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(57) ABSTRACT

When it has been determined according to a voltage detected
by a voltage detecting unit 31 that a voltage detection line 23
between a focused-on battery 21 and the voltage detecting
unit 31 has been broken, operations of each of switches 22
are controlled to separate a battery module 2 that includes
the voltage detection line 23 from a power supply apparatus
1. When it has been determined according to the voltage
detected by the voltage detecting unit 31 that the focused-on
battery 21 has been overcharged or overdischarged, power
input to, or output from, every battery module 2 is limited.
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1
POWER SUPPLY APPARATUS,
PROTECTION APPARATUS, AND
PROTECTION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International
Application No. PCT/JP2015/078970 filed Oct. 13, 2015,
claiming priority based on Japanese Patent Application No.
2014-216189 filed Oct. 23, 2014, the contents of all of which
are incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present invention relates to a power supply apparatus
that includes a plurality of battery modules, a protection
apparatus for the power supply apparatus, and a protection
method.

BACKGROUND ART

Some power supply apparatuses that include a plurality of
battery modules perform a protection process of electrically
separating from the power supply apparatus a battery mod-
ule in which an abnormality has occurred. A break in a
voltage detection line between a battery and a voltage
detecting unit, and overcharging or overdischarging of a
battery, may be types of abnormalities of battery modules.
See, for example, patent documents 1-4.

However, in a case where the same protective process is
performed for all abnormalities that occur in a battery
module, a power supply apparatus may possibly be exces-
sively protected through separation of another battery mod-
ule that does not need to be separated, or the same abnor-
mality may occur in another battery module later, i.e., the
power supply apparatus may be insufficiently protected.

PRIOR ART DOCUMENTS
Patent Documents

Patent document 1: Japanese Laid-open Patent Publica-
tion No. 2013-070441

Patent document 2: Japanese Laid-open Patent Publica-
tion No. 2013-247773

Patent document 3: Japanese Laid-open Patent Publica-
tion No. 2014-050138

Patent document 4: Japanese Laid-open Patent Publica-
tion No. 2012-050158

SUMMARY OF INVENTION
Technical Problem

An object of the present invention is to effectively protect
a power supply apparatus that includes a plurality of battery
modules in accordance with the type of an abnormality.

Solution to Problem

A power supply apparatus in accordance with an embodi-
ment includes: a plurality of battery modules that each
include a battery and a switch and that are connected in
parallel to each other; a voltage detecting unit that detects a
voltage of each battery; and a controlling unit.
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2

When the controlling unit has determined according to the
voltage detected by the voltage detecting unit that a voltage
detection line between a focused-on battery and the voltage
detecting unit has been broken, the controlling unit controls
operations of each switch so as to separate a battery module
that includes the voltage detection line from the power
supply apparatus. When the controlling unit has determined
according to the voltage detected by the voltage detecting
unit that the focused-on battery has been overcharged or
overdischarged, the controlling unit limits power input to, or
output from, every battery module.

As described above, when a voltage detection line has
been broken, the battery module that includes the voltage
detection line is separated from the power supply apparatus,
thereby preventing other battery modules without an abnor-
mality from being separated from the power supply appa-
ratus, with the result that the power supply apparatus is not
excessively protected. When the focused-on battery has
been overcharged or overdischarged, power input to, or
output from, every battery module is limited, and hence the
same abnormality will not occur in another battery module
at a later time, thereby protecting the power supply appa-
ratus.

Advantageous Effects of Invention

The present invention allows a power supply apparatus
that includes a plurality of battery modules to be effectively
protected in accordance with the type of an abnormality.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates an example of a power supply apparatus
in accordance with an embodiment;

FIG. 2 is a flowchart illustrating exemplary operations of
a battery controlling unit;

FIG. 3 is a flowchart illustrating exemplary operations of
a battery controlling unit in a power supply apparatus in
accordance with another embodiment; and

FIG. 4 illustrates an exemplary change in a voltage of a
focused-on battery.

DESCRIPTION OF EMBODIMENTS

FIG. 1 illustrates an example of a power supply apparatus
in accordance with an embodiment.

A power supply apparatus 1 depicted in FIG. 1 includes
a plurality of battery modules 2, a plurality of battery
monitoring units 3, and a battery controlling unit 4 (con-
trolling unit). The power supply apparatus 1 is installed on
a vehicle, e.g., a hybrid car or an electric vehicle, and
supplies power to an inverter circuit 6 that operates a motor
5 for driving the vehicle.

The battery modules 2 each include a plurality of batteries
21 (21-1, 21-2, . . ., 21-») connected in series to each other,
and a switch 22 connected in series to the batteries 21. The
battery modules 2 are connected in parallel to each other.
Turning on a certain switch 22 electrically connects a battery
module 2 that includes the certain switch 22 to the power
supply apparatus 1; turning off the certain switch 22 elec-
trically separates the battery module 2 that includes the
certain switch 22 from the power supply apparatus 1.

The battery monitoring units 3 each include a voltage
detecting unit 31 and a controlling unit 32. The battery
controlling unit 4 and the controlling unit 32 include, for
example, a CPU (Central Processing Unit), a multicore
CPU, and a programmable device (FPGA (Field Program-
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mable Gate Array), or a PLD (Programmable Logic
Device)). The protection apparatus according to the claims
includes, for example, the voltage detecting unit 31 and the
battery controlling unit 4. The controlling unit 32 may be
omitted. In this case, the battery controlling unit 4 functions
as the controlling unit 32.

The voltage detecting unit 31 detects voltages V of the
batteries 21-1 to 21-» via voltage detection lines 23 (23-1,
23-2, ..., 23-n, 23-n+1) connected to both ends of each of
corresponding batteries 21-1 to 21-». When, for example,
the voltage detection line 23-2 has not been broken, the
voltage detecting unit 31 detects a voltage between the
voltage detection lines 23-1 and 23-2 as the voltage V of the
battery 21-1. When the voltage detection line 23-2 has been
broken, the voltage detecting unit 31 detects a voltage
between the voltage detection lines 23-1 and 23-3 as the
voltage V of the battery 21-1. That is, when the voltage
detection line 23-2 has been broken, the voltage detecting
unit 31 detects the total of the voltages of the batteries 21-1
and 21-2 as the voltage V of the battery 21-1.

The controlling unit 32 transmits data indicating a voltage
detected by the voltage detecting unit 31 to the battery
controlling unit 4 over a network such as a CAN (Controller
Area Network).

According to the voltage V of the battery 21 that is
indicated by the data transmitted by the controlling unit 32,
the battery controlling unit 4 determines whether a voltage
detection line 23 connected to the battery 21 has been
broken. When, for example, the voltage V of the battery 21-1
is equal to or greater than a threshold Vthl, the battery
controlling unit 4 determines that the voltage detection line
23-2 connected to the battery 21-1 has been broken. When
the voltage V of the battery 21-1 is less than a threshold
Vthd, the battery controlling unit 4 determines that a voltage
detection line 23 connected to the battery 21-1 has been
broken.

According to the voltage V of the battery 21 that is
indicated by the data transmitted by the controlling unit 32,
the battery controlling unit 4 also determines whether the
battery 21 has been overcharged or whether it has been
overdischarged. When, for example, the voltage V of the
battery 21-1 is less than the threshold Vthl and is equal to
or greater than the threshold Vth2, the battery controlling
unit 4 determines that the battery 21-1 has been overcharged.
When the voltage V of the battery 21-1 is equal to or less
than a threshold Vth3 and is equal to or greater than the
threshold Vthd4, the battery controlling unit 4 determines that
the battery 21-1 has been overdischarged. It should be noted
that threshold Vth1>threshold Vth2>threshold
Vth3>threshold Vth4.

The battery controlling unit 4 changes a protective pro-
cess for the power supply apparatus 1 in accordance with the
type of an abnormality that occurs. When, for example, the
battery controlling unit 4 has determined that the voltage
detection line 23 has been broken, the battery controlling
unit 4 controls operations of the switches 22 so as to
electrically separate the battery module 2 that includes the
voltage detection line 23 from the power supply apparatus 1.
When the battery controlling unit 4 has determined that a
battery 21 has been overcharged or overdischarged, the
battery controlling unit 4 limits power input to, or output
from, every battery module 2.

FIG. 2 is a flowchart illustrating exemplary operations of
the battery controlling unit 4. Assume that the operations
depicted in FIG. 2 are performed for every battery 21 at an
abnormality detection timing. A battery 21 chosen as an
abnormality detection target at the abnormality detection

20

30

40

45

50

4

timing is hereinafter referred to as a “focused-on battery 217,
and a battery module 2 that includes the focused-on battery
21 is hereinafter referred to as a “focused-on battery module
2”. Further assume that the abnormality detection timing
comes at, for example, a certain cycle.

The battery controlling unit 4 determines whether a
voltage detection line 23 has been broken (S11).

When the battery controlling unit 4 has determined that
the voltage detection line 23 has been broken (S11: Yes), the
battery controlling unit 4 turns off a switch 22 provided at a
focused-on battery module 2 that includes the voltage detec-
tion line 23, so as to electrically separate the focused-on
battery module 2 from the power supply apparatus 1 (S12).
That is, upon determining that the voltage detection line 23
has been broken (S11: Yes), the battery controlling unit 4
turns off only the switch 22 provided at a battery module 2
that includes the voltage detection line 23, so as to electri-
cally separate only the battery module 2 that includes the
voltage detection line 23 from the power supply apparatus 1
(S12). Subsequently, the battery controlling unit 4 waits
until the next abnormality detection timing.

When the battery controlling unit 4 has determined that
the voltage detection line 23 has not been broken (S11: No),
the battery controlling unit 4 determines whether the
focused-on battery 21 has been overcharged or whether it
has been overdischarged (S13).

When the battery controlling unit 4 has determined that
the focused-on battery 21 has been overcharged or overdis-
charged (S13: Yes), the battery controlling unit 4 turns off all
switches 22 so as to electrically separate all battery modules
2 from the power supply apparatus 1 (S14). That is, upon
determining that the focused-on battery 21 has been over-
charged or overdischarged (S13: Yes), the battery control-
ling unit 4 turns off all switches 22 so as to electrically
separate, from the power supply apparatus 1, not only a
battery module 2 that includes the focused-on battery 21
judged to have been overcharged or overdischarged but also
battery modules 2 that include batteries 21 that have not
been overcharged or overdischarged (S14).

When the battery controlling unit 4 has determined that
the focused-on battery 21 has not been overcharged or
overdischarged (S13: No), the battery controlling unit 4
maintains operations of the switches 22 until the next
abnormality detection timing.

In the power supply apparatus 1 in accordance with the
present embodiment, when a voltage detection line 23 has
been broken, a battery module 2 that includes the voltage
detection line 23 is separated from the power supply appa-
ratus 1, so that other battery modules 2 that do not have an
abnormality caused therein can be prevented from being
separated from the power supply apparatus 1, with the result
that the power supply apparatus 1 is not excessively pro-
tected. As a result, when a line break abnormality has
occurred in the voltage detection line 23, the vehicle can
continue to be driven via evacuation running using battery
modules 2 that have not been separated from the power
supply apparatus 1.

In the power supply apparatus 1 in accordance with the
present embodiment, when a battery 21 has been over-
charged or overdischarged, all battery modules 2 are sepa-
rated from the power supply apparatus 1, i.e., power input to,
or output from, every battery module 2 is limited, thereby
preventing the same abnormality from occurring later in
another battery module 2 so that the power supply apparatus
1 can be protected.

As described above, the power supply apparatus 1 in
accordance with the present embodiment is capable of
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effectively protecting the power supply apparatus 1 in accor-
dance with the type of an abnormality that occurs in a
focused-on battery module 2.

Other Embodiments

FIG. 3 is a flowchart illustrating exemplary operations of
a battery controlling unit 4 in a power supply apparatus 1 in
accordance with another embodiment. Assume that the
operations depicted in FIG. 3 are performed for every
battery 21 at an abnormality detection timing. A battery 21
chosen as an abnormality detection target at the abnormality
detection timing is hereinafter referred to as a “focused-on
battery 217, and a battery module 2 that includes the
focused-on battery 21 is hereinafter referred to as a
“focused-on battery module 2”. Further assume that the
abnormality detection timing comes at, for example, a
certain cycle.

The battery controlling unit 4 determines whether a
voltage detection line 23 has been broken (S31).

When the battery controlling unit 4 has determined that
the voltage detection line 23 has been broken (S31: Yes), the
battery controlling unit 4 sets ON for a line break detection
flag that corresponds to the focused-on battery 21 (S32), and
adds 1 to an N that corresponds to the focused-on battery 21
(S33). For example, line break detection flags and Ns may
be stored by a storage unit of the battery controlling unit 4.

When the battery controlling unit 4 has determined that N
is equal to or greater than a threshold thl (S34: Yes), the
battery controlling unit 4 concludes that the voltage detec-
tion line 23 connected to the focused-on battery 21 has been
broken, and the battery controlling unit 4 turns off the switch
22 provided at the focused-on battery module 2 so as to
electrically separate the battery module 2 that includes the
voltage detection line 23 from the power supply apparatus 1
(S35) and determines whether the line break detection flag
is OFF (S836). That is, when the battery controlling unit 4 has
determined that N is equal to or greater than the threshold
th1 (S34: Yes), the battery controlling unit 4 concludes that
the voltage detection line 23 connected to the focused-on
battery 21 has been broken, turns off only the switch 22
provided at the battery module 2 that includes the voltage
detection line 23, so as to electrically separate only the
battery module 2 that includes the voltage detection line 23
from the power supply apparatus 1 (S35), and determines
whether the line break detection flag is OFF (S36).

When the battery controlling unit 4 has determined that a
voltage detection line 23 has not been broken (S31: No) or
that N is less than the threshold th1 (S34: No), the battery
controlling unit 4 determines whether the line break detec-
tion flag is OFF (S36).

When the battery controlling unit 4 has determined that
the line break detection flag is off (S36: Yes), the battery
controlling unit 4 determines whether the focused-on battery
21 has been overcharged or whether it has been overdis-
charged (S37).

When the battery controlling unit 4 has determined that
the focused-on battery 21 has been overcharged or overdis-
charged (S37: Yes), the battery controlling unit 4 adds 1 to
an M that corresponds to the focused-on battery 21 (S38).
For example, Ms are stored in a storage unit of the battery
controlling unit 4.

When the battery controlling unit 4 has determined that M
is equal to or greater than the threshold th2 (S39: Yes), the
battery controlling unit 4 concludes that the focused-on
battery 21 has been overcharged or overdischarged, turns off
all switches 22 so as to electrically separate all battery
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6

modules 2 from the power supply apparatus 1 (S40), and sets
OFF for the line break detection flag (S41), finishing the
abnormality detecting process. That is, when the battery
controlling unit 4 has determined that M is equal to or
greater than the threshold th2 (S39: Yes), the battery con-
trolling unit 4 concludes that the focused-on battery 21 has
been overcharged or overdischarged, turns off all switches
22 so as to electrically separate, from the power supply
apparatus 1, not only the battery module 2 that includes the
focused-on battery 21 judged to be overcharged or overdis-
charged but also battery modules 2 that include batteries 21
that have not been overcharged or overdischarged (S40), and
sets OFF for the line break detection flag (S41), finishing the
abnormality detecting process.

When the battery controlling unit 4 has determined that
the line break detection flag is ON (S36: No), that the
focused-on battery 21 has not been overcharged or overdis-
charged (S37: No), or that M is not equal to or greater than
the threshold th2 (S39: No), the battery controlling unit 4
sets OFF for the line break detection flag (S41), finishing the
abnormality detecting process.

FIG. 4 illustrates an exemplary change in a voltage V of
a focused-on battery 21. Let “5” be a threshold thl, “6” be
a threshold th2, and “0” be the initial values of N and M.
Assume that a line break detection flag is OFF.

In the example depicted in FIG. 4, due to a voltage
detection line 23 connected to the focused-on battery 21 that
has been broken, the voltage of the focused-on battery 21-1
becomes equal to or greater than the threshold Vthl at each
of abnormality detection timings t0 and t5-t8. In addition,
due to the influence of an error in voltage detected by the
voltage detecting unit 31 that corresponds to the focused-on
battery 21, the voltage V of the focused-on battery 21 is less
than the threshold Vthl and equal to or greater than the
threshold Vth2 at each of abnormality detection timings
t1-t4, despite the voltage detection line 23 connected to the
focused-on battery 21 having been broken.

In such a situation, at the abnormality detection timing t0,
the battery controlling unit 4 sets ON for the line break
detection flag, and adds 1 to the N that corresponds to the
focused-on battery 21.

Next, at each of the abnormality detection timings t1 to t4,
the battery controlling unit 4 adds 1 to the M that corre-
sponds to the focused-on battery 21. That is, N=1 and M=4
at the abnormality detection timing t4.

Subsequently, at each of the abnormality detection tim-
ings t5 to t7, the battery controlling unit 4 sets ON for the
line break detection flag, and adds 1 to the N that corre-
sponds to the focused-on battery 21. That is, N=4 and M=4
at the abnormality detection timing t7.

At the abnormality detection timing t8, the battery con-
trolling unit 4 sets ON for the line break detection flag, adds
1 to the N that corresponds to the focused-on battery 21, and
determines that N (“5”) has become equal to or greater than
the threshold th1 (“5”). Accordingly, the battery controlling
unit 4 concludes that the voltage detection line 23 connected
to the focused-on battery 21 has been broken, and turns off
the switches 22 provided at the focused-on battery module
2 so0 as to electrically separate the battery module 2 that
includes the voltage detection line 23 from the power supply
apparatus 1.

As described above, the power supply apparatus 1 in
accordance with this other embodiment is configured in a
manner such that, after a voltage detection line 23 is judged
to be broken at least once, a determination is not made as to
whether the focused-on battery 21 has been overcharged or
whether it has been overdischarged; such that, when it has
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been determined that, N, i.e., the total number of times the
voltage detection line 23 connected to the focused-on battery
21 is judged to be broken, has become equal to or greater
than the threshold th1, a conclusion is made that the voltage
detection line 23 connected to the focused-on battery 21 has
been broken, so that the focused-on battery 21 can be
prevented from being mistakenly judged, due to an error in
voltage V, e.g., an error in the detecting process, to be
overcharged or overdischarged even when it has been nei-
ther overcharged nor overdischarged in reality, thereby
making the abnormality determination more accurate.

The power supply apparatus 1 in accordance with this
other embodiment is also capable of effectively protecting
the power supply apparatus 1 in accordance with the type of
an abnormality that occurs in a battery module 2.

In the present embodiment, the battery controlling unit 4
controls operations of the switches 22, but the controlling
unit 32 of each battery monitoring unit 3 may control
operations of the switch 22 of a corresponding battery
module 2 using a voltage detected by the voltage detecting
unit 31 associated with the controlling unit 32.

The power supply apparatus 1 in accordance with the
present embodiment includes a plurality of voltage detecting
units 31. However, the power supply apparatus 1 may
include only one voltage detecting unit 31 that detects the
voltages V of all batteries 21.

The power supply apparatus 1 in accordance with the
present embodiment is configured in a manner such that,
when the battery controlling unit 4 has determined that a
focused-on battery 21 has been overcharged or overdis-
charged, or has concluded that the focused-on battery 21 has
been overcharged or overdischarged, a current flowing
through every battery module 2 is limited; in such a situa-
tion, in the example described above, all switches 22 are
turned off so as to electrically separate all battery modules
2 from the power supply apparatus 1. In another example,
however, the current flowing through every battery module
2 may be limited in such a situation.

For example, when the battery controlling unit 4 has
determined that a focused-on battery 21 has been over-
charged or overdischarged, or has concluded that the
focused-on battery 21 has been overcharged or overdis-
charged, the battery controlling unit 4 decreases the value of
a maximum input/output current of the power supply appa-
ratus 1 that is to be sent from the battery controlling unit 4
to a driving controlling unit or charger on the vehicle side.
When the maximum input/output current value of the power
supply apparatus 1 is decreased, the driving controlling unit
decreases the upper limit of an output current from the
inverter circuit 6 to the motor 5, and the upper limit of a
regenerative current from the inverter circuit 6 to the power
supply apparatus 1. When the maximum input/output cur-
rent value of the power supply apparatus 1 is decreased, the
charger decreases the upper limit of an output current from
the charger to the power supply apparatus 1. This limits the
input/output current of the power supply apparatus 1 so that
the current flowing through every battery module 2 can be
limited.

For example, when the battery controlling unit 4 has
determined that a focused-on battery 21 has been over-
charged or overdischarged, or has concluded that the
focused-on battery 21 has been overcharged or overdis-
charged, the battery controlling unit 4 sends an instruction to
limit the driving to the driving controlling unit on the vehicle
side. Upon receipt of the instruction to limit the driving, the
driving controlling unit decreases the upper limit of an
output current from the inverter circuit 6 to the motor 5, and
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the upper limit of a regenerative current from the inverter
circuit 6 to the power supply apparatus 1. This limits the
input/output current of the power supply apparatus 1 so that
the current flowing through every battery module 2 can be
limited.

When the battery controlling unit 4 has determined that a
focused-on battery 21 has been heavily overcharged or
overdischarged, or has concluded that the focused-on battery
21 has been heavily overcharged or overdischarged, the
battery controlling unit 4 may control operations of the
switches 22 so as to separate all battery modules 2 from the
power supply apparatus 1. When the battery controlling unit
4 has determined that a focused-on battery 21 has been
slightly overcharged or overdischarged, or has concluded
that the focused-on battery 21 has been slightly overcharged
or overdischarged, the battery controlling unit 4 may limit
the current flowing through every battery module 2.

For example, when the voltage V of a focused-on battery
21 is equal to or greater than a threshold Vth2a and less than
a threshold Vthl, the battery controlling unit 4 may deter-
mine that the focused-on battery 21 has been heavily over-
charged; when the voltage V of a focused-on battery 21 is
equal to or greater than a threshold Vth2 and less than the
threshold Vth2a, the battery controlling unit 4 may deter-
mine that the focused-on battery 21 has been slightly over-
charged; when the voltage V of a focused-on battery 21 is
equal to or less than a threshold Vth3a and equal to or
greater than a threshold Vth4, the battery controlling unit 4
may determine that the focused-on battery 21 has been
heavily overdischarged; when the voltage V of a focused-on
battery 21 is equal to or less than a threshold Vth3 and
greater than the threshold Vth3aq, the battery controlling unit
4 may determine that the focused-on battery 21 has been
slightly overdischarged. Note that threshold Vth1>threshold
Vth2a>threshold Vth2>threshold Vth3>threshold
Vth3a>threshold Vth4. “Heavily overcharged” or “heavily
overdischarged” indicates a state such that a focused-on
battery 21 may possibly fail if, for example, a current
continues to flow through the focused-on battery 21.
“Slightly overcharged” or “slightly overdischarged” indi-
cates a state such that a focused-on battery 21 may possibly
be degraded faster if, for example, a current continues to
flow through the focused-on battery 21.

EXPLANATION OF THE CODES

1 Power supply apparatus

2 Battery module

3 Battery monitoring unit

4 Battery controlling unit

5 Motor

6 Inverter circuit

21 Battery

22 Switch

23 Voltage detection line

31 Voltage detecting unit

32 Controlling unit

The invention claimed is:

1. A power supply apparatus comprising:

a plurality of battery modules that each include a battery
and a switch and that are connected in parallel to each
other;

a voltage detecting unit that detects a voltage of each of
the batteries; and

a controlling unit that
when the voltage detected by the voltage detecting unit

is equal to or greater than a first threshold, deter-
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mines that a voltage detection line between a
focused-on battery and the voltage detecting unit has
been broken,
when the voltage detected by the voltage detecting unit
is less than the first threshold and is equal to or
greater than a second threshold that is less than the
first threshold, determines that the focused-on bat-
tery has been overcharged,
when the voltage detected by the voltage detecting unit
is equal to or less than a third threshold that is less
than the second threshold, and is equal to or greater
than a fourth threshold that is less than the third
threshold, determines that the focused-on battery has
been overdischarged,
when the voltage detected by the voltage detecting unit
is less than the fourth threshold, determines that the
voltage detection line between the focused-on bat-
tery and the voltage detecting unit has been broken,
when the controlling unit has determined that the
voltage detection line between the focused-on bat-
tery and the voltage detecting unit has been broken,
controls operations of each of the switches so as to
separate a battery module that includes the voltage
detection line from the power supply apparatus, and
when the controlling unit has determined that the
focused-on battery has been overcharged or overdis-
charged, limits power input to, or output from, every
battery module, wherein
when the voltage detected by the voltage detecting unit is
equal to or greater than a fifth threshold that is less than
the first threshold and that is greater than the second
threshold, and is less than the first threshold, the
controlling unit controls operations of each of the
switches so as to separate all of the battery modules
from the power supply apparatus,
when the voltage detected by the voltage detecting unit is
equal to or greater than the second threshold and is less
than the fifth threshold, the controlling unit decrease a
value of a maximum input/output of the power supply
apparatus,
when the voltage detected by the voltage detecting unit is
equal to or less than a sixth threshold that is less than
the third threshold and that is greater than the fourth
threshold, and is equal to or greater than the fourth

threshold, the controlling unit controls operations of

each of the switches so as to separate all of the battery
modules from the power supply apparatus, and

when the voltage detected by the voltage detecting unit is
equal to or less than the third threshold and is greater
than the sixth threshold, the controlling unit decrease a
value of a maximum input/output of the power supply
apparatus.

2. The power supply apparatus according to claim 1,

wherein

when the controlling unit has determined that the focused-
on battery has been overcharged or overdischarged, the
controlling unit controls operations of each of the
switches so as to separate all of the battery modules
from the power supply apparatus, or limits a current
flowing through every battery module.

3. The power supply apparatus according to claim 1,

wherein

when the controlling unit has determined that the voltage
detection line has been broken, the controlling unit
does not determine whether the focused-on battery has
been overcharged or whether it has been overdis-
charged.
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4. The power supply apparatus according to claim 1,
wherein

each of the battery modules includes a plurality of said

batteries connected in series to each other, and

when the controlling unit has determined that a voltage

detection line between any of the batteries and the
voltage detecting unit has been broken, the controlling
unit does not determine whether the focused-on battery
has been overcharged or whether it has been overdis-
charged.

5. A protection apparatus that protects a power supply
apparatus that includes a plurality of battery modules that
each include a battery and a switch, by separating, from the
power supply apparatus, a battery module in which an
abnormality has occurred from among the plurality of bat-
tery modules, the protection apparatus comprising:

a voltage detecting unit that detects a voltage of each of

the batteries; and

a controlling unit that

when the voltage detected by the voltage detecting unit
is equal to or greater than a first threshold, deter-
mines that a voltage detection line between a
focused-on battery and the voltage detecting unit has
been broken,

when the voltage detected by the voltage detecting unit
is less than the first threshold and is equal to or
greater than a second threshold that is less than the
first threshold, determines that the focused-on bat-
tery has been overcharged,

when the voltage detected by the voltage detecting unit
is equal to or less than a third threshold that is less
than the second threshold, and is equal to or greater
than a fourth threshold that is less than the third
threshold, determines that the focused-on battery has
been overdischarged,

when the voltage detected by the voltage detecting unit
is less than the fourth threshold, determines that the
voltage detection line between the focused-on bat-
tery and the voltage detecting unit has been broken,

when the controlling unit has determined that the
voltage detection line between the focused-on bat-
tery and the voltage detecting unit has been broken,
controls operations of each of the switches so as to
separate a battery module that includes the voltage
detection line from the power supply apparatus, and

when the controlling unit has determined that the
focused-on battery has been overcharged or overdis-
charged, limits power input to, or output from, every
battery module, and wherein

when the voltage detected by the voltage detecting unit is

equal to or greater than a fifth threshold that is less than
the first threshold and that is greater than the second
threshold, and is less than the first threshold, the
controlling unit controls operations of each of the
switches so as to separate all of the battery modules
from the power supply apparatus,

when the voltage detected by the voltage detecting unit is

equal to or greater than the second threshold and is less
than the fifth threshold, the controlling unit decrease a
value of a maximum input/output of the power supply
apparatus,

when the voltage detected by the voltage detecting unit is

equal to or less than a sixth threshold that is less than
the third threshold and that is greater than the fourth
threshold, and is equal to or greater than the fourth
threshold, the controlling unit controls operations of
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each of the switches so as to separate all of the battery
modules from the power supply apparatus, and
when the voltage detected by the voltage detecting unit is
equal to or less than the third threshold and is greater
than the sixth threshold, the controlling unit decrease a
value of a maximum input/output of the power supply
apparatus.
6. A protection method for protecting a power supply
apparatus that includes a plurality of battery modules that
each include a battery and a switch, by separating, from the
power supply apparatus, a battery module in which an
abnormality has occurred from among the plurality of bat-
tery modules, the protection method comprising:
by using a controlling unit that controls operations of the
switches, and when a voltage detected by a voltage
detecting unit is equal to or greater than a first thresh-
old, determining that a voltage detection line between
a focused-on battery and the voltage detecting unit has
been broken;
by using the controlling unit, and when the voltage
detected by the voltage detecting unit is less than the
first threshold and is equal to or greater than a second
threshold that is less than the first threshold, determin-
ing that the focused-on battery has been overcharged,

by using the controlling unit, and when the voltage
detected by the voltage detecting unit is equal to or less
than a third threshold that is less than the second
threshold, and is equal to or greater than a fourth
threshold that is less than the third threshold, determin-
ing that the focused-on battery has been overdis-
charged;

by using the controlling unit, and when the voltage

detected by the voltage detecting unit is less than the
fourth threshold, determining that a voltage detection
line between the focused-on battery and the voltage
detecting unit has been broken;
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by using the controlling unit, and when the controlling
unit has determined that the voltage detection line
between the focused-on battery and the voltage detect-
ing unit has been broken, controlling operations of each
of the switches so as to separate a battery module that
includes the voltage detection line from the power
supply apparatus;

by using the controlling unit, and when the controlling
unit has determined that the focused-on battery has
been overcharged or overdischarged, limiting power
input to, or output from, every battery module,

by using the controlling unit, when the voltage detected
by the voltage detecting unit is equal to or greater than
a fifth threshold that is less than the first threshold and
that is greater than the second threshold, and is less than
the first threshold, controlling operations of each of the
switches so as to separate all of the battery modules
from the power supply apparatus,

by using the controlling unit, when the voltage detected
by the voltage detecting unit is equal to or greater than
the second threshold and is less than the fifth threshold,
decreasing a value of a maximum input/output of the
power supply apparatus,

by using the controlling unit, when the voltage detected
by the voltage detecting unit is equal to or less than a
sixth threshold that is less than the third threshold and
that is greater than the fourth threshold, and is equal to
or greater than the fourth threshold, controlling opera-
tions of each of the switches so as to separate all of the
battery modules from the power supply apparatus, and

by using the controlling unit, when the voltage detected
by the voltage detecting unit is equal to or less than the
third threshold and is greater than the sixth threshold,
decreasing a value of a maximum input/output of the
power supply apparatus.
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