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DESCRIPTION
TITLE OF THE INVENTION: ARTICLE TRANSPORT VEHICLE

[Field of the Invention]
[0001]

The present invention relates to an article transport vehicle which
suspends and supports a transported article with a support unit to transport

the transported article.

[Background Art]
[0002]

An example of an article transport vehicle which transports a
transported article with the article suspended and supported thereby is
disclosed in JP Publication of Application No. 2006-298535 (Patent Document
1). This article transport vehicle includes a travel member which travels along
a travel path, a support unit which suspends and supports the transported
article, and a vertical movement actuator which vertically moves the support
unit with respect to the travel member. The support unit includes a vertically
movable portion which is moved vertically by the vertical movement actuator,
transported article support portions which supports a supported portion of the
transported article, and a support actuator which moves the transported
article support portions to support positions in which the transported article
support portions are located directly below the supported portion and to
retracted positions in which the transported article support portions are
retracted from their positions directly below the supported portion. In addition,
the support unit includes guiding supports which guide and support the
transported article support portions such that the transported article support
portions can be moved between the support positions and the retracted
positions. And damper elements which are elastically deformable in the
vertical direction are provided on the top surfaces of the transported article

support portions.

[0003]
The damper elements provided to the top surfaces of the transported

article support portions receive the load of the supported transported article.
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In other words, in the article transport vehicle of Patent Document 1,
transmission of vibration to the transported article, during a travel of the
travel member or during a vertical movement of the vertically movable portion,
is reduced by interposing the damper elements between the transported
article support portions and the supported portion of the transported article.
However, the thickness, or the vertical dimension, of the transported article
support portions increases by providing such damper elements on the top
surfaces of the transported article support portions. Thus, it becomes more
likely for the transported article support portions to interfere with the
supported portion of the transported article when the transported article
support portions are moved from the retracted positions to the support
positions in order to support the supported portion of the transported article

with the transported article support portions.

[SUMMARY OF THE INVENTION]
[Problems To Be Solved By The Invention]
[0004]

To this end, an article transport vehicle is desired in which it is difficult
for the transported article support portions to interfere with the supported
portion of the transported article while reducing transmission of vibration to
the transported article, during a travel of the travel member or during a
vertical movement of the vertically movable portion. [Means for Solving the
Problems]

[0005]

An article transport vehicle in accordance with an embodiment
conceived in light of the points discussed above comprises a travel member
configured to travel along a travel path; a support unit for suspending and
supporting a transported article; a vertical movement actuator for vertically
moving the support unit relative to the travel member;

wherein the support unit includes a vertically movable portion which is
vertically moved by the vertical movement actuator, transported article
support portions for supporting a supported portion of the transported article,
one or more support actuators for moving the transported article support
portions between support positions and retracted positions,

wherein the support positions are positions in which the transported
article support portions are located directly below the supported portion, and
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the retracted positions are positions in which the transported article support
portions are retracted from directly below the supported portion,

wherein the support unit further includes a guiding supporting portion
that supports the transported article support portions and movably guides the
transported article support portions to the support positions and to the
retracted positions, and a damper element which is disposed between the
vertically movable portion and the guiding supporting portion and receives
load from the guiding supporting portion including load from the transported
article support portions, and which is elastically deformable in a vertical

direction.

[0006]

With the arrangement described above, because the damper element is
located between the vertically movable portion and the guiding supporting
portion which supports the transported article support portions, vibration of
the vertically movable portion during a travel of the travel member and
vibrations of the vertically movable portion during a vertical movement of the
vertically movable portion are absorbed by the damper element; thus, any
vibration which may be transmitted to the transported article supported by
the transported article support portions can be reduced. Also, the damper
element is located between the vertically movable portion and the guiding
supporting portion and not on the top surfaces of the transported article
support portions as in, for example, Patent Document 1. As a result, the
thickness, or the vertical dimension, of the transported article support
portions can be made small compared with the case where damper elements
are provided on the top surfaces of the transported article support portions.
Thus, it can be made difficult, or less likely, for the transported article support
portions to interfere with the supported portion of the transported article
when the transported article support portions are moved from the retracted
positions to the support positions in order to support the supported portion of
the transported article with the transported article support portions. In other
words, by providing the damper element between the vertically movable
portion and the guiding supporting portion such that the damper element
receives the load from the guiding supporting portion, it can be made difficult,
or less likely, for the transported article support portions to interfere with the
supported portion of the transported article while reducing transmission of
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vibration to the transported article, during a travel of the travel member or
during a vertical movement of the vertically movable portion.
[0007]

Additional features and advantages of the article transport facility will
become clear from the following description about the embodiments described

with reference to the drawings.

[Brief Description of the Drawings]
[0008]
Fig.1 is a side view of an article transport facility,
Fig.2 is a side view of a ceiling transport vehicle,
Fig.3 is a vertical sectional side view of a support mechanism when a
pair of transported article support portions are in support positions,
Fig.4 is a vertical sectional side view of the support mechanism when
the pair of transported article support portions are in retracted positions, and
Fig.5 is a plan view of the support mechanism.

DETAILED DESCRIPTION
[0009]

Embodiments in which an article transport vehicle is incorporated into
an article transport facility are described next with reference to the drawings.
As shown in Fig.1, the article transport facility includes a ceiling, or an
overhead, transport vehicle 1 which is guided and supported by travel rails 2
provided along a travel path on the ceiling side and which functions as an
article transport vehicle which can travel along the travel path, a processing
device 3 which processes substrates held in, or carried by, the transported
article 6, and a support platform 4 installed on the floor and next to the
processing device 3. The transported articles 6 which are transported by the
ceiling transport vehicle 1 are transporting containers for holding objects held
therein, and are more specifically FOUPs (Front Opening Unified Pod) each of
which hold a plurality of semiconductor substrates as objects or articles held

therein.

[0010]
[Transported article]
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As shown in Fig.3, the transported article 6 includes a main body
portion 7 for holding a plurality of substrates, a supported portion 9 (flange
portion) which is located above this main body portion 7 and is provided in an
upper end portion of the transported article 6, a connecting portion 8 which
connects the main body portion 7 to the supported portion 9, and a detachable
lid (not shown) for closing an opening, which is formed in a front face of the
main body portion 7, for inserting and removing the substrates. The supported
portion 9 is formed to have a shape that projects from the connecting portion 8
along a container fore and aft direction and also along a container lateral, or
right and left, direction. And inserting space 12 (space for inserting
transported article support portions) is formed between the top surface of the
main body portion 7 and the undersurface of the supported portion 9. Thus,
the inserting space 12 is formed below the supported portion 9 of the
transported article 6. This inserting space 12 is the space into which a pair of
transported article support portions 32, described below, are inserted along

the container lateral direction.

[0011]
[Ceiling transport vehicle]

The ceiling, or overhead, transport vehicle 1 is described next. In the
description, the direction along the travel direction of the ceiling transport
vehicle 1 will be referred to as the fore and aft direction X whereas the
(horizontal) direction that perpendicularly intersects the fore and aft direction
X in plan view will be referred to as the lateral, or right and left, direction Y.
In addition, the transported article 6 is supported by the vertical movement
support portion 17 such that the container lateral direction of the transported
article 6 is parallel to the fore and aft direction X of the ceiling transport
vehicle 1. Accordingly, in the description below, the transported article 6 will
be assumed to be supported by the vertical movement support portion 17 so
that the container lateral direction of the transported article 6 coincides with
the fore and aft direction X whereas the container fore and aft direction of the

transported article 6 coincides with the lateral direction Y.

[0012]
As shown in Figs. 1 and 2, the ceiling transport vehicle 1 includes a
travel portion 16 which travels on the travel rails 2 along the travel path, and
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the vertical movement support portion 17 which is suspended and supported
by the travel portion 16 such that the vertical movement support portion 17 is
located below the travel rails 2, and which supports the support mechanism
23 which, in turn, supports the transported article 6, such that the support
mechanism 23 can be raised or lowered, or vertically moved. Note that the
travel portion 16 is, or corresponds to, the travel member which travels along
the travel path, and the support mechanism 23 is, or corresponds to, the

support unit which suspends and supports the transported article 6.

[0013]

As shown in Fig.2, the travel portion 16 includes drive wheels 20 which
are driven and rotated by a travel motor 19 to roll on the top surfaces of the
travel rails 2, and guide wheels 21 which are freely rotatable and in contact
with the side faces of the travel rails 2. The travel portion 16 travels along the
travel path by the virtue of the fact that the drive wheels 20 are driven and
rotated by the travel motor 19, and of the fact that the guide wheels 21 are
contacted and thus guided by the travel rails 2.

[0014]

The vertical movement support portion 17 includes the above-described
support mechanism 23 which suspends and supports the transported article 6,
the vertically moving mechanism 24 for raising and lowering, or vertically
moving, the support mechanism 23, a cover portion 25 for covering an area
above, and areas forward and rearward, along the fore and aft direction X, of
the transported article 6 supported by the support mechanism 23 and located
at a support height (see Figs. 2 and 3), and fall prevention members 26 for
preventing a fall of the transported article 6 supported by the support
mechanism 23 at the support height.

[0015]

The vertically moving mechanism 24 includes spooling members 28 for
spooling and feeding out spool belts 24a whose respective distal end portions
are connected to the support mechanism 23, and a vertical movement motor
29 for drivingly rotating the spooling members 28. The support mechanism 23
is vertically moved with respect to the travel portion 16 by the virtue of the

fact that the spooling members 28 are driven and rotated in a forward
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direction and in an opposite direction by the vertical movement motor 29 to
spool and feed out the spool belts 24a . Note that the vertical movement motor

29 1s, or corresponds to, the vertical movement actuator.

[0016]

The vertically moving mechanism 24 includes a pair of transported
article support portions 32 for supporting from below both end portions, along
the fore and aft direction X, of the supported portion 9 of the transported
article 6. By driving and rotating the spooling members 28 in a forward
direction or in an opposite direction by the vertical movement motor 29 to
vertically move the support mechanism 23 as described above, the pair of
transported article support portions 32 are vertically moved between a raised
height and a lowered height which is lower than the support height. When the
pair of transported article support portions 32 are at the raised height, the
transported article 6 supported by the pair of the transported article support
portions 32 is located at the support height, as shown with solid lines in Fig.1.
And when the pair of transported article support portions 32 are at the
lowered height, the transported article 6 is located at a transfer height (or a
height for transferring), as shown with dashed lines in Fig.1.

[0017]

In other words, as the vertically moving mechanism 24 spools the spool
belts 24a to cause the pair of transported article support portions 32 to be
raised to the raised height, the transported article 6 supported by the support
mechanism 23 is raised to the support height (see Figs.1 and 2). On the other
hand, as the vertically moving mechanism 24 feeds out the spool belts 24a to
cause the pair of transported article support portions 32 to be lowered to the
lowered height, the transported article 6 supported by the support mechanism
23 is lowered to the transfer height (see Fig. 1).

[0018]

As shown in Figs.1 and 2, one pair of fall prevention members 26 is
provided such that the fall prevention members 26 are spaced apart from each
other in the fore and aft direction X. The fall prevention members 26 are
configured in a way that allows their positions to be changed such that the
distance between the pair of fall prevention members 26 can be changed
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between a receiving distance which is narrower, or less, than the width of the
transported article 6 in the fore and aft direction X (see Figs.1 and 2) and a
retraction distance (not shown) which is broader, or greater, than the width of
the transported article 6 in the fore and aft direction X. The distance between
the pair of fall prevention members 26 is changed through actuation of a fall
prevention motor 30. By bringing the distance between the pair of fall
prevention members 26 to the receiving distance, the transported article 6 is
received by the fall prevention members 26 and thus can be prevented from
falling to the floor even if the support of the transported article 6 by the
support mechanism 23 is disengaged during a travel of the ceiling transport
vehicle 1. And by bringing the distance between the pair of fall prevention
members 26 to the retraction distance, the support mechanism 23 can be
vertically moved to unload the transported article 6 onto the support platform
4 or to receive the transported article 6 from the support platform 4.

[0019]
[Support mechanism]

As shown in Figs. 3 - 5, the support mechanism 23 of the ceiling
transport vehicle 1 includes the vertically movable member 31 which
functions as a vertically movable portion and which is connected to the distal
end portions of the spool belts 24a, and is vertically moved by the vertically
moving mechanism 24, the transported article support portions 32 for
supporting the supported portion 9 of the transported article 6, and a support
motor 33 for horizontally moving the transported article support portions 32.
The transported article support portions 32 are horizontally moved by the
actuating force of the support motor 33 when the transported article support
portion 32 is at the lowered height and the article is located on the support
platform 4. This causes the transported article support portions 32 to be
moved between support positions in which the transported article support
portions 32 are located directly below the supported portion 9 (see Fig.3) and
retracted positions in which the transported article support portions 32 are
retracted from the positions directly below the supported portion 9 (see Fig.4).
In other words, the support motor 33 is, or corresponds to, the support
actuator. The vertically movable member 31 is formed to have a box shape.
And a guiding supporting portion 35 and the support motor 33 which are
connected to the transported article support portions 32 are installed within
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the vertically movable member 31. As shown in Figs. 3 and 4, the transported
article support portions 32 are connected to the guiding supporting portion 35
such that the transported article support portions project downwardly from
respective holes 31h formed in the bottom face 31a of the box-shaped

vertically movable member 31.

[0020]

The pair of transported article support portions 32 are arranged such
that they can be moved toward and away from each other along the fore and
aft direction X. And the distance between the pair of transported article
support portions 32 is changed between a support distance and a retraction
distance by moving the pair of transported article support portions 32 toward
and away from each other along the fore and aft direction X through actuation
of the support motor 33. The support distance is one in which the distance
between the pair of transported article support portions 32 in the fore and aft
direction X is narrower, or less, than the width of the supported portion 9 of
the transported article 6 in the fore and aft direction X. And the retraction
distance i1s one in which the distance between the pair of transported article
support portions 32 in the fore and aft direction X is broader, or greater, than
the width of the supported portion 9 of the transported article 6 in the fore
and aft direction X.

[0021]

Thus, by changing the distance between the pair of transported article
support portions 32 to the support distance as shown in Fig.3 with the pair of
transported article support portions 32 lowered to the transfer height, each of
the pair of transported article support portions 32 is inserted into the
inserting space 12 of the transported article 6 located at a transfer location,
and is thus moved to its support position directly below the supported portion
9. Also, by changing the distance between the pair of transported article
support portions 32 to the retraction distance as shown in Fig.4 with the pair
of transported article support portions 32 lowered to the transfer height, each
of the pair of transported article support portions 32 is moved out of the
inserting space 12 of the transported article 6 located at a transfer location,
and is thus moved to its retraction position in which the article support

portion 32 is retracted from the position directly below the supported portion 9.
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[0022]

As shown in Figs. 3-5, the support mechanism 23 includes the guiding
supporting portion 35 for guiding and supporting the transported article
support portions 32 for movement between the support positions and the
retracted positions, damper elements 36 which are elastically deformable in
the vertical direction and are located between the vertically movable member
31 and the guiding supporting portion 35 to bear, or receive, the load from (or
downward force exerted by) the guiding supporting portion 35, and horizontal
restriction members 37 for restricting or preventing horizontal movement of
the guiding supporting portion 35 relative to the vertically movable member
31. Each damper element 36 is an elastic member, such as a member made of
rubber. And the guiding supporting portion 35 and the damper elements 36
are installed within the vertically movable member 31.

[0023]

The guiding supporting portion 35 includes a base frame 39, linear rails
40 provided on the base frame 39 to extend along the fore and aft direction X,
guide members 41 which are guided along and supported by the linear rails 40
for movement along the fore and aft direction X, and connecting members 42
which connect the transported article support portions 32 to the guide
members 41. A pair of connecting members 42 are spaced apart from each
other in the fore and aft direction X to correspond to the respective
transported article support portions 32. And the guide members 41 for guiding
the transported article support portion 32 that corresponds to each of the pair
of connecting members 42 are supported by the corresponding connecting
member 42. Each connecting member 42 includes a shoulder portion 42a
which is connected to each of the corresponding guide members 41 and
extends horizontally, and an upper arm portion 42b which is bent downward
from the shoulder portion 42a and is connected to the transported article
support portion 32. In other words, the transported article support portions 32,
used as arms for grasping or holding the transported article 6, are formed to
be continuous with respective upper arm portions 41b by cutting out a piece
from each of the upper arm portions 41b that face each other.

[0024]

10
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As described above, the vertically movable member 31 is formed to have
a box shape, and contains within it at least a part of the guiding supporting
portion 35. In the present embodiment, the box-shaped vertically movable
member 31 contains within it the base frame 39, the linear rails 40, the guide
members 41, the shoulder portions 42a, and at least a part of of the upper arm
portions 42b. Holes 31h are formed in the bottom face portion 31la of the
vertically movable member 31. And a part of each upper arm portion 42b and
the transported article support portions 32 project downwardly from the holes
31h. Therefore, the transported article 6 is supported by the transported
article support portions 32 below the box-shaped vertically movable member
31.

[0025]

In addition, as shown in Fig. 5, the guiding supporting portion 35
includes a ball screw 34 meshed, or in threading engagement, with the
connecting members 42, and the support motor 33 which drivingly rotates the
ball screw 34. As the ball screw 34 is drivingly rotated by the support motor
33, the pair of transported article support portions 32 are moved closer to or
away from each other along the fore and aft direction X while the guide
members 41 are being guided by the linear rails 40. This arrangement allows
the distance between the pair of transported article support portions 32 to be

changed between the support distance and the retraction distance.

[0026]

Each horizontal restriction member 37 includes a linear shaft 37a
connected to the base frame 39, and a linear bush 37b connected to the bottom
face portion 31a of the vertically movable member 31. The linear shaft 37a is
fitted into the linear bush 37b for movement along the vertical direction. In
addition, the lower end portion of the linear shaft 37a contacts the linear bush
37b to prevent the linear shaft 37a from slipping upwardly out of the linear
bush 37b. The horizontal restriction members 37 connect the base frame 39 to
the bottom face portion 31la of the vertically movable member 31. The
horizontal restriction members 37 restrict or prevent the base frame 39 from
moving upwardly and away from the bottom face portion 31a by more than a
set distance, and also restrict or prevent the base frame 39 from moving

horizontally relative to the bottom face portion 31a.

11
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[0027]

Receiving portions 44, each of which receives and supports a damper
element 36, are provided to the bottom face portion 31la of the vertically
movable member 31. And received portions 45, each of which is located above
or upwardly of the corresponding receiving portion 44 and is received and
supported by respective damper elements 36, are provided to the base frame
39 of the guiding supporting portion 35. Each damper element 36 is disposed
between the receiving portion 44 of the bottom face portion 31a and the
received portion 45 of the base frame 39, and is in a compressed state from
receiving the load from (or downward force exerted by) the guiding supporting

portion 35, etc.

[0028]

Each damper element 36 is connected only to the receiving portion 44
among the receiving portion 44 and the received portion 45. In addition, these
receiving portions 44 are removably provided to the vertically movable
member 31 so that the damper elements 36 can be removed from the support
mechanism 23 together with the receiving portions 44 by removing the

receiving portions 44 from the support mechanism 23.

[0029]

As described above, by providing the damper elements 36, which are
elastically deformable in the vertical direction, between the vertically movable
member 31 and the guiding supporting portion 35, the transported article
support portions 32 are formed to be thin, or have a small dimension, in the
vertical direction, thus making it difficult, or less likely, for the transported
article support portions 32 to interfere with the supported portion 9 of the
transported article 6 while reducing vibration that may occur during a travel
of the travel portion 16 and vibration that may occur during a vertical
movement of the vertically movable member 31, and that are transmitted to

the transported article 6.

[0030]
[Alternative Embodiments]

12



10

15

20

25

30

35

(1) In the embodiment described above, the damper elements 36 and
the horizontal restriction members 37 are provided to reduce vertical
vibrations transmitted to the transported article support portions 32. However,
vertical and horizontal vibration transmitted to the transported article

support portions 32 may be reduced by providing only the damper elements 36.

[0031]

(2) In addition, although each horizontal restriction member 37 include
a linear shaft 37a and a linear bush 37b, the configuration of the horizontal
restriction members 37 may be changed suitably or as necessary. For example,
the horizontal restriction members 37 may be formed as restriction members
that project vertically from the bottom face portion 31a such that they are
located to either side of and in contact with the base frame 39 so that any
horizontal movement of the guiding supporting portion 35 relative to the
vertically movable member 31 is prevented because the base frame 39 is in
contact with the restricting members 39.

[0032]

(3) In the embodiment described above, the damper elements 36 are
provided in the compressed state; however, the damper elements 36 may be
provided in an expanded state. For example, the damper elements 36 may be
provided in the expanded state by means of upper connection portions
provided to the vertically movable member 31 and connected to upper portions
of the damper elements 36, and lower connection portions provided to the
guiding supporting portion 35 and located below corresponding upper
connection portions and connected to the lower portions of the damper
elements 36.

[0033]

(4) Also, in the embodiment described above, each damper element 36 is
of rubber material; however, the damper element 36 may be other elastic
member, such as a coil spring. The damper element 36 may also be an
attenuation, or damping, device, such as a shock absorber.

[0034]

13
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(5) In the embodiment described above, the receiving portions 44 are
arranged to be removable from the vertically movable member 31 so that
maintenance can be performed on the damper element 36 from an opening
created by removing the receiving portion 44. However, a lid which can be
opened and closed may be provided to a side face portion of the vertically
movable member 31 so that maintenance can be performed on the damper
element 36 through an opening made available by opening the lid.

[0035]

(6) In the embodiment described above, the article transport vehicle is a
ceiling, or overhead, transport vehicle 1 having the vertical movement support
portion below the travel rails 2. However, the article transport vehicle may be
a ceiling, or overhead, transport vehicle 1 having the vertical movement
support portion above the travel rails 2. In addition, the article transport
vehicle may be a on-floor transport vehicle which travels on the floor or on
travel rails 2 installed on the floor.

[0036]
Next, a brief summary is provided of the article transport facility

described above.

[0037]

An article transport vehicle in accordance with an embodiment
conceived in light of the points discussed above comprises a travel member
configured to travel along a travel path; a support unit for suspending and
supporting a transported article; a vertical movement actuator for vertically
moving the support unit relative to the travel member;

wherein the support unit includes a vertically movable portion which is
vertically moved by the vertical movement actuator, transported article
support portions for supporting a supported portion of the transported article,
one or more support actuators for moving the transported article support
portions between support positions and retracted positions,

wherein the support positions are positions in which the transported
article support portions are located directly below the supported portion, and
the retracted positions are positions in which the transported article support
portions are retracted from directly below the supported portion, and

14
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wherein the support unit further includes a guiding supporting portion
that supports the transported article support portions and movably guides the
transported article support portions to the support positions and to the
retracted positions, and a damper element which is disposed between the
vertically movable portion and the guiding supporting portion and receives
load from the guiding supporting portion including load from the transported
article support portions, and which is elastically deformable in a vertical
direction.

[0038]

With the arrangement described above, because the damper element is
located between the vertically movable portion and the guiding supporting
portion which supports the transported article support portions, vibration of
the vertically movable portion during a travel of the travel member and
vibrations of the vertically movable portion during a vertical movement of the
vertically movable portion are absorbed by the damper element; thus, any
vibration which may be transmitted to the transported article supported by
the transported article support portions can be reduced. Also, the damper
element is located between the vertically movable portion and the guiding
supporting portion and not on the top surfaces of the transported article
support portions as in, for example, Patent Document 1. As a result, the
thickness, or the vertical dimension, of the transported article support
portions can be made small compared with the case where damper elements
are provided on the top surfaces of the transported article support portions.
Thus, it can be made difficult, or less likely, for the transported article support
portions to interfere with the supported portion of the transported article
when the transported article support portions are moved from the retracted
positions to the support positions in order to support the supported portion of
the transported article with the transported article support portions. In other
words, by providing the damper element between the vertically movable
portion and the guiding supporting portion such that the damper element
receives the load from the guiding supporting portion, it can be made difficult,
or less likely, for the transported article support portions to interfere with the
supported portion of the transported article while reducing transmission of
vibration to the transported article, during a travel of the travel member or

during a vertical movement of the vertically movable portion.
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[0039]
It would be preferable if the transport vehicle further comprises a
horizontal restriction member which restricts a horizontal movement of the

guiding supporting portion relative to the vertically movable portion.

[0040]

With the arrangement described above, because the horizontal
restriction member restricts horizontal movement of the guiding supporting
portion relative to the vertically movable portion, it is difficult for the guiding
supporting portion, the transported article support portions, and an article
supported by the guiding supporting portions to move horizontally when
vertically moving the vertically movable portion to transfer the article, which
makes it easy to transfer the article to a proper position by the vertical

movement of the vertically movable portion.

[0041]

In addition, the vertically movable portion is preferably provided with
the receiving portion which receives and supports the damper element,
wherein the guiding supporting portion is preferably provided with the
received portion which is located above the receiving portion and is received
and supported by the damper element, and wherein the transported article
support portions are preferably located below the vertically movable portion.
For example, in one embodiment, the guiding supporting portion preferably
includes a base frame having a plate shape that extends horizontally, one or
more linear rails provided on the base frame to extend horizontally along the
base frame, guide members which are guided along and supported by the one
or more linear rails, connecting members each of which connects
corresponding one of the transported article support portions to corresponding
one of the guide members, wherein each of the connecting member preferably
has a shoulder portion which is connected to the corresponding one of the
guide members and which extends horizontally, an upper arm portion which
is bent downward from the shoulder portion and connected to the
corresponding one of the transported article support portions, wherein the
vertically movable member is preferably formed to have a box shape which

contains at least a portion of the guiding supporting portion, wherein each of
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the transported article support portions preferably projects downwardly from
a hole formed in a bottom face portion of the box-shaped vertically movable
member, and wherein the receiving portion is preferably provided to the
bottom face portion of the vertically movable member, and the received

portion is preferably provided to the base frame.

[0042]

With the arrangement described above, the damper element is provided
in a compressed state between the receiving portion of the vertically movable
portion and the received portion of the guiding supporting portion. As such,
since the strength by which the damper element is attached to the receiving
portion or to the received portion can be less compared with the case where
the damper element is provided in an expanded state between the receiving
portion of the vertically movable portion and the received portions of the
guiding supporting portion, which makes it easier to install the damper

element.

[0043]
And the receiving portion is preferably removably provided to the

vertically movable portion.

[0044]

With the arrangement described above, by removing the receiving
portion from the vertically movable portion, the area below the damper
element can be opened, or the damper element can be removed together with
the receiving portion that is being removed, which facilitates maintenance
work on the damper element, such as replacing the damper element, etc.

[Description of Reference Numerals]
[0045]
1 Ceiling Transport Vehicle (Article Transport Vehicle)
6 Transported Article
9 Supported Portion
16 Travel Portion (Travel Member)
23 Support Mechanism (Support Unit)
29 Vertical Movement Motor (Vertical Movement Actuator)

17



31
32
33
35
36
37
44
45

Vertically Movable Member (Vertically Movable Portion)
Transported Article Support Portion

Support Motor (Support Actuator)

Guiding Supporting Portion

Damper Element

Horizontal Restriction Member

Receiving Portion

Received Portion
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CLAIMS

1. An article transport vehicle comprising:
a travel member configured to travel along a travel path;

a support unit for suspending and supporting a transported article;

a vertical movement actuator for vertically moving the support unit relative to the travel

member;

wherein the support unit includes a vertically movable portion which is vertically moved
by the vertical movement actuator, transported article support portions for supporting a
supported portion of the transported article, one or more support actuators for moving
the transported article support portions between support positions and retracted
positions, and

further comprising a horizontal restriction member which restricts two opposite
movements of the guiding supporting portion relative to the vertically movable portion,

wherein the support positions are positions in which the transported article support
portions are located directly below the supported portion, and the retracted positions are
positions in which the transported article support portions are retracted from directly
below the supported portion,

wherein the support unit further includes the guiding supporting portion that supports the
transported article support portions and movably guides the transported article support
portions to the support positions and to the retracted positions, a horizontal restriction
member which restricts two opposite movements of the guiding supporting portion
relative to the vertically movable portion, and a damper element which is disposed
between the vertically movable portion and the guiding supporting portion and receives
load from the guiding supporting portion including load from the transported article
support portions, and which is elastically deformable in a vertical direction,

wherein the vertically movable portion is provided with a receiving portion which receives
and supports the damper element,
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wherein the guiding supporting portion is provided with a received portion which is
located above the receiving portion and is received and supported by the damper

element,

wherein the transported article support portions are located below the vertically movable
portion, and

wherein two horizontal restriction members are disposed between two damper elements.

2. The article transport vehicle as defined in claim 1, wherein
the guiding supporting portion includes a base frame having a plate shape that
extends horizontally, one or more linear rails provided on the base frame to extend
horizontally along the base frame, guide members which are guided along and
supported by the one or more linear rails, connecting members each of which
connects corresponding one of the transported article support portions to
corresponding one of the guide members,

wherein each of the connecting members has a shoulder portion which is connected
to the corresponding one of the guide members and which extends horizontally, an
upper arm portion which is bent downward from the shoulder portion and connected
to the corresponding one of the transported article support portions,

wherein a vertically movable member is formed to have a box shape which contains
at least a portion of the guiding supporting portion, wherein each of the transported
article support portions projects downwardly from a hole formed in a bottom face
portion of the box-shaped vertically movable member, and

wherein the receiving portion is provided to the bottom face portion of the vertically
movable member, and the received portion is provided to the base frame.

3. The article transport vehicle as defined in claim 2, wherein the receiving portion is
removably provided to the vertically movable portion.

4. The article transport vehicle as defined in claim 1, wherein the receiving portion is
removably provided to the vertically movable portion.

5. The article transport vehicle as defined in claim 1, wherein
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the vertically movable portion is provided with a receiving portion which receives and
supports the damper element,

wherein the transported article support portions are located below the vertically

movable portion.

6. The article transport vehicle as defined in claim 5, wherein
the guiding supporting portion includes a base frame having a plate shape that
extends horizontally, one or more linear rails provided on the base frame to extend
horizontally along the base frame, guide members which are guided along and
supported by the one or more linear rails, connecting members each of which
connects corresponding one of the transported article support portions to
corresponding one of the guide members,

wherein each of the connecting member-members has a shoulder portion which is
connected to the corresponding one of the guide members and which extends
horizontally, an upper arm portion which is bent downward from the shoulder portion
and connected to the corresponding one of the transported article support portions,

wherein a vertically movable member is formed to have a box shape which contains

at least a portion of the guiding supporting portion,

wherein each of the transported article support portions projects downwardly from a
hole formed in a bottom face portion of the box-shaped vertically movable member,
and

wherein the receiving portion is provided to the bottom face portion of the vertically
movable member, and the received portion is provided to the base frame.

7. The article transport vehicle as defined in claim 6, wherein the receiving portion is
removably provided to the vertically movable portion.

8. The article transport vehicle as defined in claim 5, wherein the receiving portion is
removably provided to the vertically movable portion.
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