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(57) Abstract: In the battery device of the invention, the voltage equalization process activates the voltage equalization circuits
(B1) through (B3) to respectively equalize the voltages of the plural cells included in each of the three battery modules (C1) through
(C3) in the state of serial connection of the battery modules (C1) through (C3). After completion of the voltage equalization in each
of the three battery modules (C1) through (C3), the voltage equalization process connects the three battery modules (C1) through
(C3) in parallel and equalizes the voltages of the respective battery modules (C1) through (C3). This arrangement effectively reduces
the power loss by the voltage equalization and thus enhances the total energy efficiency of the whole battery device.
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Description

BATTERY DEVICE, INTERNAL COMBUSTION ENGINE AND VEHICLE INCLUDING THE BATTERY

DEVICE

Technical Field

[0001] The present invention relates to a battery device, an
internalcombustionenginesygtemincludingthebatterydevice,
and a motor vehicle equipped with the internal combustion engine
system. More specifically the invention pertains to a battery
device including multiple battery modules, where each battery
module has plural cells connected in series, as well as to an
internal combustion engine system including such a battery
device and a motor vehicle equipped with such an internal

combustion engine system.

Background Art

[0002] One proposed battery device determines a voltage
adjustment condition of plural cells, which are arranged in
series to construct a battery assembly, according to the charge
levels or the states of charge SOC of the respective cells, and
actually adjusts the voltages of the respective cells in the
battery assembly on the basis of the determined voltage
adjustment condition (see, for example, Japanese Patent
Laid-Open Gazette No. 2004-31012). Such voltage adjustment

equalizes the voltages of the respective cells in the battery



10

15

20

25

WO 2006/112512 PCT/JP2006/308363

assembly.

Disclosure of the Invention

[0003] The prior art battery device discharges the respective
cells to equalize the voltages of the respective ‘cells. The
voltage equalization thus causes a significant power loss. The
power loss undesirably lowers the total energy efficiency, so
that reduction of the power loss is highly demanded.

[0004] In an internal combustion engine system that actuates
a starter motor to crank and start an internal combustion engine,
the internal combustion engine fails to start in the event of
a dead secondary battery that supplies a requiredelectric power
to the starter motor. The internal combustion engine system
thus demands an additional power supply source other than the
secondary battery to ensure a supply of the required electric
power to the starter motor.

[0005] The battery device of the invention thus aims to reduce
the power loss by voltage equalization of respective cells. The
internal combustion engine system and the motor wvehicle
equipped with the internal combustion engine system aim to
ensure supply of a required electric power to a starter motor
to start an internal combustion engine even in the event that
a secondary battery is dead and fails to supply the required
electric power to the starter motor.

[0006] In order to attain at least part of the above and the

other related objects, the battery device of the invention, the
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internal combustion engine system including the battery device,
and the motor vehicle equipped with the internal combustion
engine system have the configurations discussed below.
[0007] The present invention is airected to a battery device
that includes multiple battery modules, where each of the
multiple battery modules has plural cells connected in series.
The Dbattery device further includes:multiple voltage
equalization circuits that are provided corresponding to the
multiple battery modules and respectively equalize voltages of
the plural cells included in each of the multiple battery
modules; a connection switchover structure that switches over
a connection state of the multiple battery modules between
serial connection and parallel connection; and a voltage
equalization control module that, upon satisfaction of a
predetermined voltage equalization condition, controls the
connection switchover structure and the multiple wvoltage
equalization circuits to respectively equalize voltages of the
plural cells included in each of the multiple battery modules
in the state of serial connection of the multiple battery
modules, and on completion of the voltage equalization of the
respective cells in each of the multiple battery modules,
controls the connection switchover structure and the multiple
voltage equalization circuits to connect the multiple battery
modules in parallel and equalize voltages of the respective
battery modules.

[0008] Upon satisfaction of the predetermined voltage
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equalization condition, the battery device of the invention
equalizes the voltages of the plural cells included in each of
the multiple battery modules in the state of serial connection
of the multiple battery modules. On completion of the voltage
equalization of the plural cells in each battery module, the
battery device connects the multiple battery modules in
parallel and equalizes the voltages of the respective battery
modules. The voltage equali;ation of the plural cells in each
of the multiple battery modules arranged in series causes a
power loss due to discharging. The voltage equalization of the
multiple battery modules in the state of parallel connection
enables the transfer of electric power between the respective
battery modules and accordingly does not cause a power loss due
to discharging. This arrangement effectively reduces the
total power loss. The plural cells included in each of the
multiple battery modules may be lithium secondary cells.
[0009] In the battery device of the invention, t;_he connection
switchover structure may switch over a connection state of
plural series battery module groups between serial connection
and parallel connection, where each series battery module group
includes a predetermined number of the battery modules arranged
in series.

[0010] The present invention 1is directed to an internal
combustion engine system that includes an internal combustion
engine. The internal combustion engine system further includes:

a starter motor that cranks the internal combustion engine; a
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secondary battery that supplies electric power to the starter
motor; a battery device that includes multiple battery modules,
where each of the multiple battery modules has plural cells
connected in series, said battery device comprising: multiple
voltage equalization circuits that are provided corresponding
to the multiple battery modules and respectively equalize
voltages of the plural cells included in each of the multiple
battery modules; a connection switchover structure that
switches over a connection state of the multiple battery modules
between serial connection and parallel connection; and a
voltage equalization control module that, upon satisfaction of
a predetermined voltage equalization condition, controls the
connection switchover structure and the multiple voltage
equalization circuits to respectively equalize voltages of the
plural cells included in each of the multiple battery modules
in the state of serial connection of the multiple battery
modules, and on completion of the voltage equalization of the
respective cells in each of the multiple battery modules,
controls the connection switchover structure and the multiple
voltage equalization circuits to connect the multiple battery
modules in parallel and equalize voltages of the respective
battery modules; an electric power supply-stop changeover
module that selectively permits and prohibits supply of
electric power from said battery device to the starter motor;
and a changeover control module that, upon satisfaction of a

preset changeover condition, «controls the connection
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switchover structure of said battery device and said electric
power supply-stop changeovef module to permit the supply of
electric power from said battery device to the starter motor
in the state of parallel connection of the multiple battery
modules.

[0011] Upon satisfaction of the preset changeover condition,
the internal combustion engine system of the invention permits
the supply of electric power from the battery device to the
starter motor in the state of parallel connection of the
multiple battery modules. The intermal combustion engine
system accordingly uses both the secondary battery and the
battery device as the power supply sources to supply the
required electric power to the starter motor. Even in the state
where the secondary battefy is dead and fails to supply the
required electric power to the starter motor for cranking the
internal combustion engine, the starter motor is drivable with
the supply of electric power from the battery device to crank
and start the internal combustion engine. The preset
changeover condition is, for example, that the secondary
battery fails to supply a required electric power to the starter
motor for cranking the internal combustion engine. The
internal combustion engine system of the invention may be

mounted on a vehicle, for example, an automobile.

Brief Description of the Drawings

[0012] Fig. 1 schematically illustrates the configuration of
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a motor vehicle equipped with a power supply device as a battery
device in one embodiment of the invention;

Fig. 2 schematically shows the structure of a
high-voltage battery unit included in the power supply device
of Fig. 1;

Fig. 3 is a flowchart showing a voltage equalization
routine executed by a power supply electronic control unit
included in the power supply device of Fig. 1;

Fig. 4 is a flowchart showing a backup start control
routine executed by the power supply electronic control unit;
and

Fig. 5 schematically shows the structure of another

high-voltage battery unit in one modified example.

Best Modes of Carrying Out the Invention

[0013] One mode of carrying out the invention is discussed below
as a preferred embodiment with reference to accompanied
drawings. Fig. 1 schematically illustrates the configuration
of a motor vehicle 20 equipped with a power supply device 40
as a battery device in one embodiment of the invention. As
illustrated in Fig. 1, the motor vehicle 20 of the embodiment
includes an engine 22 that consumes gasoline as a fuel to output
power, and an automatic transmission 24 that converts the output
power of the engine 22 at one of multiple gear ratios and outputs
the converted power to drive wheels 38a and 38b via a

differential gear 36. The motor vehicle 20 of the embodiment
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also has a drive electronic control unit 28 (drive ECU 28) that
controls the operations of the engine 22 and the automatic
transmission 24, an alternator 33 that has a rotating shaft
connected to a crankshaft of the engine 22 via a belt 23 and
consumes the output power of the engine 22 to generate electric
power, and the power supply device 40.

[0014] The drive ECU 28 is constructed as a microcomputer
including a CPU, an input port, and an output port, which are
not specifically illustrated in Fig. 1. The drive ECU 28
receives, via its input port, data required for controlling the
operations of the engine 22 and the automatic transmission 24
from various sensors attached to the engine.22 and the automatic
transmission 24. The input data include, for example, a
gearshift position SP from a gearshift position sensor 30 and
a vehicle speed from a vehicle speed sensor 32. The drive ECU
28 outputs, via its output port, diverse driving signals and
control signals, for example, driving signals to a starter motor
26 for cranking the engine 22 and driving signals to various
actuators in the engine 22 and the automatic transmission 24.
[0015] The power supply device 40 includes a high-voltage
battery unit 60, a low-voltage battery 50, and a power supply
electronic control unit 70 that controls the operations of the
whole power supply device 40. The high-voltage battery unit
60 is connected with the alternator 33 via high-voltage power
lines 46 to be charged with the electric power generated by the

alternator 33 and supplies electric power to the starter motor
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26 via a relay 27. The low-voltage battery 50 is connected to
the high-voltage power lines 46 via a step-down DC-DC converter
56 and a step-up DC-DC converter 57 and supplies electric power
to the starter motor 26 and other auxiliary machinery via
low-voltage power lines 48. Inthe structure of the embodiment,
the low-voltage battery 50 is a lead acid battery having a rated
output voltage of 12 V.

[0016] As shown in Fig. 2, the high-voltage battery unit 60
includes three battery modules Cl through C3, three voltage
equalization circuits Bl through B3, and multiple switches SW1
through SW6. Each of the three battery modules C1 through C3
includes plural lithium secondary cells arranged in series.
Each of the voltage equalization circuits Bl through B3 works
to equalize the voltages of the respective cells included in
a corresponding one of the battery modules Cl through C3. The
multiple switches SW1 through SW6 are individually switched on
and off to switch over the connection state of the battery
modules C1l through C3 between serial connection and parallel
connection. Each of the battery modules Cl1 through C3 is
designed to have an output voltage equivalent to the rated
output voltage '12 V' of the low-voltage battery 50. Each of
the voltage equalization circuits Bl through B3 has a resistance,
lead wires connected to electrodes of the respective cells, and
multiple switches that respectively connect the lead wires from
the respective cells to the resistance, although not being

specifically illustrated. Each voltage ‘equalization circuit
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Bl, B2, or B3 sequentially connects the plural cells included
in the corresponding battery module Cl, C2, or C3 to the
resistance and discharges the respective cells to equalize the
varying voltages of the respective cells to a lowest voltage
level of a lowest-voltage cell among the respective cells in
the battery module Cl, C2, or C3. The structures and the
operations of the voltage equalization circuits Bl through B3
are known in the art and are not characteristic of the present
invention, thus not being specifically described in detail. In
the high-voltage battery unit 60, the OFF settings of the
switches SW1l through SW4 and the ON settings of the switches
SW5 and SW6 attain the serial connection of the battery modules
Cl through C3. The battery modules C1l through C3 connected in
series work as a battery of a rated output voltage that is 3-fold
the rated output voltage (12 V) of the low-voltage battery 50
and have input and output terminals N1 and N2 linked to the
high-voltage power lines 46. The ON settings of the switches
SW1 through SW4 and the OFF settings of the switches SW5 and
SW6, on the other hand, attain the parallel connection of the
battery modules C1 through C3. The battery modules Cl through
C3 connected in parallel work as a battery of a rated output
voltage that is equal to the rated output voltage (12 V) of the
low-voltage battery 50 and have the input and output terminals
N1 and N2 linked to the high-voltage power lines 46.

[0017] The power supply electronic control wunit 70 is

.constructed as a microcomputer including & CPU 72, a ROM 74 that
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stores processing programs, a RAM 76 that temporarily stores
data, and input and output ports (not shown), and a
communication port (not shown). The power supply electronic
control unit 70 receives, via its input port, diverse data
required for control, for example, ah alternator temperature
Ta from a temperature sensor (not shown) attached to the
alternator 33, an alternator rotation speed Na from a rotation
speed sensor (not shown) attached to the alternator 33, a
low-voltage battery temperature Tbl from a temperature sensor
51 attached to the low-voltage battery 50, a low-voltage battery
voltage Vbl from a voltage sensor 52 arranged between output
terminals of the low-voltage battery 50, a low—voltagéibattery
electric current Ibl from an electric current sensor 54 located
on the power line 46 in the vicinity of the output terminals
of the low-voltage battery 50, a high-voltage battery voltage
Vb2 from a voltage sensor 62 arranged between output terminals
of the high-voltage battery unit 60, and a high-voltage battery
electric current Ib2 from an electric current sensor 64 located
on the power line 46 in the vicinity of the output terminals
of the high-voltage battery unit 60. The power supply
electroniccontrdlunit70outputs,viaitsoutputport,driving
signals to the alternator 33, control signals to the step-down
DC-DC converter 56, and control signals to the step-up DC-DC
converter 57. The power supply electronic control unit 70

establishes communication with the drive ECU 28 to send and

- receive data to and from the drive ECU 28 according to the
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requirements. The high-voltage battery unit 60 and the power
supply electronic control unit 70 of the embodiment correspond
to the battery device of the invention.

[0018] The power supply device 40 of the embodiment constructed
as discussed above performs some characteristic operations,
especially a series of control to equalize the voltages of the
respective cells included in the battery modules C1 through C3
mmiaseriesofenginestartcqntroltoactuatethestartermotor
26 with a supply of electric power from the high-voltage battery
unit 60 and start the engine 22. ‘The description first regards
the voltage equalization to equalize the voltages of the
respective cells in the battery modules C1l through C3. Fig.
3 is a flowchart showing a voltage equalization routine executed
by the power supply electronic control unit 70 in the state of
ignition-off. This voltage equalization routine i‘s triggered
in a state of unequal voltages of the respective cells included
in the battery modules Cl through C3.

[0019] In the voltage equalization routine of Fig. 3, the CPU
72 of the power supply electronic control unit 70 sets the
switches SW1 through SW4 in the OFF position and the switches
SW5 and SW6 in the ON position to connect the battery modules
Cl through C3 in series (step S100) and activates the voltage
equalization circuits Bl through B3 to individually start
equalization of the voltages of the respective cells included
in the corresponding battery modules C1l through C3 (step S110) .

The CPU 72 waits until completion of thé equalization of the
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voltages of the respective cells included in each of the battery
modules C1 through C3 (step S120).

[0020] On completion of the equalization of the voltages of the
respective cells in each of the battery modules Cl1 through C3,
the CPU 72 sets the switches SW5 and SW6 in the OFF position
to cancel the serial connection of the battery modules C1
through C3 (step S130). The CPU 72 then sets the switches SW1
through SW4 in the ON position and keeps the switches SW5 and
SWé in the OFF position to connect the battery modules C1 through
C3 inparallel (step S140). After elapse of apreset time period
(step S150), the CPU 72 sets the switches SW1l through SW4 in
the OFF position to cancel the parallel connection of the
battery modules Cl1 through C3 (step S160). The wvoltage
equalization routine is terminated after the cancellation of
the parallel connection. The voltage equalization equalizes
the varying voltages of the plural cells included in each
battery module Cl, C2, or C3 to a lowest voltage level of a
lowest-voltage cell among the respective cells in the battery
module C1, C2, or C3. This voltage equalization, however, does
not equalize the voltages of the three battery modules Ci1
through C3 but leaves the uneven voltages of the respective
battery modules C1 through C3. The parallel connection of the
battery modules Cl1l through C3 enables transfer of the electric
power between the different battery modules Cl through C3 and
accordingly equalizes the voltages of' the respective battery

modules Cl through C3. Some battery modiules require charging
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for the voltage equalization, while the other battery modules
require discharging £for the wvoltage equalization. This
ensures a relatively small voltage loss. A conventional
voltage equalization process equalizes the voltages of all the
cells included in the battery modules Cl through C3 to a lowest
voltage level of a lowest-voltage cell among all the cells.
This voltage equalization process does not cause a voltage
difference among the battery modules C1 through C3, but requires
only discharging of all the battery modules Cl through C3 for
the voltage equalization. The conventional voltage
equalization process accordingly has a greater voltage loss,
compared with the wvoltage equalization process of the
embodiment that equalizes the voltages of the respective cells
in each of multiple battery modules and connects the multiple
battery modules in parallel to equalize the voltages of the
respective battery modules. Namely the voltage equalization
process of this embodiment desirably reduces the voltage loss
through the transfer of electric power between the different
battery modules.

[0021] The description regards the engine start control to
actuate the starter motor 26 with a supply of electric power
from the high-voltage battery unit 60 and start the engine 22.
This engine start control is performed in the event that the
supply of electric power from the low-voltage battery 50 fails

to actuate the starter motor 26 and start the engine 22, for

-example, in the event of the dead low-voltage battery 50, and
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follows a backup start control routine of Fig. 4.

[0022] In the backup start control routine of Fig. 4, the CPU
72 of the power supply electronic contrél unit 70 first sets
the switches SW5 and SW6 in the OFF position to cancel the serial
connection of the battery modules C1 through C3 (step $200) and
subsequently sets the switches SW1 through SW4 in the ON
position to connect the battery modules C1 through C3 in
parallel (step S210). The CPU 72 then switches on the relay
27 (step S220) and sends a start permission signal of the engine
22 to the drive ECU 28 (step S230). The output voltage of the
high-voltage battery unit 60 in the parallel connection of the
battery modules Cl through C3 is equal to the rated output
voltage of the low-voltage battery 50 as mentioned previously.
The supplied electric power from the high-voltage battery unit
60 to the starter motor 26 in this state is accordingly not an
excessive level of electric power. The drive ECU 28 receives
the start permission signal and drives the starter motor 26 in
résponse to an ignition-on operation to crank and start the
engine 22. Upon a complete start of the engine 22) the drive
ECU 28 sends a start completion signal to the power supply
electronic control unit 70.

[0023] In the backup start control routine, the CPU 72 waits
until reception of the start completion signal from the drive
ECU 28 (step S240) and switches off the relay 27 (step S250).
The CPU 72 then sets the switches SW1l through SW4 in the OFF

position to cancel the parallel connection of the battery
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modules C1 through C3 (step S260) and subsequently sets the
switches SW5 and SW6 in the ON position to connect the battery
modules C1 through C3 in series (step S270). The backup start
control routine is then terminated. The high-voltage battery
unit 60 in the serial connection of the battery modules Cl
through C3 receives the supply of electric power generated by
the alternator 33. This engine start control ensures a complete
start of the engine 22 even in the event that the supply of
electric power from the low-voltage battery 50 fails to actuate
the starter motor 26 and start the engine 22.

[0024] As described above, the power supply device 40 of the
embodiment first equalizes the voltages of the respective cells
included in each of the battery modules C1l through C3 in‘the
serial connection of the battery modules C1 through C3, and then
equalizes the voltages of the respective battery modules Cl
through C3 in the parallel connection of the battery modules
C1l through C3. This arrangement effectively reduces the power
loss by the voltage equalization and thus enhances the total
energy efficiency of the whole power supply device 40.
[0025] In the power supply device 40 of the embodiment, each
of the battery modules C1l through C3 is designed to have the
output voltage equivalent to the rated output voltage of the
low-voltage battery 50. In the event that the supply of
electric power from the low-voltage battery 50 fails to actuate
the starter motor 26 and start the engine 22, the engine start

control connects the battery modules Cl1 through C3 in parallel
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and switches on the relay 27 to actuate the starter motor 26
with the supply of electric péwer from the high-voltage battery
unit 60 and start the engine 22. Namely multiple different
power sources are selectively usable to supply the required
electric power and start the engine 22. This arrangement
ensures a stable start of the engine 22.

[0026] In the power supply device 40 of the embodiment, the
high-voltage battery unit 60 includes the three battery modules
Cl1l through C3. This number of the battery modules is, however,
not essential, and the high-voltage battery unit 60 may include
four or more batterymodules. The structure of the high-voltage
batteryunit 60 is not restricted tohave all the battery modules
connected in parallel. In one modified structure of Fig. 5,
a high-voltage battery unit 60B includes six battery modules
Cl through C6, where each pair of battery modules are connected
in series and three battery module pairs are connected in
parallel. In this modified structure, the number of battery
modules connected in series is not restricted to two but may
be three or more.

[0027] The power supply device 40 of the embodiment uses the
alternator 33 that consumes the output power of the engine 22
and generates electric power, as the supply source of electric
power. The supply source of electric power is, however, not
restrictive to the alternator 33 but may be any other suitable
means. The backup start control routine of Fig. 4 may not be

executed unless the alternative supply source of electric power
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requires this engine start control.

[0028] In the power supply device 40 of the embodiment, each
of the battery modules C1 through C3 in the high-voltage battery
unit 60 includes plural lithium secondary cells. Each of the
battery modules Cl through C3 may alternatively include plural
nickel hydride cells or any other suitable cells.

[0029] The above embodiment regards the power supply device 40
mounted on the motor vehicle 20. The power supply device 40
of the embodiment may be mounted on any of diverse moving bodies
including automobiles, other vehicles, ships and boats, and
aircraft or may be incorporated in any of diverse stationary
systems including construction equipment. In such
applications, the power supply device 40 may exclude the
low-voltage battery 50 but include only the high-voltage
battery unit 60 and the power supply electronic control unit
70.

[0030] The embodiment discussed above is to be considered in
all aspects as illustrative and not restrictive. There may be
many modifications, changes, and alterations without departing
from the scope or spirit of the main characteristics of the

present invention.

Industrial Applicability
[0031] The technique of the present invention is preferably

applicable to the manufacturing industries of battery devices.
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Claims:

1. A battery device that includes multiple battery
modules, where each of the multiple battery modules has plural
cells connected in series,

said battery device further comprising:

multiple voltage equalization circuits that are provided
corresponding to the multiplg battery modules and respectively
equalize voltages of the plural cells included in each of the
multiple battery modules;

a connection switchover structure that switches over a
connection state of the multiple battery modules between serial
connection and parallel connection; and

a voltage equalization control module that, upon
satisfaction of a predetermined voltage equalization condition,
controls the connection switchover structure and the multiple
voltage equalization circuits to respectively equalize
voltages of the plural cells included in each of the multiple
battery modules in the state of serial connection of the
multiple battéry modules, and on completion of the voltage
equalization of the respective cells in each of the multiple
battery modules, controls the connection switchover structure
and the multiple voltage equalization circuits to connect the
multiple battery modules in parallel and equalize voltages of

the regpective battery modules.
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2. A battery device in accordance with claim 1, wherein
the plural cells included in each of the multiple battery

modules are lithium secondary cells.

3. A battery device in accordance with claim 1, wherein
the connection switchover structure switches over a connection
state of plural series battery module groups between serial
connection and parallel connectionq where each series battery
module group includes a predetermined number of the battery

modules arranged in series.

4. An internal combustion engine system that includes an
internal combustion engine,

said internal combustion engine system further
comprising:

a starter motor that cranks the internal combustion
engine;

a secondary battery that supplies electric power to the
starter motor;

a battery device that includes multiple battery modules,
where each of the multiple battery modules has plural cells
connected in series, said battery device comprising: multiple
voltage equalization circuits that are provided corresponding
to the multiple battery modules and respectively equalize
voltages of the plural cells included in each of the multiple

battery modules; a connection switchover structure that
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switchesovaraconnectionstateofthenmltiplebatterymodules
between serial connection and parallel connection; and a
voltage equalization control module that, upon satisfaction of
a predetermined voltage equalization condition, controls the
connection switchover structure and the multiple voltage
equalization circuits to respectively equalize voltages of the
plural cells included in each of the multiple battery modules
in the state of serial connection of the multiple battery
modules, and on completion of the voltage equalization of the
respective cells in each of the multiple battery modules,
controls the connection switchover structure and the multiple
voltage equalization circuits to connect the multiple battery
modules in parallel and equalize voltages of the respective
battery modules;

an electric power supply-stop changeover module that
gelectively permits and prohibits supply of electric power from
sald battery device to the starter motor; and

a changeover control module that, upon satisfaction of
a preset changeover condition, controls the connection
switchover structure of said battery device and said electric
power supply-stop changeover module to permit the supply of
electric power from said battery device to the starter motor
in the state of parallel connection of the multiple battery

modules.

5. An internal combustion engine system in accordance
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with claim 4, wherein the preset changeover condition is that
the secondary battery fails to supply a required electric power
to the starter motor for cranking the internal combustion

engine.

6. An internal combustion engine system in accordance
with claim 4, wherein the plural cells included in said battery

device are lithium secondary cells.

7. An internal combustion engine system in accordance
with claim 4, wherein the connection switchover structure
included in said battery device switches over a connection state
of plural series battery module groups between serial
connection and parallel connection, where each series battery
module group includes a predetermined number of the battery

modules arranged in series.

8. A motor vehicle equipped with an internal combustion
engine as a power supply source for driving said motor vehicle,
comprising;

a starter motor that cranks the internal combustion
engine;

a secondary battery that supplies electric power to the
starter motor;

a battery device that includes multiple battery modules,

where each of the multiple battery modules has plural cells
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connected in series, said battery device comprising: multiple
voltage equalization circuits that are provided corresponding
to the multiple battery modules and respectively equalize
voltages of the plural cells included in each of the multiple
battery modules; a connection switchover structure that
switches over a connection state of the multiple battery modules
between serial connection and parallel connection; and a
voltage equalization control module that, upon satisfaction of
a predetermined voltage equalization condition, controls the
connection switchover structure and the multiple voltage
equalization circuits to respectively equalize voltages of the
plural cells included in each of the multiple battery modules
in the state of serial connection of the multiple battery
modules, and on completion of the voltage equalization of the
respective cells in each of the multiple battery modules,
controls the connection switchover structure and the multiple
voltage equalization circuits to connect the multiple battery
modules in parallel and equalize voltages of the respective
battery modules;

an electric power supply-stop changeover module that
selectively permits and prohibits supply of electric power from
said battery device to the starter motor; and

a changeover control module that, upon satisfaction of
a preset changeover condition, controls the connection
switchover structure of said battery device and said electric

power supply-stop changeover module to permit the supply of
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electric power from said battery device to the starter motor
in the state of parallel connection of the multiple battery

modules.

9. A motor vehicle in accordance with claim 8, wherein
the preset changeover condition is that the secondary battery
fails to supply a required electric power to the starter motor

for cranking the internal combustion engine.

10. A motor vehicle in accordance with claim 8, wherein
the plural cells included in said battery device are lithium

secondary cells.

11. A motor vehicle in accordance with claim 8, wherein
the connection switchover structure included in said battery
device switches over a connection state of plural series battery
module groups between sefial connection and parallel connection,
where each series battery module group includes a predetermined

number of the battery modules arranged in series.
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