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(54) VEHICLE CHARGING DEVICE

(57) A vehicle is equipped with a main battery, an
auxiliary machinery battery, a high-capacitance DC/DC
converter which converts power on an electric path be-
tween the main battery and a motor-generator for
traveling to supply the converted power to the auxiliary
machinery battery, a low-capacitance sub power supply
which converts power on an electric path between the
main battery and an external power supply to supply the
converted power to the auxiliary machinery battery, and

a control device which controls the sub power supply.
The control device determines whether or not the DC/DC
converter has an abnormality, and operates the sub pow-
er supply to perform precharging when it is determined
that the DC/DC converter is abnormal. An auxiliary ma-
chinery battery voltage V2 when precharging has been
performed is set to a value which is higher by a prede-
termined voltage α than an auxiliary machinery battery
voltage V1 when precharging has not been performed.
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Description

TECHNICAL FIELD

[0001] The present invention relates to charging of an
auxiliary machinery battery mounted on a vehicle which
is connectable to an external power supply.

BACKGROUND ART

[0002] In recent years, an electric vehicle which can
use power of a power supply external to the vehicle (ex-
ternal power supply) to charge a main battery which
stores power for operating a motor for traveling (what is
called plug-in vehicle) is in practical use. With respect to
such plug-in vehicles, for example, Japanese Patent Lay-
ing-Open No. 2009-225587 (PTL 1) discloses a plug-in
vehicle which includes, apart from a main converter
which is provided on an electric path between a main
battery and a motor for traveling and capable of charging
an auxiliary machinery battery with the power of the main
battery, a sub-converter which is provided on an electric
path between the main battery and an external power
supply and capable of directly charging the auxiliary ma-
chinery battery with the power of the external battery.

CITATION LIST

PATENT LITERATURE

[0003] PTL 1: Japanese Patent Laying-Open No.
2009-225587

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, PTL 1 does not specifically describe
what to do if the main converter fails, at all. PTL 1 also
discloses nothing about use of a low- capacitance sub-
converter as the sub converter. In the plug- in vehicle
disclosed in PTL 1, if the main converter has failed during
traveling, then the sub- converter may be operated in-
stead of the main converter to replenish power consump-
tion of auxiliary machinery; however, when the sub- con-
verter has a low capacitance, it can fail to sufficiently
replenish power, resulting in over- discharging of the aux-
iliary machinery battery.
[0005] The present invention has been made to solve
the problems above, and an object of the invention is to
prevent an auxiliary machinery battery from over-dis-
charging when a main converter is abnormal even when
a sub-converter having a low capacitance is employed.

SOLUTION TO PROBLEM

[0006] A charging apparatus according to the present
invention is a charging apparatus  for a vehicle equipped

with a first power supply storing power for operating a
motor for driving the vehicle, a second power supply stor-
ing power for operating auxiliary machinery of the vehicle,
and a connector configured to be connectable to an ex-
ternal power supply external to the vehicle. The charging
apparatus includes: a first converter converting power on
an electric path between the first power supply and the
motor and supplying the converted power to the second
power supply; a second converter having a lower capac-
itance than that of the first converter, converting power
on an electric path between the first power supply and
the connector, and supplying the converted power to the
second power supply; and a control device controlling
the second converter. When the first converter is abnor-
mal, the control device performs precharging that causes
the second converter to operate such that the second
power supply has a greater voltage or amount of power
stored than when the first converter is normal.
[0007] Preferably, the control device determines
whether or not the first converter is abnormal while the
vehicle is stopped with the external power supply con-
nected to the connector, and performs the precharging
before the vehicle starts traveling when it is determined
that the first converter is abnormal.
[0008] Preferably, the control device performs the pre-
charging when it is determined that the first converter is
abnormal while the vehicle is stopped and it is predicted
that total energy of outputtable energy of the second pow-
er supply in one trip and convertible energy of the second
converter in one trip is less than necessary energy for
the auxiliary machinery in one trip.
[0009] Preferably, the control device stops the pre-
charging once the total energy becomes greater than the
necessary energy by the precharging.
[0010] Preferably, the control device stops the pre-
charging once a voltage of or amount of power stored in
the second power supply reaches a predetermined value
by the precharging.
[0011] Preferably, the vehicle is further equipped with
a charger provided on the electric path between the first
power supply and the connector and converting power
of the external power supply into power that can be
charged into the first power supply, and the second con-
verter is provided between the charger and the second
power supply.

ADVANTAGEOUS EFFECTS OF INVENTION

[0012] According to the present invention, even when
a second converter (sub- converter) having a lower ca-
pacitance (rated power) than that of a first converter
(main converter) is employed, it is possible to prevent a
second power supply (auxiliary  machinery battery) from
over- discharging when the first converter is abnormal.

BRIEF DESCRIPTION OF DRAWINGS

[0013]
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Fig. 1 is an overall block diagram of a vehicle.
Fig. 2 is a diagram showing an image of energy bal-
ance of a low voltage system.
Fig. 3 is a functional block diagram of an ECU.
Fig. 4 is a diagram comparing an auxiliary machinery
battery voltage V1 prior to the start of traveling when
no precharging has been performed and an auxiliary
machinery battery voltage V2 prior to the start of
traveling when precharging has been performed.
Fig. 5 is a flow chart showing a process procedure
of the ECU.

DESCRIPTION OF EMBODIMENTS

[0014] An embodiment of the present invention will be
hereinafter described in detail with reference to the draw-
ings. In the drawings, the same or corresponding portions
have the same reference signs allotted, and their descrip-
tion will not be repeated. Fig. 1 is an overall block diagram
of a vehicle 1 on which a charging apparatus according
to the present embodiment is mounted. Vehicle 1 in-
cludes a main battery 10, a system main relay (herein-
after referred to as "SMR") 11, a power control unit (here-
inafter referred to as "PCU") 20, a motor-generator (here-
inafter referred to as "MG") 30, a motive power transmis-
sion gear 40, drive wheels 50, an auxiliary machinery
battery 60, an auxiliary load 70, a charging unit 80, and
a control device (hereinafter referred to as "ECU") 100.
[0015] MG 30 is an AC rotating electric machine which
generates driving force causing vehicle 1 to travel. The
output torque of MG 30 is transmitted via motive power
transmission gear 40 to drive wheels 50 to cause vehicle
1 to travel. During regenerative breaking of vehicle 1, MG
30 can generate electricity by rotational force of the drive
wheels 50. The generated electric power is then convert-
ed by PCU 20 into power for charging main battery 10.
It is noted that although Fig. 1 illustrates a case where
one MG 30 is provided, the number of motor-generators
may be more than one. In addition, as a motive power
source, the vehicle may include an engine besides MG
30. That is, vehicle 1 in the present embodiment is ap-
plicable to vehicles in general that obtain driving force on
electric power, such as electrically powered vehicles, hy-
brid vehicles, and fuel cell vehicles.
[0016] Main battery 10 is a DC power supply which
stores power for operating MG 30. Main battery 10 is a
secondary battery such as a lithium ion battery and a
nickel-metal hydride battery. It is noted that main battery
10 may be an electric double layer  capacitor.
[0017] Main battery 10 is connected via a positive elec-
trode line PL1 and a negative electrode line NL1 to a
boost converter 21 of PCU 20. Main battery 10 supplies
power for operating MG 30 to PCU 20. The voltage of
main battery 10 has a relatively high value, for example,
of the order of 200 volts.
[0018] SMR 11 is controlled by a control signal S1 from
ECU 100 and makes a switch between supply and inter-
ruption of power between main battery 10 and PCU 20.

[0019] PCU 20 includes boost converter 21, an inverter
22, and a DC/DC converter 23.
[0020] Boost converter 21 is controlled by a control sig-
nal S2 from ECU 100, converts the voltage of main bat-
tery 10 into a voltage equal to or more than the voltage
of main battery 10 and supplies the converted voltage to
inverter 22.
[0021] Inverter 22 is controlled by a control signal S3
from ECU 100, converts DC power supplied via boost
converter 21 from main battery 10 into AC power that
can operate MG 30, and supplies the converted voltage
to MG 30. MG 30 is thereby operated on the power of
main battery 10.
[0022] DC/DC converter 23 is controlled by a control
signal S4 from ECU 100, steps down a voltage between
positive electrode line PL1 and negative electrode line
NL1 (that is, the high voltage of main battery 10) to the
voltage of auxiliary machinery battery 60 (a low voltage
of the order of twelve volts), and supplies the stepped-
down voltage via power line L1 to auxiliary machinery
battery 60. Auxiliary machinery battery 60 is thereby
charged with the power of main battery 10.
[0023] Auxiliary machinery battery 60 is typically con-
figured to include a lead storage battery. Auxiliary ma-
chinery battery 60 is a DC power supply which stores
power for operating auxiliary machinery (such as auxil-
iary load 70 and ECU 100) of vehicle 1. The voltage of
auxiliary machinery battery 60 has a relatively low value
of the order of twelve volts, as described above. Herein-
after, auxiliary machinery battery 60 and electrical equip-
ment that operates on the power of auxiliary machinery
battery 60 are also collectively referred to as a "low volt-
age system".
[0024] Auxiliary load 70 is electrical equipment of the
low voltage system. Auxiliary load 70 is configured of, for
example, an air conditioning unit, an audio unit, lamps,
a wiper, a heater, and the like.
[0025] Further, vehicle 1 includes charging unit 80, an
inlet 83, and a charge relay 84, as a configuration for
externally charging main battery 10 with AC power (here-
inafter also referred to as "external power") from an ex-
ternal power supply 500.
[0026] Inlet 83 is provided at a body of vehicle 1 so as
to receive AC power from  external power supply 500.
Inlet 83 is configured such that a connector of external
power supply 500 can be connected thereto.
[0027] Charging unit 80 includes a charger 81 and a
sub power supply 82.
[0028] Charger 81 is connected via a positive electrode
line PL2 and a negative electrode line NL2 to main battery
10 and via a positive electrode line PL3 and a negative
electrode line NL3 to inlet 83. Charger 81 is controlled
by a control signal S5 from ECU 100, converts external
power (AC power) input to inlet 83 into power that can
be charged into main battery 10 (DC 200 volts), and sup-
plies the converted power to main battery 10. External
charging is thereby performed.
[0029] Sub power supply 82 is a power converter pro-
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vided between charger 81 and auxiliary machinery bat-
tery 60. Sub power supply 82 is configured to be able to
convert external power supplied from inlet 83 to charger
81 (which may be AC power which has not yet been con-
verted by charger 81 or may be DC power which has
been converted by charger 81) and DC power supplied
from main battery 10 to charger 81 into power (of DC of
the order of twelve volts) that can be supplied to the low
voltage system. The power converted by sub power sup-
ply 82 is supplied via a power line L2 to the low voltage
system.
[0030] Sub power supply 82 functions as a power sup-
ply for supplying power to the low voltage system during
external charging. That is, during external charging, SMR
11 is turned off as will be described later, and no power
can be supplied from DC/DC converter 23 to auxiliary
machinery battery 60. Therefore, during external charg-
ing, power is supplied from sub power supply 82 to the
low voltage system.
[0031] The capacitance (rated power) of sub power
supply 82 is set to a value less than the capacitance of
DC/DC converter 23. That is, while the vehicle is
traveling, a user uses the air conditioning unit, the audio
unit, and the like, and therefore, the power consumption
of the low voltage system tends to be high. Since DC/DC
converter 23 primarily serves to supply power to the low
voltage system while the vehicle is traveling, the capac-
itance of DC/DC converter 23 is set to a large value (for
example, of the order of two kilowatts). In contrast, during
external charging, a user less frequently uses the air con-
ditioning unit, the audio unit, and the like, and the power
consumption of the low voltage system tends to be lower
than while the vehicle is traveling. Since sub power sup-
ply 82 primarily serves to supply power to the low voltage
system during external charging, in consideration of con-
version efficiency, the capacitance of sub power supply
82 is set to a value less than the capacitance of DC/DC
converter 23 (for example, of the order to 200 watts).
[0032] Charge relay 84 is controlled by a control signal
S7 from ECU 100 and makes a switch between supply
and interruption of power between main battery 10 and
charger 81.
[0033] Further, vehicle 1 includes a plurality of sensors
(all not shown) which detect information necessary to
control traveling of vehicle 1, such as the statuses (such
as voltage, current, temperature, and the like) of main
battery 10 and auxiliary machinery battery 60, accelera-
tor pedal position, vehicle speed, and the like. Each sen-
sor outputs a detection result to ECU 100.
[0034] ECU 100 includes a CPU (Central Processing
Unit) and a memory, generates control signals S1-S7
described above in response to information stored in the
memory, detection results by the sensors, and the like,
and outputs each of the generated signals to correspond-
ing equipment. It is noted that although ECU 100 is a
single unit in Fig. 1, ECU 100 may be separated by func-
tion.
[0035] When performing external charging, ECU 100

turns charge relay 84 on to connect a charging path be-
tween main battery 10 and charging unit 80. ECU 100
then operates charger 81 to convert external power into
the power that can be charged into main battery 10 and
supplies the converted power to main battery 10. In doing
so, in consideration of the life of PCU 20, ECU 100 turns
SMR 11 off (that is, an electric path between main battery
10 and PCU 20 is interrupted).
[0036] During external charging, ECU 100 operates
sub power supply 82 to convert external power into the
power that can be supplied to the low voltage system and
supplies the converted power to the low voltage system.
The low voltage system that needs to be operated during
external charging can thereby be operated with use of
external power, and the power consumption of auxiliary
machinery battery 60 can be suppressed. In this way,
during external charging, in addition to auxiliary machin-
ery battery 60, sub power supply 82 can also supply pow-
er to the low voltage system.
[0037] In contrast, when vehicle 1 is allowed to travel,
ECU 100 controls PCU 20 with SMR 11 turned on, there-
by operating MG 30 with the power of main battery 10.
In doing so, when the voltage of (amount of power stored
in) auxiliary machinery battery 60 falls below a target val-
ue, ECU 100 charges auxiliary machinery battery 60 by
operating DC/DC converter 23 or by turning charge relay
84 on to operate sub power supply 82. In this way, while
the vehicle is traveling, in addition to auxiliary machinery
battery 60, DC/DC converter 23 and sub power supply
82 can also supply power to the low voltage power sys-
tem. That is, while the vehicle is traveling, DC/DC con-
verter 23 functions as a main converter, and sub power
supply 82 functions as a sub-converter.
[0038] Fig. 2 is a diagram showing an image of energy
(amount of power stored) balance of the low voltage sys-
tem in one trip. Given that the energy that auxiliary ma-
chinery battery 60 can output in one trip is "P1", that the
energy that sub power supply 82 can convert in one trip
is "P2", and that the energy that DC/DC converter 23 can
convert in one trip is "P3", then the energy Pnor that the
low voltage system can consume in one trip when DC/DC
converter 23 operates normally (hereinafter also referred
to simply as "when normal") is the sum of P1, P2, and
P3. In contrast, the energy Pabnor that the low voltage
system can consume in one trip when DC/DC converter
23 has failed (hereinafter also referred to simply as "when
abnormal") is the sum of P1 and P2, which is lower by
the amount of P3 than when normal. When such con-
sumable energy Pabnor is less than the energy P0 that
is necessary for the low voltage system in one trip, the
low voltage system can be in short of power on that trip,
resulting in over-discharging of auxiliary machinery bat-
tery 60. In particular, sub power supply 82 has a low
capacitance of the order of 200 watts and cannot suffi-
ciently secure convertible energy P2, and therefore, there
is a higher possibility of power shortage in the low voltage
system.
[0039] Hence, ECU 100 according to the present em-
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bodiment determines whether or not DC/DC converter
23 is abnormal at the end of external charging, and when
abnormal, operates sub power supply 82 as necessary
to make the voltage of auxiliary machinery battery 60
prior to the start of traveling higher than when normal.
The energy that is predicted to be in short in the next trip
(= energy corresponding to P0- Pabnor) can thereby be
stored in advance in auxiliary machinery battery 60 in
preparation for the next trip. Hereinafter, such charging
of auxiliary machinery battery 60 can be also referred to
as "precharging". It is the most characteristic feature of
the present embodiment that such precharging is per-
formed.
[0040] Fig. 3 is a functional block diagram of part of
ECU 100 involved with precharging. Each functional
block shown in Fig. 3 may be realized by hardware or
may be realized by software.
[0041] ECU 100 includes a determination unit 110, cal-
culation units 120, 130, a comparison unit 140, and a
control unit 150.
[0042] Determination unit 110 determines whether or
not DC/DC converter 23 has an abnormality, at the end
of external charging (when external charging causes an
amount of power stored in main battery 10 to reach a
target value). This determination may be made based on
whether or not there is a record indicating that DC/DC
converter 23  failed in the previous trips, or may be made
based on a result of actually connecting SMR 11 and
operating DC/DC converter 23.
[0043] When DC/DC converter 23 is abnormal, calcu-
lation unit 120 calculates necessary energy P0 for the
low voltage system in the next trip. Necessary energy P0
can be calculated, for example, by predicting the energy
consumption of the low voltage system on the way to the
next trip’s destination which is input by a user. It is also
possible to predict necessary energy P0 based on the
average value of necessary energy P0 per past trip.
[0044] Calculation unit 130 calculates outputtable en-
ergy P1 of auxiliary machinery battery 60 in the next trip
and convertible energy P2 of sub power supply 82 in the
next trip. Since the amount of power stored in auxiliary
machinery battery 60 has a positive correlation with the
voltage of auxiliary machinery battery 60, outputtable en-
ergy P1 of auxiliary machinery battery 60 in the next trip
can be calculated, for example, based on the voltage of
auxiliary machinery battery 60. Convertible energy P2 of
sub power supply 82 in the next trip can be predicted, for
example, based on the capacitance of sub power supply
82 (200 watts) and a time period of the next trip. The time
period of the next trip can be predicted, for example,
based on the distance to the destination, how crowded
roads are, or the average value of a time period per past
trip. It is noted that techniques for calculating P1, P2 are
not limited to these techniques.
[0045] Calculation unit 130 then calculates the total en-
ergy of outputtable energy P1 of auxiliary machinery bat-
tery 60 and convertible energy P2 of sub power supply
82, which is as consumable energy Pabnor in the next

trip when abnormal.
[0046] Comparison unit 140 compares necessary en-
ergy P0 and consumable energy Pabnor and outputs the
result to control unit 150.
[0047] Based on the comparison result from compari-
son unit 140, control unit 150 controls sub power supply
82. When consumable energy Pabnor is less than nec-
essary energy P0, control unit 150 generates control sig-
nal S6 for performing precharging and outputs the gen-
erated signal to sub power supply 82. Precharging using
external power is thereby performed, and the voltage of
(amount of power stored in) auxiliary machinery battery
60 increases, and outputtable energy P1 of auxiliary ma-
chinery battery 60 increases. As a result, consumable
energy Pabnor of the low voltage system also increases.
Control unit 150 stops precharging once consumable en-
ergy Pabnor reaches necessary energy P0.
[0048] Fig. 4 is a diagram comparing an auxiliary ma-
chinery battery voltage V1 prior to the start of traveling
when no precharging has been performed (when normal)
and an  auxiliary machinery battery voltage V2 prior to
the start of traveling when precharging has been per-
formed (when abnormal). As shown in Fig. 4, by pre-
charging, auxiliary machinery battery voltage V2 prior to
the start of traveling when abnormal, is set to a value
which is higher by a predetermined voltage α than aux-
iliary machinery battery voltage V1 prior to the start of
traveling when normal (see an arrow A). This results in
that electrical energy corresponding to an amount of in-
crease in voltage α due to precharging (= V2 - V1) is
preliminary charged into auxiliary machinery battery 60
in preparation for the next trip. Therefore, even when sub
power supply 82 has a low capacitance and cannot suf-
ficiently secure convertible energy P2, over-discharging
of auxiliary machinery battery 60 is prevented.
[0049] In particular, in the present embodiment, in
which precharging is performed at the end of external
charging, when external charging ends, vehicle 1 is
stopped with external power supply 500 connected to
inlet 83. Hence, precharging can be performed using ex-
ternal power rather than the power of main battery 10,
and a decrease in power of main battery 10 due to pre-
charging can be suppressed.
[0050] Fig. 5 is a flow chart showing a process proce-
dure of ECU 100 for realizing the above-described func-
tions. This flowchart is carried out at the end of external
charging.
[0051] In step 10 (hereinafter step is abbreviated as
"S"), ECU 100 determines whether or not DC/DC con-
verter 23 has an abnormality. If DC/DC converter 23 is
abnormal (YES in S10), then the process shifts to S11.
If not (NO in S10), then the process ends.
[0052] In S11, ECU 100 calculates necessary energy
P0 for the low voltage system in the next trip.
[0053] In S12, ECU 100 calculates the total energy of
outputtable energy P1 of auxiliary machinery battery 60
in the next trip and convertible energy P2 of sub power
supply 82 in the next trip, which is consumable energy
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Pabnor of the low voltage system in the next trip when
abnormal.
[0054] In S13, ECU 100 determines whether or not
consumable energy Pabnor calculated in S12 is greater
than necessary energy P0 calculated in S11 (whether or
not Pabnor > P0). If Pabnor > P0 (YES in S13), then the
process ends. If Pabnor < P0 (NO in S13), then the proc-
ess shifts to S14.
[0055] In S14, ECU 100 operates sub power supply 82
and starts precharging.
[0056] In S15, ECU 100 determines whether or not pre-
charging has caused consumable energy Pabnor to be
greater than necessary energy P0. If consumable energy
Pabnor is still less than necessary energy P0 (NO in S15),
then the process returns to S14, and  precharging is con-
tinued.
[0057] On the other hand, if consumable energy Pab-
nor has become greater than necessary energy P0 (YES
in S15), then ECU 100 shifts the process to S16 and
stops sub power supply 82 to end precharging.
[0058] As above, when DC/DC converter 23 is abnor-
mal at the end of external charging, in preparation for the
next trip, ECU 100 according to the present embodiment
performs precharging that causes sub power supply 82
to operate to make the voltage of (amount of power stored
in) auxiliary machinery battery 60 higher than when nor-
mal. The electric energy of the low voltage system that
is predicted to be in short in the next trip due to the ab-
normality of DC/DC converter 23 can thereby be stored
in advance in auxiliary machinery battery 60 prior to the
next trip. Therefore, even when sub power supply 82 has
a low capacitance and cannot sufficiently secure con-
vertible energy P2, over-discharging of auxiliary machin-
ery battery 60 is prevented, and causing the low voltage
system to be no longer operable on the next trip can be
suppressed.
[0059] It is noted that in the present embodiment, al-
though the case where precharging is performed at the
end of external charging has been described, the timing
at which precharging is performed is not limited thereto.
For example, the timing at which precharging is per-
formed can be prior to or during external charging or can
even be during traveling of the vehicle. It is noted that in
order to suppress a decrease in power of main battery
10 due to precharging, it is desirable to perform precharg-
ing with external power supply 500 connected to inlet 83.
[0060] In addition, although the present embodiment
has described the case where consumable energy Pab-
nor and necessary energy P0 are employed for the con-
ditions for the start of and end of precharging, the con-
ditions for the start of and end of precharging may be
simpler. For example, precharging may be started when
DC/DC converter 23 is abnormal and stopped once the
voltage of or amount of power stored in auxiliary machin-
ery battery 60 reaches a predetermined value (a value
higher than a target voltage or target amount of power
stored when normal).
[0061] It should be understood that the embodiment

disclosed herein is illustrative and non-restrictive in every
respect. The scope of the present invention is defined by
the terms of the claims rather than the description above,
and is intended to include any modifications within the
scope and meaning equivalent to the terms of the claims.

REFERENCE SIGNS LIST

[0062] 1 vehicle; 10 main battery; 20 PCU; 21 boost
converter; 22 inverter; 23 DC/DC converter; 40 motive
power transmission gear; 50 drive wheel; 60 auxiliary
machinery  battery; 70 auxiliary load; 80 charging unit;
81 charger; 82 sub power supply; 83 inlet; 84 charge
relay; 100 ECU; 110 determination unit; 120, 130 calcu-
lation unit; 140 comparison unit; 150 control unit; 500
external power supply.

Claims

1. A charging apparatus for a vehicle equipped with a
first power supply (10) storing power for operating a
motor (30) for driving the vehicle, a second power
supply (60) storing power for operating auxiliary ma-
chinery (70) of the vehicle, and a connector (83) con-
figured to be connectable to an external power sup-
ply (500) external to the vehicle, the charging appa-
ratus comprising:

a first converter (23) converting power on an
electric path between said first power supply and
said motor and supplying the converted power
to said second power supply;
a second converter (82) having a lower capac-
itance than that of said first converter, converting
power on an electric path between said first pow-
er supply and said connector, and supplying the
converted power to said second power supply;
and
a control device (100) controlling said second
converter,
when said first converter is abnormal, said con-
trol device performing precharging causing said
second converter to operate such that said sec-
ond power supply has a greater voltage or
amount of power stored than when said first con-
verter is normal.

2. The charging apparatus for a vehicle according to
claim 1, wherein
said control device determines whether or not said
first converter is abnormal while said vehicle is
stopped with said external power supply connected
to said connector, and performs said precharging
before said vehicle starts traveling when it is deter-
mined that said first converter is abnormal.

3. The charging apparatus for a vehicle according to
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claim 2, wherein
said control device performs said precharging when
it is determined that said first converter is abnormal
while said vehicle is stopped and it is predicted that
total energy of outputtable energy of said second
power supply in one trip and convertible energy of
said second converter in one trip, is less than energy
necessary for said auxiliary machinery in one trip.

4. The charging apparatus for a vehicle according to
claim 3, wherein
said control device stops said precharging once said
total energy becomes greater than said necessary
energy by said precharging.

5. The charging apparatus for a vehicle according to
claim 2, wherein
said control device stops said precharging once a
voltage of or amount of power stored in said second
power supply reaches a predetermined value by said
precharging.

6. The charging apparatus for a vehicle according to
claim 1, wherein
said vehicle is further equipped with a charger (81)
provided on the electric path between said first power
supply and said connector and converting power of
said external power supply into power that can be
charged into said first power supply, and
said second converter is provided between said
charger and said second power supply.

11 12 



EP 2 641 771 A1

8



EP 2 641 771 A1

9



EP 2 641 771 A1

10



EP 2 641 771 A1

11



EP 2 641 771 A1

12



EP 2 641 771 A1

13

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2009225587 A [0002] [0003]


	bibliography
	description
	claims
	drawings
	search report

