DESCRIPTION

TRANSPORT VEHICLE SYSTEM AND METHOD OF CONTROLLING
TRANSPORT VEHICLES

Technical Field
[0001]

The present invention relates to a transport vehicle
system and a method of controlling transport vehicles.
Background Art
[0002]

Conventionally, transport vehicle systems that
transport articles in factories and the like on the basis
of transport instructions are known. In these transport
vehicle systems, transport vehicles, which transport
articles on the basis of transport instructions, are
equipped with driving batteries, and charging facilities
are provided to charge the batteries while the vehicles are
stationary. Patent Literature 1 discloses a technique in
which, when causing a transport vehicle with a battery
voltage that has dropped to a level requiring charging to
travel to the charging facility for charging, the transport
vehicle that has been charging at each charging facility
and has had the longest charging time is dispatched,
ensuring a certain number of transport vehicles remain

available on the main route.

Citation List
Patent Literature
[0003]
[Patent Literature 1] Japanese Patent No. 4539887

Summary of Invention



Technical Problem
[0004]

In the conventional technique, the battery voltage of
each transport vehicle is checked individually, and any
transport vehicle that has dropped to a level requiring
charging is sent to be charged at a charging facility, and
one of the transport vehicles that is already charging at
the charging facility is returned to the main route while
charging is still in progress. In other words, in the
conventional technique, when multiple transport wvehicles
drop to a level requiring charging at the same time,
multiple transport vehicles that are already charging at
the charging facility are caused to return to the main
route at the same time. As a result, in conventional
technique, the presence of multiple transport vehicles
within the system that are not fully charged means that
transport vehicles in the system as a whole will need to be
charged in a short period of time, resulting in a reduction
in the transport efficiency of the entire system.

[0005]

Thus, the present invention provides a transport
vehicle system and a method of controlling transport
vehicles capable of suppressing a decrease in the transport

efficiency of the entire system.

Means for Solving Problem
[0006]

A transport vehicle system according to an aspect of
the present invention is a transport vehicle system
comprising: a plurality of transport vehicles that

transport articles; a controller that assigns a transport



instruction to any one of the plurality of transport
vehicles; and a charger that is located on a route along
which the plurality of transport vehicles can travel and
supplies electric power to the transport vehicles, wherein
the controller includes a charging instructor that
instructs to start charging each transport vehicle, wherein
the charging instructor performs a first determination
process to determine whether a charge rate of an entirety
of the plurality of transport vehicles is below a first
threshold value, and instructs to start charging at least
any one of the transport vehicles if the charge rate of the
entirety of the plurality of transport vehicles 1is
determined as being below the first threshold value, and
wherein the charging instructor performs a second
determination process to determine whether the charge rate
of each transport vehicle is below a second threshold wvalue
that is lower than the first threshold wvalue, and instructs
to start charging each transport vehicle if the charge rate
of the transport vehicle is determined as being below the
second threshold wvalue.

[0007]

A method of controlling transport vehicles according
to an aspect of the present invention is a method of
controlling transport vehicles in a transport vehicle
system comprising a plurality of transport vehicles that
transport articles, a controller that assigns a transport
instruction to any one of the plurality of transport
vehicles, and a charger that is located on a route along
which the plurality of transport vehicles can travel and
supplies electric power to the transport vehicles, the
method comprising steps, implemented by the controller, of:

performing a first determination process to determine



whether a charge rate of an entirety of the plurality of
transport vehicles is below a first threshold value, and
instructing to start charging at least any one of the
transport vehicles if the charge rate of the entirety of
the plurality of transport vehicles is determined as being
below the first threshold value; and performing a second
determination process to determine whether the charge rate
of each transport vehicle is below a second threshold value
that is lower than the first threshold value, and
instructing to start charging each transport vehicle if the
charge rate of the transport vehicle is determined as being

below the second threshold value.

Advantageous Effects of the Invention
[0008]

According to the transport vehicle system and the
method of controlling transport vehicles according to an
aspect of the present invention, any one of the transport
vehicles is instructed to start charging if the charge rate
of the entire plurality of transport vehicles is below the
first threshold value, and each transport vehicle the
charge rate of which is below the second threshold value
that is lower than the first threshold value is instructed
to start charging. Thus, compared to the conventional
technique, which instructs to start charging using only the
individual charge rates of transport vehicles, it is
possible to suppress multiple transport vehicles from being
instructed to start charging at the same timing, thereby
suppressing a decrease in the transport efficiency of the
entire system.

[0009]

In the transport vehicle system of the above aspect,



the charging instructor may check a system margin rate,
which indicates a degree of margin in the entirety of the
plurality of transport vehicles, at predetermined timings
against processing of the transport instruction, instruct
to start charging any one of the transport vehicles if the
degree of margin indicated by the system margin rate is
higher than or equal to a predetermined degree and also the
charge rate of the entirety of the plurality of transport
vehicles is determined as being below the first threshold
value, and instruct to start charging a transport vehicle
if the degree of margin indicated by the system margin rate
is higher than or equal to the predetermined degree and
also the charge rate of the transport vehicle is determined
as being below the second threshold value. According to
such an aspect, charging instructions for the transport
vehicles are given taking the system margin rate into
account. Thus, it is possible to prevent situations where
there is no transport vehicle to which a transport
instruction can be assigned. In the transport vehicle
system of the above aspect, the charging instructor may
check the system margin rate periodically at the
predetermined timings. According to such an aspect, the
system margin rate is periodically checked while giving
charging instructions to the transport vehicles. Thus, it
is possible to prevent situations transport vehicles become
unable to execute transport instructions due to a reduced
charge rate. 1In the transport vehicle system of the above
aspect, the charging instructor may check whether or not at
least one of following is satisfied: an effective transport
vehicle ratio, which serves as the system margin rate to
represent a proportion of transport vehicles that are on

standby relative to the entirety of the plurality of



transport vehicles, is higher than or equal to a
predetermined ratio; a transport volume of the entirety of
the plurality of transport vehicles is below a
predetermined transport volume; and a utilization rate of
the entirety of the plurality of transport vehicles is
below a predetermined utilization rate. According to such
an aspect, in the transport vehicle system, the system
margin rate is found using various information related to
the transport efficiency. Thus, it is possible to suitably
suppress a decrease in the transport efficiency of the
entire system. In the transport vehicle system of the
above aspect, if there are multiple vehicles having a
charge rate below the first threshold value, the charging
instructor may instruct to start charging two or more of
the transport vehicles at different timings. According to
such an aspect, multiple transport vehicles are not sent to
charge at the same time. Thus, it is possible to suppress
a decrease in the transport efficiency of the entire
system. In the transport vehicle system of the above
aspect, the charging instructor may instruct to start
charging the transport vehicles in order from the transport
vehicle closest to the charger. According to such an
aspect, when multiple transport vehicles require charging,
it is possible to improve charging efficiency. In the
transport vehicle system of the above aspect, the charging
instructor may instruct to start charging the transport
vehicles in order from the transport vehicle with the
lowest charge rate. According to such an aspect, it is
possible to prevent an increase in the number of transport
vehicles being unable to execute transport instructions due
to a reduced charge rate. In the transport vehicle system

of the above aspect, the controller may acquire state



information of the plurality of transport vehicles through
periodic communication with the plurality of transport
vehicles. According to such an aspect, it is possible to
identify the transport vehicles that are suitable for
instructing charging. In the transport vehicle system of
the above aspect, the plurality of transport vehicles may
be able to move in a first direction and a second direction
along a grid-patterned track that extends in a first
direction and a second direction intersecting the first
direction, and the charger may be provided so as to
correspond to one of grid cells of the grid-patterned
track. According to such an aspect, the present invention
can be applied to a transport vehicle system arranged on a

grid-patterned track.

Brief Description of the Drawings
[0010]

Fig. 1 is a diagram for describing a processing
example of a transport vehicle system according to an
embodiment.

Fig. 2 is a perspective view showing an example of
the transport vehicle system according to the embodiment.

Fig. 3 1s a perspective view showing an example of a
transport vehicle according to the embodiment.

Fig. 4 is a front elevation view showing an example
of the transport vehicle according to an embodiment.

Fig. 5 is a diagram showing an example of
transmitting and receiving state information according to
the embodiment.

Fig. 6 is a flowchart showing an example of the flow
of processing performed by a controller according to the

embodiment.



Fig. 7 is a diagram for describing another processing
example of a charging instructor according to the
embodiment.

Fig. 8 is a diagram for describing still another
processing example of the charging instructor according to
the embodiment.

Fig. 9 is a diagram showing an example of a charging
instruction processing image according to the embodiment.

Fig. 10 is a diagram showing an example of a charging
instruction processing image according to the conventional

technique.

Description of Embodiments
[0011]

Hereunder, an embodiment will be described, with
reference to the drawings. However, the present invention
should not be considered as limited to the embodiment
described below. In the drawings, scale may be changed as
necessary to illustrate the embodiment, such as by
enlarging, reducing or emphasizing a portion. In the
drawings, an XYZ Cartesian coordinate system may be used to
describe directions in each drawing. In the XYZ Cartesian
coordinate system, the horizontal directions are taken as
the X direction and the Y direction, and the wvertical
direction is taken as the Z direction. The traveling
direction of the transport vehicle can change from the
state shown in the figures to another direction, and may
also travel along, for example, a curved direction in some
cases. For each of the X direction, the Y direction, and
the Z direction, description is made with a definition in
which a direction indicated by an arrow is the positive (+)

direction and a direction opposite to the direction



indicated by the arrow is the negative (-) direction. The
rotational direction about the Z axis is referred to as the
87 direction.

[0012]

Fig. 1 is a diagram for describing a processing
example of a transport vehicle system according to the
embodiment. A transport vehicle system 100 is a system to
transport articles 1 (see Fig. 3 and so forth) such as
FOUPs (Front-Opening Unified Pods) containing semiconductor
wafers and reticle pods containing reticles in a clean room
of a semiconductor manufacturing factory, for example. 1In
the embodiment, a transport vehicle 10 that travels on a
grid-patterned track R suspended from the ceiling will be
described as an example. The transport vehicle 10 may be a
track-guided transport vehicle or a trackless transport
vehicle that travels on the ground.

[0013]

As shown in Fig. 1, the transport vehicle system 100
includes a plurality of transport vehicles 10 that
transport articles 1, a controller 20 that assigns a
transport instruction to one of the plurality of transport
vehicles 10, and a charger 30 that is located on a route
(for example, the grid-patterned track R) along which the
plurality of transport vehicles 10 can move and that
supplies electric power to the transport vehicles 10. Each
transport vehicle 10 can move in a first direction D1 and a
second direction D2 along the grid-patterned track R that
extends in the first direction D1 and the second direction
D2 intersecting the first direction D1. The grid-patterned
track R is a type of track and is installed near the
ceiling of a clean room. The charger 30 is provided so as

to correspond to one of grid cells of the grid-patterned



track R. The charger 30 supplies electric power to a
battery 116 of the transport vehicle 10 (see Fig. 4). The
grid-patterned track R has first tracks Rl provided along
the X direction (for example, the first direction D1),
second tracks R2 provided along the Y direction (for
example, the second direction D2), and partial tracks R3
provided at intersections of the first tracks R1 and the
second tracks R2. In Fig. 1, the four transport vehicles
10 are presented as transport vehicle 10A, transport
vehicle 10B, transport vehicle 10C, and transport vehicle
10D, respectively. When not specifically distinguishing
between the transport vehicle 10A, the transport vehicle
10B, the transport vehicle 10C, and the transport vehicle
10D, they will be simply referred to as "transport vehicle
10". However, the number of transport vehicles 10 is not
limited to four.

[0014]

FEach transport vehicle 10 transmits its own state
information to the controller 20 in response to a request
(periodic request) from the controller 20. The controller
20 acquires state information of the multiple transport
vehicles 10 through periodic communication with the
multiple transport vehicles 10, and assigns a transport
instruction to one of the transport vehicle 10 on the basis
of the acquired state information. The state information
includes, for example, identification information for
identifying the transport vehicle 10, along with
information related to the current location, destination,
traveling state (for example, on standby, charging,
traveling for pickup, traveling for unloading), and charge
rate (remaining battery level). The transport vehicle 10

travels on the grid-patterned track R upon receiving a

10



transport instruction from the controller 20. The
transport instruction includes information on the transport
route along which the transport vehicle 10 transporting an
article 1 is scheduled to travel. The information on the
transport route is information that designates at least a
part of the traveling route from an origin to a destination
of the transport vehicle 10.
[0015]

In the configuration described above, the controller
20 includes a charging instructor 21 that instructs to
start charging each transport vehicle 10. The charging
instructor 21 performs a first determination process to
determine whether the charge rate of the entire multiple
transport vehicles 10 is below a first threshold value, and
instructs to start charging at least any one of the
transport vehicles 10 if the charge rate of the entire
multiple transport vehicles 10 is determined as being below
the first threshold value. Specifically, the charging
instructor 21 calculates the charge rate for all of the
multiple transport vehicles 10 present on the grid-
patterned track R, on the basis of the information related
to the charge rate (remaining battery level) contained in
the state information received from each transport vehicle
10. Then, the charging instructor 21 performs the first
determination process to determine whether the calculated
charge rate of the entire multiple transport vehicles 10
are below the first threshold value. At this time, the
charging instructor 21 instructs to start charging at least
any one of the transport vehicles 10 if the charge rate of
the entire multiple transport vehicles 10 is determined as
being below the first threshold value in the first

determination process. Here, the number of transport

11



vehicles 10 to which the charging start instruction is to
be given may be set in advance, on the basis of the scale
of the transport vehicle system 100, the number of
transport vehicles 10 to be introduced, and so forth. When
the charge rate of the entire multiple transport vehicles
10 is determined as being below the first threshold wvalue
in the first determination process, the charging instructor
21 may identify the transport vehicle 10 whose charge rate
is below the first threshold value on the basis of the
information on the charge rate (remaining battery level)
contained in the state information of each transport
vehicle 10, and instruct to start charging the identified
transport vehicles 10. At this time, the charging
instructor 21 may instruct to start charging at least any
one of the transport vehicles 10 whose charge rate is below
the first threshold value.

[0016]

The charging instructor 21 performs a second
determination process to determine whether the charge rate
of each transport vehicle 10 is below a second threshold
value that is lower than the first threshold value, and
instructs to start charging each transport vehicle 10 if
the charge rate of the transport vehicle 10 is determined
as being below the second threshold value. Specifically,
the charging instructor 21 performs the second
determination point process to determine whether the charge
rate of each transport vehicle 10 is below the second
threshold value that is lower than the first threshold
value, on the basis of information related to the charge
rate (remaining battery level) contained in the state
information received from each transport vehicle 10. At

this time, the charging instructor 21 identifies the
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transport vehicle 10 whose charge rate is below the second
threshold value through the second determination process,
and instructs to start charging the identified transport
vehicle 10. Here, the second threshold value is, for
example, a level requiring charging relative to the charge
rate of the battery 116. That is to say, the controller 20
charges at least any one of the transport vehicles 10 when
the overall charge rate of the system falls below a certain
level, using the first threshold value, which is a level
requiring charging and higher than the second threshold
value, as the threshold value for the charge rate of the
entire multiple transport vehicles 10. Thus, it is
possible to shift the timing of instructing to start
charging, and suppress a decrease in the transport
efficiency of the entire transport vehicle system 100. 1In
other words, the controller 20 determines which transport
vehicle 10 should start charging by comparing the charge
rate of the entire system with the threshold wvalue, and
directs the transport vehicle 10 that would not normally
require charging yet to the charger 30. Thus, it is
possible to shift the timing of instructing to start
charging, and suppress a decrease in the transport
efficiency. When instructing to start charging a transport
vehicle 10 whose charge rate is below the first threshold
value in the first determination process, the controller 20
preemptively instructs to charge the transport vehicle 10
with a low charge rate from the perspective of the entire
system, even if the transport vehicle 10 would not normally
require charging yet. Thus, it is possible to suppress a
decrease in the transport efficiency of the entire
transport vehicle system 100 without transport vehicles 10

that require charging (at the level requiring charging)
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occurring in a short period of time.
[0017]

The charging instructor 21 may check the system
margin rate, which indicates a degree of margin in the
entire multiple transport vehicles 10, at predetermined
timings against the processing of transport instructions,
and instruct to start charging any one of the transport
vehicles 10 if the degree of margin indicated by the system
margin rate is higher than or equal to a predetermined
degree and also the charge rate of the entire multiple
transport vehicles 10 is determined as being below the
first threshold value. The charging instructor 21 may
instruct to start charging a transport vehicle 10 (a
transport vehicle 10 with a charge rate below the second
threshold value) if the degree of margin indicated by the
system margin rate is higher than or equal to the
predetermined degree and also the charge rate of the
transport vehicle 10 is determined as being below the
second threshold value. Specifically, the charging
instructor 21 checks whether or not at least one of
following conditions is satisfied: the effective transport
vehicle ratio, which serves as the system margin rate to
represent the proportion of transport vehicles 10 that are
on standby relative to the entire multiple transport
vehicles 10, is higher than or equal to a predetermined
ratio; the transport volume of the entire multiple
transport vehicles 10 is below a predetermined transport
volume; and the utilization rate of the entire multiple
transport vehicles 10 is below a predetermined utilization
rate. If at least one of these conditions is satisfied, it
is determined that there is a sufficient system margin.

[0018]

14



The effective transport vehicle ratio corresponds to
the ratio of transport vehicles 10 that can execute
transport instructions (that are available for executing
transport instructions), and can be found, for example, by
calculating the ratio of transport vehicles 10 on standby
to the total number of transport vehicles 10, on the basis
of the traveling state contained in state information. The
transport volume corresponds to the number of transport
instructions per unit time, or the weighted value for
transport instructions with longer transport distances
added to the number of transport instructions per unit
time. The utilization rate corresponds to the ratio of
transport vehicles 10 that are operating throughout the
entire transport vehicle system 100, and can be found, for
example, by calculating the ratio of transport vehicles 10
that are currently traveling for pickup or traveling for
unloading, on the basis of the traveling state contained in
state information. The threshold value for each item of
the system margin rate can be set as appropriate, depending
on the layout, transport pattern, and so forth of the
transport vehicle system 100. For example, the
predetermined transport distance may be set smaller than
the limit value of the transport distance at which the
transport instructions can be processed by the entire
multiple transport vehicles 10, thereby allowing a margin
in the execution of transport. For example, the
predetermined utilization rate may be set lower than the
limit value of the utilization rate of the entire multiple
transport vehicles 10, thereby allowing a margin in the
number of operational transport vehicles 10. The charging
instructor 21 checks the system margin rate periodically at

predetermined timings. For example, the cycle for checking

15



the system margin rate is longer than the cycle for sending
state information from each transport vehicle 10. As an
example of the embodiment, the cycle for checking the
system margin rate is approximately once per minute,
whereas the cycle for transmitting state information is
once every few seconds. After having checked the system
margin rate as described above, or prior to checking the
system margin rate, the charging instructor 21 executes the
first determination process and the second determination
process.

[0019]

Fig. 2 is a perspective view showing an example of
the transport vehicle system according to the embodiment.
As described above, the transport vehicle system 100 is a
system to transport articles 1 such as FOUPs containing
semiconductor wafers and reticle pods containing reticles
in a clean room of a semiconductor manufacturing factory,
for example. The transport vehicles 10 and the charger 30
are arranged on the grid-patterned track R. The grid-
patterned track R is provided in a state of being suspended
from the ceiling via suspenders H. Multiple first tracks
R1 are provided along the X direction (for example, the
first direction D1). Multiple second tracks R2 are
provided along the Y direction (for example, the second
direction D2). In the present embodiment, the first
direction D1, along which the first tracks Rl are provided,
and the second direction D2, along which the second tracks
R2 are provided, orthogonally intersect with each other.
The partial track R3 is arranged at each portion where the
first track R1 and the second track R2 intersect with each
other. Between the first track Rl and the partial track R3

and between the second track R2 and the partial track R3,
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there is provided a gap D. The gap D is a portion through
which a coupler 130 (see Fig. 3) serving as a part of the
transport vehicle 10 passes when the transport vehicle 10
having traveled on the first track Rl crosses the second
track R2 or when the transport vehicle 10 having traveled
on the second track R2 crosses the first track RI1.
Therefore, the gap D is provided with a width that allows
the coupler 130 to pass therethrough. The first tracks RI1,
the second tracks R2, and the partial tracks R3 are
provided along the same or substantially the same
horizontal plane. 1In the grid-patterned track R, the first
tracks Rl and the second tracks R2 orthogonally intersect
with each other, thereby establishing a state where a
plurality of cells C are adjacent to each other as viewed
in a plan view. A single cell C is a region or a space
surrounded by two first tracks R1 adjacent to each other in
the Y direction and two second tracks R2 adjacent to each
other in the X direction.
[0020]

Fig. 3 is a perspective view showing an example of
the transport vehicle according to the embodiment. Fig. 4
is a front elevation view showing an example of the
transport vehicle according to an embodiment. As shown in
Fig. 3 and Fig. 4, the transport vehicle 10 has a main body
110, travelers 120, couplers 130, and a controller 140.
The transport vehicle 10 moves along the grid-patterned
track R and transports articles 1 such as FOUPs and reticle
pods. Multiple transport vehicles 10 may be arranged in
the grid-patterned track R. By transporting articles 1 by
multiple transport vehicles 10, it is possible to improve
the efficiency of transporting articles 1.

[0021]
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The main body 110 is arranged below the grid-
patterned track R (on the -Z side). The main body 110 is
formed, for example, in a rectangular shape as seen in a
plan view. Therefore, an upper face 110a of the main body
110 has a rectangular shape and has four corners. The main
body 110 is formed in a size that fits in a single cell C
within the grid-patterned track R as viewed in a plan view.
Therefore, in the grid-patterned track R, there is no
interference between the transport vehicles 10 traveling
adjacent to each other. The main body 110 has an article
holder 113 to hold an article 1, a lift driver 114 to raise
or lower the article holder 113 in the vertical direction,
and a lateral extender 111 to move the 1lift driver 114.

The article holder 113 suspends and holds an article 1 by
grasping a flange la provided on the upper part of the
article 1. The article holder 113 is, for example, a chuck
having claws 113a movable in the horizontal direction, and
inserts the claws 113a under the flange la of the article 1
and 1lifts the article holder 113, to thereby suspend and
hold the article 1. The article holder 113 is connected to
the lower end of suspenders 113b such as wires and belts.
[0022]

The 1ift driver 114 is, for example, a hoist, and
lowers the article holder 113 by feeding out the suspenders
113b and lifts the article holder 113 by taking up the
suspenders 113b. The 1lift driver 114 is controlled by the
controller 140 to raise or lower the article holder 113 at
a predetermined speed. Also, the 1lift driver 114 is
controlled by the controller 140 to maintain the article
holder 113 at a target height. The lateral extender 111
has a plurality of movable plates arranged stacked, for

example, in the Z direction. The movable plates can move
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in the Y direction. The 1lift driver 114 is mounted on the
lowermost movable plate. The lateral extender 111 can, by
moving the movable plates by means of a driver not shown in
the drawings, extend laterally with respect to the
traveling direction the 1lift driver 114 attached to the
lowermost movable plate and the article holder 113.

[0023]

The rotator 112 has a rotation member 112a and a
rotation driver 112b. The rotation member 112a is provided
so as to be rotatable in an axial direction about the Z
axis. The rotation member 112a supports the lateral
extender 111. An electric motor or the like is used for
the rotation driver 112b and causes the rotation member
112a to rotate in the axial direction about the Z direction
axis. The rotator 112 can, by rotating the rotation member
112a by means of the driving force from the rotation driver
112b, rotate the lateral extender 111 (the 1lift driver 114
and the article holder 113) in the axial direction about
the 7 direction axis. In addition to the rotator 112 to
control the direction of laterally extending the 1ift
driver 114 and the article holder 113, a rotator to control
the attitude of the 1lift driver 114 and the article holder
113 within the horizontal plane may be further provided
between the lateral extender 111 and the 1lift driver 114.
[0024]

The main body 110 includes a battery 116 and charging
electrodes 117. The battery 116 is arranged inside the
main body 110. The battery 116 stores electric power to be
supplied to the travelers 120, the rotation driver 112b,
the 1ift driver 114, and so forth of the transport wvehicle
10. A secondary battery such as a lithium ion battery is

used for the battery 116. The capacity of the battery 116
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is determined on the basis of electric power used in the
transport vehicle 10, operating time thereof, and so forth.
The charging electrodes 117 are held by a holder 118 and
are arranged on the upper face 110a of the main body 110.
The charging electrodes 117 are provided side by side at
two locations on the upper face side of the holder 118.

One of the two charging electrodes 117 is electrically
connected to the + side terminal of the battery 116. The
other charging electrode 117 is electrically connected to
the - side terminal of the battery 116. Electric power is
supplied to the battery 116 from the charger 30 (a terminal
31 of the charger 30) via the charging electrodes 117.
[0025]

Each traveler 120 has a traveling wheel 121 and
auxiliary wheels 122. The traveling wheel 121 is arranged
in each of the four corners on the upper face 110a of the
main body 110. Each traveling wheel 121 is rotatably
supported on the coupler 130 by a rotation shaft not shown
in the drawings. This rotation shaft is provided in
parallel or substantially parallel along the XY plane
(horizontal plane). Therefore, the traveling wheel 121 can
rotate about the axis line of the rotation shaft along the
horizontal direction. Each traveling wheel 121 is driven
to rotate by the driving force of a traveling driver 133.
Each traveling wheel 121 rolls on the traveling surfaces of
the first track R1l, the second track R2, and the partial
track R3 of the grid-patterned track R, causing the
transport vehicle 10 to travel. Each traveling wheel 121
is provided so as to be able to pivot in the 67 direction
about the pivot axis AX1 along the Z direction. The
traveling wheel 121 can, by pivoting in the 67 direction,

change the traveling direction thereof from the first
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direction D1 to the second direction D2 or from the second
direction D2 to the first direction D1. The configuration
is not limited to driving all of the four traveling wheels
121 to rotate by the drive force of the traveling driver
133, and some of the four traveling wheels 121 may be
driven to rotate.

[0026]

The auxiliary wheels 122 are each arranged in front
and rear of the traveling wheel 121 in the traveling
direction. As with the traveling wheel 121, each auxiliary
wheel 122 can rotate about the axis line of the rotation
axis thereof parallel or substantially parallel along the
XY plane. The lower end of the auxiliary wheel 122 is
arranged higher than the lower end of the traveling wheel
121. Therefore, when the traveling wheel 121 is traveling
on the traveling surfaces, the auxiliary wheels 122 do not
come into contact with the traveling surfaces. When the
traveling wheel 121 passes through the gap, the auxiliary
wheels 122 come into contact with the traveling surfaces,
preventing the traveling wheel 121 from falling. The
configuration is not limited to providing two auxiliary
wheels 122 for a single traveling wheel 121, and for
example, a single auxiliary wheel 122 may be provided for a
single traveling wheel 121, or no auxiliary wheel 122 may
be provided.

[0027]

The coupler 130 connects the main body 110 and the
traveler 120. The coupler 130 is provided at each of the
four corners on the upper face 110a of the main body 110.
The main body 110 is suspended by the coupler 130 and is
arranged below the grid-patterned track R. The coupler 130

has a support member 131 and a connection member 132. The
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support member 131 rotatably supports the rotation axle of
the traveling wheel 121 and the rotation axles of the
auxiliary wheels 122. The relative positions between the
traveling wheel 121 and the auxiliary wheel 122 are
maintained by the support member 131.

[0028]

The connection member 132 extends downward from the
support member 131 and is coupled to the upper face 110a of
the main body 110 to hold the main body 110. The
connection member 132 therein includes a transmission for
transmitting the driving force of the traveling driver 133
to the traveling wheel 121. This transmission may be of a
configuration in which a chain or a belt is used, or a
configuration in which a gear train is used. The
connection member 132 is provided so as to be able to pivot
in the 67 direction about the pivot axis AX1l. The rotation
of the connection member 132 about the pivot axis AX1 can
cause the traveling wheel 121 to pivot in the 6Z direction.
[0029]

The traveling driver 133 and the steerer 134 are
provided in the coupler 130. The traveling driver 133 is
attached to the connection member 132. The traveling
driver 133 is a drive source for driving the traveling
wheel 121, and for example, an electric motor or the like
is used therefor. Each of the four traveling wheels 121 is
driven by the traveling driver 133 to serve as a driving
wheel. The four traveling wheels 121 are controlled by the
controller 140 so as to rotate at the same or substantially
the same rotation speed.

[0030]
The steerer 134 causes the connection member 132 of

the coupler 130 to rotate about the pivot axis AX1l to
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thereby cause the traveling wheel 121 to pivot in the 67Z
direction. The traveling direction of the transport
vehicle 10 can be changed from the first direction D1 to
the second direction D2 or from the second direction D2 to
the first direction D1, by causing the traveling wheel 121
to pivot in the 6Z direction.

[0031]

The steerer 134 has a drive source 135, and a pinion
gear and a rack 137, which are not shown in the drawings.
The drive source 135 is mounted on a side face of the
traveling driver 133 away from the pivot axis AX1. As the
drive source 135, for example, an electric motor or the
like is used. The pinion gear is mounted on the lower face
side of the drive source 135, and is driven to rotate in
the 67 direction by the driving force generated by the
drive source 135. The pinion gear is of a circular shape
as seen in a plan view and has a plurality of teeth on the
outer circumference thereof along the circumferential
direction. The rack 137 is fixed to the upper face 110a of
the main body 110. The rack 137 is provided at each of the
four corners on the upper face 110a of the main body 110,
and is provided having an arc shape centered on the pivot
axis AX1 of the traveling wheel 121. The rack 137 has
multiple teeth which mesh with the teeth of the pinion
gear, on the outer circumference thereof along the
circumferential direction.

[0032]

The pinion gear and the rack 137 are each arranged in
the state where the teeth of the pinion gear and the teeth
of the rack 37 are in mesh with each other. As the pinion
gear rotates in the 6Z direction, the pinion gear moves in

the circumferential direction about the pivot axis AXl1
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along the outer circumference of the rack 137. This
movement of the pinion gear causes the traveling driver 133
and the steerer 134 to pivot together with the pinion gear
in the circumferential direction about the pivot axis AXI1.
[0033]

Fig. 5 is a diagram showing an example of
transmitting and receiving state information according to
the embodiment. As shown in Fig. 5, the controller 20
transmits a state information request to each of the
transport vehicles 10 (for example, transport vehicles 10A,
10B, 10C, and 10D) through periodic communication. As a
result, each transport vehicle 10 transmits its state
information to the controller 20. Specifically, the
transport vehicle 10A transmits its own state information
S1 (state information S1A) to the controller 20. The
transport vehicle 10B similarly transmits its own state
information S2 (state information S2A) to the controller
20. The transport vehicle 10C similarly transmits its own
state information S3 (state information S3A) to the
controller 20. The transport vehicle 10D similarly
transmits its own state information S4 (state information
S4A) to the controller 20.

[0034]

Fig. 6 is a flowchart showing an example of the flow
of processing performed by a controller according to the
embodiment. Fig. 6 shows an example in which the system
margin rate is checked prior to the execution of the first
determination process and the second determination process.
As shown in Fig. 6, the charging instructor 21 checks the
system margin rate (Step S01). Specifically, the charging
instructor 21 checks whether at least one of the following

is satisfied: the effective transport vehicle ratio is
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higher than or equal to a predetermined ratio; the
transport volume is lower than a predetermined transport
volume; and the utilization rate is lower than a
predetermined utilization rate. Then, if there is a margin
in the system margin rate (Step S02: YES), the charging
instructor 21 executes the first determination process
(Step S03). Specifically, the charging instructor 21, upon
determining that there is a margin by checking the system
margin rate, calculates the charge rate for all of the
multiple transport vehicles 10 present on the grid-
patterned track R, on the basis of the information related
to the charge rate contained in the state information
received from each transport vehicle 10.

[0035]

Subsequently, if the charge rate calculated through
the first determination process is below the first
threshold value (Step S04: YES), the charging instructor 21
determines the charging target transport vehicle 10 to be
charged (Step S05) and instructs to charge the determined
charging target transport vehicle 10 (Step S06).
Specifically, if the calculated charge rate for the entire
multiple transport vehicles 10 is determined as being below
the first threshold value, the charging instructor 21
determines at least one of the transport vehicles 10 as a
charging target and instructs to start charging the
transport vehicle 10 determined as the charging target.
That is to say, when the system margin rate has a margin
and the charge rate of the entire system is below the first
threshold value, the controller 20 prompts at least one of
the transport vehicles 10 to charge early. As described
above, the charging instructor 21 may determine, on the

basis of information related to the charge rate contained
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in the state information of each transport vehicle 10, that
a transport vehicle 10 having a charge rate below the first
threshold value (at least any one of the transport vehicles
10 having a charge rate below the first threshold value) as
a charging target.
[0036]

If there is no margin in the system margin rate (Step
S02: NO), the charging instructor 21 executes the second
determination process (Step S07). Specifically, the
charging instructor 21, upon determining that there is no
margin by checking the system margin rate, determines
whether the charge rate of each transport vehicle 10 is
below the second threshold value that is lower than the
first threshold value, on the basis of the information
related to the charge rate contained in the state
information received from each transport vehicle 10. Then,
if the charge rate is below the second threshold value on
the basis of the second determination process (Step S08:
YES), the charging instructor 21 instructs to charge the
transport vehicle 10 (Step S09). Specifically, if there is
a transport vehicle 10 whose charge rate is below the
second threshold value as a result of the second
determination process, the charging instructor 21 instructs
to charge the transport vehicle 10. On the other hand, if
the charge level is not below the second threshold value on
the basis of the second determination process (Step S08:
NO), the charging instructor 21 ends the processing.
Specifically, if there is no transport vehicle 10 whose
charge rate is below the second threshold value as a result
of the second determination process, the charging
instructor 21 ends the processing because there is no

transport vehicle 10 that currently requires charging. 1In
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other words, if there is no margin in the system margin
rate, the controller 20 prompts to charge the transport
vehicle 10 that requires charging, without prompting to
charge at a timing that is different from the usual timing.
[0037]

If the charge level calculated through the first
determination process is not below the first threshold
value (Step S04: NO), the charging instructor 21 executes
the second determination process. Specifically, the
charging instructor 21, upon determining that the
calculated charge rate of the entire multiple transport
vehicles 10 is not below the first threshold value,
determines whether the charge rate of each transport
vehicle 10 is below the second threshold value that is
lower than the first threshold wvalue, on the basis of the
information related to the charge rate contained in the
state information received from each transport vehicle 10.
That is to say, when the system margin rate has a margin
and the charge rate of the entire system is not below the
first threshold value, the controller 20 checks whether or
not there is any transport vehicle 10 that requires
charging. In other words, when the charge rate of the
entire system is relatively high but there is a transport
vehicle 10 that requires charging, the controller 20
prompts to charge the transport vehicle 10.

[0038]

Fig. 7 is a diagram for describing another processing
example of the charging instructor according to the
embodiment. In addition to what has been described in the
above embodiment, the charging instructor 21 may instruct
to start charging two or more transport vehicles at

different timings. Specifically, when instructing to start
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charging two or more transport vehicles, the charging
instructor 21 may instruct to start charging the transport
vehicles 10 in order from the transport vehicle 10 closest
to the charger 30.

[0039]

As shown in Fig. 7, if the charge rate calculated
through the first determination process is below the first
threshold value (Step S04: YES), the charging instructor 21
determines the transport vehicle 10 closest to the charger
30 as a charging target (Step S21) and instructs to charge
the transport vehicle 10 determined as the charging target
(Step S22). Specifically, the charging instructor 21, upon
determining that the calculated charge rate of the entire
multiple transport vehicles 10 is below the first threshold
value, determines the transport vehicle 10 that is closest
to the charger 30 as a charging target on the basis of
information related to the current location contained in
the state information of each transport vehicle 10.
Thereafter, the charging instructor 21 instructs to charge
the transport vehicle 10 determined as the charging target.
[0040]

If another transport vehicle 10 is also determined as
being a charging target (Step S23: YES), the charging
instructor 21 executes the process of Step S21 again. On
the other hand, if another transport vehicles 10 is not
determined as being a charging target (Step S23: NO), the
charging instructor 21 ends the processing. Specifically,
after having instructed to charge a transport vehicle 10
determined as a charging target, if another transport
vehicle 10 is also determined as a charging target, the
charging instructor 21 determines the transport vehicle 10

closest to the charger 30 as being a charging target and
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instructs to charge the transport vehicle 10 that is
determined as the charging target. After having instructed
to charge the transport vehicle 10 determined as being a
charging target, if another transport vehicle 10 is not
determined as the charging target, the charging instructor
21 ends the processing.

[0041]

In the case where the charger 30 becomes unavailable
for successive charging instructions to transport vehicles
10, the controller 20 may execute the instructions at
certain intervals. 1In other words, the controller 20
instructs to charge the transport vehicles 10 closest to
the charger 30 (in order from the transport vehicle 10
closest to the charger 30) at certain intervals between the
instruction, because it is undesirable for the transport
efficiency to decrease due to a charging wait that arises
when multiple transport vehicles 10 are sent for charging
at the same time. Also, in the case where a transport
vehicle 10 with a charging rate below the first threshold
value is determined as a charging target, if multiple
transport vehicles 10 are charging targets, the charging
instructor 21 may instruct to charge the charging target
transport vehicles 10 in order from the transport vehicle
10 closest to the charger 30, at certain intervals.

[0042]

Fig. 8 is a diagram for describing another processing
example of the charging instructor according to the
embodiment. In addition to what has been described in the
above embodiment, the charging instructor 21 may instruct
to start charging two or more transport vehicles at
different timings. Specifically, when instructing to start

charging two or more transport vehicles, the charging
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instructor 21 may instruct to start charging the transport
vehicles 10 in order from the transport vehicle 10 with the
lowest charge rate.

[0043]

As shown in Fig. 8, if the charge rate calculated
through the first determination process is below the first
threshold value (Step S04: YES), the charging instructor 21
determines the transport vehicle 10 with the lowest charge
rate as a charging target (Step S31) and instructs to
charge the transport vehicle 10 determined as the charging
target (Step S32). Specifically, the charging instructor
21, upon determining that the calculated charge rate of the
entire multiple transport vehicles 10 is below the first
threshold value, determines the transport vehicle 10 with
the lowest charge rate as a charging target, on the basis
of information related to the charge rate contained in the
state information of each transport vehicle 10. Then, the
charging instructor 21 instructs to charge the transport
vehicle 10 determined as the charging target.

[0044]

If another transport vehicle 10 is also determined as
being a charging target (Step S33: YES), the charging
instructor 21 executes the process of Step S31 again. On
the other hand, if another transport vehicles 10 is not
determined as being a charging target (Step S33: NO), the
charging instructor 21 ends the processing. Specifically,
after having instructed to charge a transport vehicle 10
determined as a charging target, if another transport
vehicle 10 is also determined as a charging target, the
charging instructor 21 determines the transport vehicle 10
with the lowest charge rate as being a charging target and

instructs to charge the transport vehicle 10 that is
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determined as the charging target. After having instructed
to charge the transport vehicle 10 determined as being a
charging target, if another transport vehicle 10 is not
determined as the charging target, the charging instructor
21 ends the processing. In the case where the charger 30
becomes unavailable for successive charging instructions to
transport vehicles 10, the controller 20 may execute the
instructions at certain intervals. 1In other words, the
controller 20 instructs to charge the transport vehicles 10
with the lowest charge rate (in order from the transport
vehicle 10 with the lowest charge rate) at certain
intervals between the instruction, because it is
undesirable for the transport efficiency to decrease due to
a charging wait that arises when multiple transport
vehicles 10 are sent for charging at the same time. Also,
in the case where a transport vehicle 10 with a charging
rate below the first threshold value is determined as a
charging target, if multiple transport vehicles 10 are
charging targets, the charging instructor 21 may instruct
to charge the charging target transport vehicles 10 in
order from the transport vehicle 10 with the lowest charge
rate, at certain intervals.

[0045]

Fig. 9 is a diagram showing an example of a charging
instruction processing image according to the embodiment.
In Fig. 9, description is premised on that three chargers
30 are arranged, the battery 116 decreases by 1 percent per
minute, the travel time for charging is 1 minute, and the
charging time is 4 minutes. Also, in Fig. 9, as an
example, the first threshold value (corresponding to the
charging rate of the entire system) is "30" percent, and

the second threshold wvalue (corresponding to the charging
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rate of each individual transport vehicle 10) is "20"
percent. In addition, in Fig. 9, the effective transport
vehicle ratio is taken as an example of the system margin
rate where the threshold value thereof is set to "60"
percent.

[0046]

As shown in Fig. 9, the controller 20 calculates the
charge rate of the entire multiple transport vehicles 10
every minute, and recognizes it falling below the first
threshold value of "30" percent as the overall charge rate
becomes "29.2" percent when "4" minutes have elapsed.
Here, the controller 20 treats transport vehicles V1, V2,
V3, and V4 as charging targets. Then, the controller 20
instructs to charge any one of the transport vehicles 10,
the transport vehicle 10 that is closest to the charger 30,
or the transport vehicle 10 with the lowest charge rate
among the transport vehicles V1, V2, V3, and V4. 1In the
example shown in Fig. 9, the charge rates of the transport
vehicles V1, V2, V3, and V4 are the same, the controller 20
may instruct to charge any transport vehicle 10, or the
transport vehicle 10 closest to the charger 30, and it
instructs to charge the transport vehicle V1, for example.
Since there is an available charger 30 and there is a
margin in the system margin rate (here, the effective
transport vehicle ratio), the controller 20 instructs to
charge the transport vehicle V2. Although the charging
instructions to the transport vehicles V1, V2 are executed
at different timings, they may be executed at the same
timing. At this time, if the controller 20 instructs to
charge either the transport vehicle V3 or V4, the system
margin rate (here, the effective transport vehicle ratio)

will fall below the threshold value of "60" percent, and
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therefore, the controller 20 does not instruct to charge
the transport vehicles V3, V4.
[0047]

Then, when "11" minutes have elapsed, the controller
20 recognizes the completion of charging the transport
vehicles V1, V2. At this time, the controller 20 does not
instruct to charge the transport vehicles V3, V4 because
there is a margin in the system margin rate (here, the
effective transport vehicle ratio), the charge rate of the
entire system is not below the first threshold value of
"30" percent and the individual charge rates are not below
the second threshold value of "20" percent. When "12"
minutes have elapsed, the controller 20 recognizes the
individual charge rates of the transport vehicles V1, V2
falling below the second threshold value of "20" percent.
The controller 20 then instructs to charge the transport
vehicles V3, V4. Then, when "18" minutes have elapsed, the
controller 20 recognizes the completion of charging the
transport vehicles V3, V4. While there is a margin in the
system margin rate and the charge rate of the entire system
is not below the first threshold value when "19" minutes
have elapsed, there is a possibility of the individual
charge rate of the transport vehicle V5 falling below "20"
percent, and therefore, an instruction to charge the
transport vehicle V5 may be given.

[0048]

Fig. 10 is a diagram showing an example of a charging
instruction processing image according to the conventional
technique. As shown in Fig. 10, in the conventional
technigque, when "12" minutes have elapsed, the individual
charge rates of the transport vehicles V1, V2, V3, and V4
fall below the threshold value (the second threshold wvalue
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in the present embodiment), and charging becomes necessary.
However, since there are three chargers, the transport
vehicles V1, V2, and V3 are directed to the chargers, and
the transport vehicle V4 is placed on standby for charging.
At this time, the number of transport vehicles that are
able to operate in the entire system will be "1" (transport
vehicle V5), and this reduces the transport efficiency.
[0049]

As described above, according to the transport
vehicle system 100 of the present embodiment, any one of
the transport vehicles 10 is instructed to start charging
if the charge rate of the entire plurality of transport
vehicles 10 is below the first threshold value, and each
transport vehicle 10 the charge rate of which is below the
second threshold value that is lower than the first
threshold value is instructed to start charging. Thus, it
is possible to suppress multiple transport vehicles 10 from
being instructed to start charging at the same timing,
thereby suppressing a decrease in the transport efficiency
of the entire system. According to the transport vehicle
system 100 of the present embodiment, charging instructions
for the transport vehicles are given taking the system
margin rate into account. Thus, it is possible to prevent
situations where there is no transport vehicle 10 to which
a transport instruction can be assigned. According to the
transport vehicle system 100 of the present embodiment, the
system margin rate is periodically checked while giving
charging instructions to the transport vehicles 10. Thus,
it is possible to prevent situations where transport
vehicles 10 become unable to execute transport instructions
due to a reduced charge rate. According to the transport

vehicle system 100 of the present embodiment, the system
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margin rate is found using various information related to
the transport efficiency. Thus, it is possible to suitably
suppress a decrease in the transport efficiency of the
entire system. According to the transport vehicle system
100 of the present embodiment, multiple transport vehicles
10 are not sent to charge at the same time. Thus, it is
possible to suppress a decrease in the transport efficiency
of the entire system. According to the transport vehicle
system 100 of the present embodiment, the transport
vehicles 10 are instructed to start charging in order from
the transport vehicle 10 closest to the charger 30. When
multiple transport vehicles 10 require charging, it is
possible to improve charging efficiency. According to the
transport vehicle system 100 of the present embodiment, the
transport vehicles 10 are instructed to start charging in
order from the transport vehicle 10 with the lowest charge
rate. Thus, it is possible to prevent the increase in the
number of transport vehicles 10 being unable to execute
transport instructions due to a reduced charge rate.
According to the transport vehicle system 100 of the
present embodiment, state information is acquired through
periodic communication between the multiple transport
vehicles 10 and the controller 20. Thus, it is possible to
identify transport vehicles 10 that are suitable for
instructing charging. According to the transport vehicle
system 100 of the present embodiment, the multiple
transport vehicles 10 can move in the first direction D1 or
the second direction D2 along the grid-patterned track R,
and the charger 30 is provided so as to correspond to one
of the grid cells of the grid-patterned track R. Thus, it
is possible to apply the present invention to a transport

vehicle system 100 arranged on a grid-patterned track R.
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[0050]

In addition, the following supplementary notes are
disclosed in relation to the embodiment described above.
(Supplementary Note 1) A transport vehicle system
comprising:

a plurality of transport vehicles that transport
articles; a controller that assigns a transport instruction
to any one of the plurality of transport vehicles; and a
charger that is located on a route along which the
plurality of transport vehicles can travel and supplies
electric power to the transport vehicles,

wherein the controller includes a charging instructor
that instructs to start charging each transport wvehicle,

wherein the charging instructor performs a first
determination process to determine whether a charge rate of
an entirety of the plurality of transport vehicles is below
a first threshold value, and instructs to start charging at
least any one of the transport vehicles if the charge rate
of the entirety of the plurality of transport vehicles is
determined as being below the first threshold value, and

wherein the charging instructor performs a second
determination process to determine whether the charge rate
of each transport vehicle is below a second threshold wvalue
that is lower than the first threshold value, and instructs
to start charging each transport vehicle if the charge rate
of the transport vehicle is determined as being below the
second threshold value.
(Supplementary Note 2) The transport vehicle system
according to supplementary note 1,

wherein the charging instructor checks a system
margin rate, which indicates a degree of margin in the

entirety of the plurality of transport vehicles, at
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predetermined timings against processing of the transport
instruction,

wherein the charging instructor instructs to start
charging the any one of the transport vehicles if the
degree of margin indicated by the system margin rate is
higher than or equal to a predetermined degree and also the
charge rate of the entirety of the plurality of transport
vehicles is determined as being below the first threshold
value, and

wherein the charging instructor instructs to start
charging a transport vehicle if the degree of margin
indicated by the system margin rate is higher than or equal
to the predetermined degree and also the charge rate of the
transport vehicle is determined as being below the second
threshold wvalue.
(Supplementary Note 3) The transport vehicle system
according to supplementary note 2,

wherein the charging instructor checks the system
margin rate periodically at the predetermined timings.
(Supplementary Note 4) The transport vehicle system
according to supplementary note 2 or 3,

wherein the charging instructor checks whether or not
at least one of following is satisfied: an effective
transport vehicle ratio, which serves as the system margin
rate to represent a proportion of transport vehicles that
are on standby relative to the entirety of the plurality of
transport vehicles, is higher than or equal to a
predetermined ratio; a transport volume of the entirety of
the plurality of transport vehicles is below a
predetermined transport volume; and a utilization rate of
the entirety of the plurality of transport vehicles is

below a predetermined utilization rate.
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(Supplementary Note 5) The transport vehicle system
according to any one of supplementary notes 1 to 4,

wherein the charging instructor instructs to start
charging two or more of the transport vehicles at different
timings.
(Supplementary Note 6) The transport vehicle system
according to supplementary note 5,

wherein the charging instructor instructs to start
charging the transport vehicles in order from the transport
vehicle closest to the charger.
(Supplementary Note 7) The transport vehicle system
according to supplementary note 5,

wherein the charging instructor instructs to start
charging the transport vehicles in order from the transport
vehicle with the lowest charge rate.
(Supplementary Note 8) The transport vehicle system
according to any one of supplementary notes 1 to 7,

wherein the controller acquires state information of
the plurality of transport vehicles through periodic
communication with the plurality of transport vehicles.
(Supplementary Note 9) The transport vehicle system
according to any one of supplementary notes 1 to 8§,

wherein the plurality of transport vehicles can move
in a first direction and a second direction along a grid-
patterned track that extends in a first direction and a
second direction intersecting the first direction, and

wherein the charger is provided so as to correspond
to one of grid cells of the grid-patterned track.
(Supplementary Note 10) A method of controlling transport
vehicles in a transport vehicle system including a
plurality of transport vehicles that transport articles, a

controller that assigns a transport instruction to any one
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of the plurality of transport vehicles, and a charger that
is located on a route along which the plurality of
transport vehicles can travel and supplies electric power
to the transport vehicles,

the method comprising steps, implemented by the
controller, of:

performing a first determination process to determine
whether a charge rate of an entirety of the plurality of
transport vehicles is below a first threshold value, and
instructing to start charging at least any one of the
transport vehicles if the charge rate of the entirety of
the plurality of transport vehicles is determined as being
below the first threshold value; and

performing a second determination process to
determine whether the charge rate of each transport vehicle
is below a second threshold value that is lower than the
first threshold value, and instructing to start charging
each transport vehicle if the charge rate of the transport
vehicle is determined as being below the second threshold
value.

[0051]

The embodiment of the present invention has been
described above. However, the technical scope of the
invention is not limited to the description of the above
embodiment. It is apparent to those skilled in the art
that various modifications or improvements can be added to
the above embodiment. The technical scope of the present
invention also encompasses one or more of such
modifications or improvements. One or more of the
requirements described in the above embodiment may be
omitted in some cases. Furthermore, one or more of the

requirements described in the above embodiment may be
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combined where appropriate. The contents of all documents
cited in the detailed description of the present invention
are incorporated herein by reference to the extent
permitted by law.

[0052]

It should be noted that the technical scope of the
present invention is not limited to the mode described in
the above embodiment. One or more of the requirements
described in the above embodiment may be omitted in some
cases. One or more of the requirements described in the
above embodiment may be combined where appropriate. The
contents of Japanese Patent Application No. 2022-078653 and
all documents cited in the detailed description of the
present invention are incorporated herein by reference to

the extent permitted by law.

Description of Reference Signs
[0053]

10: Transport vehicle

20: Controller

21: Charging instructor

30: Charger

100: Transport vehicle system
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CLAIMS

1. A transport vehicle system comprising:

a plurality of transport vehicles that transport
articles;

a controller that assigns a transport instruction to
any one of the plurality of transport vehicles; and

a charger that is located on a route along which the
plurality of transport vehicles can travel and supplies
electric power to the transport vehicles,

wherein the controller includes a charging instructor
that instructs to start charging each transport wvehicle,

wherein the charging instructor performs a first
determination process to determine whether a charge rate of
an entirety of the plurality of transport vehicles is below
a first threshold value, and instructs to start charging at
least any one of the transport vehicles if the charge rate
of the entirety of the plurality of transport vehicles is
determined as being below the first threshold value, and

wherein the charging instructor performs a second
determination process to determine whether the charge rate
of each transport vehicle is below a second threshold wvalue
that is lower than the first threshold value, and instructs
to start charging each transport vehicle if the charge rate
of the transport vehicle is determined as being below the

second threshold wvalue.

2. The transport vehicle system according to claim 1,
wherein the charging instructor
checks a system margin rate, which indicates a degree
of margin in the entirety of the plurality of transport

vehicles, at predetermined timings against processing of
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the transport instruction,

instructs to start charging at least the any one of
the transport vehicles if the degree of margin indicated by
the system margin rate is higher than or equal to a
predetermined degree and also the charge rate of the
entirety of the plurality of transport vehicles is
determined as being below the first threshold value, and

instructs to start charging a transport vehicle if
the degree of margin indicated by the system margin rate is
higher than or equal to the predetermined degree and also
the charge rate of the transport vehicle is determined as

being below the second threshold value.

3. The transport vehicle system according to claim 2,
wherein the charging instructor checks the system

margin rate periodically at the predetermined timings.

4. The transport vehicle system according to claim 2 or 3,

wherein the charging instructor checks whether or not
at least one of following is satisfied: an effective
transport vehicle ratio, which serves as the system margin
rate to represent a proportion of transport vehicles that
are on standby relative to the entirety of the plurality of
transport vehicles, is higher than or equal to a
predetermined ratio; a transport volume of the entirety of
the plurality of transport vehicles is below a
predetermined transport volume; and a utilization rate of
the entirety of the plurality of transport vehicles is

below a predetermined utilization rate.

5. The transport vehicle system according to any one of

claims 1 to 3,
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wherein the charging instructor instructs to start
charging two or more of the transport vehicles at different

timings.

6. The transport vehicle system according to claim 5,
wherein the charging instructor instructs to start
charging the transport vehicles in order from the transport

vehicle closest to the charger.

7. The transport vehicle system according to claim 5,
wherein the charging instructor instructs to start
charging the transport vehicles in order from the transport

vehicle with the lowest charge rate.

8. The transport vehicle system according to any one of
claims 1 to 3,

wherein the controller acquires state information of
the plurality of transport vehicles through periodic

communication with the plurality of transport vehicles.

9. The transport vehicle system according to any one of
claims 1 to 3,
wherein the plurality of transport vehicles can move
in a first direction and a second direction along a grid-
patterned track that extends in a first direction and a
second direction intersecting the first direction, and
wherein the charger is provided so as to correspond

to one of grid cells of the grid-patterned track.
10. A method of controlling transport vehicles in a
transport vehicle system including a plurality of transport

vehicles that transport articles, a controller that assigns
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a transport instruction to any one of the plurality of
transport vehicles, and a charger that is located on a
route along which the plurality of transport vehicles can
travel and supplies electric power to the transport
vehicles,

the method comprising steps, implemented by the
controller, of:

performing a first determination process to determine
whether a charge rate of an entirety of the plurality of
transport vehicles is below a first threshold value, and
instructing to start charging at least any one of the
transport vehicles if the charge rate of the entirety of
the plurality of transport vehicles is determined as being
below the first threshold value; and

performing a second determination process to
determine whether the charge rate of each transport vehicle
is below a second threshold value that is lower than the
first threshold value, and instructing to start charging
each transport vehicle if the charge rate of the transport
vehicle is determined as being below the second threshold

value.
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