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VEHICLE POWER SUPPLY APPARATUS, AND 
VEHICLE 

TECHNICAL FIELD 

The present invention relates to a vehicle power supply 
apparatus, and a vehicle. Particularly, the present invention 
relates to a power Supply apparatus for a vehicle incorporat 
ing a main power storage device and a plurality of Subpower 
storage devices, and the vehicle. 

BACKGROUND ART 

In recent years, electric cars, hybrid vehicles, fuel-cell 
vehicles and the like have been developed and adapted to 
practical use as environment-friendly vehicles. These 
vehicles are mounted with a motor and a power Supply appa 
ratus to drive the motor. 

Japanese Patent Laying-Open No. 2003-209969 discloses 
a power Supply control system of an electric traction motor 
for a vehicle. This system includes at least one inverter to 
Supply adjusted power to the electric traction motor, a plural 
ity of power Supply stages each having a battery and an 
up-down voltage DC/DC converter, wired in parallel to pro 
vide DC power to at least one inverter, and a controller con 
trolling the plurality of power Supply stages such that the 
battery of the plurality of power Supply stages is charged and 
discharged equally to allow the plurality of power Supply 
stages to maintain the output Voltage to at least one inverter. 

In an electric car, it is desirable that the running distance 
allowed by one charge is as long as possible. Likewise with a 
hybrid vehicle that incorporates an internal combustion 
engine, a storage battery, and a motor, it is desirable that the 
running distance allowed per one charge without using the 
internal combustion engine is as longas possible in the case of 
a configuration in which the storage battery can be charged 
from an external source. 
The amount of energy of the battery incorporated in a 

vehicle must be increased in order to lengthen the running 
distance allowed by one charge. The method of increasing the 
energy amount includes: 1) increasing the energy capacity per 
battery cell, and 2) increasing the number of mounted battery 
cells. 
The method of the above 1) is disadvantageous in that the 

desired amount of capacity cannot be ensured since the upper 
limit is restricted in view of the strength of the case for the 
battery cells and the like. By the method of the above 2), a 
possible consideration is to increase the number of cells in 
series or in parallel. 
The voltage will become higher when the number of bat 

tery cells is increased in series. In view of the breakdown 
voltage of the inverter and motor that are electrical loads, 
there are limitations in increasing the number of battery cells 
in series connection due to the upper limit by the breakdown 
Voltage. Although the required capacitance may be ensured 
by connecting the battery cells in parallel, the capability of all 
the batteries cannot be thoroughly depleted since only some 
of the batteries will first become degraded if parallel connec 
tion is established without a power adjuster. 

In a power Supply control system that has a power adjuster 
provided for each battery, as disclosed in Japanese Patent 
Laying-Open No. 2003-209969, the configuration will 
become complex to result in higher cost of the apparatus. 
Moreover, a relay of a large current capacity must be provided 
at each power Supply when the power Supply is to be used in 
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2 
a Switching manner. The configuration will become complex, 
necessitating a device for Switching. 

DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a vehicle 
power Supply apparatus and a vehicle, increased in the 
chargeable amount of energy while Suppressing the number 
of elements in the apparatus. 
The present invention is directed to a vehicle power supply 

apparatus, including a main power storage device, a power 
feed line through which power is supplied to an inverter that 
drives a motor, a first voltage converter provided between the 
main power storage device and power feed line to convert 
Voltage, a plurality of Subpower storage devices provided 
parallel to each other, and a second Voltage converter pro 
vided between the plurality of subpower storage devices and 
power feed line to convert voltage. 

Preferably, the second voltage converter is selectively con 
nected to any one of the plurality of subpower storage devices 
to convert Voltage. 

Preferably, the vehicle power supply apparatus further 
includes a first connector provided between the main power 
storage device and first voltage converter to make and break 
electrical connection, and a second connector provided 
between the plurality of subpower storage devices and second 
Voltage converter to make and break electrical connection. 
The second connector is controlled to attain a connection 
state in which any one of the plurality of Subpower storage 
devices is selectively connected to the second Voltage con 
verter and a non-connection state in which none of the plu 
rality of Subpower storage devices is connected to the second 
Voltage converter. 
More preferably, the first connector includes a first relay 

connected between the main power storage device and first 
Voltage converter, and a second relay and a limiting resistor 
connected in series. The second relay and limiting resistor 
connected in series are connected parallel to the first relay. 
The second connector includes a third relay connected 
between a first one of the plurality of subpower storage 
devices and the second Voltage converter, and a fourth relay 
connected between a second one of the plurality of subpower 
storage devices and the second Voltage converter. 

Further preferably, each of the first to fourth relays is pro 
vided at a side of one electrode of a corresponding power 
storage device. The one electrodes have a polarity identical to 
each other. Each other electrode of the main power storage 
device and plurality of subpower storage devices is connected 
to a common node. Each other electrode has a polarity oppo 
site to that of the one electrode. The vehicle power supply 
apparatus further includes a fifth relay provided between the 
common node and the first and second Voltage converters. 

Further preferably, the vehicle power supply apparatus fur 
ther includes a control unit conducting control of the first and 
second Voltage converters, and conducting opening and clos 
ing control of the first to fourth relays. The control unit ren 
ders at least one of the first and second relays conductive, and 
has voltage on the power feed line converted to the voltage of 
the first subpower storage device by the first voltage con 
verter, and then renders the third relay conductive. 

Further preferably, the vehicle power supply apparatus fur 
ther includes a control unit conducting control of the first and 
second Voltage converters, and conducting opening and clos 
ing control of the first to fourth relays. The control unit con 
trols the first and second voltage converters such that the 
power transfer between the first subpower storage device and 
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power feed line becomes Zero when the third relay is changed 
from a conductive state to a non-conductive state. 

Further preferably, the control unit stops the operation of 
the second Voltage converter after the Voltage on the power 
feed line is increased to a level higher than the voltage of the 
first Subpower storage device by actuating any of the first and 
second Voltage converters and inverter to cause the power 
transfer between the first subpower storage device and power 
feed line to become Zero. 

Further preferably, the vehicle power supply apparatus fur 
ther includes a control unit conducting control of the first and 
second Voltage converters, and conducting opening and clos 
ing control of the first to fourth relays. The control unit ren 
ders the third relay non-conductive, and then renders the 
fourth relay conductive after adjusting the Voltage at the 
power feed line to the Voltage of the second Subpower storage 
device by actuating the first voltage converter. 

Preferably, the first subpower storage device among the 
plurality of Subpower storage devices and the main power 
storage device can output the maximum power tolerable for 
the electrical load connected to the power feed line. 

Preferably, the vehicle power supply apparatus further 
includes a single control unit conducting control of the first 
and second Voltage converters, and conducting opening and 
closing control of the first to fourth relays. The control unit 
further controls said inverter. 

According to another aspect, the present invention is 
directed to a vehicle incorporating any of the vehicle power 
Supply apparatus set forth above. 

According to the present invention, the chargeable amount 
of energy can be increased while Suppressing the number of 
elements in the apparatus that is to be incorporated in a 
vehicle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 represents a main configuration of a vehicle 1 
according to an embodiment of the present invention. 

FIG. 2 is a circuit diagram representing a detailed configu 
ration of inverters 14 and 22 of FIG. 1. 

FIG. 3 is a circuit diagram representing a detailed configu 
ration of boost converters 12A and 12B of FIG. 1. 

FIG. 4 represents a configuration of a vehicle 100 accord 
ing to a modification of vehicle 1 of FIG. 1. 

FIG. 5 is a flow chart to describe control carried out by a 
control device 30 when the power supply system is activated. 

FIG. 6 is an operation waveform chart representing an 
example when an operation is carried out based on the flow 
chart of FIG. 5. 

FIG. 7 is an operation waveform chart representing another 
example when an operation is carried out based on the flow 
chart of FIG. 5. 

FIG. 8 is a flow chart to describe control carried out by 
control device 30 when a battery BB1 that is a subpower 
storage device is disconnected. 

FIG. 9 is a flow chart to describe control carried out by 
control device 30 when a subpower storage device is 
switched. 

FIG. 10 is an operation waveform chart representing an 
example when an operation is carried out based on the flow 
chart of FIG. 9. 

FIG. 11 is an operation waveform chart representing 
another example when an operation is carried out based on the 
flow chart of FIG. 9. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

Embodiments of the present invention will be described in 
detail hereinafter with reference to the drawings. In the draw 
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4 
ings, the same or corresponding elements have the same 
reference characters allotted, and description thereof will not 
be repeated. 

FIG. 1 represents a main configuration of a vehicle 1 
according to an embodiment of the present invention. 

Referring to FIG. 1, vehicle 1 includes batteries BA, BB1, 
and BB2 that are power storage devices, connectors 39A and 
39B, boost converters 12A and 12B, smoothing capacitors 
C1, C2 and CH, voltage sensors 10A, 10B1, 10B2, 13, 21A 
and 21B, inverters 14 and 22, an engine 4, motor generators 
MG1 and MG2, a power split mechanism 3, a wheel 2, and a 
control device 30. 
The vehicle power Supply apparatus of the present embodi 

ment includes battery BA that is the main power storage 
device, a power feed line PL2 through which power is Sup 
plied to inverter 22 that drives motor generator MG2, boost 
converter 12A provided between the main power storage 
device (BA) and power feed line PL2, qualified as the voltage 
converter converting voltage, batteries BB1 and BB2 pro 
vided parallel to each other, qualified as a plurality of sub 
power storage devices, and boost converter 12B provided 
between the plurality of subpower storage devices (BB1, 
BB2) and power feed line PL2, qualified as a voltage con 
Verter to convert Voltage. 
The voltage converter (12B) is selectively connected to any 

one of the plurality of subpower storage devices (BB1, BB2) 
to carry out Voltage conversion. 
The subpower storage device (either BB1 or BB2) and the 

main power storage device (BA) have the chargeable capaci 
tance set such that the tolerable maximum power of the elec 
trical load (22 and MG2) connected to the power feedline can 
be output by simultaneous usage, for example. Accordingly, 
running at the maximum power is allowed in an EV (Electric 
Vehicle) run that does not use the engine. If the storage State 
of the Subpower storage device is degraded, the Subpower 
storage device can be exchanged to conduct further running. 
When the power of the subpower storage device is consumed, 
running at the maximum power is allowed by using the engine 
in addition to the main power storage device without the 
Subpower storage device being used. 

According to the configuration set forth above, the number 
of boost converters does not have to be increased as much as 
the number of power storage devices since boost converter 
12B is shared among a plurality of subpower storage devices. 
In order to further increase the EV running distance, a battery 
is to be added, parallel to batteries BB1 and BB2. 

Preferably, the power storage device incorporated in the 
vehicle can be charged from an external source. For this 
purpose, vehicle 1 further includes a battery charger (6) to 
connect with a commercial power supply 8 of AC100V. for 
example. The battery charger (6) converts an alternating cur 
rent into direct current and also adjusts the Voltage to be 
supplied to the battery. For the purpose of allowing external 
charging, the scheme of connecting the neutral points of the 
stator coils of motor generators MG1 and MG2 with an AC 
power Supply, or the scheme of combining boost converters 
12A and 12B to function as an AC/DC converter may be 
employed. 

Smoothing capacitor C1 is connected between a power 
supply line PL1A and a ground line SL2. Voltage sensor 21A 
detects and provides to control device 30 a voltage VLA 
across Smoothing capacitor C1. Boost converter 12A boosts 
the Voltage across Smoothing capacitor C1. 

Smoothing capacitor C2 is connected between a power 
supply line PL1B and ground line SL2. Voltage sensor 21B 
detects and provides to control device 30 a voltage VLB 
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across smoothing capacitor C2. Boost converter 12B boosts 
the Voltage across Smoothing capacitor C2. 

Smoothing capacitor CH smoothes the voltage boosted by 
boost converters 12A and 12B. Voltage sensor 13 senses and 
provides to control device 30 a voltage VHacross smoothing 5 
capacitor CH. 

Inverter 14 converts the DC voltage applied from boost 
converter 12B or 12A into a 3-phase AC voltage, which is 
provided to motor generator MG1. Inverter 22 converts the 
DC voltage applied from boost converter 12B or 12A into a 10 
3-phase AC Voltage, which is provided to motor generator 
MG2. 

Power split mechanism 3 is coupled to engine 4 and motor 
generators MG1 and MG2 to split the power therebetween. 
For example, a planetary gear mechanism including three 15 
rotational shafts of a Sun gear, a planetary carrier, and a ring 
gear may be employed as the power split mechanism. In the 
planetary gear mechanism, when the rotation of two of the 
three rotational shafts is determined, the rotation of the 
remaining one rotational shaft is inherently determined. 20 
These three rotational shafts are connected to each rotational 
shaft of engine 4, motor generator MG1, and motor generator 
MG2, respectively. The rotational shaft of motor generator 
MG2 is coupled to wheel 2 by means of a reduction gear 
and/or differential gear not shown. Further, a reduction gear 25 
for the rotational shaft of motor generator MG2 may be addi 
tionally incorporated in power split mechanism 3. 

Connector 39A includes a system main relay SMR2 con 
nected between the positive electrode of battery BA and 
power supply line PL1A, a system main relay SMR1 and a 30 
limiting resistor R connected in series, parallel with system 
main relay SMR2, and a system main relay SMR3 connected 
between the negative electrode of battery BA (ground line 
SL1) and a node N2. 

System main relays SM1 to SMR3 have their conductive? 35 
non-conductive state controlled according to control signals 
CONT1 to CONT3, respectively, applied from control device 
3O. 

Voltage sensor 10A measures voltage VBA across battery 
BA. Although not shown, a current sensor sensing the current 40 
flowing to battery BA is provided to monitor the state of 
charge of battery BA, together with voltage sensor 10A. For 
battery BA, a secondary battery Such as a lead battery, nickel 
hydride battery, and lithium ion battery, or a capacitor of large 
capacitance Such as an electrical double layer capacitor may 45 
be employed. 

Connector 39B is provided between power supply line 
PL1B and ground line SL2 and batteries BB1, BB2. Connec 
tor 39B includes a relay SR1 connected between the positive 
electrode of battery BB1 and power supply line PL1B, a relay 50 
SR1G connected between the negative electrode of battery 
BB1 and ground line SL2, a relay SR2 connected between the 
positive electrode of battery BB2 and power supply line 
PL1B, and a relay SR2G connected between the negative 
electrode of battery BB2 and ground line SL2. Relays SR1 55 
and SR2 have their conductive/non-conductive state con 
trolled according to control signals CONT4 and CONT5. 
respectively, applied from control device 30. Relays SR1G 
and SR2G have their conductive/non-conductive state con 
trolled according to control signals CONT6 and CONT7, 60 
respectively, applied from control device 30. Groundline SL2 
runs through boost converters 12A and 12B towards inverters 
14 and 22, as will be described afterwards. 

Voltage sensor 10B1 measures a voltage VBB1 across bat 
tery BB1. Voltage sensor 10B2 measures a voltage VBB2 65 
across batteries BB2. Although not shown, a current sensor to 
sense the current flowing to each battery is provided to moni 

tor the state of charge of batteries BB1 and BB2, together with 
voltage sensors 10B1 and 10B2. For batteries BB1 and BB2, 
a secondary battery Such as a lead battery, nickel-hydride 
battery, and lithium ion battery, or a capacitor of large capaci 
tance Such as an electrical double layer capacitor may be 
employed. 

Inverter 14 is connected to power feed line PL2 and ground 
line SL2. Inverter 14 receives the boosted voltage from boost 
converters 12A and 12B to drive motor generator MG1 for the 
purpose of for example, starting engine 4. Further, inverter 
14 returns to boost converters 12A and 12B the electric power 
generated at motor generator MG1 by the power transmitted 
from engine 4. At this stage, boost converters 12A and 12B 
are controlled by control device 30 to function as down 
conversion circuits. 

Current sensor 24 detects the current flowing to motor 
generator MG1 as a motor current value MCRT1, which is 
provided to control device 30. 

Inverter 22 is connected to power feed line PL2 and ground 
line SL, parallel with inverter 14. Inverter 22 converts DC 
voltage output from boost converters 12A and 12B into a 
3-phase AC Voltage, which is provided to motor generator 
MG2 that drives wheel 2. Inverter 22 also returns the power 
generated at motor generator MG2 to boost converters 12A 
and 12B in accordance with regenerative braking. At this 
stage, boost converters 12A and 12B are controlled by control 
device 30 to function as down-conversion circuits. 

Current sensor 25 detects the current flowing to motor 
generator MG2 as a motor current value MCRT2. Motor 
current value MCRT2 is output to control device 30. 

Control device 30 receives each torque command value and 
rotation speed of motor generators MG1 and MG2, each 
value of voltages VBA, VBB1, VBB2. VLA, VLB, and VH, 
motor current values MCRT1, MCRT2, and an activation 
signal IGON. Control device 30 outputs to boost converter 
12B a control signal PWUB to effect a voltage boosting 
instruction, a control signal PWDB to effect a voltage down 
conversion instruction, and a shut down signal to effect an 
operation prohibition instruction. 

Further, control device 30 outputs to inverter 14 a control 
signal PWMI1 to effect a drive instruction for converting DC 
voltage that is the output from boost converters 12A and 12B 
into AC voltage directed to driving motor generator MG1, and 
a control signal PWMC1 to effect a regenerative instruction 
for converting the AC voltage generated at motor generator 
MG1 into a DC voltage to be returned towards boost convert 
ers 12A and 12B. 

Similarly, control device 30 outputs to inverter 22 a control 
signal PWMI2 to effect a drive instruction for converting the 
AC voltage directed to driving motor generator MG2 into a 
DC voltage, and a control signal PWMC2 to effect a regen 
erative instruction for converting the AC Voltage generated at 
motor generator MG2 into a DC voltage to be returned 
towards boost converters 12A and 12B. 

FIG. 2 is a circuit diagram representing a detailed configu 
ration of inverters 14 and 22 of FIG. 1. 

Referring to FIGS. 1 and 2, inverter 14 includes a U-phase 
arm 15, a V-phase arm 16, and a W-phase arm 17. U-phase 
arm 15, V-phase arm 16, and W-phase arm 17 are connected 
in parallel between power feed line PL2 and ground line SL2. 

U-phase arm 15 includes IGBT elements Q3 and Q4 con 
nected in series between power feed line PL2 and ground line 
SL2, and diodes D3 and D4 connected in parallel with IGBT 
elements Q3 and Q4, respectively. Diode D3 has its cathode 
connected to the collector of IGBT element Q3, and its anode 
connected to the emitter of IGBT element Q3. Diode D4 has 
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its cathode connected to the collector of IGBT element Q4. 
and its anode connected to the emitter of IGBT element Q4. 

V-phase arm 16 includes IGBT elements Q5 and Q6 con 
nected in series between power feed line PL2 and ground line 
SL2, and diodes D5 and D6 connected in parallel with IGBT 
elements Q5 and Q6, respectively. Diode D5 has its cathode 
connected to the collector of IGBT element Q5, and its anode 
connected to the emitter of IGBT element Q5. Diode D6 has 
its cathode connected to the collector of IGBT element Q6, 
and its anode connected to the emitter of IGBT element Q6. 

W-phase arm 17 includes IGBT elements Q7 and Q8 con 
nected in series between power feed line PL2 and ground line 
SL2, and diodes D7 and D8 connected in parallel with IGBT 
elements Q7 and Q8, respectively. Diode D7 has its cathode 
connected to the collector of IGBT element Q7, and its anode 
connected to the emitter of IGBT element Q7. Diode D8 has 
its cathode connected to the collector of IGBT element Q8, 
and its anode connected to the emitter of IGBT element Q8. 
The intermediate point of each phase arm is connected to 

each phase end of each phase coil of motor generator MG1. 
Specifically, motor generator MG1 is a 3-phase permanent 
magnet synchronous motor. The three coils of the U, V and 
W-phase have each one end connected together to the neutral 
point. The other end of the U-phase coil is connected to a line 
UL drawn out from the connection node of IGBT elements 
Q3 and Q4. The other end of the V-phase coil is connected to 
a line VL drawn out from the connection node of IGBT 
elements Q5 and Q6. The other end of the W-phase coil is 
connected to a line WL drawn out from the connection node 
of IGBT elements Q7 and Q8. 

Inverter 22 of FIG. 1 is similar to inverter 14 as to the 
internal circuit configuration, provided that it is connected to 
motor generator MG2. Therefore, detailed description 
thereof will not be repeated. For the sake of simplification, 
FIG. 2 is depicted with control signals PWMI and PWMC 
applied to the inverter. Different control signals PWMI1 and 
PWMC1, and control signals PWMI2 and PWMC2 are 
applied to inverters 14 and 22, respectively, as shown in FIG. 
1. 

FIG. 3 is a circuit diagram representing a detailed configu 
ration of boost converters 12A and 12B of FIG. 1. 

Referring to FIGS. 1 and 3, boost converter 12A includes a 
reactor L1 having one end connected to power Supply line 
PLIA, IGBT terminals Q1 and Q2 connected in series 
between power feedline PL2 and groundline SL2, and diodes 
D1 and D2 connected in parallel with IGBT elements Q1 and 
Q2, respectively. 

Reactor L1 has the other end connected to the emitter of 
IGBT element Q1 and the collector of IGBT element Q2. 
Diode D1 has its cathode connected to the collector of IGBT 
element Q1 and its anode connected to the emitter of IGBT 
element Q1. Diode D2 has its cathode connected to the col 
lector of IGBT element Q2 and its anode connected to the 
emitter of IGBT element Q2. 

Boost converter 12B of FIG. 1 is similar to boost converter 
12A in the internal circuit configuration, provided that it is 
connected to power supply line PL1B, instead of power Sup 
ply line PL1A. Therefore, detailed description thereof will 
not be repeated. Further, for the sake of simplification, FIG.3 
is depicted with control signals PWU and PWD applied to the 
boost converter. As shown in FIG. 1, different control signals 
PWUA and PWDA and control signals PWUB and PWDB 
are applied to boost converters 12A and 12B, respectively. 

FIG. 4 represents a configuration of a vehicle 100 that is a 
modification of vehicle 1 of FIG. 1. 

Referring to FIG. 4, vehicle 100 includes batteries BA, 
BB1 and BB2 that are power storage devices, connectors 40A 
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8 
and 40B, a system main relay SMR3, boost converters 12A 
and 12B, Smoothing capacitors C1, C2 and CH, Voltage sen 
sors 10A, 10B1, 10B2, 13, 21A and 21B, inverters 14 and 22, 
engine 4, motor generators MG1 and MG2, power split 
mechanism3, wheel2, and control device 30. In other words, 
vehicle 100 differs from vehicle 1 in that it includes connec 
tors 40A and 40B instead of connectors 39A and 39B, and 
system main relay SMR3 at the negative electrode side shared 
among batteries BA, BB1 and BB2 is provided in addition to 
connector 40A. 

Connector 40A includes a system main relay SMR2 con 
nected between the positive electrode of battery BA and 
power supply line PL1A, and a system main relay SMR1 and 
a limiting resistor R connected in series, parallel to system 
main relay SMR2. The negative electrode of battery BA is 
connected to ground line SL1. 

Connector 40B is provided between power supply line 
PL1B and the positive electrodes of batteries BB1 and BB2. 
Connector 40B includes relay SR1 connected between the 
positive electrode of battery BB1 and power supply line 
PL1B, and relay SR2 connected between the positive elec 
trode of battery BB2 and power supply line PL1B. Relays 
SR1 and SR2 have their conductive/non-conductive state 
controlled by control signals CONT4 and CONT5, respec 
tively, applied from control device 30. The negative elec 
trodes of batteries BB1 and BB2 are both connected to ground 
line SL1. 

In FIG.4, system main relay SMR3 is connected between 
ground line SL2 and a node N1 where the path from the 
negative electrode of battery BA identified as the main power 
storage device joins the path from each negative electrode of 
batteries BB1 and BB2 identified as subpower storage 
devices, different from FIG.1. It is to be noted that the number 
of relays can be reduced by using one system main relay 
SMR3 as the relay to disconnect the negative electrode of the 
main power storage device from the system and as the relay to 
disconnect the negative electrode of a Subpower storage 
device from the system. 
The configuration and operation of the remaining elements 

in vehicle 100 are similar to those of vehicle 1 of FIG. 1. 
Therefore, description thereof will not be repeated. 

FIG. 5 is a flow chart to describe control carried out by 
control device 30 when the power supply system is activated. 
The process of this flow chart is invoked from a predeter 
mined main routine at every elapse of a predetermined time or 
every time a predetermined condition is established to be 
executed. 

FIG. 6 is an operation waveform diagram representing an 
example when an operation is carried out according to the 
flow chart of FIG. 5. This operation waveform diagram cor 
responds to an example executed based on a battery combi 
nation and state of charge where power supply voltage VBB1 
of battery BB1 is higher than power supply voltage VBA of 
battery BA. 

Although the description of the operation set forth below is 
presented in association with a power Supply apparatus incor 
porated in vehicle 100 of FIG. 4, a similar operation can be 
realized at the power Supply apparatus incorporated in vehicle 
1 of FIG. 1 by connecting and opening relays SR1G and 
SR2G simultaneous to system main relay SMR3. 

Referring to FIGS. 5 and 6, detection is made of the tran 
sition of activation signal IG from an OFF state to an ON state 
at Step S1. A rise of the activation signal is not detected at step 
S1 until time t1. Therefore, the process proceeds to step S16, 
and control returns to the main routine. 

In the event of activation signal IG rendered active to an 
ON state at time t1, control device 30 detects this activation at 
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step S1. The process proceeds to step S2. At step S2, control 
device 30 changes control signals CONT3 and CONT1 to 
cause system main relay SMR3 to attain a conductive state 
from a non-conductive state, and system main relay SMR1 to 
a conductive state from a non-conductive state. Accordingly, 
system main relays SMR1 and SMR3 are both rendered con 
ductive at time t2. 

In response, a current is supplied from battery BA towards 
power supply line PL1A via limiting resistor R. Prior to 
system activation, Voltage VH is often Zero since capacitor 
CH is constantly discharged. Therefore, a forward current 
flows towards diode D1 in boost converter 12A, so that 
capacitor CH is gradually charged at time t2 to time t3. 
Accordingly, voltage VH rises to the level of power supply 
voltage VBA of battery BA. The reason why capacitor CH is 
precharged via limiting resistor R is to avoid welding at the 
system main relay due to excessive current input. 
At step S3, control device 30 monitors voltage VH by 

means of voltage sensor 13 to determine whether the level has 
rose to the vicinity of battery voltage VBA. This determina 
tion can be made based on, for example, whether VH-VBA 
is smaller than a predetermined threshold value. When deter 
mination is made that Voltage VH has not rose enough and the 
precharging of capacitor CH has not yet completed at step S3. 
the process of step S3 is executed again to wait until the 
Voltage rises. As an alternative to Such a determination at Step 
S3, a process to wait for the elapse of the longest period of 
time required for precharging capacitor CH may be carried 
out instead. 
When completion of precharging capacitor CH has been 

determined at step S3, control proceeds to step S4. At step S4, 
control device 30 changes the state of system main relay 
SMR2 to a conductive state from a non-conductive state and 
the state of system main relay SMR1 to a non-conductive 
state from a conductive state, as shown at time t3. Accord 
ingly, a current can be supplied from battery BA to boost 
converter 12A without passing through limiting resistor R. 
Upon completion of the relay Switching at step S4, control 

proceeds to step S5 to determine whether voltage VBB1 of 
battery BB1 is higher than voltage VH. This determination at 
step S5 may be omitted in the case where VBB1)-VBA is 
inevitably established in view of the monitored state of charge 
of batteries BB1 and BA and/or the selected type of battery 
and the number of battery cells employed for each of battery 
BB1 and battery BA. 
The example shown in FIG. 6 corresponds to VBB1)-VBA. 

Therefore, control proceeds from step S5 to step S6. The 
event of VBB1<VBA will be described afterwards with ref 
erence to FIG. 7. At step S6, the upper arm of boost converter 
12B, i.e. IGBT element Q1 in FIG. 3, is set to an ON state. 
Accordingly, at timeta-t5, capacitor C2 is also charged. Volt 
age VLB rises up to a level substantially equal to voltage VH. 

Then, at step S7, control device 30 sets the target voltage of 
voltage VH to voltage VBB1, and causes boost converter 12A 
to start a boosting operation. At this stage in boost converter 
12A, the duty ratio is set so that a boosting operation is carried 
out, and the switching of IGBT elements Q1 and Q2 is carried 
out. As a result, voltage VH is boosted towards the level of 
voltage VBB1 at time t5-tó. Voltage VLB follows voltage VH 
and also rises towards the level of voltage VBB1. 

At step S8, determination is made whether voltage VLB is 
equal to voltage VBB1. This determination can be made by 
identifying whether VLB-VBB1 is less than a predeter 
mined threshold value. 

In the case where Voltage VLB has not yet rose enough and 
does not reach the level of voltage VBB1 at step S8, control 
returns to step S7, and the boosting operation is continued. 
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10 
When voltage VLB is substantially equal to voltage VBB1, 

excessive current will not be input when relay SR1 is con 
nected. Therefore, control device 30 raises voltage VLB up to 
the vicinity of voltage VBB1. Control proceeds from step S8 
to step S9 to stop the boosting operation of boost converter 
12A, as shown at time t0. 
At step S10, the upper arm of boost converter 12B is 

returned to an OFF state from an ON state, as shown at time 
t7. At step S14, relay SR1 is rendered conductive, as shown at 
time t3. Then, a “ready lamp notifying the completion of 
activation is turned on at step S15, as shown at time t9. 
The control when Voltage VH is higher than voltage VBB1 

at step S5 will be described hereinafter. In this case, control 
proceeds from step S5 to step S11. 

FIG. 7 is an operation waveform diagram representing 
another example when an operation is carried out based on the 
flow chart of FIG. 5. This operation waveform diagram cor 
responds to an example executed based on a battery combi 
nation and state of charge where power supply voltage VBB1 
of battery BB1 is lower than power supply voltage VBA of 
battery BA. 

In FIG. 7, time t11, t12 and t13 correspond to time t1, t2, 
and t3, respectively, of FIG. 6. Since the change in waveform 
up to time t13 is similar to that in FIG. 6, description thereof 
will not be repeated. 

Referring to FIG. 7, VH becomes higher than VBB1 when 
precharging of capacitor CH has been completed and the 
switching from system main relay SMR1 to system main 
relay SMR2 has been completed at time t13. Therefore, con 
trol proceeds from step S5 to step S11 in FIG. 5. 

At step S11, a Voltage-down instruction is issued towards 
boost converter 12B. The target level of voltage VLB is set at 
the level of voltage VBB1. At step S12, determination is made 
whether voltage VLB is substantially equal to voltage VBB1. 
For example, this determination may be made by identifying 
whether VLB-VBB1 is smaller than a predetermined 
threshold value. 

In the case where voltage VLB is not in the vicinity of the 
level of voltage VBB1 at step S12, control returns to step S11 
where the Voltage-down operation is continued. 

Although voltage VLB will first rise in accordance with the 
charging of capacitor C2 immediately after the operation of 
boost converter 12B is initiated as shown at time t14, voltage 
VLB gradually converges towards voltage VBB1 thereafter. 
When voltage VLB approaches the level of voltage VBB1 

sufficiently so that the condition in step S12 is met at time t15, 
control proceeds from step S12 to step S13. Control device 30 
stops the switching at boost converter 12B. 

Then, control device 30 renders relay SR1 conductive at 
step S14, as shown at time t16. A “ready lamp representing 
completion of activation is turned on, as shown at time t17. 
When the procedure of step S15 ends, control is shifted to 

the main routine at step S16. 
Thus, since relay SR1 is connected after-adjusting Voltage 

VLB to the vicinity of voltage VBB of battery BB1 using 
boost converter 12A, a duplicating current path of limiting 
resistor R and system main relay SMR1 does not have to be 
provided with respect to battery BB1. By conducting similar 
control in the connection of battery BB2, a duplicating cur 
rent path of limiting resistor R and system main relay SMR1 
also does not have to be provided with respect to battery BB2. 

FIG. 8 is a flow chart to describe control carried out by 
control device 30 when a battery BB1 that is a subpower 
storage device is disconnected. The process of this flow chart 
is invoked from a predetermined main routine at every elapse 
of a predetermined time or every time a predetermined con 
dition is established to be executed. 
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Referring to FIGS. 1 and 8, control device 30 determines 
whether the state of charge SOC (BB1) of battery BB1 that is 
currently used has become lower than a predetermined 
threshold value at step S21. In the case where the state of 
charge SOC (BB1) is equal to or higher than the predeter 
mined threshold value, control proceeds to step S26 since 
battery BB1 can be used ongoingly. At step S26, control 
device 30 selects running the vehicle using both batteries BA 
and BB1. Then, control proceeds to step S27 to return to the 
main routine. 
When the state of charge SOC (BB1) is lower than the 

predetermined threshold value, control proceeds to step S22 
since battery BB1 cannot be discharged anymore. 
At step S22, control device 30 Switches boost converter 

12A to maintain voltage VH at a level higher than voltage 
VBB1. Accordingly, forward current will not flow towards 
diode D1 of FIG. 3 even if boost converter 12B attains a 
stopped state. Therefore, at step S23, the switching at boost 
converter 12B is stopped, attaining a shut down State in which 
both the gates of IGBT elements Q1 and Q2 are OFF. 

This eliminates the concern about welding caused by dis 
charge when relay SR1 is disconnected since current will not 
flow to relay SR1. Control device 30 disconnects relay SR1 at 
step S24, and selects a running mode using only battery BA at 
step S25. 

In the running mode using only battery BA at step S25. 
engine 4 is operated as necessary to generate the torque that is 
directly conveyed for the rotation of the wheel and/or the 
torque to operate motor generator MG1 for power generation. 

FIG. 9 is a flow chart to describe control carried out by 
control device 30 when a subpower storage device is 
switched. The process of this flow chart is invoked from a 
predetermined main routine at every elapse of a predeter 
mined time or every time a predetermined condition is estab 
lished to be executed. 

FIG. 10 is an operation waveform diagram representing an 
example when an operation is carried out based on the flow 
chart of FIG. 9. This operation waveform diagram corre 
sponds to an example executed based on a battery combina 
tion, state of charge and boosted State where power Supply 
voltage VBB2 of battery BB2 is higher than voltage VH. 

Referring to FIGS. 9 and 10 prior to time t21, system main 
relay SMR1 and system main relays SMR2, SMR3 are set to 
an OFF state and an ON state, respectively; battery BB1 is 
used with relay SR1 at a conductive state; and battery BB2 is 
not used with relay SR2 at a non-conductive state. Boost 
converter 12A is currently operating, and Voltage VH is 
boosted higher than voltage VBA. Moreover, boost converter 
12B is currently operating, and voltage VH is boosted higher 
than voltage VLB. 

Since the state of charge SOC (BB1) of battery BB1 is 
equal to at least a predetermined threshold value until time 
t21, battery exchange is not required. Control proceeds from 
step S41 to step S56 to return to the main routine. 
When control device 30 detects that the state of charge 

SOC (BB1) of currently-used battery BB1 has become 
smaller than the predetermined threshold value at time t21, 
control proceeds from step S41 to step S42 since battery BB1 
must be exchanged with battery BB2. 

At step S42, control device 30 switches boost converter 12, 
as shown at time t21-t25, so that voltage VH is maintained at 
a state higher than the level of voltage VBB1 (indicated as 
boost voltage 1 in FIG.10). Accordingly, forward current will 
not flow to diode D1 of FIG.3 even if the procedure to cause 
boost converter 12B to stop at step S43 is carried out at time 
t22. At step S43, the switching at boost converter 12B is 
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12 
stopped, attaining a shut down state in which both the gates of 
IGBT elements Q1 and Q2 are OFF. 

This eliminates the concern about welding caused by dis 
charge when relay SR1 is disconnected since current will not 
flow to relay SR1. Therefore, control device 30 sets relay SR1 
to an OFF state at time t23 in step S44. 

Then, determination is made whether voltage VBB2 of 
battery BB2 is higher than voltage VH at step S45. The 
operation waveform of FIG. 10 corresponds to the case of 
VBB2C-VH. Therefore, control proceeds from step S45 to 
step S46. The operation in the event of VBB2<VH will be 
described afterwards with reference to FIG. 11. 
At step S46, the upper arm of boost converter 12B, i.e. 

IGBT element Q1 of FIG.3, is set to an ON state, as shown at 
time t24. Accordingly, capacitor C2 is also charged at time 
t24-t25. Voltage VLB rises up to a level substantially equal to 
voltage VH. 

Then, control device 30 causes boost converter 12A to 
carry out a boost operation with the target level of voltage VH 
set to the level of voltage VBB2 at step S47 (in FIG. 10, 
indicated as boost Voltage 2). At this stage, the duty ratio is set 
Such that a further boosting operation is carried out at boost 
converter 12A. The switching of IGBT elements Q1 and Q2 is 
carried out. As a result, voltage VH is raised towards the level 
of voltage VBB2 at time t25-t26. In a following manner, 
voltage VLB also rises towards voltage VBB2. 
At step S48, determination is made whether voltage VLB 

has become equal to the level of voltage VBB2. This deter 
mination can be made by identifying whether VLB-VBB2 
is lower than a predetermined threshold value, for example. 

In the case where voltage VLB has not yet rose enough and 
does not reach the level of voltage VBB2 at step S48, control 
returns to step S47, and the boosting operation is continued. 
When voltage VLB becomes substantially equal to voltage 

VBB2, an excessive current will not be input when relay SR2 
is connected. Therefore, control device 30 causes voltage 
VLB to rise to the vicinity of voltage VBB2. Control proceeds 
from step S48 to step S49. Boost converter 12B is returned to 
a shut down state, as shown at timet26. Specifically, the upper 
arm of boost converter 12B is returned to an OFF state from 
an ON state. At step S53, relay SR2 is rendered conductive at 
time t27. At step S54, boost converter 12B is operated again, 
as shown at time t28. At step S55, battery switching is com 
pleted at time t29. 
The event of voltage VH being higher than voltage VBB2 

at step S45 will be described hereinafter. In this case, control 
proceeds from step S45 to step S50. 

FIG. 11 is an operation waveform diagram representing 
another example when an operation based on the flow chart of 
FIG. 9 is carried out. This operation waveform diagram cor 
responds to an example executed based on a battery combi 
nation, state of charge, and boosting state where power Supply 
voltage VBB2 of battery BB2 is lower voltage VH. 

In FIG. 11, time t31, t32 and t33 correspond to time t21, 
t22, and t23 of FIG. 10, respectively. Since the waveform 
change indicated in FIG. 11 prior to time t33 is similar to that 
in FIG. 10, description thereof will not be repeated. 

Referring to FIG. 11, voltage VH is higher than the level of 
voltage VBB2 at the point of time when relay SR1 is set to an 
OFF state at time t33. Therefore, control proceeds from step 
S45 to step S50 in the flow chart of FIG.9. 
At step S50, the switching operation at boost converter 12B 

is initiated with the target voltage of voltage VLB set at the 
level of VBB2, indicated as “down conversion' subsequent to 
time t34. Then at step S51, determination is made whether 
voltage VLB is substantially equal to voltage VBB2. This 
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determination can be made by identifying whether VLB 
VBB2 has become lower than a predetermined threshold 
value, for example. 

In the case where voltage VLB has not yet approached the 
level of voltage VBB2 at step S51, control returns to step S50 
to continue the Voltage-down operation. 

Although voltage VLB will first rise in accordance with the 
charging of capacitor C2 immediately after the operation of 
boost converter 12B is initiated as shown at time t34, voltage 
VLB gradually converges towards voltage VBB2 thereafter. 
When voltage VLB approaches the level of voltage VBB2 

sufficiently so that the condition in step S51 is met at time t35, 
control proceeds from step S51 to step S52. Control device 30 
stops the switching at boost converter 12B. 

Then, control device 30 renders relay SR2 conductive at 
step S53, as shown at time t36. At time t37, the operation of 
boost converter 12B is resumed. Thus, battery switching is 
completed at step S55, as indicated at time t38. 

Thus, since relay SR2 is connected after adjusting Voltage 
VLB to the vicinity of voltage VBB2 of battery BB2 using 
boost converters 12A and 12B, a duplicating current path of 
limiting resistor R and system main relay SMR1 does not 
have to be provided with respect to battery BB2. 

The present embodiment will be described generically 
with reference to FIGS. 1 and 4 again 

The vehicle power Supply apparatus includes a main power 
storage device (BA), a power feed line (PL2) through which 
power is supplied to an inverter (22) that drives a motor 
(MG2), a first voltage converter (12A) provided between the 
main power storage device (BA) and the power feed line 
(PL2) to convert Voltage, a plurality of Subpower storage 
devices (BB1, BB2) provided parallel to each other, and a 
second voltage converter (12B) provided between the plural 
ity of subpower storage devices (BB1, BB2) and the power 
feed line (PL2) to convert voltage. 
The second voltage converter (12B) is selectively con 

nected to any one of the plurality of subpower storage devices 
(BB1, BB2) to convert voltage. 
The vehicle power Supply apparatus includes a first con 

nector (39A or 40A) provided between the main power stor 
age device (BA) and the first voltage converter (12A) to make 
and break electrical connection, and a second connector (39B 
or 40B) provided between the plurality of subpower storage 
devices (BB1, BB2) and the second voltage converter (12B) 
to make and break electrical connection. The second connec 
tor (39B or 40B) is controlled to attain a connection state in 
which any one of the plurality of subpower storage devices 
(BB1, BB2) is selectively connected to the second voltage 
converter (12B), and a non-connection state in which none of 
the plurality of subpower storage devices (BB1, BB2) is 
connected to the second voltage converter (12B). 
The first connector (39A or 40A) includes a first relay 

(SMR2) connected between the main power storage device 
and the first voltage converter, and a second relay (SMR1) and 
a limiting resistor (R) connected in series. The second relay 
(SMR1) and limiting resistor (R) connected in series are 
connected parallel to the first relay (SMR2). The second 
connector (40B) includes a third relay (SR1) connected 
between a first one (BB1) of the plurality of subpower storage 
devices (BB1, BB2) and the second voltage converter (12B), 
and a fourth relay (SR2) connected between a second one 
(BB2) of the plurality of subpower storage devices (BB1, 
BB2) and the second voltage converter (12B). 
Each of the first to fourth relays (SMR1, SMR2, SR1, SR2) 

is provided at a side of one electrode of a corresponding 
power storage device. The one electrode has a polarity iden 
tical to each other Each other electrode of the main power 
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storage device (BA) and the plurality of Subpower storage 
devices (BB1, BB2) is connected to a common node (N1). 
Each other electrode has a polarity opposite to that of the one 
electrode. The vehicle power supply apparatus includes a fifth 
relay (SMR3) provided between the common node (N1) and 
the first and second voltage converters (12A, 12B). 
The vehicle power Supply apparatus includes a control unit 

(30) conducting control of the first and second Voltage con 
Verters (12A, 12B), and conducting opening and closing con 
trol of the first to fourth relays (SMR1, SMR2, SR1, SR2). 
The control unit (30) renders at least one of the first and 
second relays (SMR1, SMR2) conductive, and has the volt 
age (VH) on the power feed line (PL2) converted to the 
voltage (VBB1) of the first subpower storage device (BB1) by 
the first voltage converter (12A), and then renders the third 
relay (SR1) conductive. 
The vehicle power Supply apparatus includes a control unit 

(30) conducting control of the first and second Voltage con 
Verters (12A, 12B), and conducting opening and closing con 
trol of the first to fourth relays (SMR1, SMR2, SR1, SR2). 
The control device (30) controls the first and second voltage 
converters (12A, 12B) such that the power transfer between 
the first subpower storage device (BB1) and the power feed 
line (PL2) becomes Zero when the third relay (SR1) is 
changed from a conductive state to a non-conductive state. 
The control unit (30) stops the operation of the second 

voltage converter (12B) after the voltage (VH) on the power 
feed line (PL2) is increased to a level higher than the voltage 
(VBB1) of the first subpower storage device (BB1) by actu 
ating any of the first and second Voltage converters (12A, 
12B) and inverter (22) to cause the power transfer between the 
first subpower storage device (BB1) and the power feed line 
(PL2) to becomes Zero. 
The vehicle power Supply apparatus includes a control unit 

(30) conducting control of the first and second Voltage con 
Verters (12A, 12B), and conducting opening and closing con 
trol of the first to fourth relays (SMR1, SMR2, SR1, SR2). 
The control unit (30) renders the third relay (SR1) non-con 
ductive, and then renders the fourth relay conductive after 
adjusting the voltage on the power feed line (PL2) to the 
Voltage of the second subpower storage device by actuating 
any of the first voltage converter (12A) and inverter (22). 
The first subpower storage device (BB1) among the plu 

rality of Subpower storage devices and the main power Stor 
age device (BA) can output the maximum power tolerable for 
the electrical load (22 and MG2) connected to the power feed 
line by simultaneous usage. 
The present embodiment was described based on an appli 

cation to a series/parallel type hybrid system that can have the 
power from the engine divided between the axle and the 
power generator by a power split mechanism. However, the 
present invention is also applicable to a series type hybrid 
vehicle that uses the engine only to drive the power generator 
and generates the driving force of the axle with only the motor 
that uses the electric power generated by the power generator, 
and to an electric vehicle that runs with only the motor. All 
these configurations incorporate a power storage device and 
can have the present invention applied to allow long-distance 
running with a plurality of power storage devices Switched. 

It should be understood that the embodiments disclosed 
herein are illustrative and non-restrictive in every respect. The 
scope of the present invention is defined by the appended 
claims rather than the description set forth above, and all 
changes that fall within limits and bounds of the claims, or 
equivalent thereofare intended to be embraced by the claims. 
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The invention claimed is: 
1. A vehicle power Supply apparatus comprising: 
a main power storage device, 
a power feed line through which power is Supplied to an 

inverter that drives a motor, 
a first voltage converter provided between said main power 

storage device and said power feed line to convert Volt 
age, 

a plurality of subpower storage devices provided parallel to 
each other, and 

a second Voltage converter provided between said plurality 
of subpower storage devices and said power feed line to 
convert Voltage, 

said first Voltage converter provided exclusive to said main 
power storage device, and 

said second Voltage converter provided to be shared among 
said plurality of Subpower storage devices, and selec 
tively connected to any one of said plurality of subpower 
storage devices to convert Voltage. 

2. The vehicle power Supply apparatus according to claim 
1, further comprising a first connector provided between said 
main power storage device and said first Voltage converter to 
make and break electrical connection, and 

a second connector provided between said plurality of 
Subpower storage devices and said second Voltage con 
Verter to make and break electrical connection, 

wherein said second connector is controlled to attain a 
connection state in which any one of said plurality of 
Subpower storage devices is selectively connected to 
said second Voltage converter, and a non-connection 
state in which none of said plurality of subpower storage 
devices is connected to said second Voltage converter. 

3. The vehicle power Supply apparatus according to claim 
2, wherein said first connector includes 

a first relay connected between said main power storage 
device and said first Voltage converter, and 

a second relay and a limiting resistor connected in series, 
said second relay and said limiting resistor connected in 

series are connected parallel to said first relay, 
wherein said second connector includes 
a third relay connected between a first one of said plurality 

of Subpower storage devices and said second Voltage 
converter, and 

a fourth relay connected between a second one of said 
plurality of Subpower storage devices and said second 
Voltage converter. 

4. The vehicle power Supply apparatus according to claim 
3, wherein 

each of said first to fourth relays is provided at a side of one 
electrode of a corresponding power storage device, said 
one electrode having a polarity identical to each other, 

each other electrode of said main power storage device and 
said plurality of Subpower storage devices is connected 
to a common node, 

each said other electrode has a polarity opposite to the 
polarity of said one electrode, 

said vehicle power Supply apparatus further comprising a 
fifth relay provided between said common node and said 
first and second Voltage converters. 
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5. The vehicle power Supply apparatus according to claim 

3, further comprising a control unit conducting control of said 
first and second Voltage converters, and conducting opening 
and closing control of said first to fourth relays, 

wherein said control unit renders at least one of said first 
and second relays conductive, and has a Voltage on said 
power feed line converted into a voltage of said first 
Subpower storage device by said first voltage converter, 
and then renders said third relay conductive. 

6. The vehicle power Supply apparatus according to claim 
3, further comprising a control unit conducting control of said 
first and second Voltage converters, and conducting opening 
and closing control of said first to fourth relays, 

wherein said control unit controls said first and second 
voltage converters such that power transfer between said 
first subpower storage device and said power feed line 
becomes Zero when said third relay is changed from a 
conductive state to a non-conductive state. 

7. The vehicle power Supply apparatus according to claim 
6, wherein said control unit stops an operation of said second 
Voltage converter after the Voltage on said power feed line is 
increased to a level higher than a Voltage of said first Sub 
power storage device by actuating any of said first and second 
Voltage converters and said inverter to cause the power trans 
fer between said first subpower storage device and said power 
feed line to become Zero. 

8. The vehicle power Supply apparatus according to claim 
3, further comprising a control unit conducting control of said 
first and second Voltage converters, and conducting opening 
and closing control of said first to fourth relays, 

wherein said control unit renders said third relay non 
conductive, and then renders said fourth relay conduc 
tive after adjusting a Voltage on said power feed line to a 
Voltage of said second subpower storage device by actu 
ating said first voltage converter. 

9. The vehicle power Supply apparatus according to claim 
1, wherein a first one of said plurality of subpower storage 
devices and said main power storage device can output a 
maximum power tolerable for an electrical load connected to 
said power feed line. 

10. The vehicle power Supply apparatus according to claim 
1, further comprising a single control unit conducting control 
of said first and second Voltage converters, and conducting 
opening and closing control of relays that carry out connec 
tion and disconnection between said main power storage 
device and said first Voltage converter, and connection and 
disconnection between said Subpower storage device and said 
second Voltage converter, 

wherein said control unit further controls said inverter. 
11. A vehicle incorporating the vehicle power Supply appa 

ratus according to claim 1. 
12. The vehicle power Supply apparatus of claim 1, 

wherein the second Voltage converter is capable of being 
selectively connected to less than all of the plurality of sub 
power storage devices. 

13. The vehicle power supply apparatus of claim 1, 
wherein each of the plurality of subpower storage devices 
includes at least one of a capacitor and a battery. 
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