DESCRIPTION

SWITCHING CONTROL DEVICE AND SWITCHING CONTROL METHOD

FIELD
[0001] Embodiments of the present invention relate to a

switching control device and a switching control method.

BACKGRQOUND

[0002] A traveling distance of an electric vehicle not
including an internal combustion engine is limited by an
electricity storage amount of an electricity storage
functional unit such as a storage battery, and the
traveling distance thereof is shorter than that of an
automobile including an internal combustion engine. Due to
this, for a hybrid car including a plurality of power
sources such as an electricity storage functional unit and
an internal combustion engine, a method of increasing
traveling distance by switching between a power source for
air conditioning and a power source for traveling has been
examined.

[0003] For example, for hybrid cars, there is a method
of causing an electricity storage functional unit to
function as a power source for air conditioning and
traveling until a distance to a destination becomes equal
to or smaller than a predetermined distance, and causing an
internal combustion engine to function as the power source
for air conditioning and traveling when the distance to the
destination becomes equal to or smaller than the
predetermined distance. For hybrid cars, there is a method
in which, assuming that an electricity storage amount of
the electricity storage functional unit when the hybrid car

arrives at the destination is a target amount, when the



electricity storage amount of the electricity storage
functional unit becomes equal to or smaller than the target
amount before the hybrid car arrives at the destination,
the internal combustion engine is made to be the power

source for air conditioning and traveling.

CITATION LIST

Patent Literature

[0004] Patent Literature 1l: Japanese Patent Application
Laid-open No. 2008-150035

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

[0005] However, with a conventional method of switching
a power source, an internal combustion engine is switched
to a power source for air conditioning and traveling when a
distance to a destination becomes equal to or smaller than
a predetermined distance or when an electricity storage
amount of an electricity storage functional unit becomes
equal to or smaller than a target amount, so that it is
difficult to make a long-distance traveling plan using the

electricity storage functional unit as a power source.

Means for Solving Problem

[0006] A switching control device according to an
embodiment includes a controller, a prediction unit, and a
calculator. The controller controls a switching unit that
is able to switch a power source of an air conditioning
appliance of an electric bus operating according to a
predetermined schedule to a first electricity storage
functional unit or a predetermined power source. The first
electricity storage functional unit is a power source of a

motor that causes the electric bus to travel. The



predetermined power source 1s different from the first
electricity storage functional unit. The prediction unit
predicts a charging time during which the first electricity
storage functional unit is able to be charged by a charger
at a first position at which the first electricity storage
functional unit is able to be charged. The calculator
calculates, based on the schedule, a first electricity
storage amount of the first electricity storage functional
unit required for driving the motor to a second position
excepting a charging amount charged to the first
electricity storage functional unit at the first position
corresponding to the charging time based on the schedule.
When the electricity storage amount of the first
electricity storage functional unit is equal to or smaller
than the first electricity storage amount, the controller
controls the switching unit to switch the power source of
the air conditioning appliance to a predetermined power

source from the first electricity storage functional unit.

BRIEF DESCRIPTION OF DRAWINGS

[0007] FIG. 1 is a diagram illustrating an example of a
configuration of a power source switching control system
according to a first embodiment.

FIG. 2 is a flowchart illustrating an example of a
procedure of switching of a power source of an onboard air
conditioner in the power source switching control system
according to the first embodiment.

FIG. 3 is a diagram illustrating an example of a
configuration of a power source switching control system
according to a second embodiment.

FIG. 4 is a diagram illustrating an example of a
configuration of a power source switching control system

according to a third embodiment.



FIG. 5 is a diagram illustrating an example of a
configuration of a power source switching control system
according to a fourth embodiment.

FIG. 6 is a diagram illustrating an example of a
configuration of a power source switching control system
according to a fifth embodiment.

FIG. 7 is a diagram illustrating an example of a
configuration of a power source switching control system

according to a sixth embodiment.

DETATILED DESCRIPTION

[0008] The following describes, with reference to the
attached drawings, an air conditioning power source
switching system to which a switching control device and a
switching control method according to embodiments is

applied.

First Embodiment

[0009] FIG. 1 is a diagram illustrating an example of a
configuration of a power source switching control system
according to a first embodiment. As illustrated in FIG. 1,
a power source switching control system 1 according to the
present embodiment is applied to an electric vehicle (EV)
bus B (an example of an electric bus) operating according
to a predetermined schedule using an electricity storage
functional unit such as a storage battery as a power source.
Specifically, as illustrated in FIG. 1, the power source
switching control system 1 includes a first power source
101, a second power source 102, a motor 103, an inverter
104, an onboard air conditicner 105 (hereinafter, referred
to as an onboard air conditioner), a battery management
unit (BMU) 106, an input/output appliance 107, an engine
control unit (ECU) 108, and a switch 109.



[0010] The first power source 101 (an example of a first
electricity storage functional unit) is an electricity
storage functional unit such as a storage battery serving
as a power source of at least the motor 103 and the onboard
alr conditioner 105 among loads included in the EV bus B.
In the present embodiment, the first power source 101 is a
power source of auxiliary machinery included in the EV bus
B in addition to the motor 103 and the onboard air
conditioner 105. The second power source 102 (an example
of a predetermined power source) can function as a power
source of the onboard air conditioner 105. In the present
embodiment, the second power scurce 102 is not used as a
power source of the loads other than the onboard air
conditioner 105. 1In the present embodiment, an electricity
storage functional unit such as a storage battery is used
as the second power source 102, but it is sufficient that
the second power source 102 can be used as the power source
of the onboard air conditioner 105. For example, the
second power source 102 may be a hydrogen fuel engine, a
diesel engine, a gasoline engine, a power generator, and
the like.

[0011] The motor 103 is an electric motor that causes
the EV bus B equipped with the power source switching
control system 1 to travel. The inverter 104 changes a
current flowing from the first power source 101 to the
motor 103 and a voltage applied to the motor 103 from the
first power source 101 corresponding to a rating of the
motor 103. The onboard air conditioner 105 is an example
of an air conditioning appliance that adjusts temperature
and the like in the EV bus B. In the present embodiment,
the onboard air conditioner 105 includes an air-cooling
system that lowers the temperature in the EV bus B, and an

alr-heating system that raises the temperature in the EV



bus B. The BMU 106 controls charging and discharging of
the first power source 101 and the second power source 102,
and detects the temperature and a residual capacity (state
of charge: SOC) of the first power source 101 and the
second power source 102, for example,.

[0012] Through the input/output appliance 107, it is
possible to input various pieces of information such as
destination information indicating a destination of the EV
bus B, present location information indicating a position
(a present location) of the EV bus B, a position at which a
charger is provided that can charge the first power source
101 (a charger installation place), type information (for
example, a quick charger) related to the charger provided
at the charger installation place, a schedule indicating
scheduled arrival time and the like at which the EV bus B
is scheduled to arrive at a destination, and route
information indicating a route of the EV bus B to the
destination.

[0013] The switch 109 is a switching unit that is able
to switch the power source of the onbocard air conditioner
105 to the first power source 101 or the second power
source 102. The ECU 108 (an example of a controller)
performs electric control in the EV bus B such as switching
of a power source of each load unit included in the EV bus
B or control of the BMU 106. In the present embodiment,
the ECU 108 includes a central processing unit (CPU), a
read only memory (RCOM), a random access memory (RAM), and
the like. The CPU then executes various programs such as
power source switching control software stored in the ROM
using the RAM as a working area to perform electric control
in the EV bus B. In this case, the power source switching
control software is a program for switching the power

source of the onboard air conditioner 105 to the first



power source 101 or the second power source 102.

[0014] Next, with reference to FIG. 1, the following
describes switching for the power source of the onboard air
conditioner 105 in the power source switching control
system 1 according to the present embodiment.

[0015] When the EV bus B equipped with the power source
switching control system 1 starts to travel, the ECU 108
controls the BMU 106 to supply electric power to the motor
103 from the first power source 101. The ECU 108 also
contrcls the switch 109 to switch the power source of the
onboard air conditioner 105 to the first power source 101,
and causes the onboard air conditioner 105 to operate.
Next, based on the destination information, the present
location information, the charger installation place, the
type information, the schedule, the route information, and
the like input from the input/output appliance 107, the ECU
108 calculates an electricity storage amount of the first
power source 101 required for driving the motor 103 in
travel of the EV bus B to the destination (hereinafter,
referred to as a required electricity storage amount).
[0016] When the EV bus B stops at the charger
installation place before arriving at the destination, the
first power source 101 of the EV bus B is able to be
charged before arriving at the destination, so that a
possible traveling distance can be prolonged by electric
power supplied from the charged first power source 101.
However, when the EV bus B stops at the destination before
arriving at the charger installation place, the EV bus B
needs to secure at least an electricity storage amount
required for traveling to the destination for the first
power source 101. When the scheduled arrival time at the
destination is set in the schedule, a time during which the

EV bus B can stop at the charger installation place is



predetermined, so that the first power source 101 cannot be
charged with electricity the storage amount of which is
required for traveling to the destination in some cases at
the charger installation place. Additionally, depending on
specs of the first power source 101 included in the EV bus
B or a battery capacity, the first power scurce 101 cannot
be charged with electricity the storage amount of which is
required for traveling to the destination in some cases.
[0017] Thus, the ECU 108 needs to calculate required
amount of electric power in consideration of wvariable
factors such as the scheduled arrival time at the
destination of the EV bus B, the specs of the first power
source 101, and the battery capacity of the first power
source 101. Specifically, the ECU 108 (an example of a
prediction unit) predicts a charging time during which the
first power source 101 is able to be charged by the charger
installed at the charger installation place, at the charger
installation place at which the first power source 101 is
able to be charged (an example of a first position). Next,
the ECU 108 (an example of a calculator) calculates, as the
required electricity storage amcunt (an example of a first
electricity storage amount), the electricity storage amount
of the first power source 101 required for driving the
motor 103 in travel of the EV bus B to the destination (an
example of a second position) excepting the storage amount
of electricity charged to the first power source 101 at the
charger installation place according to the predicted
charging time based on the schedule. In the present
embodiment, the required electricity storage amount is
calculated based on the traveling distance of the EV bus B
per predetermined electricity storage amount and the
distance to the destination.

[0018] Specifically, when the EV bus B arrives at the



destination before arriving at the charger installation
place, or a case in which the destination of the EV bus B
is the charger setting place, the ECU 108 calculates, as
the required electricity storage amount, the electricity
storage amount of the first power scurce 101 required for
driving the motor 103 in travel of the EV bus B to the
destination. More specifically, the ECU 108 calculates, as
the required electricity storage amount, a value obtained
by multiplying the predetermined electricity storage amount
by a value obtained by dividing the distance from the
present location to the destination by the traveling
distance per predetermined electricity storage amount.
[0019] By contrast, when the EV bus B arrives at the
charger installation place before arriving at the
destination, the ECU 108 calculates, as the required
electricity storage amount, an electricity storage amount
obtained by subtracting the storage amount of electricity
charged to the first power source 101 at the charger
installation place corresponding to the predicted charging
time from the electricity storage amount of the first power
source 101 required for driving the motor 103 in travel of
the EV bus B to the destination. More specifically, the
ECU 108 calculates a remaining distance by subtracting the
possible traveling distance of the EV bus B with the
storage amount of electricity charged to the first power
source 101 at the charger installation place from the
distance from the present location to the destination. The
ECU 108 then calculates, as the required electricity
storage amount, a value obtained by multiplying the
predetermined electricity storage amount by a value _
obtained by dividing the calculated remaining distance by
the traveling distance per predetermined electricity

storage amount. However, when the calculated required
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electricity storage amount is smaller than the electricity
storage amount of the first power source 101 required for
driving the motor 103 to the charger installation place at
which the EV bus B stops before arriving at the destination,
the ECU 108 corrects the calculated required electricity
storage amount at least to the electricity storage amount
of the first power source 101 required for driving the
motor 103 to the charger installation place.

[0020] When the electricity storage amount of the first
power source 101 becomes equal to or smaller than the
required electricity storage amount, the ECU 108 controls
the switch 109 to switch the power source of the onboard
air conditioner 105 to the second power source 102.
Consequently, the EV bus B can be caused to travel to the
destination using the electricity storage functional unit
constituting the first power source 101 as a power source
for the motor 103, so that a long-distance traveling plan
using the electricity storage functional unit as a power
source can be made. Accordingly, in the present embodiment,
the ECU 108 functions as an example of a switching control
device that controls switching of the power source of the
onboard air conditioner 105.

[0021] Next, with reference to FIG. 2, the following
describes an example of a procedure of switching of the
power source of the onboard air conditioner 105 in the
power source switching control system 1 according to the
present embodiment. FIG. 2 is a flowchart illustrating an
example of a procedure of switching of the power source of
the onboard air conditioner in the power source switching
control system according to the first embodiment.

[0022] - When the EV bus B starts to travel, the ECU 108
determines whether the route information is input from the

input/output appliance 107 (Step S110). If the route
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information is not input from the input/output appliance
107 (No at Step S110), the ECU 108 calculates the route
information using the destination information, the present
location information, the charger installation place, the
type information, the schedule, and the like (Step S111).
If the route information is input from the input/output
appliance 107 (Yes at Step S110) or the route information
is calculated, the ECU 108 specifies charger installation
places on the route of the EV bus B indicated by the route
information. The ECU 108 then determines whether there is
a charger installation place at which the EV bus B stops
before arriving at the destination indicated by the
destination information in the specified charger
installation places (Step S112). If there is no charger
setting place at which the EV bus B stops before arriving
at the destination (No at Step S112), the ECU 108
calculates, as the required electricity storage amount, the
electricity storage amount of the first power source 101
required for driving the motor 103 in travel of the EV bus
B to the destination (Step $113).

[0023] Thereafter, until the EV bus B arrives at the
destination, the ECU 108 determines whether the electricity
storage amount of the first power source 101 is equal to or
smaller than the calculated required electricity storage
amount every predetermined period (Step S114). If the
electricity storage amount of the first power source 101 is
not equal to or smaller than the calculated required
electricity storage amount (No at Step S114), the ECU 108
leaves the first power source 101 as the power source of
the onboard air conditioner 105 (Step S115). By contrast,
if the electricity storage amount of the first power source
101 is equal to or smaller than the calculated reqguired

electricity storage amount (Yes at Step S114), the ECU 108
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controls the switch 109 to switch the power source of the
onboard air conditioner 105 to the second power source 102
(Step S1leo).

[0024] At Step S112, if there is a charger setting place
at which the EV bus B stops before arriving at the
destination (Yes at Step S112), the ECU 108 specifies
scheduled arrival time (an example of arrival time) of the
EV bus B at the destination according to the schedule and
the like input from the input/output appliance 107 (Step
S117). Next, based on the scheduled arrival time of the EV
bus B at the destination, the ECU 108 predicts the charging
time during which the first power source 101 is able to be
charged at the charger installation place at which the EV
bus B stops before arriving at the destination. At the
charger installation place at which the EV bus B stops
before arriving at the destination, the ECU 108 calculates
the storage amount of electricity that is able to be
charged to the first power source 101 in the predicted
charging time (hereinafter, referred to as a charging
electricity storage amount) (Step S118).

[0025] The ECU 108 also calculates the electricity
storage amount of the first power source 101 required for
driving the motor 103 in travel of the EV bus B from the
present location to the destination (hereinafter, referred
to as a total electricity storage amount). The ECU 108
then calculates, as the required electricity storage amount,
the electricity storage amount obtained by subtracting the
charging electricity storage amount from the total
electricity storage amount (Step S119). Thereafter, until
the EV bus B arrives at the destination, the ECU 108
determines whether the electricity storage amount of the
first power source 101 is equal to or smaller than the

calculated required electricity storage amount every
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predetermined period (Step S120). If the electricity
storage amount of the first power source 101 is not equal
to or smaller than the calculated required electricity
Sstorage amount (No at Step S120), the ECU 108 leaves the
first power source 101 as the power source of the onboard
air conditioner 105 (Step S121). By contrast, if the
electricity storage amount of the first power source 101 is
equal to or smaller than the calculated required
electricity storage amount (Yes at Step S120), the ECU 108
controls the switch 109 to switch the power source of the
onboard air conditioner 105 to the second power source 102
(Step S122).

[0026] In this way, with the power source switching
control system 1 according to the first embodiment, a long-
distance traveling plan for the EV bus B using the
electricity storage functional unit as a power source can

be made.

Second Embodiment

[0027] The present embodiment is an example of
predicting the charging time at the charger installation
place based on at least one of a congestion state of a road
to the destination and a shape of the road to the
destination, and calculating the required electricity
storage amount based on at least one of the congestion
state of the road to the destination and the shape of the
road to the destinaticn. In the following description, the
same component as that in the first embodiment is omitted.
[0028] FIG. 3 is a diagram illustrating an example of a
configuration of the power source switching control system
according to a second embodiment. As illustrated in FIG. 3,
a power source switching control system 2 according to the

present embodiment includes the first power source 101, the
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second power source 102, the motor 103, the inverter 104,
the onboard air conditioner 105, the BMU 106, the
input/output appliance 107, the switch 109, an ECU 201, and
a communication appliance 202. The communication appliance
202 acquires at least one of road congestion information
and road environment information from an external device
via a network such as the Internet. In this case, the road
congestion information is information indicating a
congestion state of a road to the destination, for example,
a traveling route to the destination and the required time
to the destination. The road environment information is
information indicating the shape of the road to the
destination, for example, a gradient of the road to the
destination. 1In the present embodiment, attaching great
importance to real-time performance of the acquired road
congestion information and road environment information,
the power source switching control system 2 acquires the
road congestion information and the road environment
information from the external device via the network using
the communication appliance 202 included in the power
source switching control system 2, but the embodiment is
not limited thereto. For example, the power source
switching control system 2 may acquire the road congestion
information and the road environment information from the
external device via the network using a communication
appliance included in on-vehicle equipment of the EV bus B
or an external communication appliance.

[0029] In the present embodiment, the ECU 201 predicts a
charging time at the charger installation place based on at
least one of the road congestion information and the road
environment information acquired by the communication
appliance 202. Consequently, prediction accuracy for the

charging time at the charger installation place can be
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improved, so that the electricity storage amount of the
first power source 101 can be prevented from running out in
travel of the EV bus B to the destination. For example,
when the road congestion information indicates that the
traveling route to the destination is jammed up, or a case
in which the road environment information indicates that
there are many curves 1in the traveling route to the
destination or a gradient of an upward slope to the
destination 1s equal to or larger than a predetermined
angle, the arriving time at the charger installation place
is estimated to be delayed, so that the ECU 201 predicts
the charging time to Dbe shorter corresponding to a
predetermined rate. By contrast, when the road congestion
information indicates that the traveling route to the
destination is not Jjammed up, or a case in which the road
environment information indicates that there are many
straight lines in the traveling route to the destination or
a gradient to the destination is smaller than the
predetermined angle, the arriving time at the destination
is estimated to be earlier, so that the ECU 201 predicts
the charging time to be 1longer corresponding to a
predetermined rate.

[0030] The ECU 201 also calculates the required
electricity storage amount based on at least one of the
road congestion information and the road environment
information acquired by the communication appliance 202.
Consequently, calculation accuracy for the required
electricity storage amount can be improved, so that the
electricity storage amount of the first power source 101
can be prevented from running out in travel of the EV bus B
to the destination. For example, when the road congestion
information indicates that the traveling route to the

destination is jammed up, or a case in which the road
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environment information indicates that there are many
curves in the traveling route to the destination or a
gradient of an upward slope to the destination is equal to
or larger than a predetermined angle, the required time to
the destination is prolonged with high possibility, so that
the ECU 201 calculates the regquired electricity storage
amount to be larger corresponding to a predetermined rate.
By contrast, when the road congestion information indicates
that the traveling route to the destination is not jammed
up, or a case in which the road environment information
indicates that there are many straight lines in the
traveling route to the destination or a gradient to the
destination 1s smaller than the predetermined angle, the
required time to the destination is shortened with high
possibility, so that the ECU 201 calculates the required
electricity storage amount to be smaller corresponding to a
predetermined rate.

[0031] As described above, if the required electricity
storage amount is calculated simply with the route on which
the EV bus B travels to the destination, an error may be
caused in the amount depending on the congestion state of
the route indicated by the route information. For example,
power consumption in the EV bus B increases when the road
is congested and the traveling time to the destination is
prolonged, and a larger electricity storage amount than the
required electricity storage amount may be consumed by the
motor 103. If the required electricity storage amount is
calculated simply with the route on which the EV bus B
travels to the destination, an error may be caused in the
amount depending on the shape of the route. For example,
higher torque is required for the EV bus B and power
consumption increases as a gradient of an upward slope on

the route increases, and a larger electricity storage
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amount than the required electricity storage amount may be
consumed by the motor 103. However, according to the
present embodiment, as described above, the charging time
and the required electricity storage amount are calculated
based on at least one of the road congestion information
and the road envircnment information acquired by the
communication appliance 202, so that calculation accuracy
for the required electricity storage amount can be improved.
[0032] In this way, the power source switching control
system 2 according to the second embodiment can prevent the
electricity storage amount of the first power source 101
from running out in travel of the EV bus B to the

destination.

Third Embodiment

[0033] The present embodiment is an example of
predicting the charging time and calculating the required
electricity storage amount by an onboard PC of the EV bus.
In the following description, the same component as that in
the first and the second embodiments is omitted.

[0034] FIG. 4 is a diagram illustrating an example of a
configuration of the power source switching control system
according to a third embodiment. As illustrated in FIG. 4,
a power source switching control system 3 according to the
present embodiment includes the first power source 101, the
second power source 102, the motor 103, the inverter 104,
the onboard air conditioner 105, the BMU 106, an
input/output appliance 301, the switch 109, an ECU 302, and
an onboard PC 303. In the present embodiment, the
input/output appliance 301 inputs various pieces of
information such as the destination information, the
present location information, the charger installation

place, the type information, the schedule, the route
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information, and the like to the onboard PC 303 described
later. The onboard PC 303 is mounted on the EV bus B, and
functions as a prediction unit that predicts the charging
time and a calculator that calculates the required
electricity storage amount. The onboard PC 303 then
notifies the ECU 302 of the calculated required electricity
storage amount.

[0035] When the electricity storage amount of the first
power source 101 is equal to or smaller than the required
electricity storage amount notified from the onboard PC 303,
the ECU 302 controls the switch 109 to switch the power
source of the onboard air conditioner 105 to the second
power source 102. Consequently, even if software
functioning as the prediction unit that predicts the
charging time and the calculator that calculates the
required electricity storage amount is not installed in the
ECU 302 in advance, the switch 109 can be controlled by
using the regquired electricity storage amount calculated by
the onboard PC 303, so that a function of controlling the
switch 109 using the required electricity storage amount
can be added later. However, the switch 109 for switching
the power source of the onboard air conditioner 105 to the
first power source 101 or the second power source 102 needs
to be added to the EV bus B in advance. Accordingly, in
the present embodiment, the ECU 302 and the onboard PC 303
function as an example of the switching control device that
controls switching of the power source of the onboard air
conditioner 105.

[0036] In this way, with the power source switching
control system 3 according to the third embodiment, the
function of controlling the switch 109 using the required

electricity storage amount can be added later.
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Fourth Embodiment

[0037] The present embodiment is an example of
predicting the charging time at the charger installation
place based on at least one. of the congestion state of the
road to the destination and the shape of the road to the
destination, and calculating the required electricity
storage amount based on at least one of the congestion
state of the rocad to the destination and the shape of the
road to the destination by the onboard PC 303. In the
following description, the same component as that in the
second and the third embodiments is omitted.

[0038] FIG. 5 is a diagram illustrating an example of a
configuration of the power source switching control system
according to a fourth embodiment. As illustrated in FIG. 5,
a power source switching control system 4 according to the
present embodiment includes the first power source 101, the
second power source 102, the motor 103, the inverter 104,
the onboard air conditioner 105, the BMU 106, the
input/output appliance 301, the switch 109, the ECU 302,
and an onboard PC 401. In the present embodiment, the
onboard PC 401 acquires at least one of the road congestion
information and the road environment information from an
external device via a network such as the Internet. The
onboard PC 401 then predicts the charging time at the
charger installation place based on at least one of the
acquired road congestion information and road environment
information. The onboard PC 401 also calculates the
required electricity storage amount based on at least one
of the acquired road congestion information and road
environment information.

[0039] In this way, with the power source switching
control system 4 according to the fourth embodiment, the

same working effect as that of the second embodiment can be
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obtained even when the prediction unit that predicts the
charging time and the calculator that calculates the
required electricity storage amount are implemented by the

onboard PC 401.

Fifth Embodiment

[0040] The present embodiment is an example of
predicting the charging time and calculating the required
electricity storage amount by a communication appliance.

In the following description, the same component as that in
the first and the second embodiment is omitted.

[0041] FIG. 6 is a diagram illustrating an example of a
configuration of the power source switching control system
according to a fifth embodiment. As illustrated in FIG. 6,
a power source switching control system 5 according to the
present embodiment includes the first power source 101, the
second power source 102, the motor 103, the inverter 104,
the onboard air conditioner 105, the BMU 106, an
input/output appliance 501, the switch 109, an ECU 502, and
a communication appliance 503. In the present embodiment,
the input/output appliance 501 inputs various pieces of
information such as the destination information, the
present location information, the charger installation
place, the type information, the schedule, and the route
information to the communication appliance 503 described
later. The communication appliance 503 functions as a
prediction unit that predicts the charging time and a
calculator that calculates the required electricity storage
amount. The communication appliance 503 then notifies the
ECU 502 of the calculated required electricity storage
amount.

[0042] When the electricity storage amount of the first

power source 101 is equal to or smaller than the required
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electricity storage amount notified from the communication
appliance 503, the ECU 502 controls the switch 109 to
switch the power source of the onboard air conditioner 105
to the second power source 102. Consequently, even if
software functioning as the prediction unit that predicts
the charging time and the calculator that calculates the
required electricity storage amount is not installed in the
ECU 502 in advance, the switch 109 can be controlled by
using the required electricity storage amount calculated by
the communication appliance 503, so that a function of
controlling the switch 109 using the required electricity
storage amount can be added later. However, the switch 109
for switching the power source of the onboard air
conditioner 105 to the first power scurce 101 or the second
power source 102 needs to be added to the EV bus B in
advance. Accordingly, in the present embodiment, the ECU
502 and the communication appliance 503 function as an
example of the switching control device that controls
switching of the power source of the onboard air
conditioner 105.

[0043] In this way, with the power source switching
control system 5 according to the fifth embodiment, the
function of controlling the switch 109 using the required

electricity storage amount can be added later.

Sixth Embodiment

[0044] The present embodiment is an example of
predicting the charging time and calculating the required
electricity storage amount on an external server. In the
following description, the same component as that in the
first and the second embodiments is omitted.

[0045] FIG. 7 is a diagram illustrating an example of a

configuration of the power source switching control system
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according to a sixth embodiment. As illustrated in FIG. 7,
a power source switching control system 6 according to the
present embodiment includes the first power source 101, the
second power source 102, the motor 103, the inverter 104,
the onboard air conditioner 105, the BMU 106, the
input/output appliance 501, the switch 109, an ECU 601, and
a communication appliance 602. In the present embodiment,
the communication appliance 602 transmits, to a cloud
server 603, various pieces of information such as the
destination information, the present location information,
the charger installation place, the type information, the
schedule, and the route information input from the
input/output appliance 501. The cloud server 603 (an
example of an external server) functions as a prediction
unit that predicts the charging time and a calculator that
calculates the required electricity storage amount using
the various pieces of information input from the
communication appliance 602. The cloud server 603 notifies
the ECU 601 of the calculated required electricity storage
amount via the communication appliance 602. The cloud
server 603 may correct the calculated required electricity
storage amount based on a calculation history of the
required electricity storage amount. Consequently,
calculation accuracy for the required electricity storage
amount can be improved. In a case of calculating the
required electricity storage amount by the cloud server 603,
one appliance can calculate the required electricity
storage amount of the first poser source 101 of a plurality
of EV buses B at the same time.

[0046] The ECU 601 receives the required electricity
storage amount from the cloud server 603 via the
communication appliance 602. When the electricity storage

amount of the first power source 101 is equal to or smaller
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than the required electricity storage amount received from
the cloud server 603, the ECU 601 controls the switch 109
to switch the power source of the onboard air conditioner
105 to the second power source 102. Consequently, even if
software functioning as the prediction unit that predicts
the charging time and the calculator that calculates the
required electricity storage amount is not installed in the
ECU 601 in advance, the switch 109 can be controlled by
using the required electricity storage amount calculated by
the cloud server 603, so that a function of controlling the
switch 109 using the required electricity storage amount
can be added later. However, the switch 109 for switching
the power socurce of the onboard air conditioner 105 to the
first power source 101 or the second power source 102 needs
to be added to the EV bus B in advance.

[0047] In this way, with the power source switching
control system 6 according to the sixth embodiment, a
function of controlling the switch 109 using the required
electricity storage amount can be added later.

[0048] As described above, according to the first to the
sixth embodiments, a long-distance traveling plan for the
EV bus B using the electricity storage functional unit as a
power source can be made.

[0049] Some embodiments of the present invention have
been described above. The embodiments are exemplary only,
and do not intend to limit the scope of the invention.
These novel embodiments can be implemented in other various
forms, and can be variously omitted, replaced, and modified
without departing from the gist of the invention. These
embodiments and modifications thereof are encompassed by
the scope and the gist of the invention, and also
encompassed by the invention described in claims and

equivalents thereof.
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CLAIMS
1. A switching control device comprising:

a controller configured to control a switching unit
that is able to switch a power source of an air
conditioning appliance of an electric bus operating
according to a predetermined schedule to a first
electricity storage functional unit or a predetermined
power source, the first electricity storage functional unit
being a power source of a motor that causes the electric
bus to travel, and the predetermined power source being
different from the first electricity storage functional
unit;

a prediction unit configured to predict a charging
time during which the first electricity storage functional
unit is able to be charged by a charger at a first position
at which the first electricity storage functional unit is
able to be charged; and

a calculator configured to calculate, based on the
schedule, a first electricity storage amount of the first
electricity storage functional unit required for driving
the motor to a second position excepting a charging amount
charged to the first electricity storage functional unit at
the first position corresponding to the charging time, the
second position being a destination, wherein,

when an electricity storage amount of the first
electricity storage functional unit is equal to or smaller
than the first electricity storage amount, the controller
controls the switching unit to switch the power source of
the air conditioning appliance to the predetermined power

source from the first electricity storage functional unit.

2. The switching control device according to claim 1,

wherein the calculator calculates, as the first electricity
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storage amount, an electricity storage amount larger than
the electricity storage amount required for driving the
motor to one of the first position and the second position,

at which the electric bus stops earlier.

3. The switching control device according to claim 1,
wherein the prediction unit predicts the charging time
based on arrival time of the electric bus at the first

position according to the schedule.

4. The switching control device according to claim 1,
wherein the calculator calculates the first electricity
storage amount based on a traveling distance of the
electric bus per predetermined electricity storage amount

and a distance to the first position.

5. The switching control device according to claim 1,
wherein

the prediction unit predicts the charging time based
on at least one of a congestion state of a road to the
second position and a shape of the road to the second
position, and

the calculator calculates the first electricity
storage amount based on at least one of the congestion
state of the road to the second position and the shape of

the road to the second position.

6. The switching control device according to claim 1,
wherein the predetermined power source is a second
electricity storage functional unit different from the
first electricity storage functional unit, or a power

generator.
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7. The switching control device according to claim 1,
wherein the prediction unit and the calculator are arranged

in an onboard PC arranged in the electric bus.

8. The switching control device according to claim 1,
wherein the controller receives the first electricity
storage amount from an external server in which the
prediction unit and the calculator are arranged, and when
the electricity storage amount of the first electricity
storage functional unit is equal to or smaller than the
received first electricity storage amount, the controller
controls the switching unit to switch the power source of
the air conditioning appliance to the predetermined power

source from the first electricity storage functional unit.

9. A switching control method comprising:

predicting a charging time during which a first
electricity storage functional unit is able to be charged
by a charger at a first position at which the first
electricity storage functional unit is able to be charged,
the first electricity storage functional unit being an
electricity storage functional unit serving as a power
source of a motor that causes an electric bus to operate
according to a predetermined schedule to travel;

calculating, based on the schedule, a first
electricity storage amount of the first electricity storage
functional unit required for driving the motor to a second
position excepting a charging amount charged to the first
electricity storage functional unit at the first position
corresponding to the charging time, the second position
being a destination; and

when an electricity storage amount of the first

electricity storage functional unit is equal to or smaller
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than the first electricity storage amount, controlling a
switching unit to switch, from the first electricity
storage functional unit, a power source of an air
conditioning appliance of the electric bus to a
predetermined power source different from the first

electricity storage functional unit.





