation of FIG. 6(b), the first bias portion 84 biases the
first coupling portion 81 so that the swing suppression unit 70 presses
the FOUP 90 and the second bias portion 85 does not bias the
rod-shaped portion 82.

[0042] Furthermore, when the FOUP 90 swings in the X-axis direction
by the swing amount M2 (M2>M1), as illustrated in FIG. 6(d), the
second bias portion 85 is compressed by the rod-shaped portion 82 and
the first body portion 83a. This causes the second bias portion 85 to
act on the rod-shaped portion 82 and to bias the rod-shaped portion 82
so that the swing suppression unit 70 presses the FOUP 90. At this
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time also, the first bias portion 84 biases the first coupling portion 81 so
that the swing suppression unit 70 presses the FOUP 90. That is, in the
buffer mechanism 80 of the above-described embodiment, when a
swing greater than the predetermined swing amount M1 occurs on the
FOUP 90 and the swing suppression unit 70 is pushed down from the
advanced position P5 to the retracted position P6 direction, the
rod-shaped portion 82 is pushed down to the first body portion 83a side
in the one direction D in accordance with the pushed-down amount.
Then, the second bias portion 85 compressed by the rod-shaped portion
82 and the first body portion 83a acts on the rod-shaped portion 82, and
biases the rod-shaped portion 82 so that the swing suppression unit 70
presses the FOUP 90. In other words, the second bias portion 85 has
an elastic force that resists the force of the rod-shaped portion 82 trying
to move to the first body portion 83a.

[0043] In the overhead transport vehicle 1 of the above-described
embodiment, as illustrated in FIG. 9, after stopping the drive unit 51,
when a swing occurs on the FOUP 90 and the swing suppression unit 70
moves in the X-axis direction, if the swing amount of the FOUP 90 is
within the predetermined range (swing amount M1), only the first bias
portion 84 biases the swing suppression unit 70 at the force F1 via the
first coupling portion 81 so as to press the FOUP 90. Meanwhile, as
illustrated in FIG. 10, if the swing of the FOUP 90 exceeds the
predetermined range (swing amount M1), the second bias portion 85 is
compressed and acts on the rod-shaped portion 82, and biases the swing
suppression unit 70 with the combined force of the force F1 and the

force F2 via the rod-shaped portion 82 so as to press the FOUP 90. As
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a result, as soon as the swing of the FOUP 90 exceeds the
predetermined range, the biasing force acting on the FOUP 90 is
instantaneously switched from the force F1 to the combined force of the
force F1 and the force F2. When the swing amount exceeds the
predetermined range, one swing suppression unit 70 that is pushed out
by the FOUP 90 is biased with a relatively large biasing force, and the
other swing suppression unit 70 is biased with a relatively small biasing
force. As a result, a situation in which the swing of the FOUP 90
continues due to both swing suppression units 70 and 70 pushing each
other with the same biasing force is able to be suppressed or prevented.
That is, as compared with the case of being supported with the same
magnitude of biasing force from front and rear in the X-axis direction,
the swing of the FOUP 90 in the X-axis direction is able to be
effectively reduced or prevented.

[0044] Furthermore, in the present embodiment, when suppressing the
FOUP 90 from front and rear in the X-axis direction by the swing
suppression units, as compared with the case of simply increasing the
biasing force (elastic force), there are following advantages. That is,
when the biasing force is increased, because the force at the time of
contact with the FOUP 90 increases and also the force received from the
swinging FOUP 90 increases, there is a need to increase the capacity of
the drive unit so as to resist the force thereof. When the capacity of the
drive unit increases, the weight of the overhead transport vehicle 1
increases, and also the size increases. In the overhead transport
vehicle 1 of the present embodiment, because the force at the time of

contact with the FOUP 90 is relatively small and also the force received
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from the FOUP 90 is small when the swing amount is within the range
of M1, an increase in weight of the overhead transport vehicle 1 and an
increase in size is able to be reduced or prevented.

[0045] As illustrated in FIG. 4 and FIG 5, in the overhead transport
vehicle 1 of the above-described embodiment, because the buffer
mechanism 80 is provided in the connecting portion 65, the buffer
mechanism 80 can be compactly mounted. Moreover, as illustrated in
FIG 5, in the overhead transport vehicle 1 of the above-described
embodiment, when the swing suppression unit 70 is located in the
advanced position P5, the crank portion 61 and the connecting portion
65 are located in what is called a dead center (the rotation shaft 59, the
coupling portion 65a between the crank portion 61 and the connecting
portion 65, and the coupling portion 65b between the connecting portion
65 and the supporting portion 63 are located on one straight line in the
one direction (the extending direction of the connecting portion 65) D),
and an external force exerted on the swing suppression unit 70 after
stopping the drive unit 51 is difficult to be transmitted to the drive unit
51. As a result, without using the drive unit 51 with large output, it is
possible to resist the force transmitted to the swing suppression unit 70.
[0046] In the overhead transport vehicle 1 of the above-described
embodiment, because the second fall prevention portion 40 that prevents
the fall of the FOUP 90 can be driven by utilizing the power of the drive
unit 51 that is a drive source of the swing suppression unit 70, as
compared with providing a drive unit for each drive mechanism, an
overall size of the device is able to be made compact.

[0047] In the overhead transport vehicle 1 of the above-described

23



10

15

20

25

FP18-1166-00

embodiment, because the elastic modulus of the second bias portion 85
is greater than the elastic modulus of the first bias portion 84, the swing
of the FOUP 90 in the X-axis direction is able to be effectively
eliminated. Moreover, in the overhead transport vehicle 1 of the
above-described embodiment, because the second bias portion 85 is
made of a rubber material having viscoelasticity, the swing of the FOUP
90 can be attenuated and the swing of the FOUP 90 in the X-axis
direction can be eliminated more effectively.

[0048] As in the foregoing, one embodiment has been described.
However, one aspect of the present invention is not limited to the
above-described embodiment, and various modifications are possible
within a scope not departing from the spirit of the one aspect of the
invention.

[0049] In the above-described embodiment, an example in which the
first fall prevention portion 20, the second fall prevention portion 40,
and the swing suppression unit 70 interlock with one another has been
described, but each may operate individually, or any two elements may
interlock.

[0050] In the above-described embodiment and modification, an
example in which the second bias portion 85 is provided in the
connecting portion 65 has been described, but the embodiments are not
limited thereto. As illustrated in FIG. 11, the second bias portion 85
may be provided so as to contact a part of the supporting portion 63
when, for example, a swing greater than the predetermined swing
amount M1 occurs on the FOUP 90 and when the swing suppression

unit 70 is pushed down from the advanced position P5 to the retracted
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position P6 direction. In this case, the second bias portion 85 can be
provided in a movable biasing-portion supporting member 86 and may
be advanced to the position capable of contacting a part of the
supporting portion 63 after moving the swing suppression unit 70 to the
advanced position P5 by the drive of the drive unit 51. According to
this configuration, the second bias portion 85 can be arranged, even on a
moving path of the swing suppression unit 70 from the retracted
position P6 to the advanced position P5.

[0051] In the above-described embodiment and modification, an
example in which the second bias portion 85 is, as illustrated in FIG.
6(b), not in contact with the first body portion 83a and is away by the
distance G1 when, as illustrated in FIG. 8(a), the second fall prevention
portion 40 and the swing suppression unit 70 advance to the advanced
position P3 and the advanced position PS5, respectively, has been
described, but the embodiments are not limited thereto. For example,
in a situation of the second fall prevention portion 40 and the swing
suppression unit 70 illustrated in FIG. 8(a), the second bias portion 85
may be in contact with the first body portion 83a as illustrated in FIG.
6(c), the second bias portion 85 may be in a state of being compressed
already as illustrated in FIG. 6(d), or the second bias portion 85 and the
first body portion 83a may be away from each other so that the distance
therebetween is longer than the distance G1 illustrated in FIG. 7(b).
[0052] By separating by the distance G1 as in the above-described
embodiment, the vibration that occurs on the overhead transport vehicle
1 is able to be prevented from being transmitted to the FOUP 90 and, as

in the above-described modification, the influence of the
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above-described vibration can be further reduced if the distance is made
longer. Furthermore, in a state of the swing suppression unit 70
illustrated in FIG. 8(a), if the second bias portion 85 is configured to be
in a state of being compressed already, the FOUP 90 is able to be
suppressed with a stronger force.

[0053] In the above-described embodiment and modifications, an
example in which the first bias portion 84 is a spring member and in
which the second bias portion 85 is a rubber body has been described.
However, the rubber body and the spring member may be selected from
a gel-shaped elastic body and the like made of, for example, a silicone
resin or the like as appropriate. Furthermore, as for the elastic moduli
of the first bias portion 84 and the second bias portion 85, both may be
the same, or the first bias portion 84 may have a greater elastic modulus
than the second bias portion 85.

[0054] In the above-described embodiment and modifications, as an
example of a transported object that is transported by the overhead
transport vehicle 1, the FOUP has been described, but it may be a
cassette, a magazine, a tray, a container, or the like.

[0055] In the above-described embodiment and modifications, an
example in which the swing suppression unit 70 includes the two rollers
70A and 70A has been described, but it may include a block-shaped
member made of resin material, for example.

[0056] In the above-described embodiment and modifications, an
example in which the transported object is transported in a suspended
state has been described, but it may be of a configuration in which the

transported object placed on a placement portion is supported from front
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and rear in the X-axis direction.
[0057] In the above-described embodiment and modifications, an
example in which one aspect of the present invention is applied to the
overhead transport vehicle 1 that travels on the traveling rail 2 laid on
the ceiling has been described, but it may be applied to a transport
vehicle that travels on a rail installed on the floor or may be applied to a
trackless transport vehicle. Furthermore, it can also be applied to a
stacker crane capable of moving a transfer unit in the horizontal
direction along the rail on the floor surface and capable of moving the
transfer unit in the vertical direction (raising and lowering) along a
mast, a transport device capable of moving in only one of the horizontal
direction or the vertical direction, or the like.
Reference Signs List
[0058] 1 OVERHEAD TRANSPORT VEHICLE (TRANSPORT
VEHICLE)

20 FIRST FALL PREVENTION PORTION

40 SECOND FALL PREVENTION PORTION (THIRD
LINK PORTION)

59 ROTATION SHAFT (DRIVE SHAFT)

60 MOVING MECHANISM

61 CRANK PORTION

62 FIRST LINK PORTION

63 SUPPORTING PORTION

63a ROTATION SHAFT

65 CONNECTING PORTION

66 SECOND LINK PORTION
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83
83a
83b
83c
83d
84
85
90
P5
P6
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SWING SUPPRESSION UNIT
BUFFER MECHANISM
FIRST COUPLING PORTION (OPERATION PORTION)
ROD-SHAPED PORTION (OPERATION PORTION)
SECOND COUPLING PORTION
FIRST BODY PORTION
SECOND BODY PORTION
INSERTION HOLE
COUPLING PORTION
FIRST BIAS PORTION
SECOND BIAS PORTION
FOUP (TRANSPORTED OBJECT)
ADVANCED POSITION (FIRST POSITION)
RETRACTED POSITION (SECOND POSITION)
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CLAIMS

1. A transport vehicle comprising a pair of swing suppression units
configured to contact a transported object from front and rear in a
traveling direction, the transport vehicle comprising:

a moving mechanism configured to move at least one of the
swing suppression units in the traveling direction between a first
position contacting the transported object and a second position spaced
away from the transported object by a drive of a drive unit; and

a buffer mechanism configured to allow the swing suppression
unit that has been moved to the first position by the drive of the drive
unit to move to the traveling direction after stopping the drive of the
drive unit; wherein

the buffer mechanism includes:

an operation portion coupled to the swing suppression
unit and configured to perform a movement of an operation amount in
accordance with an amount of movement of the swing suppression unit
in a direction toward the second position;

a first bias portion configured to bias the operation
portion so that the swing suppression unit presses the transported object;
and

a second bias portion configured to act on the operation
portion when the operation amount of the operation portion is greater
than a predetermined amount and to bias the operation portion so that
the swing suppression unit presses the transported object, wherein

the moving mechanism includes:
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a supporting portion rotatable bidirectionally around a
rotation shaft and configured to support the swing suppression unit;
a drive shaft configured to rotate by a drive of the drive
unit;
a crank portion configured to rotate bidirectionally by
rotation of the drive shaft; and
a connecting portion coupled at one end to a position
that is eccentric to the drive shaft of the crank portion so as to be
rotatable bidirectionally and coupled at the other end to a position that is
eccentric to the rotation shaft of the supporting portion so as to be
rotatable bidirectionally.
2. The transport vehicle according to claim 1, wherein the drive
shaft, a coupling position between the crank portion and the connecting
portion, and a coupling portion between the connecting portion and the
supporting portion are located on one straight line in an extending
direction of the connecting portion when the swing suppression unit is
located at the first position.
3. The transport vehicle according to claim 1 or 2, wherein
the buffer mechanism is provided in the connecting portion;
the operation portion includes a first coupling portion coupled to
the supporting portion and a rod-shaped portion coupled at a first end to
the first coupling portion;
the buffer mechanism further includes a second coupling portion
including a first body portion coupled to the crank portion and a second
body portion that has an insertion hole through which the rod- shaped

portion is inserted, and that is spaced at an interval from the first body
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portion;

the first bias portion is arranged so as to contact the first
coupling portion and the second body portion;

the second bias portion is arranged in the first body portion or
fixed to a second end of the rod-shaped portion, and

the rod-shaped portion and the first body portion come into
contact with each other via the second bias portion when an operation
amount of the operation portion exceeds a predetermined amount.
4, The transport vehicle according to any one of claims 1 to 3,
wherein

the moving mechanism includes a first link portion fixed to the
drive shaft, a second link portion rotatable bidirectionally around the
rotation shaft, and a third link portion coupled to both of the first link
portion and the second link portion so as to be rotatable bidirectionally;

the third link portion is movable between an advanced position
below the transported object and a retracted position arranged at a
position retracted from below the transported object;

movement of the third link portion to the advanced position
interlocks with movement of the swing suppression unit to the first
position; and

movement of the third link portion to the retracted position
interlocks with movement of the swing suppression unit to the second
position.
5. The transport vehicle according to any one of claims 1 to 4,
wherein, an elastic modulus of the second bias portion is greater than an

elastic modulus of the first bias portion.
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6. The transport vehicle according to any one of claims 1 to 5,
wherein, the second bias portion has viscoelasticity.

7. The transport vehicle according to any one of claims 1 to 6,
wherein, the first bias portion is a spring member and the second bias

portion is a rubber body.
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