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(54) VEHICLE AND ELECTRIC POWER CONTROL DEVICE FOR VEHICLE

(57) An electric power control device for a vehicle
(100) which is configured to receive direct current sup-
plied from a charging device (200) outside the vehicle
(100) and includes an electric storage device (110) con-
figured to be charged by the direct current includes an
electronic control unit (150) configured to: acquire max-
imum output information of the charging device (200);
while the electric storage device (110) is being charged
by the direct current supplied from the charging device
(200), execute a current limiting process in which the
direct current decreases to less than a predetermined
value when a parameter (Ti; ΔTi) relevant to a tempera-
ture of a current-carrying component and a threshold
(Tth; ΔTth) of the parameter satisfy a predetermined con-
dition, the current-carrying component being a compo-
nent in which the direct current flows through; and set
the threshold (Tth; ΔTth) based on the maximum output
information of the charging device (200).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The disclosure relates to a vehicle and an elec-
tric power control device for a vehicle capable of receiving
direct current that is supplied from a charging device out-
side the vehicle.

2. Description of Related Art

[0002] Japanese Patent Application Publication No.
2014-45541 (JP 2014-45541 A) discloses an electric ve-
hicle including an electric storage device. In this vehicle,
an evaluation value indicating the temperature of a com-
ponent (hereinafter referred to as "current-carrying com-
ponent") which is used to carry current and is connected
to the electric storage device is calculated based on a
current value that is detected at the time of charge of the
electric storage device. When the calculated evaluation
value (the temperature of the current-carrying compo-
nent) exceeds a threshold (constant value), the upper
limit value of charge power for the electric storage device
is limited. Thereby, it is possible to perform the charge
of the electric storage device while restraining overheat-
ing of the current-carrying component.

SUMMARY OF THE INVENTION

[0003] There is an electric vehicle configured to be ca-
pable of being connected to a direct-current (DC) charg-
ing device outside the vehicle and configured to be ca-
pable of executing a process (hereinafter, also referred
to as a "DC charge") of charging the electric storage de-
vice mounted on the vehicle, with direct-current power
that is supplied from the DC charging device.
[0004] In recent years, for shortening the time required
for the DC charge, the maximum output of the DC charg-
ing device has been increased compared to the related
art. In connection with this, there has been developed a
DC charging device in which the possible output current
value (a maximum output current value) is set to a value
(for example, about several hundred amperes) signifi-
cantly higher than a conventional value (for example,
about several dozen amperes). Accordingly, hereafter,
DC charging devices having different possible output cur-
rent values can coexist in the market.
[0005] In a vehicle that supports the DC charge using
the DC charging device in which the possible output cur-
rent value is increased compared to the related art, a
charge current that is supplied from the DC charging de-
vice to the vehicle can be significantly increased com-
pared to the related art. In the current-carrying compo-
nent through which the charge current flows, a Joule heat
proportional to the square of the current value is gener-
ated, and therefore, the increase rate of the temperature

of the current-carrying component can be remarkably in-
creased compared to the related art.
[0006] In JP 2014-45541 A, the upper limit value of the
charge power starts to be limited at the time when the
temperature of the current-carrying component exceeds
the threshold (constant value). However, a temperature
increase characteristic of the current-carrying compo-
nent is determined by the thermal capacity of the whole
of the system. Therefore, in the case where the charge
current is high, there is a concern that the temperature
of the current-carrying component continues to increase
for a while even after the charge current starts to be lim-
ited, so that the temperature of the current-carrying com-
ponent exceeds a permissible temperature. Further,
when the threshold to be compared with the temperature
of the current-carrying component is previously set to a
low value as a countermeasure, overheating of the cur-
rent-carrying component can be restrained. However,
there is a concern that the charge power is excessively
limited, so that the DC charge cannot be appropriately
performed.
[0007] The disclosure provides a vehicle and an elec-
tric power control device which performs the DC charge
while restraining overheating of the current-carrying
component through which the charge current flows at the
time of the DC charge, in the vehicle configured to be
capable of being connected to the DC charging device.
[0008] A first aspect of the invention relates to an elec-
tric power control device for a vehicle, the vehicle being
configured to receive direct current which is supplied from
a charging device outside the vehicle, the vehicle includ-
ing an electric storage device configured to be charged
by the direct current, the electric power control device
comprising an electronic control unit configured to: ac-
quire maximum output information of the charging de-
vice; while the electric storage device is being charged
by the direct current supplied from the charging device,
execute a current limiting process in which the direct cur-
rent decreases to less than a predetermined value when
a parameter relevant to a temperature of a current-car-
rying component and a threshold of the parameter satisfy
a predetermined condition, the current-carrying compo-
nent being a component in which the direct current flows
through; and set the threshold based on the maximum
output information of the charging device.
[0009] With this device, when the parameter relevant
to the temperature of the current-carrying component
through which the charge current flows and the threshold
satisfy the predetermined condition during the DC
charge, current limitation is performed by the current lim-
iting process. The threshold that is used in the current
limiting process is not fixed to a constant value, and is
set based on the maximum output information of the
charging device.
[0010] Therefore, for example, when the possible out-
put current value (in other words, a maximum output cur-
rent value) of the charging device that is specified from
the maximum output information of the charging device
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is high, the threshold can be altered such that the current
limitation is easily performed, in consideration of the fact
that heat quantity to be generated in the current-carrying
component increases proportional to the square of the
current value. Thereby, the current limitation is started
earlier, and therefore, overheating of the current-carrying
component can be restrained.
[0011] On the other hand, for example, when the pos-
sible output current value of the charging device is low,
the threshold can be altered such that the current limita-
tion is hard to be performed, in consideration of the fact
that the heat quantity to be generated in the current-car-
rying component is not very high. Thereby, an excessive
current limitation is restrained, and therefore, the DC
charge is appropriately performed.
[0012] As a result, it is possible to appropriately per-
form the DC charge while restraining overheating of the
current-carrying component through which the charge
current flows at the time of the DC charge, in the vehicle
configured to be capable of being connected to the DC
charging device.
[0013] In the above aspect, the parameter relevant to
the temperature of the current-carrying component may
include information indicating the temperature of the cur-
rent-carrying component; the current limiting process
may include limiting the direct current to be lower than
the predetermined value when the temperature of the
current-carrying component exceeds the threshold; and
the electronic control unit may be configured to set a
threshold to be lower as a possible output current value
of the charging device is higher, the possible output cur-
rent value of the charging device being specified from
the maximum output information of the charging device.
[0014] With this aspect, when the temperature of the
current-carrying component exceeds the threshold, the
current limitation by the current limiting process is started.
The threshold that is used in the current limiting process
is set to a lower value, as the possible output current
value of the charging device is higher. Therefore, as the
possible output current value is higher, the temperature
of the current-carrying component exceeds the threshold
more easily, and the current limitation by the current lim-
iting process is started earlier. Therefore, even when the
possible output current value of the charging device is
high, overheating of the current-carrying component can
be appropriately restrained.
[0015] In the above aspect, the electronic control unit
may be configured to: start charging of the electric stor-
age device after setting the threshold; after the charging
of the electric storage device is started, when an increase
rate of the temperature of the current-carrying compo-
nent exceeds a reference value, perform an alteration
process of decreasing the threshold.
[0016] With this aspect, before the start of the DC
charge, the threshold that is used in the current limiting
process is set based on the possible output current value
of the charging device. After the start of the DC charge,
when the increase rate of the temperature of the current-

carrying component exceeds the reference value, the
threshold that is used in the current limiting process is
decreased to a value lower than the value before the start
of the charge. Thereby, it is possible to appropriately ad-
just the threshold that is used in the current limiting proc-
ess, in consideration of the actual increase rate of the
temperature of the current-carrying component during
the DC charge.
[0017] In the above aspect, the electronic control unit
may be configured to store the threshold after the alter-
ation process as an initial value of a threshold that is used
at a time of next and subsequent charges.
[0018] With this aspect, the threshold after the altera-
tion process is stored as the initial value of the threshold
that is used at the time of the next and subsequent DC
charges. Thereby, at the start of the next and subsequent
DC charges, the threshold that is used in the current lim-
iting process can be set to a value in which the actual
increase rate of the temperature of the current-carrying
component is considered.
[0019] In the first aspect, the parameter relevant to the
temperature of the current-carrying component may in-
clude information indicating an increase rate of the tem-
perature of the current-carrying component; the current
limiting process may include limiting the direct current to
be lower than the predetermined value when the increase
rate of the temperature of the current-carrying compo-
nent is smaller than the threshold; and the electronic con-
trol unit may be configured to set a threshold to be higher
as a possible output current value of the charging device
is higher, the possible output current value of the charging
device being specified from the maximum output infor-
mation of the charging device.
[0020] With this aspect, it is possible to appropriately
perform the DC charge while restraining overheating of
the current-carrying component through which the
charge current flows at the time of the DC charge.
[0021] A second aspect of the invention relates to a
vehicle comprising: a charging port configured to be con-
nected to a charging device outside the vehicle; an elec-
tric storage device which is connected to the charging
port and is configured to be charged by direct current
supplied from the charging device; a communication de-
vice configured to acquire maximum output information
of the charging device which is connected to the charging
port; and an electronic control unit configured to: while
the electric storage device is being charged by the direct
current supplied from the charging device, execute a cur-
rent limiting process in which the direct current decreases
to less than a predetermined value when a parameter
relevant to a temperature of a current-carrying compo-
nent and a threshold of the parameter satisfy a predeter-
mined condition, the current-carrying component being
a component in which the direct current flows through;
and set the threshold based on the maximum output in-
formation of the charging device.
[0022] With this aspect, it is possible to appropriately
perform the DC charge while restraining overheating of
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the current-carrying component through which the
charge current flows at the time of the DC charge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Features, advantages, and technical and indus-
trial significance of exemplary embodiments of the inven-
tion will be described below with reference to the accom-
panying drawings, in which like numerals denote like el-
ements, and wherein:

FIG. 1 is a diagram schematically showing a whole
configuration of an electric power system;
FIG. 2 is a diagram (part 1) showing an exemplary
temperature increase characteristic of a DC inlet
temperature Ti;
FIG. 3 is a flowchart (part 1) showing an exemplary
procedure of a threshold setting process;
FIG. 4 is a flowchart (part 1) showing an exemplary
procedure of a current limiting process;
FIG. 5 is a diagram (part 2) showing an exemplary
temperature increase characteristic of the DC inlet
temperature Ti;
FIG. 6 is a flowchart (part 2) showing an exemplary
procedure of the threshold setting process;
FIG. 7 is a flowchart (part 2) showing an exemplary
procedure of the current limiting process;
FIG. 8 is a diagram showing an exemplary change
in the temperature increase characteristic of the DC
inlet temperature Ti; and
FIG. 9 is a flowchart showing an exemplary process-
ing procedure in which an ECU performs alteration
and learning of a threshold Tth during a DC charge.

DETAILED DESCRIPTION OF EMBODIMENTS

[0024] Hereinafter, an embodiment of the disclosure
will be described in detail, with reference to the drawings.
In the drawings, identical or equivalent parts are denoted
by identical reference characters, and descriptions there-
for are omitted.

System Configuration

[0025] FIG. 1 is a diagram schematically showing a
whole configuration of an electric power system including
a vehicle 100 that includes an electric power control de-
vice according to the embodiment. The system includes
a vehicle 100 and a DC charging device 200 that is in-
stalled outside of the vehicle 100.
[0026] The vehicle 100 is an electric vehicle configured
to be capable of being connected to the DC charging
device 200. The vehicle 100 is configured to be capable
of executing a "DC charge" of charging an electric storage
device mounted on the vehicle 100, with direct-current
power that is supplied from the DC charging device 200.
[0027] In recent years, as the standard of the DC
charge, there are a plurality of standards, as exemplified

by CHAdeMO for which standardization is promoted
mainly by Japan and Combo (Combined Charging Sys-
tem) for which standardization is promoted mainly by Eu-
rope and the U.S.A. The electric power control device in
the disclosure can be applied to all standards.
[0028] In an example that will be described in the em-
bodiment, a communication between the vehicle 100 and
the DC charging device 200 is performed as a commu-
nication (hereinafter, also referred to as a "CAN commu-
nication") in accordance with a communication protocol,
Controller Area Network (CAN) that is employed in
CHAdeMO. However, the communication between the
two is not limited to the CAN communication. For exam-
ple, the communication between the two may be per-
formed as a power line communication (PLC) that is em-
ployed in Combo. Further, a wireless communication
may be performed between the two.
[0029] The vehicle 100 includes an electric storage de-
vice 110, a power control unit (PCU) 120, a motor gen-
erator 130, a power transmission gear 135, drive wheels
140, an electronic control unit (ECU) 150 and a human
machine interface (HMI) device 170.
[0030] The electric storage device 110 is configured to
be capable of being charged and discharged. For exam-
ple, the electric storage device 110 is configured to in-
clude a secondary battery such as a lithium ion battery
or a nickel-hydrogen battery. The electric storage device
110 may be a battery in which a liquid material is used
as an electrolyte, or may be a battery (a so-called all-
solid battery) in which a solid material is used as the
electrolyte. The electric storage device 110 may be con-
figured to include an electric storage element such as an
electric double layer capacitor. The electric storage de-
vice 110 supplies, to the PCU 120, electric power for
generating drive power of the vehicle 100. The electric
storage device 110 stores electric power generated by
the motor generator 130.
[0031] The PCU 120, which is controlled by a control
signal from the ECU 150, converts the direct-current pow-
er from the electric storage device 110 into alternating-
current power for driving the motor generator 130, and
converts alternating-current regenerative power from the
motor generator 130 into direct-current power for charg-
ing the electric storage device 110.
[0032] The motor generator 130 is an alternating-cur-
rent rotating machine, and for example, is a permanent
magnet type synchronous motor including a rotor in
which a permanent magnet is buried. The rotor of the
motor generator 130 is mechanically connected to the
drive wheels 140 through the power transmission gear
135. At the time of regenerative braking operation of the
vehicle 100, the motor generator 130 can generate elec-
tric power using rotating force of the drive wheels 140.
[0033] The HMI device 170 is a device that replays and
provides picture information or voice information from the
ECU 150, for a user, and that accepts an operation by
the user. The HMI device 170 is configured to include a
display, a speaker, a touch panel, an input switch and
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the like.
[0034] Furthermore, the vehicle 100 includes a DC inlet
190, electric power lines 191, 192, a CAN communication
unit 180, a CAN communication line 193, and a temper-
ature sensor 194, as constituents for performing the DC
charge.
[0035] The CAN communication unit 180 is configured
to perform the CAN communication with the DC charging
device 200.
[0036] The DC inlet 190 is connected to the electric
storage device 110 through the electric power lines 191,
192, and is configured to be capable of being connected
to a DC charge connector 510 that is provided at an end
portion of an electric power cable 500 of the DC charging
device 200.
[0037] The temperature sensor 194 detects the tem-
perature of the DC inlet 190 (hereinafter, also referred to
as "DC inlet temperature Ti"), and outputs the detection
result to the ECU 150.
[0038] The ECU 150 includes a central processing unit
(CPU), a memory, an input-output buffer and the like,
which are not illustrated in FIG. 1, and performs various
controls for the vehicle 100. These controls may be proc-
essed by constructing dedicated hardware (electronic
circuit), without being limited to processes by software.
[0039] The DC charging device 200 is a facility for sup-
plying direct-current power to the vehicle 100. The DC
charging device 200 includes a CAN communication unit
220, an electric power control unit 230 and the electric
power cable 500. The electric power cable 500 includes
electric power lines 501, 502 connected to the electric
power control unit 230 and a CAN communication line
503 connected to the CAN communication unit 220.
[0040] The electric power control unit 230 is configured
to be capable of controlling parameters (a current value
and a voltage value) of the direct-current power that is
supplied to the vehicle 100 through the electric power
cable 500 (the electric power lines 501, 502). The CAN
communication unit 220 is configured to perform the CAN
communication with the vehicle 100 through the CAN
communication line 503.
[0041] In a state where the DC charge connector 510
is connected to the DC inlet 190, the electric power lines
501, 502 of the electric power cable 500 are connected
to the electric power lines 191, 192 of the vehicle 100,
respectively. Thereby, the electric power control unit 230
of the DC charging device 200 and the electric storage
device 110 of the vehicle 100 are electrically connected,
resulting in a state where the DC charge can be per-
formed.
[0042] Further, in the state where the DC charge con-
nector 510 is connected to the DC inlet 190, the CAN
communication line 503 of the electric power cable 500
is connected to the CAN communication line 193 of the
vehicle 100. Thereby, the CAN communication unit 220
of the DC charging device 200 and the CAN communi-
cation unit 180 of the vehicle 100 are connected to each
other, resulting in a state where the CAN communication

can be performed between the two.
[0043] The vehicle 100 and the DC charging device
200 perform the DC charge while sending and receiving
data to each other by the CAN communication. The data
to be sent from the vehicle 100 to the charging device
200 includes a DC charge start request, a charge voltage
upper limit value, a charge current command value and
the like. The data to be sent from the DC charging device
200 to the vehicle 100 includes maximum output infor-
mation (a possible output voltage value, a possible output
current value Imax and the like), and present output in-
formation (a present output voltage value, a present
charge current value and the like).

Variation of Possible Output Current Value (Maximum 
Output) of DC Charging device

[0044] In recent years, there is a DC charging device
200 in which the maximum output is increased compared
to a conventional value, for shortening the time required
for the DC charge. Therefore, multiple kinds of DC charg-
ing devices 200 having different maximum outputs coex-
ist in the market. The maximum output of the DC charging
device 200 is the maximum (unit: kW) of the electric pow-
er that the DC charging device 200 can output to the
vehicle 100. Generally, the possible output current value
Imax of the DC charging device 200 is set to a higher
value, as the maximum electric power of the DC charging
device 200 is higher. The possible output current value
Imax is the maximum (unit: A) of the current value that
the DC charging device 200 can output.
[0045] In the following description, as an example, it is
assumed that four kinds of DC charging devices 200 hav-
ing different possible output current values Imax coexist
in the market. Specifically, the four kinds of DC charging
devices 200 are (1) a DC charging device 200 in which
the possible output current value Imax is a "predeter-
mined value Ia" equivalent to the conventional value, (2)
a DC charging device 200 in which the possible output
current value Imax is a "predetermined value Ib" higher
than the predetermined value Ia, (3) a DC charging de-
vice 200 in which the possible output current value Imax
is a "predetermined value Ic" higher than the predeter-
mined value Ib, and (4) a DC charging device 200 in
which the possible output current value Imax is a "pre-
determined value Id" higher than the predetermined val-
ue Ic.
[0046] For example, the predetermined values Ia, Ib,
Ic, Id to be set as the possible output current value Imax
are about 50 A (a maximum electric power of 25 kW),
about 125 A (a maximum electric power of 50 kW), 250
A (a maximum electric power of 150 kW) and 400 A (a
maximum electric power of 250 kW), respectively.

Current Limitation in DC Charge

[0047] In the above assumption, the maximum of the
possible output current value Imax in the market is the
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"predetermined value Id" (for example, about 400 A). The
vehicle 100 according to the embodiment is configured
to support also the DC charging device 200 in which the
possible output current value Imax is the "predetermined
value Id".
[0048] Accordingly, the charge current that is supplied
from the DC charging device 200 to the vehicle 100 can
be a value (the predetermined value Id) that is signifi-
cantly higher than the conventional value (the predeter-
mined value Ia). In the current-carrying component
through which the charge current flows, a Joule heat pro-
portional to the product of the resistance value and the
square of the current value is generated, and therefore,
the increase rate of the temperature of the current-car-
rying component can be remarkably increased compared
to the related art.
[0049] Particularly, a contact portion between the DC
connector 510 and the DC inlet 190 tends to have a re-
sistance value higher than other portions, and therefore,
is more easily influenced by the Joule heat.
[0050] In view of the above point, the ECU 150 accord-
ing to the embodiment monitors a DC inlet temperature
Ti (a detection value of the temperature sensor 194) dur-
ing the DC charge, and when the DC inlet temperature
Ti exceeds a "threshold Tth", the ECU 150 executes a
process (hereinafter, also referred to as a "current limiting
process") of requesting the DC charging device 200 to
limit the charge current to lower than a predetermined
value. Further, the ECU 150 performs a process (here-
inafter, also referred to as a "threshold setting process")
of setting the "threshold Tth" that is used in the current
limiting process, based on the possible output current
value Imax of the DC charging device 200, instead of
fixing the "threshold Tth" to a constant value. Each of the
threshold setting process and the current limiting process
will be described below in detail.

Threshold (Tth) Setting Process

[0051] FIG. 2 is a diagram showing an exemplary tem-
perature increase characteristic of the DC inlet temper-
ature Ti during the DC charge. In FIG. 2, the abscissa
axis indicates a DC charge time (a time during which the
DC charge is continued), and the ordinate axis indicates
the DC inlet temperature Ti. Curves La to Ld shown in
FIG. 2 are curves showing changes in the DC inlet tem-
perature Ti in the case of charge currents of the prede-
termined values Ia to Id (Ia < Ib < Ic < Id). An upper limit
temperature Tmelt shown in FIG. 2 is a temperature at
which an abnormality (erosion or the like) starts to occur
due to overheating of the DC inlet 190.
[0052] Conventionally, the possible output current val-
ue Imax of the DC charging device 200 is roughly unified
at the predetermined value la, which is a relatively low
value. Therefore, conventionally, even when the current
continuously flows at the possible output current value
Imax (= Ia) during the DC charge, the DC inlet tempera-
ture Ti increases fairly moderately, as shown by the curve

La. Even when control performance, sensor error and
the like are considered, an increase deviation of the DC
inlet temperature Ti is within several percent (see
dashed-dotted lines shown above and below the curve
La). Therefore, there is conventionally no problem, even
when the "threshold Tth" that is used in the current limiting
process is fixed to a "predetermined temperature T0" that
is relatively close to the upper limit temperature Tmelt.
[0053] However, in recent years, as described above,
the DC charging devices 200 in which the possible output
current value Imax is a value (= the predetermined value
Ib, Ic, Id) higher than the conventional predetermined val-
ue Ia is being got to market. In the current-carrying com-
ponent, the Joule heat proportional to the square of the
current value is generated, and therefore, when the cur-
rent value Ib, Ic, Id higher than the conventional prede-
termined value continuously flows during the DC charge,
the DC inlet temperature Ti can increase more rapidly
than before (see the curves Lb to Ld). Therefore, when
the "threshold Tth" that is used in the current limiting proc-
ess is fixed to the "predetermined temperature T0" sim-
ilarly to the related art, there is a concern that the start
timing of the current limitation is delayed, so that the DC
inlet temperature Ti exceeds the upper limit temperature
Tmelt, resulting in an overheat state. Further, when the
"threshold Tth" that is used in the current limiting process
is previously set to a low value (for example, a "prede-
termined temperature T2" shown in FIG. 2) as a coun-
termeasure, the DC inlet temperature Ti is restrained
from exceeding the upper limit temperature Tmelt, but
there is a concern that the DC charge is excessively lim-
ited.
[0054] Hence, the ECU 150 of the vehicle 100 accord-
ing to the embodiment sets the "threshold Tth" that is
used in the current limiting process, based on the possi-
ble output current value Imax of the DC charging device
200 that is acquired from the DC charging device 200 by
the CAN communication.
[0055] FIG. 3 is a flowchart showing an exemplary pro-
cedure of the threshold setting process that is executed
by the ECU 150. The flowchart is started when the user
operates the DC charge connector 510 so as to connect
the DC charge connector 510 to the DC inlet 190.
[0056] The ECU 150 performs the CAN communica-
tion with the DC charging device 200 connected to the
DC inlet 190, and acquires the maximum output informa-
tion of the DC charging device 200 connected to the DC
inlet 190 (step S12). As described above, the maximum
output information includes the possible output voltage
value and possible output current value Imax of the DC
charging device 200, and the like. The maximum output
information may further include a maximum output power
(the product of the possible output current value Imax
and the possible output voltage value).
[0057] Next, the ECU 150 sets the "threshold Tth" that
is used in the current limiting process, based on the pos-
sible output current value Imax that is included in the
maximum output information acquired in step S12 (step
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S14).
[0058] Specifically, in the case where the possible out-
put current value Imax is the "predetermined value Ia" or
the "predetermined value Ib", it is assumed that the DC
inlet temperature Ti does not increase rapidly (see the
curves La, Lb in FIG. 2), even if the current continuously
flows at the possible output current value Imax (= Ia or
Ib). Therefore, the ECU 150 sets the threshold Tth to the
"predetermined temperature T0", which is relatively close
to the upper limit temperature Tmelt.
[0059] In the case where the possible output current
value Imax is the predetermined value Ic, it is assumed
that the DC inlet temperature Ti increases rapidly (see
the curve Lc in FIG. 2), if the current continuously flows
at the possible output current value Imax (= Ic). There-
fore, the ECU 150 sets the threshold Tth to the "prede-
termined temperature T1", which is lower than the pre-
determined temperature T0.
[0060] In the case where the possible output current
value Imax is the predetermined value Id, it is assumed
that the DC inlet temperature Ti increases fairly rapidly
(see the curve Ld in FIG. 2), if the current continuously
flows at the possible output current value Imax (= Id).
Therefore, the ECU 150 sets the threshold Tth to the
"predetermined temperature T2", which is lower than the
predetermined temperature T1.
[0061] Information specifying the above-described
correspondence relation between the values (Ia, Ib, Ic,
Id) of the possible output current value Imax and the val-
ues (T0, T1, T2) of the threshold Tth is previously stored
in the memory of the ECU 150. The ECU 150 refers to
the information to set the threshold Tth corresponding to
the acquired possible output current value Imax.
[0062] The threshold Tth set in step S14 is stored in
the memory of the ECU 150, and is used in the current
limiting process (see FIG. 4 described later) that is exe-
cuted after the start of the DC charge.
[0063] After the threshold Tth is set, the ECU 150 out-
puts the DC charge start request to the DC charging de-
vice 200 connected to the DC inlet 190 (step S16). When
the DC charging device 200 receives the DC charge start
request, the DC charging device 200 starts to supply the
direct-current power to the vehicle 100. Thereby, the DC
charge is started.

Current Limiting Process

[0064] FIG. 4 is a flowchart showing an exemplary pro-
cedure of the current limiting process that is executed by
the ECU 150. For example, the flowchart is repeatedly
executed with a predetermined period.
[0065] First, the ECU 150 determines whether the DC
charge is being performed (step S20). In the case where
the DC charge is not being performed (NO in step S20),
the ECU 150 skips processes after step S20, and the
current limiting process transitions to RETURN.
[0066] In the case where the DC charge is being per-
formed (YES in step S20), the ECU 150 acquires the DC

inlet temperature Ti from the temperature sensor 194
(step S22).
[0067] Next, from the memory, the ECU 150 reads the
threshold Tth set and stored in the above-described
threshold setting process (step S24).
[0068] Next, the ECU 150 determines whether the DC
inlet temperature Ti is exceeding the threshold Tth (step
S26).
[0069] In the case where the DC inlet temperature Ti
is not exceeding the threshold Tth (NO in step S26), the
ECU 150 does not limit the charge current (step S28).
Specifically, the ECU 150 permits the charge current
command value, which is output to the DC charging de-
vice 200, to exceed a predetermined value.
[0070] On the other hand, in the case where the DC
inlet temperature Ti is exceeding the threshold Tth (YES
in step S26), the ECU 150 limits the charge current in
the DC charge (step S30). Specifically, the ECU 150 lim-
its the charge current command value, which is output
to the DC charging device 200, to be lower than the pre-
determined value. Thereby, the DC charging device 200
limits the direct current to be supplied to the vehicle 100,
to lower than the predetermined value. In the case where
the charge current command value is set to zero, the
ECU 150 may output a DC charge stop request to the
DC charging device 200.
[0071] As described above, the ECU 150 according to
the embodiment executes the current limiting process of
limiting the charge current to lower than the predeter-
mined value, when the DC inlet temperature Ti exceeds
the threshold Tth during the DC charge. Further, the ECU
150 performs the threshold setting process of setting the
"threshold Tth" that is used in the current limiting process
based on the possible output current value Imax of the
DC charging device 200, instead of fixing the "threshold
Tth" to a constant value.
[0072] Specifically, when the possible output current
value Imax is a low value (the predetermined value Ia or
the predetermined value Ib), the ECU 150 sets the thresh-
old Tth to a relatively high value (the predetermined value
T0), in consideration of the fact that the heat quantity to
be generated in the DC inlet 190 is not very high. Thereby,
the DC inlet temperature Ti becomes hard to exceed the
threshold Tth, and an excessive current limitation is re-
strained, so that the DC charge can be appropriately per-
formed.
[0073] On the other hand, when the possible output
current value Imax is a high value (the predetermined
value Ic or the predetermined value Id), the ECU 150
sets the threshold Tth to a relative low value (the prede-
termined value T1 or the predetermined value T2), in
consideration of the fact that the heat quantity to be gen-
erated in the DC inlet 190 increases proportional to the
square of the current value. Thereby, the DC inlet tem-
perature Ti easily exceeds the threshold Tth, and the
current limitation is started earlier, so that overheating of
the DC inlet 190 can be restrained.
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First Modification

[0074] In the example described in the above embod-
iment, the DC inlet temperature Ti detected by the tem-
perature sensor 194 is monitored in the current limiting
process.
[0075] However, the DC inlet temperature Ti is not nec-
essarily limited to the detection by the sensor. For exam-
ple, the DC charge time and the charge current may be
adopted as parameters in the calculation of the DC inlet
temperature Ti.
[0076] Further, the object to be monitored in the current
limiting process is not necessarily limited to the DC inlet
temperature Ti. For example, in the case where there is
a current-carrying component that is weak against heat,
other than the DC inlet 190, in the circuit through which
the charge current flows, the temperature of the current-
carrying component may be monitored instead of or in
addition to the DC inlet 190.

Second Modification

[0077] In the example described in the above embod-
iment, the DC inlet temperature Ti is used as the param-
eter relevant to the temperature of the DC inlet 190 (cur-
rent-carrying component). Specifically, in the example,
in the current limiting process, the charge current is lim-
ited when the DC inlet temperature Ti exceeds the thresh-
old Tth. Further, in the example, in the threshold setting
process, the threshold Tth that is used in the current lim-
iting process is set to a lower value, as the possible output
current value Imax of the DC charging device 200 is high-
er.
[0078] On the other hand, in an example that will be
described in the modification, an increase rate (herein-
after. also referred to as a "DC inlet temperature increase
rate ΔTi") of the DC inlet temperature Ti is used as the
parameter relevant to the temperature of the DC inlet 190
(current-carrying component). Specifically, in the exam-
ple, in the current limiting process, the charge current is
limited when the DC inlet temperature increase rate ΔTi
falls below a threshold ΔTth. Further, in the threshold
setting process, the threshold ΔTth that is used in the
current limiting process is set to a higher value, as the
possible output current value Imax of the DC charging
device 200 is higher.
[0079] FIG. 5 is a diagram showing an exemplary tem-
perature increase characteristic of the DC inlet temper-
ature Ti in the DC charge. Curves La to Ld shown in FIG.
5 are the same as the curves La to Ld shown in FIG. 2
described above.
[0080] As understood from the curves La to Ld shown
in FIG. 5, the DC inlet temperature increase rate ΔTi in-
creases as the charge current becomes higher, and in
each of the curves La to Ld, the DC inlet temperature
increase rate ΔTi decreases as the DC inlet temperature
Ti increases and becomes close to the upper limit tem-
perature Tmelt.

[0081] In view of this characteristic of the DC inlet tem-
perature increase rate ATi, in the current limiting process,
the ECU 150 according to the modification monitors the
DC inlet temperature increase rate ΔTi and limits the
charge current when the DC inlet temperature increase
rate ΔTi falls below the threshold ΔTth. Further, in the
threshold setting process, the ECU 150 according to the
modification sets the threshold ΔTth that is used in the
current limiting process, to a higher value, as the possible
output current value Imax of the DC charging device 200
is higher.
[0082] FIG. 6 is a flowchart showing an exemplary pro-
cedure of the threshold setting process that is executed
by the ECU 150 according to the modification. In the flow-
chart of FIG. 6, step S14 in FIG. 3 described above is
altered to step S14A. The other steps (the steps denoted
by the same reference characters as the steps shown in
FIG. 3 described above) have been already described,
and therefore, detailed descriptions therefor are omitted.
[0083] The ECU 150 sets the "threshold ΔTth" that is
used in the current limiting process, based on the possi-
ble output current value Imax acquired in step S12 (step
S14A).
[0084] Specifically, in the case where the possible out-
put current value Imax is the predetermined value Ia or
the predetermined value Ib, the ECU 150 sets the thresh-
old ΔTth to a "predetermined rate ΔT0".
[0085] In the case where the possible output current
value Imax is the predetermined value Ic, the ECU 150
sets the threshold ΔTth to a "predetermined rate ΔT1",
which is higher than the predetermined rate ΔT0.
[0086] In the case where the possible output current
value Imax is the predetermined value Id, the ECU 150
sets the threshold ΔTth to a "predetermined rate ΔT2",
which is higher than the predetermined rate ΔT1.
[0087] FIG. 7 is a flowchart showing an exemplary pro-
cedure of the current limiting process that is executed by
the ECU 150 according to the modification. In the flow-
chart of FIG. 7, steps S22, S24, S26 in FIG. 4 described
above are altered to steps S22A, S24A, S26A, respec-
tively. The other steps (the steps denoted by the same
reference characters as the steps shown in FIG. 4 de-
scribed above) have been already described, and there-
fore, detailed descriptions therefor are omitted.
[0088] In the case where the DC charge is being per-
formed (YES in step S20), the ECU 150 calculates the
DC inlet temperature increase rate ATi, based on a his-
tory of the DC inlet temperature Ti (step S22A).
[0089] Next, from the memory, the ECU 150 reads the
threshold ΔTth set and stored in the threshold setting
process (step S24A).
[0090] Next, the ECU 150 determines whether the DC
inlet temperature increase rate ΔTi is below the threshold
ΔTth (step S26A).
[0091] In the case where the DC inlet temperature in-
crease rate ΔTi is not below the threshold ΔTth (NO in
step S26A), the ECU 150 does not limit the charge current
in the DC charge (step S28).
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[0092] On the other hand, in the case where the DC
inlet temperature increase rate ΔTi is below the threshold
ΔTth (YES in step S26A), the ECU 150 limits the charge
current in the DC charge (step S30).
[0093] As described above, the ECU 150 according to
the modification executes the current limiting process of
limiting the charge current when the DC inlet temperature
increase rate ΔTi falls below the threshold ΔTth during
the DC charge. Further, the ECU 150 according to the
modification performs the threshold setting process of
setting the threshold ΔTth that is used in the current lim-
iting process, to a higher value, as the possible output
current value Imax of the DC charging device 200 is high-
er. Also in such a configuration, similarly to the above-
described embodiment, it is possible to appropriately per-
form the DC charge while restraining overheating of the
DC inlet 190.
[0094] In the current limiting process, the charge cur-
rent may be limited using both of the DC inlet temperature
Ti and the DC inlet temperature increase rate ΔTi. For
example, the charge current may be limited in the case
where the DC inlet temperature Ti exceeds the threshold
Tth and where the DC inlet temperature increase rate
ΔTi falls below the threshold ΔTth. In such a configuration,
it is possible to continue the DC charge such that the
timing of the start of the current limitation is as late as
possible while ensuring that the DC inlet temperature Ti
does not exceed the upper limit temperature Tmelt.

Third Modification

[0095] The temperature increase characteristic of the
DC inlet temperature Ti in the DC charge can change
due to a deterioration, a poor contact or the like at the
contact portion between the DC charge connector 510
and the DC inlet 190.
[0096] FIG. 8 is a diagram showing an exemplary
change in the temperature increase characteristic of the
DC inlet temperature Ti in the DC charge. A curve Ld
shown in FIG. 8 is the same as the curve Ld shown in
FIG. 2 and FIG. 5 described above. That is, the curve Ld
is a curve showing the change in the DC inlet temperature
Ti when the charge current is the predetermined value Id.
[0097] In the case where a deterioration, a poor contact
or the like does not occur at the contact portion between
the DC charge connector 510 and the DC inlet 190, it is
assumed that the DC inlet temperature Ti increases
along the curve Ld.
[0098] However, in the case where a deterioration, a
poor contact or the like occurs at the contact portion be-
tween the DC charge connector 510 and the DC inlet
190, the resistance value of the contact portion increas-
es, and it is assumed that the actual DC inlet temperature
Ti, as shown by a dashed-dotted line Ldd in FIG. 8, in-
creases more rapidly than the assumed temperature in-
crease characteristic (see the curve Ld).
[0099] Hence, the ECU 150 according to the embodi-
ment monitors the DC inlet temperature increase rate ΔTi

after the start of the DC charge (during the DC charge).
Further, the ECU 150 dynamically alters the threshold
Tth (one of the predetermined temperatures T0, T1, T2)
that is used in the present current limiting process, de-
pending on the DC inlet temperature increase rate ATi,
and learns the threshold Tth (one of the predetermined
temperatures T0, T1, T2) after the alteration, to reflect
threshold Tth after the alteration on the next and subse-
quent current limiting processes.
[0100] FIG. 9 is a flowchart showing an exemplary
processing procedure in which the ECU 150 according
to the modification performs the alteration and learning
of the threshold Tth during the DC charge. For example,
the flowchart is repeatedly executed with a predeter-
mined period.
[0101] First, the ECU 150 determines whether the DC
charge is being performed (step S50). In the case where
the DC charge is not being performed (NO in step S50),
the ECU 150 skips processes after step S50, and the
processing procedure transitions to RETURN.
[0102] In the case where the DC charge is being per-
formed (YES in step S50), the ECU 150 determines
whether the present threshold Tth is the predetermined
temperature T0 (step S60). In the case where the present
threshold Tth is not the predetermined temperature T0
(NO in step S60), the ECU 150 determines whether the
present threshold Tth is the predetermined temperature
T1 (step S70). In the case where the present threshold
Tth is not the predetermined temperature T1 (NO in step
S70), the ECU 150 determines whether the present
threshold Tth is the predetermined temperature T2 (step
S80).
[0103] In the case where the present threshold Tth is
the predetermined temperature T0 (YES in step S60),
the ECU 150 determines whether the present DC inlet
temperature increase rate ΔTi is exceeding a reference
value D0 (step S62). For example, the reference value
D0 is set to a value resulting from adding a predetermined
value to the slope of the curve Lb shown in FIG. 2 and
FIG. 5 described above.
[0104] In the case where the present DC inlet temper-
ature increase rate ΔTi is exceeding the reference value
D0 (YES in step S62), the ECU 150 alters the present
threshold Tth (that is, the predetermined temperature T0)
(step S64). Specifically, the ECU 150 decreases the
present threshold Tth (that is, the predetermined temper-
ature T0) by a previously determined value, such that the
current limitation is started earlier.
[0105] Then, the ECU 150 learns the predetermined
temperature T0 after the alteration (step S66). Specifi-
cally, the ECU 150 updates the value of the predeter-
mined temperature T0 stored in the memory, to the value
after the alteration. Thereby, the value of the threshold
Tth that is used in the present current limiting process is
altered in real time (see step S24 in FIG. 4 described
above). Furthermore, the value of the predetermined
temperature T0 after the learning is used as the initial
value (see step S14 in FIG. 3 and step S24 in FIG. 4
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described above) of the predetermined temperature T0,
in the next and subsequent DC charges.
[0106] In the case where the present threshold Tth is
the predetermined temperature T1 (YES in step S70),
the ECU 150 alters and learns the threshold Tth (the pre-
determined temperature T1), similarly (steps S72 to
S76).
[0107] Specifically, the ECU 150 determines whether
the present DC inlet temperature increase rate ΔTi is ex-
ceeding a reference value D1 (step S72). For example,
the reference value D1 is set to a value resulting from
adding a predetermined value to the slope of the curve
Lc shown in FIG. 2 and FIG. 5 described above.
[0108] In the case where the present DC inlet temper-
ature increase rate ΔTi is exceeding the reference value
D1 (YES in step S72), the ECU 150 alters the present
threshold Tth (that is, the predetermined temperature T1)
(step S74). Specifically, the ECU 150 decreases the
present threshold Tth (that is, the predetermined temper-
ature T1) by a previously determined value. Then, the
ECU 150 learns the predetermined temperature T1 after
the alteration (step S76).
[0109] In the case where the present threshold Tth is
the predetermined temperature T2 (YES in step S80),
the ECU 150 alters and learns the threshold Tth (the pre-
determined temperature T2), similarly (steps S82 to
S86).
[0110] Specifically, the ECU 150 determines whether
the present DC inlet temperature increase rate ΔTi is ex-
ceeding a reference value D2 (step S82). For example,
the reference value D2 is set to a value resulting from
adding a predetermined value to the slope of the curve
Ld shown in FIG. 2, FIG. 5 and FIG. 8 described above.
[0111] In the case where the present DC inlet temper-
ature increase rate ΔTi is exceeding the reference value
D2 (YES in step S82), the ECU 150 alters the present
threshold Tth (that is, the predetermined temperature T2)
(step S84). Specifically, the ECU 150 decreases the
present threshold Tth (that is, the predetermined temper-
ature T2) by a previously determined value (see FIG. 8).
Then, the ECU 150 learns the predetermined tempera-
ture T2 after the alteration (step S86).
[0112] As described above, the ECU 150 according to
the modification monitors the DC inlet temperature in-
crease rate ΔTi after the start of the DC charge (during
the DC charge), and dynamically alters the threshold Tth
(one of the predetermined temperatures T0, T1, T2) that
is used in the present current limiting process, depending
on the DC inlet temperature increase rate ΔTi. Thereby,
it is possible to appropriately adjust the threshold Tth that
is used in the current limiting process, in consideration
of the actual DC inlet temperature increase rate ΔTi dur-
ing the DC charge.
[0113] Furthermore, the ECU 150 according to the
modification learns (stores) the threshold Tth (one of the
predetermined temperatures T0, T1, T2) after the alter-
ation, as the initial value of the threshold Tth that is used
at the time of the next and subsequent DC charges.

Thereby, at the start of the next and subsequent DC
charges, the threshold Tth can be set to a value in which
the actual DC inlet temperature increase rate ΔTi is con-
sidered.
[0114] A learning history (alteration history) of the
threshold Tth may be stored. Thereby, data analysis of
the learning history of the threshold Tth can be performed
later. As a result, it is possible to know how the poor
connection due to an operation by the user or an aging
deterioration of a connection portion occurs in the market,
and to perform the utilization for the next improvement
item.

Fourth Modification

[0115] In the example described in the above embod-
iment, in the threshold setting process, the threshold Tth
is set based on the possible output current value Imax
included in the maximum output information that the ve-
hicle 100 acquires from the DC charging device 200.
[0116] However, for example, in the case where the
correspondence relation between the maximum output
power of the DC charging device 200 and the possible
output current value Imax is previously determined by a
standard, the possible output current value Imax is indi-
rectly specified based on the maximum output power of
the DC charging device 200. In view of this point, in the
threshold setting process, the threshold Tth can be set
based on the maximum output power included in the max-
imum output information that the vehicle 100 acquires
from the DC charging device 200.
[0117] It should be understood that the disclosed em-
bodiments are examples and are not limitative in all re-
spects. It is intended that the scope of the disclosure is
shown by not the above description but the claims, and
includes all modifications in a meaning and scope equiv-
alent to the claims.

Claims

1. An electric power control device for a vehicle (100),
the vehicle (100) being configured to receive direct
current which is supplied from a charging device
(200) outside the vehicle (100), the vehicle (100) in-
cluding an electric storage device (110) configured
to be charged by the direct current, the electric power
control device comprising an electronic control unit
(150) configured to:

acquire maximum output information of the
charging device (200);
while the electric storage device (110) is being
charged by the direct current supplied from the
charging device (200), execute a current limiting
process in which the direct current decreases to
less than a predetermined value when a param-
eter (Ti; ΔTi) relevant to a temperature of a cur-
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rent-carrying component and a threshold (Tth;
ΔTth) of the parameter satisfy a predetermined
condition, the current-carrying component being
a component in which the direct current flows
through; and
set the threshold (Tth; ΔTth) based on the max-
imum output information of the charging device
(200).

2. The electric power control device according to claim
1, wherein:

the parameter (Ti) relevant to the temperature
of the current-carrying component includes in-
formation indicating the temperature of the cur-
rent-carrying component;
the current limiting process includes limiting the
direct current to be lower than the predetermined
value when the temperature of the current-car-
rying component exceeds the threshold (Tth);
and
the electronic control unit (150) is configured to
set the threshold (Tth) to be lower as a possible
output current value of the charging device (200)
is higher, the possible output current value of
the charging device (200) being specified from
the maximum output information of the charging
device (200).

3. The electric power control device according to claim
2, wherein the electronic control unit (150) is config-
ured to:

start charging of the electric storage device
(110) after setting the threshold (Tth);
after the charging of the electric storage device
(110) is started, when an increase rate of the
temperature of the current-carrying component
exceeds a reference value, perform an altera-
tion process of decreasing the threshold (Tth).

4. The electric power control device according to claim
3, wherein the electronic control unit (150) is config-
ured to store the threshold (Tth) after the alteration
process as an initial value of a threshold (Tth) that
is used at a time of next and subsequent charges.

5. The electric power control device according to claim
1, wherein:

the parameter (ΔTi) relevant to the temperature
of the current-carrying component includes in-
formation indicating an increase rate of the tem-
perature of the current-carrying component;
the current limiting process includes limiting the
direct current to be lower than the predetermined
value when the increase rate of the temperature
of the current-carrying component is smaller

than the threshold (ΔTth); and
the electronic control unit (150) is configured to
set the threshold (ΔTth) to be higher as a pos-
sible output current value of the charging device
(200) is higher, the possible output current value
of the charging device (200) being specified from
the maximum output information of the charging
device (200).

6. A vehicle (100) comprising:

a charging port (190) configured to be connected
to a charging device (200) outside the vehicle
(100);
an electric storage device (110) which is con-
nected to the charging port (190) and is config-
ured to be charged by direct current supplied
from the charging device (200);
a communication device (180) configured to ac-
quire maximum output information of the charg-
ing device (200) which is connected to the charg-
ing port (190); and
an electronic control unit (150) configured to:

while the electric storage device (110) is be-
ing charged by the direct current supplied
from the charging device (200), execute a
current limiting process in which the direct
current decreases to less than a predeter-
mined value when a parameter (Ti; ΔTi) rel-
evant to a temperature of a current-carrying
component and a threshold (Tth; ΔTth) of
the parameter satisfy a predetermined con-
dition, the current-carrying component be-
ing a component in which the direct current
flows through; and
set the threshold (Tth; ΔTth) based on the
maximum output information of the charg-
ing device (200).
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