DESCRIPTION
[Title of Invention] TRAVELING VEHICLE SYSTEM
Technical Field
[0001]

The present invention relates to a traveling vehicle
system.
Background Art
[0002]

In manufacturing factories such as semiconductor
manufacturing factories, a traveling vehicle system
conveying articles such as conveyance containers (front
opening unified pods (FOUPs) or reticle pods) housing
semiconductor wafers or reticles Dby using traveling
vehicles is used, for example. As this type of traveling
vehicle system, a system in which traveling vehicles
holding articles travel along a track laid on the ceiling
is known. To increase the variety of traveling routes of
the traveling vehicles, a configuration placing the track
in a grid shape to cause the traveling vehicles to travel
longitudinally and latitudinally has been developed.

[0003]

In the traveling vehicle system causing the traveling
vehicles to travel longitudinally and latitudinally, in a
configuration in which a container housing an article 1is
placed above the track together with a main body of a
traveling vehicle, when the article is loaded and unloaded
to and from a certain position below the track, the article
is required to be hoisted and lowered using a part in which
the track is absent or a gap between one part and another
part of the track, and thus limiting article
loading/unloading positions. Given these circumstances, a
traveling vehicle system enabling the traveling vehicle to

travel longitudinally and latitudinally along a grid-like



track with an article held Dbelow the track has been
developed (refer to Patent Literature 1).
[0004]

In the system holding an article below the track like
the traveling vehicle system in Patent Literature 1,
traveling wheels are placed above the track, whereas the
container for the article or the main body of the traveling
vehicle 1is provided below the track. Consequently, the
configuration is provided with a coupling member coupling
the traveling wheels and the container (or the main body)
to each other is provided across above and below the track.
When this configuration is implemented in a grid-like track,
a gap (a slit) to allow the coupling member to pass
therethrough 1is required at a crossing position of the
track. The traveling vehicle system in Patent Literature 1
has a partial track provided with a gap at the crossing
position of the track and dividing the track at the
crossing position by the gap. With the gap in a part of
the track, there is a possibility that the traveling wheels
of the traveling vehicle falls in the gap to give vibration
to the article, and thus this vibration is required to be
prevented. In the traveling vehicle system in Patent
Literature 1, a first auxiliary wheel and a second
auxiliary wheel are provided on the front and the rear in a
traveling direction of one traveling wheel to prevent the
traveling wheel from falling in the gap provided in a part
of the grid-like track.

[0005]

A traveling vehicle system placing auxiliary wheels
such that lower ends of the auxiliary wheels are higher
than lower ends of traveling wheels and providing an
auxiliary track with which the auxiliary wheels are 1in

contact when the traveling wheels are positioned on a gap



during traveling in a track to prevent the traveling wheels
from falling in the gap has been developed (refer to Patent
Literature 2).

Citation List

Patent Literature

[0006]

[Patent Literature 1] International Publication No.
2018/037762

[Patent Literature 2] Japanese Unexamined Patent
Application Publication No. 2012-116648
Summary of Invention
Technical Problem
[0007]

In the traveling vehicle system in Patent Literature 1,
to prevent the first auxiliary wheel and the second
auxiliary wheel from coming into contact with the track
when the traveling wheel is in contact with a traveling
face, lower ends of the first auxiliary wheel and the
second auxiliary wheel are placed to be higher than lower
ends of the traveling wheels. In this configuration,
falling of the traveling wheels in the gap can occur by the
amount corresponding to a difference between the lower ends
of the first auxiliary wheel and the second auxiliary wheel
and the lower ends of the traveling wheels.

[0008]

In the partial track described above, a traveling face
on which the traveling wheels travel may partially overlap
across a plurality of directions. Thus, in a configuration
in which the auxiliary track described in Patent Literature
2 is provided in the partial track, the traveling of the
traveling wheels is hindered.

[0009]

In view of the above circumstances, an object of the



present invention is to eliminate placement of an auxiliary
track or the like with which a lower end of an auxiliary
wheel is in contact in a partial track, while preventing a
traveling wheel from falling in a gap provided in a part of
a track.

Solution to Problem

[0010]

A traveling vehicle system according to an aspect of
the present invention 1s a traveling vehicle system
including a track and a traveling vehicle traveling along
the track, the track having a first gap, a partial track,
and a second gap 1in order along a traveling direction of
the traveling vehicle, the traveling vehicle having a drive
wheel rolling on a traveling face of the track, a first
auxiliary wheel being in non-contact with the traveling
face, placed on a rear side in the traveling direction of
the drive wheel, and having a relative position fixed in an
up-and-down direction with respect to the drive wheel, and
a second auxiliary wheel being in non-contact with the
traveling face, placed on a front side in the traveling
direction of the drive wheel, and having a relative
position fixed in the up-and-down direction with respect to
the drive wheel, a spacing between a rotation axis of the
drive wheel and a rotation axis of the first auxiliary
wheel 1in the traveling direction being a length of the
first gap in the traveling direction or more, and a spacing
between the rotation axis of the drive wheel and a rotation
axis o0of the second auxiliary wheel in the traveling
direction being a length of the second gap in the traveling
direction or more, the traveling vehicle system including a
first auxiliary track provided on a near side of the first
gap in the traveling direction, having a length in the

traveling direction at least the same as the length of the



first gap 1in the traveling direction, and with which a
lower end of the first auxiliary wheel is in contact while
a lower end of the drive wheel passes through the first gap
when the drive wheel enters the partial track, and a second
auxiliary track provided on a far side of the second gap in
the traveling direction, having a length in the traveling
direction at least the same as the length of the second gap
in the traveling direction, and with which a lower end of
the second auxiliary wheel is in contact while the lower
end of the drive wheel passes through the second gap when
the drive wheel leaves the partial track, the second
auxiliary track being absent at a position with which the
second auxiliary wheel 1s in contact while the first
auxiliary wheel is in contact with the first auxiliary
track, and the first auxiliary track being absent at a
position with which the first auxiliary wheel is in contact
while the second auxiliary wheel is 1in contact with the
second auxiliary track.

[0011]

The first auxiliary wheel and the second auxiliary
wheel may be placed deviated in a rotation axis direction
with respect to the drive wheel and provided such that
lower ends are at a first height higher than the lower end
of the drive wheel, and the first auxiliary track and the
second auxiliary track may have upper faces provided at
positions deviated from the traveling face of the track and
having a second height higher than the traveling face. The
first height and the second height may be the same or
substantially the same. Either or both of the first
auxiliary track and the second auxiliary track may be a
protrusion provided on the track. The first auxiliary
wheel and the second auxiliary wheel may be placed deviated

from each other in a rotation axis direction, and the first



auxiliary track and the second auxiliary track may be
placed deviated in the rotation axis direction in
accordance with the first auxiliary wheel and the second
auxiliary wheel, respectively.

[0012]

The first auxiliary track may Dbe placed such that
contact of the first auxiliary wheel starts when the lower
end of the drive wheel reaches the first gap, and the
second auxiliary track may be placed such that contact of
the second auxiliary wheel starts when the lower end of the
drive wheel reaches the second gap. The traveling vehicle
may include the drive wheel on each of a front side and a
rear side in the traveling direction, and a spacing in the
traveling direction between a lower end of the drive wheel
on the front side and a lower end of the drive wheel on the
rear side in the traveling direction may be set except for
a range from a length of the partial track in the traveling
direction to a length between an end of the first gap on
the near side and an end of the second gap on the far side
in the traveling direction. The traveling vehicle may
include a main body mounted on a coupling member vertically
hanging from the rotation axis of the drive wheel to be
positioned below the track, and both the first gap and the
second gap may be provided so as to enable the coupling
member to pass therethrough. The track may have a first
track provided along a first direction and a second track
provided along a second direction orthogonal to the first
direction, and the partial track may be placed at a
crossing part of the first track and the second track.
[0013]

In the traveling vehicle system of the present
invention, while the lower end of the drive wheel passes

through the first gap, the first auxiliary wheel is in



contact with the first auxiliary track, and the second
auxiliary wheel is in non-contact with the traveling face
of the track and the second auxiliary track, whereas while
the lower end of the drive wheel passes through the second
gap, the second auxiliary wheel 1is in contact with the
second auxiliary track, and the first auxiliary wheel is in
non-contact with the traveling face of the track and the
second auxiliary track, and thus placement of an auxiliary
track or the 1like with which the lower end of the first
auxiliary wheel or the second auxiliary wheel is in contact
can be eliminated in the partial track while preventing the
drive wheel from falling in the first gap or the second gap
by either of the first auxiliary wheel or the second
auxiliary wheel. Consequently, even when the traveling
face of the drive wheel 1in the partial track partially
overlaps in a plurality of directions, for example, the
auxiliary track or the like is not placed on the traveling
face, and thus the drive wheel can smoothly travel in the
partial track.

[0014]

In the configuration in which the first auxiliary
wheel and the second auxiliary wheel are placed deviated in
a rotation axis direction with respect to the drive wheel
and provided such that lower ends are at a first height
higher than the lower end of the drive wheel, and the first
auxiliary track and the second auxiliary track have upper
faces provided at positions deviated from the traveling
face of the track and having a second height higher than
the traveling face, the first auxiliary wheel and the
second auxiliary wheel are deviated in the rotation axis
direction with respect to the drive wheel, and in addition,
the first auxiliary track and the second auxiliary track

are deviated from the traveling face of the track, and thus



the first auxiliary track and the second auxiliary track
can easily be placed while preventing the drive wheel from
overriding the first auxiliary track and the second
auxiliary track.

[0015]

In the configuration in which the first height and the
second height are the same or substantially the same height,
the first height and the second height are the same or
substantially the same, and thus when the lower end of the
drive wheel passes through the first gap or the second gap,
the drive wheel can be prevented from moving up and down
from the height of the traveling face to maintain the
height of the drive wheel, whereby the drive wheel can be
prevented from shaking up and down to vibrate during
traveling.

[0016]

In the configuration in which either or both of the
first auxiliary track and the second auxiliary track are a
protrusion provided on the track, the first auxiliary track
and the second auxiliary track can be provided easily and
at a low cost.

[0017]

In the configuration in which the first auxiliary
wheel and the second auxiliary wheel are placed deviated
from each other in a rotation axis direction, and the first
auxiliary track and the second auxiliary track are placed
deviated in the rotation axis direction in accordance with
the first auxiliary wheel and the second auxiliary wheel,
respectively, the first auxiliary wheel and the second
auxiliary wheel are placed deviated in the rotation axis
direction, and the first auxiliary track and the second
auxiliary track are placed deviated in the rotation axis

direction, and thus the first auxiliary wheel is prevented



from being in contact with the second auxiliary track, the
second auxiliary wheel is prevented from being in contact
with the first auxiliary track, and resistance or vibration
during traveling can be prevented from occurring.

[0018]

In the configuration in which the first auxiliary
track is placed such that contact of the first auxiliary
wheel starts when the lower end of the drive wheel reaches
the first gap, and the second auxiliary track 1is placed
such that contact of the second auxiliary wheel starts when
the lower end of the drive wheel reaches the second gap,
contact of the first auxiliary wheel starts when the lower
end of the drive wheel reaches the first gap, or contact of
the second auxiliary wheel starts when the lower end of the
drive wheel reaches the second gap, and thus at the same
time or substantially the same time as the reaching of the
lower end of drive wheel to the first gap or the second gap,
the first auxiliary wheel or the second auxiliary wheel can
support the traveling vehicle, and in addition, the first
auxiliary track and the second auxiliary track can be set
to be short in the traveling direction.

[0019]

In the configuration in which the traveling vehicle
includes the drive wheel on each of a front side and a rear
side in the traveling direction, and a spacing in the
traveling direction between a lower end of the drive wheel
on the front side and a lower end of the drive wheel on the
rear side in the traveling direction is set except for a
range from a length of the partial track in the traveling
direction to a length between an end of the first gap on
the near side and an end of the second gap on the far side
in the traveling direction, the spacing between the drive

wheels on the front side and the rear side 1is set except



for the range from the length of the partial track to the
length between the end of the first gap on the near side
and the end of the second gap on the far side, and thus
even when the lower end of one drive wheel of the front
side and the rear side is passing through the first gap or
the second gap, the other drive wheel 1is in contact with
the traveling face of the track, and thus the traveling
driving force of the traveling vehicle can be prevented
from being interrupted.

[0020]

In the configuration in which the traveling vehicle
includes a main body mounted on a coupling member
vertically hanging from the rotation axis of the drive
wheel to be positioned below the track, and both the first
gap and the second gap are provided so as to enable the
coupling member to pass therethrough, the traveling vehicle
includes the main body via the coupling member, and the
coupling member can pass through the first gap and the
second gap, and thus using the first gap and the second gap,
a crossing part or a part changing the traveling direction
at a right angle or the like can be formed in a part of the
track.

[0021]

In the configuration in which the track has a first
track provided along a first direction and a second track
provided along a second direction orthogonal to the first
direction, and the partial track is placed at a crossing
part of the first track and the second track, since the
partial track is placed at the crossing part of the first
track and the second track, even when the traveling vehicle
travels along either of the first track or the second track,
the drive wheel can be prevented from coming into contact

with the first auxiliary track or the second auxiliary
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track when ©passing through the «c¢rossing part, and
unnecessary vibration can be prevented from occurring when
the traveling vehicle passes through the crossing part.
Brief Description of the Drawings

[0022]

Fig. 1 1is a diagram schematically illustrating an
example of a traveling vehicle system according to the
present embodiment.

Fig. 2 1is a perspective view illustrating an example
of the traveling vehicle system according to the present
embodiment.

Fig. 3 1is a top view 1illustrating an example of a
track.

Fig. 4 is a perspective view illustrating an example
of a traveling vehicle.

Fig. 5 1is a side wview of the traveling vehicle
illustrated in Fig. 4.

Figs. ©6(A) to 6(C) are diagrams illustrating an
example of a traveler: (A) 1is a side view; (B) 1s an
elevational view; and (C) is a top view.

Figs. 7(A) to 7(C) are diagrams illustrating a state
in which the traveler travels along the track.

Figs. 8(A) to 8(C) are diagrams illustrating a state
in which the traveler travels along the track.

Figs. 9(A) to 9(C) are diagrams illustrating a state
in which the traveler travels along the track.

Figs. 10(A) to 10(C) are diagrams illustrating a state
in which the traveler travels along the track.

Figs. 11(A) to 11(C) are diagrams illustrating a state
in which the traveler travels along the track.

Figs. 12(A) to 12(C) are diagrams illustrating a state
in which the traveler travels along the track.

Fig. 13 is a diagram illustrating an example of an

11



operation to change a traveling direction.
Description of Embodiments
[0023]

The following describes an embodiment of the present
invention with reference to the accompanying drawings.
However, the present invention 1s not limited to the
following description. To describe the embodiment, the
drawings are represented with a scale changed as
appropriate such as in a partially enlarged or emphasized
manner. In the drawings below, directions in the drawings
are described using an XYZ coordinate system. In this XYZ
coordinate system, a plane parallel to a horizontal plane
is defined as an XY plane. On this XY plane, a linear
direction, which 1is a traveling direction of a traveling
vehicle 1, 1is denoted by an X direction for the sake of
convenience, whereas a direction orthogonal to the X
direction is denoted by a Y direction. A direction
perpendicular to the XY plane is denoted by a Z direction.
Each of the X direction, the Y direction, and the Z
direction 1is described with the arrow direction in the
drawings as a + direction and with the direction opposite
to the arrow direction as a - direction. A rotational
direction with the Y direction as an axis is denoted by a
BY direction. A rotational direction with the Z direction
as an axis 1s denoted by a 6Z direction. The traveling
vehicle 1 may travel in the Y direction apart from
traveling in the X direction. The traveling vehicle 1 can
travel 1in other than the linear direction and may travel
along a track with a curvilinear shape in a plan view, for
example.

[0024]
Fig. 1 1is a diagram schematically illustrating an

example of a traveling vehicle system SYS according to the
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present embodiment. Fig. 2 1s a ©perspective view
illustrating an example of the traveling vehicle system SYS
according to the present embodiment. Fig. 3 is a top view
illustrating an example of a track R viewed from the +Z
direction. Fig. 3 illustrates part of the track R.

[0025]

As 1illustrated in Fig. 1 and Fig. 2, the traveling
vehicle system SYS includes the track R and the traveling
vehicle 1 traveling along the track R. The traveling
vehicle system SYS is a system to convey an article M by
the traveling vehicle 1 in a clean room of a semiconductor
manufacturing factory, for example. The traveling vehicle
1 conveys the article M (refer to Fig. 5) such as a front
opening unified pod (FOUP) housing semiconductor wafers or
a reticle pod housing reticles. In the traveling vehicle
system SYS, the traveling vehicle 1 moves along the grid-
like track R to convey the article M. In the traveling
vehicle system SYS, a plurality of traveling vehicles 1 may
be used. The traveling vehicles 1 convey the article ¥,
thereby enabling high-density conveyance, and the
conveyance efficiency of the article M can be improved.
The traveling vehicle system SYS can be used for equipment
of other than the field of semiconductor device
manufacturing.

[0026]

As illustrated in Fig. 2 and Fig. 3, the track R is a
grid-like track installed so as to form a grid shape in a
plan view. The grid-like track is one aspect of the track
R. The track R is laid on the ceiling (not illustrated) of
a building such as a clean room or near the ceiling.

[0027]
The track R has a first track R1, a second track R2Z,

and a partial track R3. The first track Rl is provided
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along the X direction (a first direction). The second
track R2 1is provided along the Y direction (a second
direction). In the present embodiment, a plurality of
first tracks R1 and a plurality of second tracks R2 are
provided along directions orthogonal to each other but are
provided so as not to directly cross each other. The
partial track R3 1is placed at a crossing part at which the
first track Rl and the second track R2 cross each other.
[0028]

The first tracks Rl and the second tracks R2 are
provided along the directions orthogonal to each other,
whereby the track R is in a state in which grid-like cells
C (sections) are adjacent to each other in a plan view.
The traveling vehicle 1 is formed in dimensions housed in
one cell C in a plan view (refer to Fig. 2). With this
configuration, one traveling vwvehicle 1 can pass another
traveling vehicle 1 traveling along an adjacent track R,
and thus when the traveling vehicles 1 are placed in the
track R, a range in which each traveling vehicle 1 can
travel without interfering with another traveling vehicle 1
can be widened.

[0029]

The first track R1, the second track R2, and the
partial track R3 are provided hung from the ceiling via a
hanging member N. (refer to Fig. 2). The hanging member N
has a first part N1 to hang the first track R1l, a second
part N2 to hang the second track R2Z2, and a third part N3 to
hang the partial track R3. First parts N1 and second parts
N2 are each provided at two places across the third part N3.
The first track R1l, the second track R2, and the partial
track R3 are provided along the same or substantially the
same horizontal plane (the XY plane).

[0030]

14



The track R includes a first gap D1, the partial track
R3, and a second gap D2 in order along the traveling
direction of the traveling vehicle 1 (refer to Fig. 1).
The first gap D1 is provided on an opposite side (may also
be referred to as a near side or a rear side) to the
traveling direction of the traveling vehicle 1 with respect
to the partial track R3. The second gap D2 is provided on
a traveling direction side (may also be referred to as a
far side or a front side) of the traveling vehicle 1 with
respect to the partial track R3. The first gap D1 and the
second gap D2 are the same gap; when the first gap D1 and
the second gap D2 are not discriminated from each other,
they are represented as a gap D as appropriate.

[0031]

The first gap D1 and the second gap D2 are provided
between the first track Rl and the partial track R3 or
between the second track R2 and the partial track R3 (refer
to Fig. 2). The first gap D1 and the second gap D2 are
parts through which a coupler 30 described below as part of
the traveling vehicle 1 passes when the traveling wvehicle 1
travels along the first track R1 to cross the second track
R2 or when the traveling vehicle 1 travels along the second
track R2 to cross the first track RI. Consequently, both
the first gap D1 and the second gap D2 are provided in a
certain size (spacing) enabling the coupler 30 to pass
therethrough. In the case of the configuration in which
the coupler 30 can pass through both the first gap D1 and
the second gap D2, as will be described below in Fig. 13(A)
to 13(C), the first gap D1 and the second gap D2 are used,
whereby a connection member 32 of the coupler 30 can be
turned, and thus a part in which the traveling direction of
the traveling vehicle 1 can be changed can be formed in the

grid-like track. The first gap D1 and the second gap D2
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will further be described below.

[0032] The first track R1l, the second track R2, and the
partial track R3 have traveling faces (upper faces) Rla,
R2a, and R3a, respectively, on which a drive wheel 21
described below travels (refer to Fig. 2 and Fig. 3). The
first track R1 and the second track R2 are formed with two
traveling faces Rla and R2a, respectively, adjacent to each
other. The traveling faces Rla, R2a, and R3a are provided
along the same or substantially the same horizontal plane
(the XY plane).

[0033]

The first track Rl and the second track R2 are
provided with first auxiliary tracks Pl with which a first
auxiliary wheel W1l described below is in contact and second
auxiliary tracks P2 with which a second auxiliary wheel W2
is in contact, respectively (refer to Fig. 3). A first
auxiliary track Pl and a second auxiliary track P2 are
formed so as to be paired. The first track Rl is provided
with a pair of the first auxiliary track Pl and the second
auxiliary track P2 on each of the +Y side and the -Y side
of the first track RI. The second track R2 1is provided
with a pair of the first auxiliary track Pl and the second
auxiliary track P2 on each of the +X side and the -X side
of the second track R2. As illustrated in Fig. 3, on each
of the +Y side and the -Y side of the first track R1, the
first auxiliary track Pl is provided at an end of the first
track R1 on the +X side, the second auxiliary track P2 1is
provided at an end of the first track Rl on the -X side,
and each first auxiliary track Pl is provided on the +X
side of the second auxiliary track P2 as a pair, for
example. On each of the +X side and the -X side of the
second track R2, the first auxiliary track Pl is provided

at an end of the second track R2 on the +Y side, the second
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auxiliary track P2 1is provided at an end of the second
track R2 on the -Y side, and each first auxiliary track P1
is provided on the +Y side of the second auxiliary track P2
as a pair. The first auxiliary track Pl and the second
auxiliary track P2 have traveling faces (upper faces) R4a
and Rb5a (refer to Fig. 1) with which the first auxiliary
wheel W1 and the second auxiliary wheel W2 are in contact,
respectively. The traveling face R4a of the first
auxiliary track Pl and the traveling face Rba of the second
auxiliary track P2 are formed so as to be a second height
L2 higher than the traveling faces Rla and R2a of the drive
wheel 21. The second height L2 is set to be a few hundred
micrometers to a few millimeters, for example. The
traveling face R4a of the first auxiliary track Pl and the
traveling face Rba of the second auxiliary track P2 may be
different from each other in height with respect to the
traveling faces Rla and R2a of the drive wheel 21. The
configuration of the first auxiliary track Pl and the
second auxiliary track P2 illustrated in Fig. 3 1s an
example and may be another configuration. In the first
track R1, the first auxiliary track Pl may be provided on
the -Y side of the second auxiliary track P2 as a pair,
whereas in the second track R2, the first auxiliary track
Pl may be provided on the +X side of the second auxiliary
track P2 as a pair, for example.

[0034]

The first auxiliary track Pl and the second auxiliary
track P2 are each a protrusion provided on the track R
(refer to Fig. 1). The first auxiliary track Pl and the
second auxiliary track P2 are each a protrusion protruding
in the +Z direction with respect to an upper face (a face
on the +Z side) of the track R. The shapes of the first

auxiliary track Pl and the second auxiliary track P2 are
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each rectangular in a plan view. The first auxiliary track
Pl and the second auxiliary track P2 may be formed by
mounting members on the track R or be formed integrally
with the track R. In the case of the configuration in
which the first auxiliary track Pl and the second auxiliary
track P2 are made to the protrusions by causing part of the
track R to protrude, there is no need to provide the first
auxiliary track Pl and the second auxiliary track P2 apart
from the track R, and thus the configuration of the
apparatus can be made easy. When either or both of the
first auxiliary track Pl and the second auxiliary track P2
are the protrusions provided on the track R, the first
auxiliary track Pl and the second auxiliary track P2 can be
provided easily and at a low cost. The shapes of the first
auxiliary track Pl and the second auxiliary track P2 are
each any shape; the shapes of the first auxiliary track Pl
and the second auxiliary track P2 may be a shape in which
an end on a side that the first auxiliary wheel W1l and the
second auxiliary wheel W2 enter has a slope or a shape
having a guide limiting movement of the first auxiliary
wheel W1 and the second auxiliary wheel W2 in a direction
orthogonal to their traveling direction, for example.

[0035]

The configuration in which the partial track R3 1is
placed at the crossing part of the first track R1 and the
second track RZ2 includes a case in which the traveling
vehicle 1 enters and passes through the partial track R3 in
the X direction from the first track R1 and a case in which
the traveling wvehicle 1 enters and passes through the
partial track R3 in the Y direction from the second track
R2, and thus in the partial track R3, the traveling face
R3a on which the drive wheel 21 of the traveling vehicle 1

travels partially overlaps in a plurality of directions, or
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the X direction and the Y direction. Thus, the
configuration in which the first auxiliary track Pl and the
second auxiliary track P2 are provided in the partial track
R3 hinders the traveling of the traveling vehicle 1. Thus,
in the present embodiment, neither the first auxiliary
track Pl nor the second auxiliary track P2 is provided on
the partial track R3. 1In the case of the configuration in
which neither the first auxiliary track Pl nor the second
auxiliary track P2 is provided on the partial track R3,
even when the traveling face R3a of the drive wheel 21 in
the partial track R3 partially overlaps in a plurality of
directions, the first auxiliary track Pl or the second
auxiliary track P2 is not placed on its traveling face R3a,
and thus the drive wheel 21 can smoothly travel in the
partial track R3.

[0036]

As described above, in the present embodiment, the
track R has the first track Rl provided along the first
direction and the second track R2 provided along the second
direction orthogonal to the first direction, and the
partial track R3 1is placed at the crossing part of the
first track R1 and the second track R2. In the case of
this configuration, since the partial track R3 provided
with neither the first auxiliary track Pl nor the second
auxiliary track P2 is placed at the crossing part of the
first track Rl and the second track R2, even when the
traveling vehicle 1 travels along either of the first track
R1 or the second track R2, the drive wheel 21 can be
prevented from coming into contact with the first auxiliary
track Pl or the second auxiliary track P2 when passing
through the crossing part, and unnecessary vibration can be
prevented from occurring when the traveling vehicle 1

passes through the crossing part.
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[0037]

The traveling vehicle 1 will be described. Fig. 4 is
a perspective view illustrating an example of the traveling
vehicle. Fig. 5 1is a side view viewing the traveling
vehicle illustrated in Fig. 4 from the -Y direction. The
traveling wvehicle 1 has a main body 10, travelers 20,
couplers 30 (coupling members), and a controller 50 (refer
to Fig. 5). The controller 50 collectively controls
operations of the respective parts of the traveling vehicle
1. The controller 50 may be provided in the main body 10
or provided outside the main body 10. The main body 10 is
placed below (on the -Z side of) the track R. The main
body 10 is mounted on the couplers 30 vertically hanging
from a rotation axis AX3 of the drive wheel 21 to be placed
below the track R. The main body 10 1is formed in a
rectangular shape, for example, in a plan view. The main
body 10 is formed in dimensions housed in one cell C in the
grid-like track R in a plan view (refer to Fig. 2). 1In the
case of this configuration, space in which one traveling
vehicle 1 passes another traveling vehicle 1 traveling

along an adjacent first track Rl or second track R2 is

ensured. The main body 10 includes an upper unit 17 and a
transfer apparatus 18. The upper unit 17 is hung on the
travelers 20 via the couplers 30. The upper unit 17 1is

rectangular in a plan view, for example, and has four
corner parts in an upper face 17a (refer to Fig. 4).

[0038] The transfer apparatus 18 is provided below the
upper unit 17. The transfer apparatus 18 holds the article
M and performs reception and delivery of the article M
between itself and a certain position below the track R.
The transfer apparatus 18 performs reception and delivery
of the article M between itself and a shelf part or a

carry-in/carry-out part of a storage apparatus or a carry-
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in/carry-out part or the like of a processing apparatus or
the 1like, for example. The transfer apparatus 18 can
rotate about a rotation axis AX1l in a vertical direction
(refer to Fig. 5). The transfer apparatus 18 has an
article holder 13 holding the article M, a hoisting-and-
lowering driver 14 hoisting and lowering the article holder
13 in the wvertical direction, a lateral mover 11 moving the
hoisting-and-lowering driver 14, and a rotator 12 holding
the lateral mover 11. The article holder 13 grasps a
flange part Ma of the article M to hang and hold the
article M. The article holder 13 is a chuck having a
horizontally movable hook part 13a, for example, causes the
hook part 13a to enter below the flange part Ma of the
article M, and hoists the article holder 13 to hold the
article M. The article holder 13 is connected to a hanging
member 13b such as a wire or a belt.

[0039]

The hoisting-and-lowering driver 14 1is a hoist, for
example, draws out the hanging member 13b to lower the
article holder 13, and winds up the hanging member 13b to
hoist the article holder 13. The hoisting-and-lowering
driver 14 is controlled by the controller 50 to lower or
hoist the article holder 13 at a certain speed. The
hoisting-and-lowering driver 14 1s controlled by the

controller 50 to hold the article holder 13 at a target

height. The lateral mover 11 has a plurality of movable
plates placed stacked in the Z direction, for example. The
movable plates are movable in the Y direction. The

hoisting-and-lowering driver 14 is mounted on a lowermost
movable plate. As indicated by the two-dotted dashed lines
in Fig. 5, the lateral mover 11 moves the movable plates by
a drive apparatus (not illustrated) and can thus laterally

move the hoisting-and-lowering driver 14 mounted on the
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lowermost movable plate and the article holder 13.
[0040]

The rotator 12 is provided between the lateral mover
11 and the upper unit 17. The rotator 12 has a rotating
member 12a and a rotational driver 12b. The rotating
member 12a is provided rotatably in a direction about a Z
axis. The rotating member 12a supports the lateral mover
11. The rotational driver 12b, for which an electric motor
or the like is used, rotates the rotating member 12a in a
direction about the rotation axis AXI. The rotator 12
rotates the rotating member 12a through driving force from
the rotational driver 12b and can thus rotate the lateral
mover 11 (the hoisting-and-lowering driver 14 and the
article holder 13) in the direction about the rotation axis
AX1.

[0041]

As illustrated in Fig. 4 and Fig. 5, the traveling
vehicle 1 may be provided with a cover W so as to surround
the transfer apparatus 18 and the article M held by the
transfer apparatus 18. The cover W has a tubular shape
with a lower end open with a part through which the movable
plates of the lateral mover 11 protrude notched. The cover
W, the upper end of which is mounted on the rotating member
12a of the rotator 12, rotates about an axis of the
rotation axis AX1l along with the rotation of the rotating
member 12a.

[0042]

A traveler 20 has the drive wheel 21, the first
auxiliary wheel W1, and the second auxiliary wheel W2
(refer to Fig. 5). The travelers 20 are placed at the four
respective corner parts of the upper face 17a of the upper
unit 17 (the main body 10) (refer to Fig. 4). In the

present embodiment, the four travelers 20 have the same
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configuration. That is, the traveling vehicle 1 includes a
total of four travelers 20 (drive wheels 21, first
auxiliary wheels W1, and second auxiliary wheels W2), with
two each on the front side and the rear side in the
traveling direction. The drive wheel 21 of each traveler
20 1s a drive wheel rotationally driven by the driving
force of a traveling driver 33 described below. Without
being limited to the configuration in which all the four
drive wheels 21 are driven by the driving force of the
traveling driver 33, part of the four drive wheels 21 may
be rotationally driven. That 1is, part of the four drive
wheels 21 may be a driven wheel. Fach traveler 20 1is
provided turnably in the 6Z direction about a turning axis
AX2 (refer to Fig. 4). FEach traveler 20 turns in the 6%
direction by a steerer 34 described below, and consequently,

the traveling vehicle 1 can change the traveling direction.

[0043] Figs. 6(A) to 6(C) are diagrams illustrating an
example of the traveler 20. Fig. 6(A) 1s a side view
viewed from the -Y direction. Fig. 6(B) 1is an elevational
view viewed from the +X direction. Fig. 6(C) is a top view

viewed from the +7Z direction.
[0044]

The drive wheel 21, the first auxiliary wheel Wl, and
the second auxiliary wheel W2 are mounted on rotation axes
AX3, AX4, and AX5, respectively, connected to a support
member 31 of the coupler 30 described below (refer to Fig.
6(C)). The rotation axes AX3, AX4, and AX5 are each
provided 1in a direction parallel to the XY plane and
orthogonal to the traveling direction of the traveling
vehicle 1.

[0045]
The drive wheel 21 rolls on the traveling faces Rla,

R2a, and R3a of the first track R1l, the second track R2,
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and the partial track R3, respectively, in the track R to
cause the traveling vehicle 1 to travel. The dimensions of
the diameter and the thickness in the direction orthogonal
to the traveling direction of the drive wheel 21 are not
limited and can be set to any ones. The drive wheel 21 may
be subjected to skid-proofing such as sticking of rubber or
the like on its circumferential face to be in contact with
the track R. The drive wheel 21 illustrated in Figs. 6(A)
to 6(C) 1is an example and may be another configuration.
Two or more drive wheels 21 may be provided in one traveler
20, for example.

[0046]

A lower end of the drive wheel 21 on the front side
and a lower end of the drive wheel 21 on the rear side are
provided such that the lower end of the drive wheel 21 on
the front side and the lower end of the drive wheel 21 on
the rear side do not simultaneously pass through the gap D;
in the present embodiment, a spacing L3 between the lower
end of the drive wheel 21 on the front side in the
traveling direction and the lower end of the drive wheel 21
on the rear side in the traveling direction is set except
for a range from a length L4 of the partial track R3 in the
traveling direction to a length L5 between an end of the
first gap D1 on the near side to an end of the second gap
D2 on the far side in the traveling direction (refer to Fig.
3). In the case of this configuration, even when the lower
end of one drive wheel 21 of the front side and the rear
side is passing through the first gap D1 or the second gap
D2, the other drive wheel 21 is in contact with any of the
traveling faces Rla, R2a, and R3a of the track R, and thus
the traveling driving force of the traveling vehicle 1 can
be prevented from being interrupted.

[0047]
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The first auxiliary wheel Wl is placed on the rear
side in the traveling direction of the drive wheel 21. The
second auxiliary wheel W2 is placed on the front side in
the traveling direction of the drive wheel 21 (refer to Fig.
6(A)). The first auxiliary wheel Wl and the second
auxiliary wheel W2 are placed such that each part of them
overlaps with the drive wheel 21 when viewed 1in the
direction orthogonal to the traveling direction (from the Y
direction in Fig. 6). In the case of this configuration,
the traveler 20 can be made compact. The first auxiliary
wheel W1 and the second auxiliary wheel W2 are placed
symmetrically about a center 1line Cl in the wvertical
direction in the drive wheel 21.

[0048]

The diameters of the first auxiliary wheel Wl and the
second auxiliary wheel W2 are smaller than the diameter of
the drive wheel 21. 1In the case of this configuration, the
total length of the traveler 20 can be shortened, and in
addition, a rotational radius when the traveler 20 is
turned in the 67 direction can be reduced. In the first
auxiliary wheel W1l and the second auxiliary wheel W2, the
dimension of the thickness in the direction orthogonal to
the traveling direction is smaller than the dimension of
the thickness of the drive wheel 21. In the case of this
configuration, the track R and the traveler 20 can be made
compact. In the present embodiment, the dimensions of the
diameters and the thicknesses of the first auxiliary wheel
Wl and the second auxiliary wheel W2 are each set to be the
same. In the case of this configuration, components for
the first auxiliary wheel W1 and the second auxiliary wheel
W2 can be made common, and thus apparatus costs can be
reduced.

[0049]

25



The diameters and the widths of the first auxiliary
wheel Wl and the second auxiliary wheel W2 may be different
from each other. The first auxiliary wheel Wl and the
second auxiliary wheel W2 may be subjected to treatment to
reduce friction on their circumferential faces to be in
contact with the track R. In the <case of this
configuration, a friction coefficient with respect to the
track R is reduced, and thus a reduction in a traveling
speed of the traveling vehicle 1 can be reduced. The first
auxiliary wheel Wl and the second auxiliary wheel W2
illustrated in Fig. 6 are an example and may be another
configuration. One or both of the first auxiliary wheel Wl
and the second auxiliary wheel W2 may include two or more
wheels or use a wheel having a tapered shape with respect
to the rotation axis direction, for example.

[0050]

In the present embodiment, a spacing L7 between the
rotation axis AX3 of the drive wheel 21 and the rotation
axis AX4 of the first auxiliary wheel Wl in the traveling
direction is set to be a length L8 of the first gap D1 in
the traveling direction or more (refer to Fig. 1). In the
case of this configuration, the first auxiliary track Pl is
used, whereby the drive wheel 21 can be prevented from
falling in the first gap DI1. A spacing L9 between the
rotation axis AX3 of the drive wheel 21 and the rotation
axis AX5 of the second auxiliary wheel W2 in the traveling
direction is set to be a length L10 of the second gap D2 in
the traveling direction or more (refer to Fig. 1). In the
case of this configuration, the second auxiliary track P2
is used, whereby the drive wheel 21 can be prevented from
falling in the second gap D2.

[0051]

The relative positions of the first auxiliary wheel W1
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and the second auxiliary wheel W2 in an up-and-down
direction (the Z direction) with respect to the drive wheel
21 are each fixed. The first auxiliary wheel W1l and the
second auxiliary wheel W2 are each placed at a position in
non-contact with the traveling faces Rla, R2a, and R3a of
the first track R1l, the second track R2, and the partial
track R3, respectively. Lower ends of the first auxiliary
wheel W1 and the second auxiliary wheel W2 are each placed
at a position higher than the lower end of the drive wheel
21. The first auxiliary wheel W1l is provided such that the
lower end of the first auxiliary wheel Wl in the vertical
direction is a height in contact with the traveling face
R4a of the first auxiliary track Pl. The second auxiliary
wheel W2 is provided such that the lower end of the second
auxiliary wheel W2 in the vertical direction is a height in
contact with the traveling face Rb5a of the second auxiliary
track P2 (refer to Fig. 1).

[0052]

The first auxiliary wheel W1l and the second auxiliary
wheel W2 are placed such that the lower end of the first
auxiliary wheel Wl and the lower end of the second
auxiliary wheel W2 are each higher than the lower end of
the drive wheel 21 by a first height L1 (refer to Fig.
6(A)). During traveling by the drive wheel 21, when the
first auxiliary wheel W1 and the second auxiliary wheel W2
come 1into contact with the traveling faces R4a and Rb5a,
there is a risk that the wheel pressure of the drive wheel
21 may not transmit to the traveling face Rla; in the case
of this configuration, during traveling by the drive wheel
21, when the drive wheel 21 does not pass through the first
gap D1 or the second gap D2, the drive wheel 21 is 1in
contact with the traveling face Rla, whereas both the first

auxiliary wheel W1l and the second auxiliary wheel W2 are
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not in contact with the traveling faces R4a and Rb5a, and
thus the wheel pressure of the drive wheel 21 can be
prevented from not transmitting to the traveling face Rla.
The first height L1 is set to be a few hundred micrometers
to a few millimeters, for example. The height of the lower
end of the first auxiliary wheel Wl and the height of the
lower end of the second auxiliary wheel W2 may be different
from each other.

[0053]

In the present embodiment, the first height L1 and the
second height L2 are set to be the same or substantially
the same. In the case of this configuration, when the
lower end of the drive wheel 21 passes through the first
gap D1 or the second gap D2, the lower end of the drive
wheel 21 can be prevented from moving up and down from the
height of the traveling faces Rla, R2a, and R3a to maintain
the height of the drive wheel 21, whereby the traveling
vehicle 1 can be prevented from shaking up and down to
vibrate during traveling.

[0054]

The first auxiliary wheel W1l and the second auxiliary
wheel W2 are each placed deviated in their rotation axes
AX4 and AXS5 direction (the direction orthogonal to the
traveling direction) with respect to the drive wheel 21,
and the first auxiliary wheel W1l and the second auxiliary
wheel W2 are placed deviated from each other in their
rotation axes AX4 and AX5 direction (refer to Fig. 6(B)).
The first auxiliary track Pl and the second auxiliary track
P2, in accordance with the first auxiliary wheel W1l and the
second auxiliary wheel W2, respectively, are placed
deviated 1in a rotation axis AX3 direction of the drive
wheel 21 (the direction orthogonal to the traveling

direction) with respect to the traveling faces Rla and R2a
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of the drive wheel 21, and the first auxiliary track Pl and
the second auxiliary track P2 are placed deviated from each
other in the rotation axes AX4 and AX5 direction of the
first auxiliary wheel Wl and the second auxiliary wheel W2.
In the present embodiment, the first auxiliary wheel Wl and
the second auxiliary wheel W2 are each placed deviated in
an outside direction of the track R with respect to the
drive wheel 21 (refer to Fig. 6(B)). In the case of this
configuration, the drive wheel 21 1is placed in an inside
direction of the track R, and thus the drive wheel 21 can
be prevented from falling in the direction orthogonal to
the traveling direction out of the track R. The first
auxiliary wheel Wl and the second auxiliary wheel W2 may
each be placed deviated in the inside direction of the
track R with respect to the drive wheel 21, or the drive
wheel 21 may be placed at a position between the first
auxiliary wheel W1 and the second auxiliary wheel W2 in the
direction orthogonal to the traveling direction.

[0055]

Thus, in the configuration in which the first
auxiliary wheel W1l and the second auxiliary wheel W2 are
placed deviated from each other in their rotation axes AX4
and AX5 direction, and the first auxiliary track Pl and the
second auxiliary track P2, in accordance with the first
auxiliary wheel W1l and the second auxiliary wheel W2,
respectively, are placed deviated in their rotation axes
AX4 and AXS5 direction, the first auxiliary wheel W1l is
prevented from coming 1into contact with the second
auxiliary track P2, the second auxiliary wheel W2 1is
prevented from coming into contact with the first auxiliary
track PI, and thus resistance and vibration during
traveling can be prevented from occurring.

[0056]

29



In the configuration in which the first auxiliary
wheel W1 and the second auxiliary wheel W2 are placed
deviated in their rotation axes AX4 and AX5 direction with
respect to the drive wheel 21 and provided such that their
lower ends have the first height L1 higher than the lower
end of the drive wheel 21, and the first auxiliary track P1
and the second auxiliary track P2 have the upper faces
provided at the positions deviated from the traveling faces
Rla and R2a of the drive wheel 21 and having the second
height L2 higher than the traveling faces Rla and R2a, the
first auxiliary track Pl and the second auxiliary track P2
can easily be placed while preventing the drive wheel 21
from overriding the first auxiliary track Pl and the second
auxiliary track P2.

[0057]

The first auxiliary track Pl and the second auxiliary
track P2 are formed so as to correspond to the
configurations of the first auxiliary wheel W1l and the
second auxiliary wheel W2, respectively. The first
auxiliary track Pl 1is provided on the near side of the
first gap D1 in the traveling direction. The first
auxiliary track Pl is provided such that the lower end of
the first auxiliary wheel Wl is in contact therewith while
the lower end of the drive wheel 21 passes through the
first gap D1 when the drive wheel 21 enters the partial
track R3 (refer to Fig. 1). The first auxiliary track Pl
has a length L12 in the traveling direction at least the
same as the length L8 of the first gap D1 in the traveling
direction. As the length of the first auxiliary track Pl
is shorter, contact between the first auxiliary track Pl
and the first auxiliary wheel Wl is more reduced, and thus
the generation of particles caused by the contact can be

reduced. The length L12 may be set to be about a few tens
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of millimeters longer than the length L8, for example.
[0058]

In the present embodiment, the first auxiliary track
Pl is provided so as to be absent at a position with which
the first auxiliary wheel Wl is in contact while the second
auxiliary wheel W2 is in contact with the second auxiliary
track P2. With this configuration, unnecessary contact
between the first auxiliary track Pl and the first
auxiliary wheel Wl can be prevented.

[0059]

The second auxiliary track P2 is provided on the far
side of the second gap D2 in the traveling direction. The
second auxiliary track P2 is provided such that the lower
end of the second auxiliary wheel W2 is 1in contact
therewith while the lower end of the drive wheel 21 passes
through the second gap D2 when the drive wheel 21 leaves
the partial track R3. The second auxiliary track P2 has a
length L13 in the traveling direction at least the same as
the 1length L10 of the second gap D2 in the traveling
direction. As the length of the second auxiliary track P2
is shorter, contact between the second auxiliary track P2
and the second auxiliary wheel W2 is more reduced, and thus
the generation of particles caused by the contact can be
reduced. The length L13 may be set to be about a few tens
of millimeters longer than the length L10, for example.
[0060]

In the present embodiment, the second auxiliary track
P2 is provided so as to be absent at a position with which
second auxiliary wheel W2 1is 1in contact while the first
auxiliary wheel Wl is in contact with the first auxiliary
track PIL. With this configuration, unnecessary contact
between the second auxiliary track P2 and the second

auxiliary wheel W2 can be prevented.
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[0061]

In the present embodiment, the first auxiliary track
Pl is placed such that contact of the first auxiliary wheel
Wl starts when the lower end of the drive wheel 21 reaches
the first gap D1, and the second auxiliary track P2 is
provided such that contact of the second auxiliary wheel W2
starts when the lower end of the drive wheel 21 reaches the
second gap D2. In the case of this configuration, at the
same time or substantially the same time as the reaching of
the lower end of drive wheel 21 to the first gap D1 or the
second gap D2, the first auxiliary wheel Wl or the second
auxiliary wheel W2 can support the traveling vehicle 1, and
in addition, the first auxiliary track Pl and the second
auxiliary track P2 can be set to be short in the traveling
direction.

[0062]

Fig. 7 to Fig. 12 are diagrams illustrating examples
of states in which the traveler 20 travels along the track
R. In each diagram of Fig. 7 to Fig. 12, (A) 1is a side
view viewing the traveler 20 on the front side 1in the
traveling direction from the -Y direction, and (B) is a top
view of (A) viewed from the +72 direction. (C) is a top
view viewing the travelers 20 on the front side and the
rear side in the traveling direction from the +Z direction.
[0063]

The state illustrated in Figs. 7(A) to 7(C) is a state
in which the traveling vehicle 1 travels along the first
track R1 toward the first gap D1, and the traveler 20 is
positioned on the near side of the first gap DI. At the
moment of this state, the lower end of the drive wheel 21
is in contact with the traveling face Rla. The lower end
of the first auxiliary wheel Wl and the lower end of the

second auxiliary wheel W2 are not in contact with any of
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the traveling face Rla, the first auxiliary track P1l, and
the second auxiliary track P2. In the traveler 20 on the
rear side, the lower end of the drive wheel 21 is 1in
contact with the traveling face R3a of the partial track R3,
whereas the lower end of the first auxiliary wheel W1l and
the lower end of the second auxiliary wheel W2 are not in
contact with any of the traveling face Rla, the first
auxiliary track Pl, and the second auxiliary track P2.
Consequently, the traveling vehicle 1 is supported by the
drive wheel 21 on the front side and the drive wheel 21 on
the rear side in the traveling direction.

[0064]

Next, the state illustrated in Figs. 8(A) to 8(C) is a
state immediately before the lower end of the drive wheel
21 enters the first gap Dl1. At the moment of this state,
the lower end of the drive wheel 21 is positioned on the
near side of the first gap D1 and is in contact with the
traveling face Rla. Consequently, there is no fall of the
lower end of the drive wheel 21 in the first gap D1. When
the length L12 of the first auxiliary track Pl is set to be
longer than the length L8 of the first gap D1 1in the
traveling direction, contact of the lower end of the first
auxiliary wheel Wl with the first auxiliary track Pl has
started at the moment of this state. In the present
embodiment, the first auxiliary track Pl is placed such
that contact of the first auxiliary wheel W1 starts when
the lower end of the drive wheel 21 reaches the first gap
D1, and thus in this state, the lower end of the first
auxiliary wheel Wl is not in contact with any of the first
auxiliary track Pl and the second auxiliary track P2. The
lower end of the second auxiliary wheel W2 1is not 1in
contact with any of the first auxiliary track Pl and the

second auxiliary track P2. In the traveler 20 on the rear
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side, the lower end of the drive wheel 21 is in contact
with the first track R1, and the lower end of the first
auxiliary wheel Wl and the 1lower end of the second
auxiliary wheel W2 are not in contact with any of the first
track R1l, the first auxiliary track Pl, and the second
auxiliary track P2. Consequently, the traveling vehicle 1
is horizontally supported by the drive wheel 21 on the
front side and the drive wheel 21 on the rear side in the
traveling direction.

[0065]

Next, the state illustrated in Figs. 9(A) to 9(C) is a
state when the lower end of the drive wheel 21 has entered
the first gap Dl1. At the moment of this state, the lower
end of the drive wheel 21 is positioned on the first gap DI,
and thus the drive wheel 21 is not in contact with any of
the first track Rl and the partial track R3. In the
present embodiment, the first auxiliary track Pl is placed
such that contact of the first auxiliary wheel W1l starts
when the lower end of the drive wheel 21 reaches the first
gap D1, and thus in this state, the lower end of the first
auxiliary wheel Wl is in contact with the first auxiliary
track Pl. Consequently, there is no fall of the lower end
of the drive wheel 21 in the first gap Dl. In the present
embodiment, the second auxiliary track P2 is not placed at
the position with which the second auxiliary wheel W2 is in
contact while the first auxiliary wheel W1 is in contact
with the first auxiliary track Pl, and thus the lower end
of the second auxiliary wheel W2 is not in contact with any
of the traveling face Rla, the first auxiliary track PI1,
and the second auxiliary track P2. In the traveler 20 on
the rear side, the lower end of the drive wheel 21 is in
contact with the first track R1, and the lower end of the

first auxiliary wheel Wl and the lower end of the second
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auxiliary wheel W2 are not in contact with any of the first
track R1l, the first auxiliary track Pl, and the second
auxiliary track P2. Consequently, the traveling vehicle 1
is horizontally supported by the first auxiliary wheel Wl
on the front side and the drive wheel 21 on the rear side
in the traveling direction.
[0066]

Next, the state illustrated in Figs. 10(A) to 10(C) is
a state when the lower end of the drive wheel 21 has
entered the partial track R3. At the moment of this state,
the lower end of the drive wheel 21 is in contact with the
partial track R3, and thus there is no fall of the lower
end of the drive wheel 21 in the first gap DI1. At this
moment, the first auxiliary wheel Wl is in contact with the
first auxiliary track PI1l. In the present embodiment, the
second auxiliary track P2 1is not placed at the position
with which the second auxiliary wheel W2 1is 1in contact
while the first auxiliary wheel W1l is in contact with the
first auxiliary track Pl, and thus the lower end of the
second auxiliary wheel W2 is not in contact with any of the
first track R1, the first auxiliary track Pl, and the
second auxiliary track P2. In the traveler 20 on the rear
side, the lower end of the drive wheel 21 1is 1in contact
with the first track R1, and the lower end of the first
auxiliary wheel W1l and the lower end of the second
auxiliary wheel W2 are not in contact with any of the first
track R1, the first auxiliary track Pl, and the second
auxiliary track P2. Consequently, the traveling vehicle 1
is horizontally supported by the drive wheel 21 and the
first auxiliary wheel W1 on the front side and the drive
wheel 21 on the rear side in the traveling direction.
[0067]

Next, the state illustrated in Figs. 11(A) to 11(C) is
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a state when the lower end of the drive wheel 21 has
entered the second gap D2. At the moment of this state,
the lower end of the drive wheel 21 is positioned on the
second gap D2, and thus the drive wheel 21 is not in
contact with any of the first track R1 and the partial
track R3. In the present embodiment, the second auxiliary
track P2 1is placed such that contact of the second
auxiliary wheel W2 starts when the lower end of the drive
wheel 21 reaches the second gap D2, and thus the lower end
of the second auxiliary wheel W2 is in contact with the
second auxiliary track P2. Consequently, there is no fall
of the lower end of the drive wheel 21 in the second gap D2.
The lower end of the first auxiliary wheel Wl 1is not in
contact with any of the first track R1l, the first auxiliary
track Pl, and the second auxiliary track P2. In the
traveler 20 on the rear side, the lower end of the drive
wheel 21 is in contact with the first track R1l, and the
lower end of the first auxiliary wheel Wl and the lower end
of the second auxiliary wheel W2 are not in contact with
any of the first track R1l, the first auxiliary track P1,
and the second auxiliary track P2. Consequently, the
traveling vehicle 1 is horizontally supported by the second
auxiliary wheel W2 on the front side and the drive wheel 21
on the rear side in the traveling direction.
[0068]

Next, the state illustrated in Figs. 12(A) to 12(C) is
a state after the lower end of the drive wheel 21 has left
the second gap D2. At the moment of this state, the lower
end of the drive wheel 21 is 1in contact with the first
track RI1. In the traveler 20 on the rear side, the lower
end of the drive wheel 21 is in contact with the first
track R1, and the lower end of the first auxiliary wheel Wl

and the lower end of the second auxiliary wheel W2 are not
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in contact with any of the first track R1l, the first
auxiliary track Pl, and the second auxiliary track P2.
Consequently, the traveling vehicle 1 1is horizontally
supported by the drive wheel 21 on the front side and the
drive wheel 21 on the rear side in the traveling direction.
[0069]

As described 1in the foregoing, in the present
embodiment, the drive wheel 21 can be prevented from
falling in the gap D provided in a part of the track R.
[0070]

Referring back to the descriptions of Fig. 4 and Fig.
5, the couplers 30 couple the upper unit of the main body
10 and the travelers 20 to each other. The couplers 30
vertically hang from the rotation axis of the drive wheel
21 to couple the main body 10 and the travelers 20 to each
other. The couplers 30 are provided at the four respective
corner parts of the upper part 17a of the upper unit 17
(the main body 10). The main body 10 is made to a hung
state by these couplers 30 to be placed below the track R.
The coupler 30 has the support member 31 and the connection
member 32. The support member 31 rotatably supports the
rotation axis AX3 of the drive wheel 21 and the rotation
axes AX4 and AX5 of the first auxiliary wheel W1l and the
second auxiliary wheel W2, respectively. The support
member 31 holds a relative position among the drive wheel
21, the first auxiliary wheel Wl, and the second auxiliary
wheel W2.

[0071]

The connection member 32 extends downward from the
support member 31 to be coupled to the upper face 17a of
the upper unit 17 and to hold the upper unit 17. The
connection member 32 includes a transmitter transmitting

the driving force of the traveling driver 33 described
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below to the drive wheel 21 therewithin. For this
transmitter, a chain or a belt may be used, or a gear train
may be used. The connection member 32 1s provided
rotatably in the ©6Z direction about the turning axis AX2.
This connection member 32 rotates about the turning axis
AX2, thereby enabling the drive wheel 21 to turn in the 6%
direction.

[0072]

The coupler 30 is provided with the traveling driver
33 and the steerer 34. The traveling driver 33 is mounted
on the connection member 32. The traveling driver 33 is a
driving source driving the drive wheel 21, and an electric
motor or the like is used therefor, for example. The four
drive wheels 21 are each driven by the traveling driver 33
to be the drive wheels. The four drive wheels 21 are
controlled by the controller 50 so as to have the same or
substantially the same number of rotations.

[0073]

The steerer 34 rotates the connection member 32 of the
coupler 30 about the turning axis AX2 to turn the traveler
20 in the 67 direction. The traveler 20 1is turned in the
©Z direction, whereby the traveling direction of the
traveling vehicle 1 can be changed from the first direction
(the X direction) to the second direction (the Y direction)
or from the second direction to the first direction.

[0074]

The steerer 34 has a driving source 35, a pinion gear
36, and a rack 37. The driving source 35 is mounted on a
side face of the traveling driver 33 separate from the
turning axis AX2. For the driving source 35, an electric
motor or the like is used, for example. The pinion gear 36
is mounted on a lower face side of the driving source 35

and 1is rotationally driven in the 6Z direction through
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driving force generated by the driving source 35. The
pinion gear 36 1is circular in a plan view and has a
plurality of teeth in a circumferential direction on its
perimeter. The rack 37 is fixed to the upper face 17a of
the upper unit 17. Racks 37 are provided at the four
respective corner parts of the upper face 17a of the upper
unit 17 and are each provided in a fan shape about the
turning axis AX2 of the traveler 20. The rack 37 has a
plurality of teeth meshing with the teeth of the pinion
gear 36 in a circumferential direction on its perimeter.
[0075] The pinion gear 36 and the rack 37 are placed
with the mutual teeth meshing with each other. The pinion
gear 36 rotates 1in the 6Z direction, whereby the pinion
gear 36 moves 1n a circumferential direction about the
turning axis AX2 so as to follow the perimeter of the rack
37. With this movement of the pinion gear 36, the
traveling driver 33 and the steerer 34 turn 1in the
circumferential direction about the turning axis AX2
together with the pinion gear 36.

[0076]

By the turning of the steerer 34, the travelers 20
placed at the four respective corner parts of the upper
face 17a turn in a range of 90 degrees in the 6Z direction
about the turning axis AX2. The drive of the steerer 34 is
controlled by the controller 50. The controller 50 may
instruct to perform turning operations of the four
travelers 20 at the same time or instruct to perform them
at different times. The travelers 20 are turned, whereby a
state in which the drive wheels 21 are in contact with one
of the first track Rl and the second track R2 shifts to a
state in which the drive wheels 21 are in contact with the
other. Thus, the traveling direction of the traveling

vehicle 1 can be switched between the first direction (the
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X direction) and the second direction (the Y direction).
[0077]

The following describes a case in which the traveling
vehicle system SYS changes its traveling direction. Figs.
13(A) to 13(C) are diagrams illustrating an operation to
change the traveling direction of the traveling vehicle
system SYS from the +Y direction to the +X direction. As
illustrated in Fig. 13(A), the traveling vehicle system SYS
travels in the +Y direction and stops at a position at
which the main body 10 has reached the 1inside of one
section (the cell C) of the track R (a position at which
the four corner parts have approached respective partial
tracks R3). That is, the controller 50 (refer to Fig. 5)
stops the drive of the traveling driver 33 at the above
position on the Dbasis of position information from a
position detector (not illustrated). At this moment, all
the four drive wheels 21 are in contact with the traveling
face R2a of the second track R2.

[0078]

Next, as illustrated in Fig. 13(B), the controller 50
drives steerers 34 to turn the couplers 30 and to turn the
travelers 20 placed at the four respective corner parts in
the ©6Z direction about the turning axis AX2. In this
process, the travelers 20 and the like that are diagonally
placed turn in the same direction. Among the four
travelers 20, the upper left traveler 20 and the like and
the lower right traveler 20 and the 1like in the drawing
turn clockwise, for example. On the other hand, the upper
right traveler 20 and the like and the lower left traveler
20 and the like in the drawing turn counterclockwise. Such
turning operations may be performed at the same time or
turned at different times; the upper left and lower right

travelers 20 and the 1like in the drawing may be turned
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first simultaneously, and then the upper right and lower
left travelers 20 and the like in the drawing may be turned
simultaneously, for example.

[0079]

Next, as 1llustrated in Fig. 13(C), after the
travelers 20 and the like have each turned by 90° in the 67
direction, the controller 50 stops the drive of the steerer
34. The traveling driver 33 1is driven 1in this state,
whereby the traveling vehicle system SYS becomes able to
travel in the +X direction. The traveling vehicle system
SYS can also travel in the -X direction. Even when the
travelers 20 and the like turn, the main body 10 does not
turn. Consequently, in either case when the traveling
vehicle system SYS travels in the Y direction and when the
traveling wvehicle system SYS travels in the X direction,
the orientation of the main body 10 is not changed.

[0080] As 1in the foregoing description, the traveling
vehicle system SYS of the present embodiment is a traveling
vehicle system including the track R and the traveling
vehicle 1 traveling along the track R, the track R having
the first gap D1, the partial track R3, and the second gap
D2 in order along the traveling direction of the traveling
vehicle 1, the traveling vehicle 1 having the drive wheel
21 rolling on the traveling faces Rla, R2a, and R3a of the
track R, the first auxiliary wheel Wl being in non-contact
with the traveling faces Rla, R2a, and R3a, placed on the
rear side of the drive wheel 21 in the traveling direction,
and having a relative position fixed in the up-and-down
direction with respect to the drive wheel 21, and the
second auxiliary wheel W2 being in non-contact with the
traveling faces Rla, R2a, and R3a, placed on the front side
of the drive wheel 21 in the traveling direction, and

having a relative position fixed in the up-and-down

41



direction with respect to the drive wheel 21, the spacing
L7 between the rotation axis of the drive wheel 21 and the
rotation axis of the first auxiliary wheel Wl 1in the
traveling direction being the length L8 of the first gap D1
in the traveling direction or more, and the spacing L9
between the rotation axis of the drive wheel 21 and the
rotation axis of the second auxiliary wheel W2 in the
traveling direction being the length L10 of the second gap
D2 1in the traveling direction or more, the traveling
vehicle system including the first auxiliary track Pl
provided on the near side of the first gap D1 in the
traveling direction, having the length in the traveling
direction at least the same as the length L8 of the first
gap D1 in the traveling direction, and with which the lower
end of the first auxiliary wheel Wl is in contact while the
lower end of the drive wheel 21 passes through the first
gap D1 when the drive wheel 21 enters the partial track R3
and the second auxiliary track P2 provided on the far side
of the second gap D2 in the traveling direction, having the
length in the traveling direction at least the same as the
length of the second gap D2 in the traveling direction, and
with which the lower end of the second auxiliary wheel W2
is in contact while the lower end of the drive wheel 21
passes through the second gap D2 when the drive wheel 21
leaves the partial track R3, the second auxiliary track P2
being absent at the position with which the second
auxiliary wheel W2 is in contact while the first auxiliary
wheel W1l is in contact with the first auxiliary track P1,
and the first auxiliary track Pl being absent at the
position with which the first auxiliary wheel Wl 1is in
contact while the second auxiliary wheel W2 is in contact
with the second auxiliary track P2. The traveling vehicle

system SYS has any configuration other than the above; the
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configuration other the above may be present or absent.
[0081]

According to the above configuration, while the lower
end of the drive wheel 21 passes through the first gap D1,
the first auxiliary wheel Wl is in contact with the first
auxiliary track P1l, and the second auxiliary wheel W2 is in
non-contact with the traveling faces Rla, R2a, and R3a of
the track R and the second auxiliary track P2, whereas
while the lower end of the drive wheel 21 passes through
the second gap D2, the second auxiliary wheel W2 is in
contact with the second auxiliary track P2, and the first
auxiliary wheel W1 1is 1in non-contact with the traveling
faces Rla, R2a, and R3a of the track R and the second
auxiliary track P2, and thus placement of an auxiliary
track or the 1like with which the lower end of the first
auxiliary wheel W1l or the second auxiliary wheel W2 is in
contact can be eliminated in the partial track R3 while
preventing the drive wheel 21 from falling in the first gap
D1 or the second gap D2 by either of the first auxiliary
wheel W1 or the second auxiliary wheel W2. Consequently,
even when the traveling face R3a of the drive wheel 21 in
the partial track R3 partially overlaps in a plurality of
directions, for example, the auxiliary track or the like is
not placed on the traveling face R3a, and thus the drive
wheel 21 can smoothly travel in the partial track R3.

[0082]

The technical scope of the present invention is not
limited to the aspects described in the embodiment and the
like described above. One or more of the requirements
described in the embodiment and the like described above
may be omitted. The requirements described in the
embodiment and the like described above can be combined

with each other as appropriate. To the extent permitted by
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law, the disclosures of Japanese Patent Application No.
2018-203022 as a Japanese patent application and all the
literature cited in the embodiment and the like described
above are hereby incorporated herein by reference.

[0083]

Although the embodiment describes a configuration in
which the first auxiliary wheel W1l and the second auxiliary
wheel W2 rotate as an example, this configuration is not
limiting. The first auxiliary wheel W1 and the second
auxiliary wheel W2 do not necessarily rotate but may slide,
for example.

[0084]

Although the embodiment describes a configuration in
which the main body 10 is formed in the dimensions to be
housed in one section of the grid-like track R in a plan
view as an example, this configuration is not limiting.
The main body 10 may be formed in dimensions larger than
one section of the track R in a plan view or be a shape
part of which protrudes with respect to one section of the
track R, for example.

Description of Reference Signs
[0085]

SYS TRAVELING VEHICLE SYSTEM

1 TRAVELING VEHICLE

D GAP

D1 FIRST GAP

D2 SECOND GAP

ARTICLE
TRACK

R1 FIRST TRACK

R2 SECOND TRACK

10 MAIN BODY

20 TRAVELER
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21
D1
D2
P1
P2
R1
R2
R3
Wl
W2

DRIVE WHEEL

FIRST GAP

SECOND GAP

FIRST AUXILIARY TRACK
SECOND AUXILIARY TRACK
FIRST TRACK

SECOND TRACK

PARTIAL TRACK

FIRST AUXILIARY WHEEL
SECOND AUXILIARY WHEEL
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CLAIMS

1. A traveling vehicle system comprising:

a track; and

a traveling vehicle traveling along the track,

the track having a first gap, a partial track, and a
second gap 1in order along a traveling direction of the
traveling vehicle,

the traveling vehicle having a drive wheel rolling on
a traveling face of the track, a first auxiliary wheel
being in non-contact with the traveling face, placed on a
rear side in the traveling direction of the drive wheel,
and having a relative position fixed in an up-and-down
direction with respect to the drive wheel, and a second
auxiliary wheel being in non-contact with the traveling
face, placed on a front side in the traveling direction of
the drive wheel, and having a relative position fixed in
the up-and-down direction with respect to the drive wheel,

a spacing between a rotation axis of the drive wheel
and a rotation axis of the first auxiliary wheel in the
traveling direction being a length of the first gap in the
traveling direction or more, and a spacing between the
rotation axis of the drive wheel and a rotation axis of the
second auxiliary wheel in the traveling direction being a
length of the second gap in the traveling direction or more,

the traveling vehicle system comprising:

a first auxiliary track provided on a near side

of the first gap 1in the traveling direction, having a
length in the traveling direction at least same as the
length of the first gap in the traveling direction, and
with which a lower end of the first auxiliary wheel is in
contact while a lower end of the drive wheel passes through

the first gap when the drive wheel enters the partial
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track; and
a second auxiliary track provided on a far side

of the second gap 1in the traveling direction, having a
length in the traveling direction at least same as the
length of the second gap in the traveling direction, and
with which a lower end of the second auxiliary wheel is in
contact while the lower end of the drive wheel passes
through the second gap when the drive wheel leaves the
partial track,

the second auxiliary track being absent at a position
with which the second auxiliary wheel is in contact while
the first auxiliary wheel 1is 1in contact with the first
auxiliary track, and

the first auxiliary track being absent at a position
with which the first auxiliary wheel 1is in contact while
the second auxiliary wheel is in contact with the second

auxiliary track.

2. The traveling vehicle system according to claim 1,
wherein the first auxiliary wheel and the second auxiliary
wheel are placed deviated in a rotation axis direction with
respect to the drive wheel and provided such that lower
ends are at a first height higher than the lower end of the
drive wheel, and

the first auxiliary track and the second auxiliary
track have upper faces provided at positions deviated from
the traveling face of the track and having a second height

higher than the traveling face.
3. The traveling vehicle system according to claim 2,

wherein the first height and the second height are the same

or substantially the same.
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4. The traveling vehicle system according to claim 2
or 3, wherein either or both of the first auxiliary track
and the second auxiliary track are a protrusion provided on

the track.

5. The traveling vehicle system according to any one
of claims 1 to 4, wherein

the first auxiliary wheel and the second auxiliary
wheel are placed deviated from each other in a rotation
axlis direction, and

the first auxiliary track and the second auxiliary
track are placed deviated in the rotation axis direction in
accordance with the first auxiliary wheel and the second

auxiliary wheel, respectively.

6. The traveling vehicle system according to any one
of claims 1 to 5, wherein

the first auxiliary track is placed such that contact
of the first auxiliary wheel starts when the lower end of
the drive wheel reaches the first gap, and

the second auxiliary track is placed such that contact
of the second auxiliary wheel starts when the lower end of

the drive wheel reaches the second gap.

7. The traveling vehicle system according to any one
of claims 1 to 5, wherein

the traveling vehicle includes the drive wheel on each
of a front side and a rear side in the traveling direction,
and

a spacing in the traveling direction between a lower
end of the drive wheel on the front side and a lower end of
the drive wheel on the rear side in the traveling direction

is set except for a range from a length of the partial
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track in the traveling direction to a length between an end
of the first gap on the near side and an end of the second

gap on the far side in the traveling direction.

8. The traveling vehicle system according to any one
of claims 1 to 7, wherein

the traveling vehicle includes a main body mounted on
a coupling member vertically hanging from the rotation axis
of the drive wheel to be positioned below the track, and

both the first gap and the second gap are provided so

as to enable the coupling member to pass therethrough.

9. The traveling vehicle system according to any one
of claims 1 to 8, wherein

the track has a first track provided along a first
direction and a second track provided along a second
direction orthogonal to the first direction, and

the partial track is placed at a crossing part of the

first track and the second track.
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