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BATTERY CELLS

Y
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SUB-CONTACTORS

Y

START OF CHARGING BY 2C —~STB3

¥

COMPUTING THE INTERNAL RESISTANCE VALUE OF ALL OF THE
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Y
THE BATTERY MANAGEMENT SYSTEM SENDS THE MAXIMUM VALUE
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~BATTERY CELLS IN THE VARIOUS BATTER
BANKS OF 1% OR
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~IS SOC OF EACH OF BATTERY
- _BANKS OVER 90%? :

ST87
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YES

CONTINUE CHARGING BY 2C

CORRESPONDING TO THE DIFFERENCE IN THE INTERNAL
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BATTERY PACK AND ELECTRICALLY
DRIVEN AUTOMOBILE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2012-
205014, filed Sep. 18, 2012, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein generally relate to a
battery pack and an electrically driven automobile.

BACKGROUND

[0003] In recent years, in order to meet the demand for
preventing global warming by cutting CO, exhaustion, elec-
trically driven automobiles are being actively marketed. In
addition to conventional sedans and motorbikes, companies
are developing electrically driven buses, trucks and other
large size vehicles.

[0004] Accordingly, there has been a demand for develop-
ing technology for quickly charging battery packs carried on
electrically driven automobiles. In order to realize this, in the
related art, a quick charger have been proposed. If charging
can be carried out at up to 50 kW by the quick charger, an
onboard battery pack of about 24 kWh can be nearly fully
charged in about 30 min.

[0005] However, for large size vehicles, the energy needed
for running is higher than that for sedans, so that the capacity
of the battery pack carried on such vehicles is naturally
higher. When a high capacity onboard battery pack is charged
by using the conventional quick charger, due to the restriction
on maximum output power and maximum current, it is diffi-
cult to fully charge in a short time. For example, for a 50 kWh
onboard battery pack, it takes about 1 hour to charge it with
the quick charger.

[0006] Buses, trucks and other large size vehicles run
according to their predetermined round schedules, respec-
tively. When it takes a long time to charge the onboard battery
pack, it is difficult to make sufficient charging for the battery
pack between two rounds of running along the round sched-
ule. In such a case, it is necessary to use more large size
vehicles to realize the related round schedule. As a result, the
operation efficiency decreases.

DESCRIPTION OF THE DRAWINGS

[0007] FIG.1 is a block diagram schematically illustrating
a battery pack and an electrically driven automobile accord-
ing to a first embodiment.

[0008] FIG. 2 is a schematic diagram illustrating a connec-
tion between the electrically driven automobile and the
charger according to the first embodiment.

[0009] FIG. 3 is a flow chart illustrating an example of the
charging method of'the electrically driven automobile and the
battery pack according to the first embodiment.

[0010] FIG. 4 is a flow chart illustrating an example of the
sub-routine A in the flow chart shown in FIG. 2.

[0011] FIG. 5 is a flow chart illustrating an example of the
sub-routine B in the flow chart shown in FIG. 3.

Mar. 20, 2014

[0012] FIG. 6 is a diagram illustrating an example of the
voltages of multiple battery banks over time when the charg-
ing currents are adjusted corresponding to internal resistance
values.

[0013] FIG. 7 is a schematic diagram illustrating a battery
pack and an electrically driven automobile according to a
second embodiment.

DETAILED DESCRIPTION

[0014] Embodiments provide solutions to the problems of
the related art by providing a battery pack and an electrically
driven automobile that allows charging in a short time.
[0015] In general, in the following, the battery packs and
the electrically driven automobiles according to embodi-
ments will be explained with reference to the drawings.
[0016] A battery pack includes plural battery banks each
including plural battery cells, which are connected in parallel
with each other, battery management systems that detect cur-
rents flowing in the battery banks and voltages and tempera-
tures of the plural battery cells, a first charging/discharging
terminal connected to positive electrode terminals of the plu-
ral battery banks, a second charging/discharging terminal
connected to negative electrode terminals of the plural battery
banks, plural first charging terminals connected to the posi-
tive electrode terminals of the plural battery banks, respec-
tively, a second charging terminal connected to the negative
electrode terminals of the plural battery banks, main contac-
tors that switch the connection between the positive electrode
terminals of the plural battery banks and the first charging/
discharging terminal and the connection between the positive
electrode terminals of the plural battery banks and the second
charging/discharging terminal, sub-contactors that switch the
connection between the positive electrode terminals of the
plural battery banks and the first charging/discharging termi-
nal, and charging sub-contactors that switch the connection
between the positive electrode terminals of the plural battery
banks and the first charging terminal and the connection
between the negative electrode terminals of the plural battery
banks and the second charging terminals, respectively.
[0017] FIG. 1 is a block diagram schematically illustrating
an example of the configuration of the battery pack and the
electrically driven automobile of the first embodiment.
[0018] The electrically driven automobile in this embodi-
ment includes a motor M, an inverter INV, a vehicle ECU 10,
a charging ECU 30, a battery pack 20, plural charging ports
401 through 403, a power transmission unit 50, and driving
wheels WL.

[0019] According to the torque instruction received from
the vehicle ECU (electric control unit) 10, the inverter INV
converts the DC power of the battery pack 20 to a 3-phase AC
power, and outputs the power to the motor M.

[0020] For example, the motor M is a permanent magnet
type motor, and the motor M is driven by the 3-phase AC
power output from the inverter INV.

[0021] The power transmission unit 50 is an apparatus that
transmits the torque of the motor M to the vehicle shaft and
the driving wheels WL, and includes a reduction gear unit, a
differential gear unit, etc.

[0022] The battery pack 20 includes plural battery banks
BT1, BT2, BT3 connected in parallel with each other, battery
management systems (BMS: battery management systems)
21A, 21B, 21C, a main contactor 22, sub-contactors 23A
through 23C, precharge sub-contactors 24A through 24C,
charging sub-contactors 25A through 25F, a first charging/
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discharging terminal TA1, a second charging/discharging ter-
minal TA2, a first charging terminal TB1, and a second charg-
ing terminal TB2. The main contactor 22 includes a first main
contactor 22A, a second main contactor 22B, and a third main
contactor 22C.

[0023] The plural battery banks BT1, BT2, BT3 respec-
tively include plural battery cells (not shown), each having a
positive electrode terminal PT2 and a negative electrode ter-
minal MT2. The positive electrode terminals PT2 of the bat-
tery banks BT1 through BT3 are connected in parallel with
each other and are each connected to a positive electrode
terminal PT1 in series. Also, the negative electrode terminals
MT?2 of'the battery banks BT1 through BT3 are connected in
parallel with each other and are each connected to a negative
electrode terminal MT1 in series. In each of the battery banks
BT1,BT2, BT3, plural battery cells are lithium ion secondary
batteries. For example, hundreds of battery cells are con-
nected in series therein.

[0024] The battery management systems 21A, 21B, 21C
are attached on the battery banks BT1, BT2, BT3, respec-
tively. The battery management systems 21A, 21B, 21C each
have sections (not shown) for receiving the data of voltages
and the charging/discharging currents of the battery cells
from the battery banks BT1, BT2, BT3, and the temperatures
near the battery cells, and for computing the SOC (state of
charge), SOH (state of health), and internal resistance values
of the battery banks BT1, BT2, BT3, and, at the same time,
they monitor the voltages and temperatures, etc. to protect the
battery cells.

[0025] The battery management systems 21A, 21B, 21C
notify the vehicle ECU 10 and the charging ECU 30 about the
state of charge, soundness, the voltages of the battery cells,
the temperatures near the battery cells, the charging/discharg-
ing currents, the internal resistance values of the battery cells,
and other states of the battery banks BT1, BT2, BT3. Accord-
ing to the present embodiment, the battery management sys-
tems 21A, 21B, 21C carry out communication with the
vehicle ECU 10 and the charging ECU 30 via a communica-
tion line on the basis of the CAN (control area network)
communication standard.

[0026] The first charging/discharging terminal TA1 is con-
nected, via the positive electrode terminal PT1, to the positive
electrode terminals PT2 of the plural battery banks BT1
through BT3. The second charging/discharging terminal TA2
is connected, via the negative electrode terminal MT1, to the
negative electrode terminals MT2 of the plural battery banks
BT1 through BT3. The first charging/discharging terminal
TA1 and the second charging/discharging terminal TA2 out-
put the discharge currents from the plural battery banks BT1
through BT3 to the inverter INV, and the battery management
systems 21A through 21C output the charging current (regen-
erating current) from the inverter INV to the plural battery
banks BT1 through BT3.

[0027] The first charging terminals TB1 are connected to
the positive electrode terminals PT2 of the plural battery
banks BT1 through BT3, respectively. In this embodiment,
there are three first charging terminals TB1 corresponding to
the three battery banks BT1 through BT3 of the battery pack
20, respectively. The second charging terminal TB2 is con-
nected to the negative electrode terminals M T2 of the battery
banks BT1 through BT3, respectively. According to the
present embodiment, the battery pack 20 includes one second
charging terminal TB2 connected to all of the negative elec-
trode terminals MT2 of the three battery banks BT1 through
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BT3. The first charging terminals TB1 and the second charg-
ing terminal TB2 output the charging currents from the charg-
ers CH1 through CH3 connected to the charging ports 401
through 403 to the battery banks BT1 through BT3, respec-
tively.

[0028] The first main contactor 22A switches the connec-
tion/disconnection between the positive electrode side input
terminal of the inverter INV and the battery pack 20. In other
words, the first main contactor 22A switches the connection/
disconnection between the first charging/discharging termi-
nal TA1 and the positive electrode terminals PT1. The second
main contactor 22B is a precharge contactor that switches the
connection/disconnection between the resistor, connected in
parallel with the first main contactor 22A, and the positive
electrode terminal PT1, and the register and the positive elec-
trode terminal PT1 are connected by the second main contac-
tor 22B before the first charging/discharging terminal TA1
and positive electrode terminal PT1 are connected by the first
main contactor 22A for preventing a large current from flow-
ing to the battery banks BT1, BT2, BT3. The third main
contactor 22C switches the connection/disconnection
between the negative electrode side input terminal of the
inverter INV and the battery pack 20. In other words, the third
main contactor 22C switches the connection/disconnection
between the second charging/discharging terminal TA2 and
the negative electrode terminals MT1. The operation of the
main contactor 22 is under control of the vehicle ECU 10.

[0029] The sub-contactors 23A through 23C switch the
connection/disconnection between the positive electrode ter-
minals PT2 of the plural battery banks BT1 through BT3 and
the first charging/discharging terminal TA1. In other words,
the sub-contactor 23A switches the connection/disconnec-
tion between the positive electrode terminal PT2 of the bat-
tery bank BT1 and the positive electrode side input terminal
of the inverter INV. The sub-contactor 23B switches the con-
nection/disconnection between the positive electrode termi-
nal PT2 of the battery bank BT2 and the positive electrode
side input terminal of the inverter INV. The sub-contactor 23C
switches the connection/disconnection between the positive
electrode terminal PT2 of the battery bank BT3 and the posi-
tive electrode side input terminal of the inverter INV.

[0030] The operation of the sub-contactors 23A through
23C is under control by the vehicle ECU 10, and they are set
to connection state when the ignition IGN is on, and they are
set to disconnection state when the ignition IGN is off.
[0031] The precharge sub-contactor 24A is a contactor that
switches the connection/disconnection between the resistor
connected in parallel with the sub-contactor 23A and the
positive electrode terminal PT2. The precharge sub-contactor
24A is set to connection state, before the sub-contactor 23 A is
set to connection state, to prevent a large current from flowing
in the battery bank BT1 when the battery banks BT1 through
BT3. The precharge sub-contactor 24B is a contactor that
switches the connection/disconnection between the resistor
connected in parallel with the sub-contactor 23B and the
positive electrode terminal PT2. The precharge sub-contactor
24B is set to connection state, before the sub-contactor 23B is
set to connection state, to prevent a large current from flowing
in the battery bank BT2 when the battery banks BT1 through
BT3. The precharge sub-contactor 24C is a contactor for
switching the connection/disconnection between the resistor
connected in parallel with the sub-contactor 23C and the
positive electrode terminal PT2, and the precharge sub-con-
tactor 24 A is set to connection state, before the sub-contactor
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23C is set to connection state, to prevent a large current from
flowing in the battery bank BT3. The operation of the pre-
charge sub-contactors 24 A through 24C is under control by
the vehicle ECU 10.

[0032] The charging sub-contactors 25A through 25F
switch the connection/disconnection between the positive
electrode terminals PT2 of the plural battery banks BT1
through BT3 and the first charging terminals TE1 and the
connection between the negative electrode terminals MT2 of
the plural battery banks BT1 through BT3 and the second
charging terminal TB2.

[0033] In other words, the charging sub-contactor 25A
switches the connection/disconnection between the positive
electrode terminal PT2 ofthe battery bank BT1 and the charg-
ing port 401. The charging sub-contactor 25B switches the
connection/disconnection of the negative electrode terminal
MT?2 of the battery bank BT1 with the charging port 401 and
the connection/disconnection with the negative electrode side
input terminal of the inverter INV.

[0034] The charging sub-contactor 25C switches the con-
nection/disconnection between the positive electrode termi-
nal PT2 of the battery bank BT2 and the charging port 402.
The charging sub-contactor 25D switches the connection/
disconnection of the negative electrode terminal MT2 of the
battery bank BT2 with the charging port 402 and the connec-
tion/disconnection with the negative electrode side input ter-
minal of the inverter INV.

[0035] The charging sub-contactor 25E switches the con-
nection/disconnection between the positive electrode termi-
nal PT2 of the battery bank BT3 and the charging port 403.
The charging sub-contactor 25F switches the connection/
disconnection of the negative electrode terminal MT2 of the
battery bank BT3 with the charging port 403 and the connec-
tion/disconnection with the negative electrode side input ter-
minal of the inverter INV.

[0036] The operation of the charging sub-contactors 25A
through 25F is under control of the charging ECU 30. Here,
when the ignition of the electrically driven automobile is off,
the charging sub-contactors 25A through 25F are in the elec-
trically disconnected state.

[0037] The charging ECU 30 detects the presence of con-
nection of the charging connectors CN1, CN2, CN3 to the
charging ports 401, 402, 403, and further controls the charg-
ing currents to the battery banks BT1 through BT3 under the
charging control instruction from the vehicle ECU 10.
[0038] The charging ECU 30 includes plural CAN inter-
faces 32A through 32C and plural analog interfaces 34A
through 34C (first interface circuits). These interface circuits
are one-to-one connected to the chargers. The charging ECU
30 includes the CAN interface circuits 32 A, 32B, 32C, analog
interface circuits 34A, 34B, 34C, a CAN interface circuit
(second interface circuit) 36, a contactor driver 38, and a
micro processing unit (MPU) 39.

[0039] The CAN interface circuits 32A, 32B, 32C make
communication with the chargers CH1, CH2, CH3 via the
respective charging ports 401, 402, 403 and charging connec-
tors CN1, CN2, CN3 for the information of the chargers CH1,
CH2, CH3 as well as the instruction values of the charging
currents.

[0040] The analog interface circuits 34A, 34B, 34C make
communication via the respective charging ports 401, 402,
403 and charging connectors CN1, CN2, CN3 for the control
signals for start of charging, prohibition of charging, etc.
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[0041] The CAN interface circuit 36 makes communica-
tion with the battery management systems 21A, 21B, 21C and
the vehicle ECU 10, respectively. The CAN interface circuit
36 receives from the battery management systems 21A, 21B,
21C the information of voltages, temperatures, charging/dis-
charging currents, state of charges, etc. of the battery cells
contained in the battery banks BT1, BT2, BT3, respectively.
In addition, the CAN interface circuit 36 sends to the vehicle
ECU 10 the information about the start and stop of charging,
etc. for vehicle ECU 10, and, at the same time, it receives the
control signal for prohibition of charging from the vehicle
ECU.

[0042] The contactor driver 38 drives and controls the
charging sub-contactor 25 that switches the connection/dis-
connection between the battery banks BT1, BT2, BT3 and the
charging ports 401, 402, 403.

[0043] On the basis of the information received from the
various interface circuits, the MPU 39 controls the operation
of the contactor driver 38, and outputs the control signals,
such as start/stop of charging, charging current instruction
value, etc.

[0044] The vehicle ECU 10 includes a main central pro-
cessing unit (CPU) as an arithmetic and logic operation
means, a memory, a digital interface (not shown), and an
analog interface (not shown). The vehicle ECU 10 coordi-
nates the various equipments carried onboard the electrically
driven automobile, and controls the overall electrically driven
automobile. When the user starts the electrically driven auto-
mobile, the vehicle ECU 10 acquires the information of the
battery banks BT1, BT2, BT3 of the battery pack 20 from the
battery management systems 21A, 21B, 21C, and it carries
out the driving control for the main contactor 22, the sub-
contactor 23 and the precharge sub-contactor 24.

[0045] The chargers CH1 through CH3 are connected to the
plural charging ports 401 through 403, respectively. Accord-
ing to the present embodiment, the chargers CH1 through
CH3 are, e.g., the quick chargers corresponding to the quick
charging method according to CHAdeMO™, and the charg-
ing ports 401 through 403 and the charging connectors CN1
through CN3 correspond to the quick chargers.

[0046] FIG. 2 is a schematic diagram illustrating an
example of the configuration of the connection between the
electrically driven automobile and the charger according to
the present embodiment. In this embodiment, the chargers
CH1 through CH3 are respectively connected to one of the
interfaces of the electrically driven automobile. FI1G. 2 shows
the state in which the charging port 401 and the charging
connector CN1 are connected with each other. Similar con-
figuration is adopted for the chargers CH2 and CH3, which
are connected to the charging ports 402 and 403 via charging
connectors CN2 and CN3, and the analog interface circuits
34B and 34C.

[0047] The charging analog line connected between the
charger CH1 and the analog interface circuit 34A includes a
first charging start signal line L1, a second charging start
signal line [.2, a connector connection confirmation signal
line L3, a the charging permission/prohibiting signal line [.4.
[0048] The analog interface circuit 34A of the charging
ECU 30 includes a first insulating switch 342, a second insu-
lating switch 344, a third insulating switch 346, and a switch
348.

[0049] The first insulating switch 342 may be a photocou-
pler, which includes an anode side (the collector side) con-
nected via the charging start button of the charger CH1 and
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the first charging start signal line L1 to the power supply (12
V) of the charger CH1, and, at the same time, which includes
a cathode side (the emitter side) that is grounded.

[0050] The second insulating switch 344 may be a photo-
coupler, which includes an anode side (the collector side)
connected via the charging start button of the charger CH1
and the first charging start signal line [.1 to the power supply
(12 V) of the charger CH1, and, at the same time, which
includes a cathode side (the emitter side) connected to the
second charging start signal line [.2. The second charging
start signal line [.2 is grounded via the collector-on relay CO
of the charger CH1.

[0051] The third insulating switch 346 may be a photocou-
pler, which includes an anode side (the collector side) con-
nected to the onboard power supply (e.g., a 12V lead storage
battery), and, at the same time, which includes a cathode side
(the emitter side) connected to the connector connection con-
firmation signal line [.3. The connector connection confirma-
tion signal line L3 is grounded in the charger CH1.

[0052] The switch 348 may be, for example, a transistor,
which includes collector connected to the charging permis-
sion/prohibiting signal line [.4. The charging permission/
prohibiting signal line 1.4 is electrically connected to the
power supply (12 V) via the photocoupler PC of the charger
CH. The emitter of the switch 348 is grounded. The base
potential of the switch 348 is controlled by the MPU 39.
[0053] The charger CH1 includes a power supply (12V), a
charging start button ST, a contactor-on relay CO, and a
photocoupler PC.

[0054] The precharge start button ST switches the connec-
tion of the power supply (12 V) of the charger CH1 with the
anode of the first insulating switch 342 and with the anode of
the second insulating switch 344.

[0055] The precharge sub-contactors 25A, 25B are set to
the connection state based on the potential difference between
the first charging start signal line [.1 and the second charging
start signal line [.2, when the contactor driver 38 is turned on.
The contactor driver 38 is switched between connection and
disconnection by the MPU 39.

[0056] As the user pushes the charging start button ST, the
power supply (12 V) of the charger CH1 is connected to the
first insulating switch 342, and the first insulating switch 342
is connected (ON). As the first insulating switch 342 is con-
nected, the MPU 39 of the charging ECU 30 detects that the
user has requested for start of charging (it detects the charging
start signal).

[0057] Then, as the contactor-on relay CO is connected, the
power supply (12 V) of the charger CH1 and the second
insulating switch 344 are connected, the second insulating
switch 344 is connected (ON), and the charging start signal is
sent to the second charging start signal line [.2. The connec-
tion and disconnection of the contactor-on relay CO is con-
trolled by the charger CH1 on the basis of the control signal
output from the MPU 39 of the charging ECU 30.

[0058] When the charger CH1 connects the contactor-on
relay CO, the first charging start signal line .1 and the second
charging start signal line [.2 are grounded, and the charging
sub-contactors 25A, 25B are connected.

[0059] Here, judgment is made by the MPU 39 of the charg-
ing ECU 30 on whether or not the number of the connected
first insulating switches 342 and the number of the third
insulating switches 346 are equal to each other. If the judg-
ment result is YES, the MPU 39 makes the CAN communi-
cation and sends the onboard battery information (maximum
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voltage, capacity of the battery banks, the longest charging
time, etc.) to the chargers CH1 through CH3. On the other
hand, if it is determined that the number of the connected first
insulating switches 342 and the number of the connected third
insulating switches 346 are not equal to each other, the MPU
39 standby for a while, and then, by the CAN communication,
sends a charging error signal to the chargers CH1 through
CH3 and notifies the user via the vehicle ECU 10 that there is
a charging error.

[0060] FIG. 3 is a flow chart illustrating an example of the
charging method for the electrically driven automobile and
battery pack in the embodiment.

[0061] First of all, the user connects the charging connec-
tors CN1 through CN3 of the chargers CH1 through CH3 in
one-to-one to the plural charging ports 401 through 403 on the
vehicle side (step ST1).

[0062] After connection of the charging connectors CN1
through CN3, the third insulating switches 346 of the analog
interfaces 34A through 34C of the charging ECU 30 (as
shown in FIG. 2) are connected, and the electrically driven
automobile is started (step ST2).

[0063] Then, the connection state of the third insulating
switches 346 (shown in FIG. 2) is detected by the MPU 39 of
the charging ECU 30, and the number of the charging con-
nectors CN1 through CN3 connected to the electrically driven
automobile is detected (step ST3).

[0064] Theuser then presses the charging start button ST of
the chargers CH1 through CH3 so that the first insulating
switches 342 (shown in FIG. 2) is connected, and the MPU 39
of'the charging ECU 30 detects that the user makes a request
for start of charging (step ST4).

[0065] Here, the MPU 39 of the charging ECU 30 checks
whether or not the number of the connected first insulating
switches 342 is the same as the number of the connected third
insulating switches 346 (step ST5). If the numbers are the
same, the MPU 39 checks whether or not the number of the
connected first insulating switches 342 is 1 (step ST6). In step
ST5, if the numbers of the first insulating switches 342 do not
coincide with the numbers of the third insulating switches
346 within a predetermined time, charging error information
can be provided to a user.

[0066] If the number of the connected first insulating
switches 342 is 1, the MPU 39 executes the sub-routine A
shown in FIG. 4.

[0067] When the number of the connected first insulating
switches 342 is not 1, the MPU 39 further checks whether or
not the number of the connected first insulating switches 342
is equal to the number of the battery banks BT1 through BT3
of' the electrically driven automobile (step SAT7).

[0068] If the number of the connected first insulating
switches 342 is equal to the number of the battery banks BT1
through BT3, the MPU 39 carries out the CAN communica-
tion to send the onboard battery information (maximum volt-
age, capacity of the battery banks, the longest charging time,
etc.) to the chargers CH1 through CH3 (step ST9).

[0069] On the other hand, if the numbers are not the same,
after standby for a predetermined time, the MPU 39 sends a
charging error signal to the chargers CH1 through CH3, and,
at the same time, it notifies the user about the charging error
via the vehicle ECU 10. Then, the process comes to an end
(step ST8).
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[0070] On the basis of the received onboard battery infor-
mation, the chargers CH1 through CH3 judge whether or not
the battery banks BT1 through BT3 fit the chargers CH1
through CH3 (step ST10).

[0071] Ifthe battery banks BT1 through BT3 do not fit the
chargers CH1 through CH3, the chargers CH1 through CH3
sends a charging error signal to the charging ECU 30 by
means of the CAN communication, and it notifies the user
about the charging error via the vehicle ECU 10. The process
then comes to an end (step ST11).

[0072] On the other hand, if the battery banks BT1 through
BT3 fit the chargers CH1 through CH3, the chargers CH1
through CH3 carry out the CAN communication to send the
information (maximum voltage, maximum current, etc.) of
the chargers CH1 through CH3 to the charging ECU 30 (step
ST12).

[0073] On the basis of the received information of the
chargers CH1 through CH3, the MPU 39 of the charging ECU
determines whether or not the chargers CH1 through CHS3 fit
the battery banks BT1 through BT3 (step ST13).

[0074] When the chargers CH1 through CH3 do not fit the
battery banks BT1 through BT3, the MPU 39 carries out the
CAN communication to send a charging error signal to the
chargers CH1 through CH3, and it notifies the user about the
charging error via the vehicle ECU 10. The process then
comes to an end (step ST14).

[0075] Then, the MPU 39 sets n=1 (step ST15).

[0076] Then, the MPU 39 controls to connect the switch
348 (shown in FIG. 2), and sends a charging permission
signal to the charger CHn corresponding to the battery bank
BTn (step ST16).

[0077] Then, upon receiving the charging permission sig-
nal, the charger CHn locks the charging connector CNn (step
ST17).

[0078] Then, the MPU 39 determines whether or not the
insulation state between the battery bank BTn and the prin-
cipal circuit is perfect (step ST18). The chargers CH1 through
CH3, which have detected the charging permission signal,
lock the charging connectors CN1 through CN3 locked, carry
out the test to check the insulation of the principal circuit
(short circuit, short circuit to ground, etc.), and check whether
or not the soundness of the principal circuit is guaranteed. In
order to prevent mis-detection in checking the insulation, it is
preferred that the flow of the checkup test of the insulation
from the charging permission signal be carried out for each
charger.

[0079] Then, the MPU 39 checks whether or not n is the
total number of the battery banks BT1 through BT3 (step
ST20). If n is not the total number of the battery banks BT1
through BT3, 1 is added to n, and the operation of steps ST16
through ST20 is executed again (step ST21).

[0080] On the other hand, if n is the total number of the
battery banks BT1 through BT3, on the basis of the control
signal from the MPU 39, the chargers CH1 through CH3
connect the contactor-on relay CO (ON), connect the charg-
ing sub-contactors 25A through 25F that connect the chargers
CH1 through CH3 and the battery banks BT1 through BT3
(ON), and connect the battery banks BT1 through BT3 and
the principal circuits of the chargers CH1 through CH3 with
each other, respectively (step ST22).

[0081] Then, the MPU 39 carries out charging ofthe battery
banks BT1 through BT3 according to the sub-routine B to be
explained later.
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[0082] When the MPU 39 finds that the battery banks BT1
through BT3 reach the final charging voltage (step ST23), the
MPU 39 turns the switch 348 off, and stops the charging
permission signal to the chargers CH1 through CH3 (step
ST24).

[0083] When the charging permission signal is stopped, the
chargers CH1 through CH3 turn off the charging start button
ST and the contactor relay CO, and set the charging sub-
contactors 25A through 25F to disconnection state (step
ST25).

[0084] Then, the chargers CH1 through CH3 release the
lock of the charging connectors CN1 through CN3 (step
ST26), and the user pulls out the charging connectors CN1
through CN3 from the charging ports 401 through 403 (step
ST27).

[0085] FIG. 4 is a flow chart illustrating an example of the
sub-routine A in the flow chart shown in FIG. 3. Here, the
sub-routine A is an example of the method for charging the
plural battery banks BT1 through BT3 by one or several
chargers that are connected when the number of the chargers
connected to the electrically driven automobile is smaller
than the total number of the battery banks. In this example, the
explanation focuses on a condition where one charger CH1 is
connected for charging the battery banks BT1 through BT3.
[0086] First of all, via the CAN interface circuit 36, the
MPU 39 requests the vehicle ECU 10 to close the sub-con-
tactors 23 A through 23C of the battery banks BT1 through
BT3 (step STA1).

[0087] Upon receiving the request for closing the sub-con-
tactors 23 A through 23C, the vehicle ECU 10 receives the
voltages of the battery banks BT1 through BT3 from the
battery management systems 21A through 21C by means of
the CAN communication (step STA2).

[0088] Then, the vehicle ECU 10 compares the received
voltages of the battery banks BT1 through BT3, and deter-
mines whether or not the potential difference between the
battery banks BT1 through BT3 is smaller than a predeter-
mined level (step STA3). Here, according to the present
embodiment, judgment is made on whether or not the poten-
tial difference between the battery banks BT1 through BT3 is
smaller than, e.g., 1 V.

[0089] Ifthe potential difference between the battery banks
BT1 through BT3 is larger than 1V, the vehicle ECU 10 sets
the precharge sub-contactors 24 A through 24C to connection
state (step STA4).

[0090] Then, the vehicle ECU 10 acquires from the battery
management systems 21A through 21C the values of the
currents flowing in the battery banks BT1 through BT3 (step
STAS).

[0091] The vehicle ECU 10 then checks whether or not the
values of the currents obtained from the battery management
systems 21A through 21C is smaller than a predetermined
value (step STA6). According to the present embodiment, the
vehicle ECU 10 determines whether or not the values of the
currents obtained from the battery management systems 21A
through 21C is 10 mA or smaller.

[0092] Then, the vehicle ECU 10 carries out the operation
of step STA6 repeatedly until the values of the currents
obtained from the battery management systems 21A through
21C become 10 mA or smaller. Once the values of the cur-
rents obtained from the battery management systems 21A
through 21C become 10 mA, the vehicle ECU 10 sets the
precharge sub-contactors 24 A through 24C to disconnection
state (step STA7).
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[0093] When the potential difference between the battery
banks BT1 through BT3 is 1 V or smaller according to step
STA3, and after end of the step STA, in the vehicle ECU 10
the sub-contactors 23 A through 23C of the battery banks BT1
through BT3 are respectively connected, and notifies the
charging ECU 30 about the connection of the sub-contactors
23 A through 23C (step STAS).

[0094] Then, on the basis of the onboard battery informa-
tion and the information of the chargers, the charger CH1 and
the MPU 39 checks whether or not the battery banks ET1
through BT3 fit the charger CH1, and whether or not the
soundness is guaranteed (step STA9).

[0095] When the charger CH1 and the MPU 39 judges that
the battery banks BT1 through BT3 fit the chargers CH1, or
there is no guarantee of soundness, they notify the user via the
vehicle ECU 10 about the charging error (step STA10).
[0096] Then, the charger CH1 connects the contactor relay
CO, and the MPU 39 controls to connect the contactor driver
38 so as to connect the charging sub-contactors 25A through
25F connected (step STA11).

[0097] When the charger CH1 and the MPU 39 judges that
the battery banks BT1 through BT3 fit the charger CH1, and
the soundness is guaranteed, the MPU 39 sends the maximum
output current as the current instruction value to the charger
CHI1 (step STA12).

[0098] The charger CHI starts charging according to the
received current instruction value. The MPU 39 receives the
voltages of the battery cells of the battery banks BT1 through
BT3 from the battery management systems 21A through 21C,
and monitor the voltages of the battery cells to see whether or
not they reach the final changing voltage (step STA13).
[0099] When any of the battery cells of the battery banks
BT1 through BT3 reaches the final charging voltage, the
MPU 39 turns off the switch 348, and stops the charging
permission signal to the charger CH1 (step STA14).

[0100] When the charging permission signal is stopped, the
charger CHI1 releases the connection of the charging start
button ST and the contactor relay CO, and releases the con-
nection of the charging sub-contactors 25A through 25F (step
STA15).

[0101] Then, the charger CH1 releases the lock of the
charging connector CN1 (step STA16).

[0102] Then, the vehicle ECU 10 releases the connection of
the sub-contactors 23 A through 23C of the battery banks BT1
through BT3, respectively (step STA17).

[0103] Finally, the user pulls out the charging connector
CN1 from the charging port 401, and the charging operation
comes to an end (step STA18).

[0104] FIG. 5 is a flow chart illustrating an example of the
sub-routine B in the flow chart shown in FIG. 3. In the fol-
lowing, an example of the method for deciding the charging
current instruction sent from the charging ECU 30 to the
chargers CH1 through CH3 will be explained. This control
depends on the dispersion of the internal resistance of the
battery cells at the end of the charging operation, and it is
carried out for canceling the unbalance in voltage among the
various battery banks.

[0105] First of all, before starting the charging operation,
the battery management systems 21A through 21C measure
the voltage (cell voltage V1 before charging) for each of all of
the battery cells in the battery banks BT1 through BT3, and
the voltages of all of the battery cells are stored in the memory
of the battery management systems 21A through 21C. After
end of storage of the voltages of the all of the battery cells, the

Mar. 20, 2014

battery management systems 21A through 21C carry out the
CAN communication to send the charging start permission
signal to the charging ECU 30 (step STB1).

[0106] Uponreceiving the charging start permission signal,
the MPU 39 of the charging ECU sends the charging current
instruction to the chargers CH1 through CH3, respectively.
According to the present embodiment, for example, the target
is to complete the charging operation in about 30 min, and the
charging current instruction is taken as 2C (step STB3).
[0107] Then, the MPU 39 notifies the chargers CH1
through CH3 to connect the contactor relay CO, and connects
the charging sub-contactors 25A through 25F. Then, accord-
ing to the received charging current instruction, the chargers
CH1 through CH3 start the charging operation.

[0108] The battery management systems 21A through 21C
then stores in a memory or the like all of the battery cell
voltages (cell voltage V2 after start of charging) and the
current I flowing in each of the battery banks BT1 through
BT3 measured after a predetermined time since flow starts for
the charging current (step STB3).

[0109] Then, the battery management systems 21 A through
21C carry out the following arithmetic and logic operation to
compute the internal resistance value for each of all of the
battery cells (step STB4).

Internal resistance value R=(cell voltage V2 after start
of charging-cell voltage V1 before charging)/7

[0110] Then, the battery management systems 21 A through
21C send the maximum value of the internal resistance value
R for each of the battery banks BT1 through BT3 to the
charging ECU 30 (step STB5).

[0111] Then, the MPU 39 of the charging ECU 30, which
has received the maximum value of the internal resistance
value R of the battery cells, works as follows: the smallest
internal resistance value among the internal resistance values
R of the battery cells that have been received is taken as a
reference (=100%) to compute the ratios of the other internal
resistance values R; and judgment is made on whether or not
the absolute value of the difference of the ratio of the internal
resistance value R from the reference is a predetermined
value or smaller (step STB6).

[0112] For example, suppose the maximum value of the
internal resistance value R of all of the battery cells of the
battery bank BT1 is R1, the maximum value of the internal
resistance value R ofall ofthe battery cells of the battery bank
BT2 is R2, and the maximum value of the internal resistance
value R of all of the battery cells of the battery bank BT3 is
R3, in the following explanation, it is assumed that there is the
relationship of R1<R2<R3.

[0113] Inthiscase, the MPU 39 takes the internal resistance
value R1 as the reference (100%) in computing the ratios of
the other internal resistance values R2 and R3 with respect to
the internal resistance value R1 (R2/R1x100%, R3/R1x
100%). Then, it determines whether or not the absolute value
of the difference between the computed ratio and the refer-
ence value (100%) is 1% or smaller.

[0114] If the difference of the absolute value is 1% or
smaller, the MPU 39 does not change the current instruction
value. Consequently, charging is carried out in 2C until any of
the battery cells become the final changing voltage (step
ST7).

[0115] On the other hand, if the difference of the absolute
value is over 1%, the MPU 39 monitors the SOC (state of
charge) of the battery banks BT1 through BT3, and checks
whether or not the SOC (%) of the battery banks BT1 through
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BT3 reaches a predetermined level (e.g., 90%) (step ST8). In
this case, the MPU 39 computes the SOC % from, e.g., the
voltages of the battery cells received from the battery man-
agement systems 21A through 21C. Here, the SOC % moni-
tored by the MPU 39 refers to the proportion with respect to
the target charge of the battery banks BT1 through BT3 taken
as 100%. Here, the fully charged charge is not limited to
100%. In addition, the MPU 39 monitors the voltages of the
battery banks BT1 through BT3 and checks whether or not the
voltage has reached the predetermined level.

[0116] When the SOC of the battery banks BT1 through
BT3 reaches the predetermined level, the MPU 39 computes
the charging current instruction value when the battery bank
nears the end of charging (e.g., about SOC 90%) correspond-
ing to the ratio of the internal resistance value computed
before.

[0117] Forexample, suppose the Rmin (the minimum value
of the internal resistance value R):R1=1:1, the charging cur-
rent instruction value for the battery bank BT1 is set at Ix(1/
D).

[0118] Forexample, suppose the Rmin (the minimum value
of the internal resistance value R):R2=1:1.015, the charging
current instruction value for the battery bank BT2 is set at
1x(1/1.015).

[0119] Forexample, suppose the Rmin (the minimum value
of the internal resistance value R):R3=1:1.018, the charging
current instruction value for the battery bank BT3 is set at
1x(1/1.018).

[0120] Asexplained above, the charging current instruction
value is computed for each of the battery banks BT1 through
BT3, and the computed charging current instruction values
computed in this way are sent to the corresponding chargers
CH1 through CH3, respectively (step STB9).

[0121] Then, the battery banks BT1 through BT3 are all
charged to reach the charging end voltage (step ST22), and
the charging operation comes to an end according to the flow
chart shown in FIG. 3.

[0122] As explained above, it is possible to shorten the
charging time for the battery pack carried onboard the elec-
trically driven automobile by charging with the chargers CH1
through CH3 corresponding to the plural battery banks BT1
through BT3 connected in parallel with the principal circuit.
[0123] In addition, when charging is carried out by the
chargers CH1 through CH3 corresponding to the battery
banks BT1 through BT3, by adjusting the charging current
instruction values corresponding to the internal resistance
value R of the battery cells, it is possible to decrease the
potential difference between the battery banks BT1 through
BT3 when charging comes to an end.

[0124] FIG. 6 is a diagram illustrating an example of the
voltages of the battery banks BT1 through BT3 over time
when the charging current is adjusted corresponding to the
internal resistance value.

[0125] After charging to the charging end voltage (=Open
voltage OCV:Open Circuit Voltage+R1), the voltage of the
battery banks BT1 through BT3 falls by a value obtained by
multiplying the internal resistance value R to the charging
current 1. Consequently, when the same charging current is
used to charge the battery banks BT1 through BT3 while the
battery banks BT1 through BT3 have different internal resis-
tances, a potential difference takes place among the battery
banks BT1 through BT3 after charging. According to the
present embodiment, the charging current is adjusted corre-
sponding to the internal resistance value of the battery cells of
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the battery banks BT1 through BT3 so that the decreased
voltages after charging are equal to each other (R1xI1=R2x
12=R3xI3 in this case). As a result, the potential difference
among the battery banks BT1 through BT3 after charging
becomes smaller, and it is thus possible to avoid a large
current from flowing in the battery banks BT1 through BT3
when the battery banks BT1 through BT3 are connected in
parallel with each other. At the same time, there is no need to
decrease the potential difference caused by precharge or the
like after charging, so that it is possible to shorten the charg-
ing time.

[0126] Also, corresponding to the capacity of the battery
pack carried onboard the electrically driven automobile, as
the capacity of the charger is increased, the weight and size of
the connectors and cables, etc. increase, so that the operability
by the user may degrade, and, at the same time, the cost rises
due to adoption of the charger with a higher capacity. Now,
according to the present embodiment, by using plural related
chargers, it is possible to finish charging in a short time even
though the capacity of the battery packs increase.

[0127] Consequently, according to the present embodi-
ment, it is possible to provide a battery pack and an electri-
cally driven automobile that allow charging in a short time.

[0128] In the following, the battery pack and the electri-
cally driven automobile according to the second embodiment
will be explained with reference to the drawings. The same
keys as those in the above in the first embodiment will be
adopted in the following explanation, so that they will not be
explained in detail again. The battery pack and the electrically
driven automobile in this embodiment have the rated voltage
of'the onboard battery of the maximum voltage of the charger
(e.g., 500 V) or more.

[0129] FIG. 7 is a schematic diagram illustrating a battery
pack and an electrically driven automobile of the second
embodiment. In the first embodiment, the battery banks BT1
through BT3 are connected in parallel with the principal
circuit. Now, in the present embodiment, the battery banks
BT1 through BT3 are connected in series with the principal
circuit.

[0130] The first main contactor 22A switches the connec-
tion between the first charging/discharging terminal TA1 and
the positive electrode terminals PT2 of the battery bank BT3.
The third main contactor 22C switches the connection
between the second charging/discharging terminal TA2 and
the negative electrode terminals MT2 of the battery bank
BT1. That is, according to the present embodiment, the posi-
tive electrode terminals PT1 of the plural battery banks BT1
through BT3 are shared with the positive electrode terminals
PT2 of the battery bank BT3, and the negative electrode
terminals MT2 of the plural battery banks BT1 through BT3
are shared with the negative electrode terminals MT2 of the
battery bank BT1.

[0131] The sub-contactors 23A switch the electrical con-
nection between the positive electrode terminals PT2 of the
battery bank BT1 and the negative electrode terminals MT2
of the battery bank BT2. The sub-contactors 23B switch the
electrical connection between the positive electrode termi-
nals PT2 of the battery bank BT2 and the negative electrode
terminals MT2 of the battery bank BT3. The sub-contactors
23C switch the electrical connection between the positive
electrode terminals PT2 of the battery bank BT3 and the
principal circuit. The electrical connection between the nega-
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tive electrode terminals MT2 of the battery bank BT1 and the
principal circuit is switched by the charging sub-contactor
25B.

[0132] The charging sub-contactors 25A through 25F
switch the electrical connection between the positive elec-
trode terminals PT2 and the negative electrode terminals
MT?2 of the battery banks BT1 through BT3 and the charging
ports 401 through 403.

[0133] According to the present embodiment, the battery
pack 20 includes three first charging terminals TB1 connected
to the positive electrode terminals PT2 of the three battery
banks BT1 through BT3, respectively, and three second
charging terminals TB2 connected to the negative electrode
terminals MT2 of the three battery banks BT1 through BT3.
[0134] According to the present embodiment, as the battery
banks BT1 through BT3 are connected in series with each
other, there is no need to include a precharge sub-contactor.
[0135] Otherwise, the configuration of this embodiment is
the same as that of the battery pack and the electrically driven
automobile in the first embodiment.

[0136] According to the present embodiment, during the
operation for charging the battery pack and the electrically
driven automobile, there is no need to carry out the precharge
for the battery banks BT1 through BT3 as would be carried
out in steps STA3 through STAT shown in FIG. 4. Also, there
is no need to carryout the steps in FIG. 5 for adjusting the
charging current instruction value of the battery banks BT1
through BT3 corresponding to the internal resistance value.
[0137] According to the battery pack and the electrically
driven automobile of the present embodiment, just as in the
first embodiment, by means of charging with the chargers
CH1 through CH3 corresponding to the plural battery banks
BT1 through BT3 connected in parallel with the principal
circuit, it is possible to shorten the charging time of the battery
carried onboard the electrically driven automobile.

[0138] Also, corresponding to the capacity of the battery
pack carried onboard the electrically driven automobile, as
the capacity of the charger is increased, the weight and size of
the connectors and cables, etc. increase, so that the operability
by the user may degrade, and, at the same time, the cost rises
due to adoption of the charger with a higher capacity. Now,
according to the present embodiment, by using plural con-
ventional chargers, it is still possible to finish charging in a
short time even though the capacity of the battery packs
increase.

[0139] Consequently, according to the present embodi-
ment, it is possible to provide a battery pack and an electri-
cally driven automobile that allow charging in a short time.
[0140] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A battery pack, comprising:

plural battery banks each including plural battery cells,
which are connected in parallel with each other;
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a battery management system configured to detect currents
flowing in the battery banks, and voltages and tempera-
tures of the plural battery cells;

a first charging/discharging terminal connected to positive
electrode terminals of the plural battery banks;

a second charging/discharging terminal connected to nega-
tive electrode terminals of the plural battery banks;

plural first charging terminals connected to the positive
electrode terminals of the plural battery banks, respec-
tively;

a second charging terminal connected to the negative elec-
trode terminals of the plural battery banks;

main contactors configured to switch the connection
between the positive electrode terminals of the plural
battery banks and the first charging/discharging termi-
nal, and the connection between the positive electrode
terminals of the plural battery banks and the second
charging/discharging terminal;

sub-contactors configured to switch the connection
between the positive electrode terminals of the plural
battery banks and the first charging/discharging termi-
nal, respectively; and

charging sub-contactors configured to switch the connec-
tion between the positive electrode terminals of the plu-
ral battery banks and the first charging terminal, and the
connection between the negative electrode terminals of
the plural battery banks and the second charging termi-
nals, respectively.

2. An electrically driven automobile including the battery
pack according to claim 1, the electrically driven automobile
further including:

plural charging ports connected to the first charging termi-
nals and the second charging terminals;

a charging electric control unit including plural first inter-
face circuits configured to carry out communication
with plural chargers connected to the charging terminals
via the plural charging ports, a contactor driving circuit
configured to control the operation of the charging sub-
contactors, a second interface circuit configured to car-
ryout communication with the battery management sys-
tem, and a processing unit configured to carry out
communication with the plural chargers via the first
interface circuits and communication with the battery
management system via the second interface circuit;

an inverter that is connected to the first charging/discharg-
ing terminal and the second charging/discharging termi-
nal and configured to convert DC power output from the
plural battery banks to AC power;

a motor to be driven by the AC power output from the
inverter;

a power transmission unit configured to transmit power of
the motor to vehicle shafts and driving wheels; and

a vehicle electric control unit configured to control opera-
tion of the main contactors and the sub-contactors.

3. The electrically driven automobile according to claim

wherein

the battery management system is configured to compute
internal resistance values of the battery cells from the
voltage of the battery cells, and

the processing unit, when plural chargers are connected to
the plural charging ports, is configured to operate the
charging sub-contactors so that the plural battery banks
and the plural chargers are connected to each other one-
to-one, determine whether or not an absolute value of
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difference between maximum values in the battery
banks ofthe internal resistance values of the battery cells
received from the battery management system exceeds a
predetermined level, and, when the absolute value
exceeds the predetermined level, adjust a charging cur-
rent instruction value for each battery bank.

4. The electrically driven automobile according to claim 3,

wherein

the charging electric control unit is configured to compare
the maximum values of the internal resistance values of
the plural battery cells in each of the plural battery banks
to each other, compute ratios of the internal resistance
values to a reference resistance value equal to the small-
est internal resistance value, and, when voltages of the
plural battery banks reach the predetermined value, send
charging current instructions each of which is adjusted
by multiplying the charging current instruction values
by a coefficient corresponding to the computed ratio
thereof, to the plural chargers, respectively.

5. The electrically driven automobile according to claim 2,

wherein

the vehicle electric control unit is configured to release the
connection of the sub-contactors when an off ignition
signal is received.

6. A battery pack, comprising:

plural battery banks each including plural battery cells,
which are connected in series with each other;

battery management systems configured to detect currents
flowing into the battery banks, and voltages and tem-
peratures of the plural battery cells;

a first charging/discharging terminal connected to positive
electrode terminals of the plural battery banks;

asecond charging/discharging terminal connected to nega-
tive electrode terminals of the plural battery banks con-
nected in series with each other;

plural first charging terminals connected to the positive
electrode terminals of the plural battery banks, respec-
tively,

plural second charging terminals connected to the negative
electrode terminals of the plural battery banks, respec-
tively;

main contactors configured to switch the connection
between the positive electrode terminals of the plural
battery banks and the first charging/discharging termi-
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nal, and the connection between the positive electrode
terminals of the plural battery banks and the second
charging/discharging terminal;

sub-contactors configured to switch the connection
between the positive electrode terminals of the plural
battery banks and the first charging/discharging termi-
nal; and

charging sub-contactors configured to switch the connec-
tion between the positive electrode terminals of the plu-
ral battery banks and the first charging terminal, and the
connection between the negative electrode terminals of
the plural battery banks and the second charging termi-
nals, respectively.

7. An electrically driven automobile including the battery
pack according to claim 6, the electrically driven automobile
further including:

plural charging ports connected to the first charging termi-
nals and the second charging terminals;

a charging electric control unit including plural first inter-
face circuits configured to carry out communication
with plural chargers connected to the charging terminals
via the plural charging ports, a contactor driving circuit
configured to control operation of the charging sub-
contactors, a second interface circuit configured to car-
ryout communication with the battery management sys-
tem, and a processing unit configured to carry out
communication with the plural chargers via the first
interface circuits and communication with the battery
management system via the second interface circuit;

an inverter configured to convert DC power output from the
plural battery banks to AC power;

a motor connected to the first charging/discharging termi-
nal and the second charging/discharging terminal and to
be driven by the AC power output from the inverter;

a power transmission unit configured to transmit power of
the motor to vehicle shafts and driving wheels; and

a vehicle electric control unit configured to control the
operation of the main contactors and the sub-contactors.

8. The electrically driven automobile according to claim 6,
wherein

the vehicle electronic control unit is configured to release
the connection of the sub-contactors when an off igni-
tion signal is received.
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