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(54) Title: VEHICULAR POWER SUPPLY APPARATUS

FIG. 2

(57) Abstract: A vehicular power supply apparatus in-
cludes: a first port (PI) to which an electric load (20) is
connected; a second port (P2) to which a first storage ap-
paratus (21) is connected; a third port (P3) to which a
second storage apparatus (22) is connected; a fourth port
(P4) to which a power generation apparatus (23) is con-
nected; a first switch (5) disposed between the first and
second ports; a second switch (6) disposed between the
second and fourth ports; a third switch (7) disposed
between the first and third ports; a fourth switch (8) dis-
posed between the third and fourth ports; and a condition
switching unit (11) configured to switch between a first
condition in which the first and fourth switches are con-
ductive, the second and third switches are cut off, and a
second condition in which the first sand fourth switches
are cut off, the second and the switches are conductive.
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VEHICULAR POWER SUPPLY APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a vehicular power supply apparatus that is

connected to an electric load, a power generation apparatus, and a storage apparatus.

2. Description of Related Art

| [0002] A conventional vehicular double power supply system includes a high
voltage power supply and a low voltage power supply (see Japanese Patent Application
Publication No. 2007-307931 (JP 2007-307931 A), for example).

v t0003] In this vehicular double power supply system, a power generator serving
as the low voltage power supply, which generates power ﬁsing a rotation oﬁtput of an
engine, and a battery serving as the high voltage power supply, which supplies a higher
voltage than the low voltage system power supply, are connected via a direct
curreﬁt-to—direct current (DC-DC) converter.

[0004]  Since the vehicular double power supply system described in JP

2007-307931 A uses a DC-DC converter, however, a manufacturing cost thereof is high.

SUMMARY OF THE INVENTION

[0005]  The invention provides a vehicular power supply apparatus having a
reduced manufacturing cost.

[0006] A vehicular power supply apparatus according to one aspect of the
invention includes: a first port to which an electric load is connected; a second port to

which a first storage apparatus is connected; a third port to which a second storage

CONFIRMATION COPY
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apparatus is connected; a fourth port to which a power generation apparatus is connected; a
first switch disposed between the first port and the second port; a second switch disposed
between the second port and the fourth port; a third switch disposed between the first port
and the third port; a fourth switch disposed between the third port and the fourth port; and’
a condition switching unitlconﬁgured to switch between a first condition in which the first
switch is conductive, the second switch is cut off, the third switch is cut off, and the fourth
switch is conductive, and a sécond condition in which the first switch is cut off, the second
switch is conductive, the third switch is éonductive, and-the fourth switch is cut off.

[0007]  According to the configuration described aBo’ve,' a vehicular power supply

apparatus having a reduced manufacturing cost can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] - Features, advantages, and technical and industrial significance of
exemiolary embodiments .of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a functional block diagram showing an example of a conﬁéuration of a
multiport power supply apparatus according to a first embodiment of the invention;

FIG. 2 is a schematic circuit diagram of a power supply system including the
multiport power supply apparatﬁs shown in FIG. 1; |

FIG. 3 is a flowchart showing a flow of first condition switching proéessing;

FIG. 4 is a graph showing transitions of voltages in input/output ports of the multiport
power supply apparatus shown in FIG. 1; - |

FIG. 5 is a functional block diagram showing an example of a configuration of a
multiport power supply apparatus according to a second embodiment of the invention;

FIG. 6 is a schematic circuit diagram of a power supply system including the
multiport power supply apparatus shown in FIG. 5;

FIG. 7 is a flowchart showing a flow of second condition switching processing;
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FIGS. 8A and 8B are graphs showing transitions of voltages in input/output ports of
the multiport power supply apparatus shown in FIG. 5;

FIG. 9 is a functional block diagram showihg an example of a configuration of a
multiport ﬁower supply apparatus according to a third embodiment of the invention;

FIG. 10 is a flowchart showing a flow of storage apparatus abnormality detection
processing; | ’

FIG. 11 is a functional block diagram ghowing an example of a configuration of a
multiport power supply apparatus according to a fourth embodiment of the invention; and

FIG. 12 is a flowchart showing a flow of switch abnofmality detection processing.y

DETAILED DESCRIPTION OF EMBODIMENTS

[0009] Embodiments of the invention will be described below with reference to
the drawings.

[0010] FIG 1 is a functional block diagram showing an example of a
configuration of a multiport power supply apparatus 100 serving as a vehicular power
supply apparatus according to a first embodiment of the invention. Further, FIG. 2 is a
schematic circuit diagram showing an example. of a configuration of a power supply
system including the multiport power supply apparatus 100 shown in FIG. 1.

[0011] .The multiport power supply apparatus\ 100 is an in-vehicle apparatus
installed in a vehicle that uses an engine, an electric motor, and so on as a drive source.
In this embodiment, the multiport power supply apparatus 100 includes, as main
cohstituent elements, a control device 1, a first switch 5, a second switch 6, a third switch 7,
and a fourth switch 8. The multiport power supply apparatus 100 also includes four
input/output ports P1, P2, P3, and P4. In this embodiment, an electric load 20 is
connécted to the input/output port P1, a first storage apparatus 21 is connected to the

input/output port P2, a second storage apparatus 22 is connected to the input/output port P3,

-and a power generation apparatus 23 and a startup apparatus 24 are connected to the
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[0012])  The electric load 20 is an electric load configured to be operated using
power supplied by the first storage apparatus 21 or the second storage apparatus 22. In
this embodiment, the electric load 20 is an electric load configured to be operated using
power from a 12 V system, and includes various electronic control units (ECUs).

[0013] The first storage apparatus 21 ‘and the second storage apparatus 22 are
in-vehicle apparatuses configured to be charged and discharged. In this embodiment, the
first storage apparatus 21 and the second storage apparatus 22 function as auxiliary
batteries of the 12 V system cohﬁgured to be charged with power generated by the powér
generation apparatus 23 and supply power to the electfic load 20 and the startup apparatus
24. Further, respective capacities qf the first storage apparatus 21 and the second storage
apparatus 22 may be set at half the capacity of a normal auxiliary battery. The reason for
this is that an approximately identical capacity to that of a normal auxiliary battery can be
provided by a sum of the respe_ctive capacities of the first storage apparatus 21 and the
second storage apparatus 22.

[0014] | The power generation apparatus 23 is driven by the drive source, such as
the engine or the electric motor. In this embodiment, the power generation apparatus 23
is an alternator driven by the engine, and outputs the power of the 12 V system.

[0015]  The startup apparatus 24 starts the drive source of the vehicle. In this
émbodiment, the startup apparatus 24 is a starter motor that starts the engine. |

[0016]  The control device 1 controls an operation of the multiport power supply
apparatus 100. In this embodiment, the control device 1 is a computer including a central
processing unit (CPU),_a random access memory (RAM), a read only memory (ROM), an
input/output interface, and so'on. The control device 1 reads programs corresponding to
various functional elements such as a charge-discharge gondition determination unit 10 and
a condition switching unit 11 from the ROM or the RAM, and causes the CPU to execute

processing corresponding to the various functional elements. More specifically, the

- control device 1 (condition switching unit 11) executes calculations corresponding to the

various functional elements after receiving outputs from a first voltage sensor 2, a second
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voltage sensor 3, and so on, and controls the first switch 5, the second switch 6, the third

switch. 7, the fourth switch 8, and the like on the basis of results of the calculations.
[0017] The first switch 5, second switch 6, third switch 7, and fourth switch 8 are

devices for switching an electric circuit between a conductive condition and a cutoff

condition. In this embodiment, the first switch 5, second switch 6, third switch 7, and

fourth switch 8 are constituted by contact relays or contactless relays cohﬁgured to be
switched between a conductive pondition and a cutoff cpndition.

[0018]  The first switch 5 is disposed on a power line connecting the input/output
port P1 to the input/output port P2. The second switch 6 is disposed on a pow_er line
connecting the input/output port P2 to the input/output port P4. The third switch 7 is

disposed on a power line connecting the input/output port P1 to the input/output port P3.

‘The fourth switch 8 is disposed on a power line connecting the input/output port P3 to the

input/output port P4.
[0019]  The first voltage sensor 2 and the second voltage sensor 3 detect voltages
required to operate the multi-power power supply unit 100. In this embodiment, the first

voltage sensor 2 is attached in order to detect a voltage of the input/output port P2, or in

~ other words a voltage of the first storage apparatus 21.. The first voltage sensor 2 detects

the voltage of the input/output port P2 repeatedly at predetermined period intervals, and
outputs a detectéd voltage value to the control device 1. The second voltage sensor 3 is
attached in order to detect a voltage of the input/output port P3, or in other words a voltage
of the second storage apparatus 22. The second voltage sensor 3 detects the voltage of '
the input/output pbrt P3 repeatedly at predetermined period intervals, and outputs a.
detected voltage value to the control device 1.

[0020] The char'ge-discharge condition determination unit 10 determines a
charge-discharge condition of the first storage apparatus 21 and the second storage
apparatus 22. In this embodiment, the charge-discharge condition determination unit 10
obtains the voltage value of the input/output port P2 output by the first voltage sensor 2
and the voltage value of the input/output port P3 output by the second voltage sensor 3.

The charge-discharge condition determination unit 10 then determines, on the basis of the
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obtained voltage values, whether or not the charge-discharge condition of the first storage
apparatus 21 and the second storage apparatus 22 corresponds to a predetermined condition.
More specifically, when the respective obtained voltage values are within a range
extending from a second predetermined value B (12 V, for example) to a first
_predetermined value a (13 V, for example), the charge-discharge condition determination -
unit 10 determines that the storage apparathses are in a charge-vdischarge switch
unnecessary condition. The charge-discharge switch unnecessary condition is a conditioﬁ
in which there is no need to discharge the storage apparatus currently being charged or no
need to charge the storage apparatus currently being discharged. Alternatively, when the
voltage of the storage apparatus currently being charged, from among the first storage
apparatus 21 and the second storage apparatus 22, is equal to or smaller than the first
predetermined value o, the charge-discharge condition determination unit 10 may
determine that the storage apparatus currently being éharged-is in fhe charge-discharge
switch unnecessary condition without comparing the voltage to the second predetermined
value 3. Further, when the voltage of the storage apparatus currently ..being discharged,
from among the first storage apparatus 21. and the second storage apparatus 22, is equal to

or larger than the second predetermined value PB, the charge-discharge condition

- determination unit 10 may determine that the storage apparatus currently being discharged

is in the charge-discharge switch unnecessary condition without comparing the voltage to

the first predetermined value o. In this case, the charge-discharge condition

“determination unit 10 determines which of the first storage apparatus 21 and the second

storage apparatus 22 is beihg charged and which is being discharged on the basis of the
conductive/cutoff conditions of the first to fourth switches 5 to 8, for example. Note that
when the voltage of the storage apparatus being charged exceeds the first predetermined
value o, the charge-discharge condition determination unit 10 determines that the storage
apparatus being charged is in a condition of requiring discharging (to be referred to as a
“discharge necessary condition” hereafter). Further, when the voltage of the storage
apparatus being discharged is smaller than the second predetermined value P, the

charge-discharge condition determination unit 10 determines that the storage appafatus
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being discharged is in a condition of requiring charging (to be referred to as a “charging
necessary condition” hereafter). | |

[0021] Thé condition switching unit 11 switches an operating condition of the
multiport power supply apparatus 100. In this embodiment, the condition switching unit
11 switches the operating condition of the multiport power supply apparatus 100 on the
basis of a determination result from the charge-discharge condition determination unit 10. |

[0022]  Specifically, the condition switching unit 11 switches the operating

condition of the multiport power supply apparatus 100 when the charge-discharge

condition determination unit 10 determines that at least one of the first storage apparatus

21 and the second storage apparatus 22 is not in the charge-discharge switch unnecessary

~ condition. More specifically, the condition switching unit 11 switches the switches in the

conductive condition, from among the first to fourth switches 5 to 8, to the cutoff condition
and switches the switches in the cutoff condition to the conductive condition.

[0023]  For example, a case in which the first switch 5 and fourth switch 8 are in
the conductive condition and the second switch 6 and third switch 7 are in the cutoff
condition may be envisaged. Iﬁ this case, the first storage apparatus 21 is currently being
discharged, or i.n other words the first storage apparatus 21 is supplying power to the
eleétric load 20,’while the second storage apparatus 22 is currently being charged, or in
other words the power generation apparafus '23 is supplying power to the second storage
éppa.ratus 22. |

[0024]  In this case, the condition switching unit 11 determines that the second
storage appafatus 22 currently being charged is in the discharge necessary condition when
the voltage of the second storage apparatus 22 exceeds the first predetermined value o.
Accordingly, the cbndition switching unit 11 switches the first and fourth switches 5, '8 to
the cutoff condition and switches the second and third switches 6, 7 to the conductive
condition. As a result, charging of the second storage appafatus 22 is stopped and
discharging of the second storage apparatus 22 is started. Further, discharging of the first
storage apparatﬁs 21 is stopped and charging of the first storage apparatus 21 is started.

Furthermore, the condition switching unit 11 determines that the first storage apparatus 21
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currently being discharged is in the charging necessary condition when the voltage of the
first storage apparatus 21 is émaller than the second predetermined vaiue B. Accordingly,
the condition switching unit 11 switches the first and fourth switchesAS, 8 to the cutoff
condition and switches the second and third switchés 6, 7 to the conductive condition. As
a result, discharging of the first storage apparatus 21 is stopped and charging of the first
storage apparatus 21 is started. Further, charging of the second storage apparatus 22 is

stopped and discharging of the second storage apparatus 22 is started. Note that in all

cases, a switch between power supply to the electric load 20 from the first storage

apparatus 21 and power supply to the electric load 20 from the second storage apparatus 22
is performed instantaneously, and therefore the electric load 20 can receive a continuous
power supply.

[0025]' Similarly, a case in which the first switch 5 and‘fourth switch 8 are in the

“cutoff condition and the second switch 6 and third switch 7 are in the conductive condition
may be envisaged. In this case, the second storage apparatus 22 is currently being
discharged, or in other words the second storage apparatus 22 is supplying power to the
electric load 20, while the first storage apparatus 21 is currently being charged, or in other
words the power generation apparatus 23 is sup_plyirig power to the first storage apparatus
21.

[0026]  In this case, the condition switching unit 11 determines that the first
storage apparatus 21 currehtly being charged is in the discharge necessary condition when
the voltage of the first storage apparatus 21 exceeds the first predetermined value o
Accordingly, the condition switching unit 11 switches the first and fourth switches 3, 8 to
the conductive éondition and switches the second and third switches 6, 7 to the cutoff
condition. Asv a result, charging of the first storage apparatus 21 is stopped and
discharging of the first storage apparatus 21 is started. Further, discharging of the second-
storage apparatus 22 is stopped and charging of the second storage apparatus 22 is started.
Furthermore, the condition switching unit 11 determines that the second storage apparatus
22 currently being discharged is in the charging necessary condition when the Voltagé of

the second storage apparatus 22 is smaller than the second predetermined value B.
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Accordingly, the condition switching unit 11 switches the first and fourth switches 5, 8 to

the conductive condition and switches the second and third switches 6, 7 to the cutoff

~ condition. As a result, discharging of the second storage apparatus 22 is stopped and

charging of the second storage apparatus 22 is started. Further, charging of the first

storage apparatus 21 is stopped and discharging of the first storage apparatus 21 is started.

Note that in all cases, the switch between power supply to the electric load 20 from the

second storage apparatus 22 and power supply to the electric load 20 from the first storage
apparatus 21 is performed instantaneously, and therefore the electric load 20 can receive a
continuous power supply.

[0027] . Here, referring to FIG. 3, processing (to be referred to hereafter as “first

- condition switching processing”) performed by the first condition switching unit 11 to

switch the operating condition of the multiport power supply apparatus 100 will be
described. FIG. 3 is a flowchart showing a -flow of the first condition switching
processing. The control device 1 executes the first condition switching processing
repeatedly at predetermined period intervals.

[0028] First, the control device 1 starts charging the charged storage apparatus,
which is connected such that the power generated by the power generation apparatus 23 is
charged thereto, starts discharging the discharged storage apparatus, which is connected so
as to supply power to the electric load 20, and starts measuring time using a counter (step
S1). Assuming in this case that the charged storage apparatus is the first storage
apparatus 21 and the discharged storage apparatus is the second storage appafatus 22, the
first and.fourth switches 5, 8 are in the cutoff condition and the second and third switches 6,
7 are in the conductive condition. When, on the other hand, the charged storage apparatus
is the second storage apparatlis 22 and the discharged storage apparatus is the first storage
apparatus 21, the first and fourth switches 5, 8 are in the conductive condition and the
second and third switches 6, 7 are in the cutoff condition. |

[0029]  Next, the control device 1 determines whether or not a predetermined time
has elapsed (step S2). When it is determined that the predetermined time has not elapsed

(NO 1n step S2), the control device 1 continues to measure time using the counter until the
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predetermined time elapses.

[0030] When it is determined that the predetermined time has elapsed (YES in
step S2), tﬁe control device 1 resets the counter (step S3) and interrupts charging of the
charged storage apparatus: .(step S4). In so doing, the voltage of the charged storage
apparatus can be detected more accurately. More specifically, when the charged storage
apparatus is fhe first storage apparatus 21, the control device 1 interrupts charging of the
first storage apparatus 21 by switching the second switch 6 to the cutoff condition. In so
doing, the first voltage sensor 2 can detect the voltage of the first storage apparatus 21
more accurately. When, on the other hand, the charged storage apparatus is the second
storage apparatus 22, the control deviée 1 interrupts charging of the second storage
apparatus 22 by switching the fourth switch 8 to the cutoff condition. In so doing, the
second voltage sensor 3 can detect the voltage of the second storage apparatus 22 more
accurately.

[0031]  Next, the charge-discharge condition determination unit 10 of the control
device 1 determines whether or not the voltage of the charged storage apparafus exceeds
the first predetermined valﬁe o or the voltage of the discharged storage apparatus is smaller
than the second predetermined value B (step S5). In other words, the charge-discﬁarge
condition determination unit 10 determines whether or not the charged storage apparatus is
in the discharge necessary condition or the dischafged storage apparatus is in the charging
necessary condition. | o

[0032] When it is determined that the voltage of the charged storage apparatus is
équal to or smaller than the first predetermined value a and the voltage of the discharged
storage apparatus is equal to or larger than the second predetermined value B (NO in step
S5), the control device 1 restarts charging of the charged storage apparatus (step S6).
More specifically, when the charged storage apparatus is the first storage apparatus 21, the
control device 1 restarts charging of the first stérage apparatus 21 by returning the second
switch 6 to the conductive condition. When, on the other hand, the charged storage
apparatus is thé second storage apparatus 22, the control device 1 restarts charging of the

second storage apparatus 22 by returning the fourth switch 8 to thé conductive condition.
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The control device 1 then executes the processing of step S2 onward.

[0033]  When it is determined that the voltage of the charged storage apparatus
exceeds the first predetermined value o or the voltage of the discharged storage apparatus
is smaller than the second predetermined value B (YES in step S5), on thei other hand, the
conditien switching unit 11 of the control device 1 switches the switches in the conductive
condition, from among the first to fourth switches 5 to 8, to the cutoff condition and
switches the switches in the cutoff condition to the conductive condition (step S7). More
specifically, when the charged storage apparatus is the first storage apparatus 21, the
condition switching unit 11 switches the first and fourth switches 5, 8 to the conductive
condition and switches the second and third ewitches 6, 7 to the cutoff condition..
Aiternatively, when the charged storage apparatus is the second storage apparatus 22, the
condition switching unit 11 switches the first and fourth switches 5, 8 to the cutoff
condition and switches the second and third sWitches 6, 7 to the conductive eendition As
a result the storage apparatus serving as the charged storage apparatus is sw1tched to
become the discharged storage apparatus, while the storage apparatus serving as the
discharged storage apparatus is switched to become the charged storage apparatus.
Thereafter, the control device 1 terminates the current first condition switching processing.

[0034]  Next, referring to FIG. 4, a transitioﬁ of the veltage in the input/output port
P1, or in other words a voltage applied to the electric load 20, during the first condition
switching processing: will be described. FIG. 4 is a graph showing transitions of the
voltages in the input/output ports P1, P2, and P3, in which time is disposed on the abscissa
and the voltage is disposed on the ordinate. Further, in FIG. 4, a transition indicated by a
solid black line represents the transition of the voltage in the input/output port P1, a
transition indicated by a dotted white line represents the transition of the voltage in the
input/output port P2, and a transition indicated by a dot-dash white line represents the
transition of the voltage in the input/output port P3. Furthermore, a point SP1 indicates a
switch point at “which the voltage in the .input/output port P1 exceeds the first
predeterminedj value o and the first storage apparatus 21 serving as the charged storage

apparatus enters the discharge necessary condition. A point SP2 indicates a switch point
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at which the voltage in the input/output port P3 exceeds the first predetermined value o
and the second storage apparatus 22 serving as the charged storage apparatus enters the
discharge necessary condition. A point SP3 indicates a switch point at which the voltage
in the input/output port P3 falls below the second predetermined value B and the second
storage apparatus 22 serving as the discharged ’stdrage apparatus enters the charging
necessary condition.

[0635] As shown in FIG. 4, when the charged storage apparatus enters the
dlscharge necessary condition or the dlscharged storage apparatus enters the chargmg'
necessary condition, the multiport power supply apparatus 100 performs a switch such that
the charged storage apparatus becomes the discharged storage apparatus and the discharged
storage apparatus becomes the charged storage apparatus. More specifically, the
multiport power supply apparatus 100 switches the conductive/cutoff condition of the
combination of the first and fourth switéhes 5, 8 and the conductive/cutoff condition of the
combination of the second and third switches 6, 7. In so doing, the multiport power
supply apparatus 100 can maintain the voltage in the input/output port P1 at a voltage _
within the range extending from the second predetermined value [ to the first
predetermined value a. |

[0036] In the multiport power supply apparatus'IOO configured as described
above, a charging circuit on which the power generation apparatus 23 charges the first
storage apparatus 21 or the second storage apparatus 22 can be electrically separated from
‘a power supply circuit on which the second storage apparatus 22 or the first storage
apparatus 21 supplies power to the electric load 20 at low cost and withoﬁt the use of a

DC-DC converter. With the multiport power supply apparatus 100, therefore, an effect of

~ acharging voltage on the electric load 20 can be suppressed. More specifically, when the

electric load 20 includes a lamp, for example, flickering of the lamp due to voltage
variation can be suppressed. |

[0037]  Further, in the multiport power supply apparatus 100, the charging circuit

and the power supply circuit are electrically separated from each other, and therefore the

first storage apparatus 21 and the second storage apparatus 22 can be charged to
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- respectively desired voltages. Hence, with the multiport power supply apparatus 100, an

increase in the lifespan of the first storage apparatus 21 and the second storage apparatus
22 can be realized. Furthermore, with the multiport power supply apparatus 100, a range
of a generated voltage (the charging voltage) that can be used during charging contfol for
charging the first storage apparatus 21 or the second storage apparatus 22 can be enlarged
while regulating an engine load by varylng the generated voltage in accordance with a
condition of the vehicle. .

[0038]  Moreover, in the multiport power s‘upjaly apparatus 100, a circuit on which
the first storage apparatus 21 or the second storage apparatus 22 supplies power to the
startup ‘app.aratus 24 is electrically separated from the circuif on which the second storage
apparatus 22 or the first storage' apparatus 21 supplies power to the electric load 20, and
therefore an effect on the electric load 20 of a dip in the voltage during cranking by the
startup apparatus 24 can be suppressed. Hence, the multiport power sﬁpply apparatus 100
can also be installed in a vehicle héving an idling stop function, with which startup is
performed frequently. ,

[0039]  Furthermore, in fhe multiport power supply apparatus 100, since the
circuit on which the first storage apparatus 21 or the second storage apparatus 22 supplies
power to the startup apparatus 24 is electrically separated from the circuit on which the
second storage apparatus 22 or the first storage apparatus 21 supplies powef to the electric
load 20, a flat battery caused by a dark current applied to the electric load 20 can be
prevented. Moreover, with the' multiport power supply apparatus -100, a situation in
which startup cannot be performed by the startup apparatus 24 due to the flat battery can be
prevented.

[0040] . Next, referring to FIGS. 5 to 8, a multiport power supply apparatus 100A
according to a second embodiment of the invention will be described. FIG. 5 is a
functional block diagram showing an example of a configuration of the multiport power
supply apparatus 100A, and FIG. 6 is a schematic circuit diagram showing an example of a
configuration of a power supply system including the multiport power supply apparatus

100A shown in FIG. 5.
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[0041]  The multiport power supply apparatus 100A is an in-vehicle apparatus
installed in a vehicle that uses an engine, an electric motor, and so on as a drive source.
In this embodiment, the multiport power supply apparatus 100A includes, as main
constituent elements, a control device 1A, a first switch 5A, a second switch 6A, a third
switch 7A, and a féurth switch 8A.

B [0042)  The four input/output ports P1 to P4, the first voltage sensor 2, the second
voltage sensor 3, the charge-discharge condition determination unit 10, the electric load 20,
the first storage apparatus 21, the second storage apparatus 22, the power generation
apparatus 23, and the startup apparatus 24 are configured identically to their counterparts
in the multiport power supply apparatus 100, and therefore description thereof has been
omitted. |

[0043]  The control device 1A controls an operation of the multiport power supply
apparatus 100A. In this embodiment, the control device 1A is a computer including a
CPU, a RAM, a ROM, an input/éutput interface, and so on. The control device lA reads
programs corresponding to various functional elements such as thé charge-discharge
condition determination unit 10 and a condition switching unit 11A from the ROM or the

RAM; and causes the CPU to execute processing corresponding to the various functional

- elements. More specifically, the control device 1A (condition switching unit 11A)

executes calculations .corresponding to the various functional elements after receiving
outputs from the first voltage sensor 2, the second voltage sénsor‘3, a third voltage sensor 4,
and so on, and controls the first switch 5A, the second switch 6A, the third' switch 7A, the
fdurth switch 8 A, and the like on the basis of results of the calculations.

[0044] The first to fourth switches 5A to 8A switch the electric circuits between
the conductive condition and the cutoff condition. Specifically, the first to fourth
switches 5A to 8A are constituted by switching elements configured to be switched
between the conductive condition and the cutoff condition. In addition, a current that
flows through the switch element, which constitutes each of the first to fourth switches 5A
to 8A, in the conductive condition is controllable (variable). More specifically, the first to

fourth switches 5A to 8A include, for example, a thyristor, a bipolar transistor, an insulated
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gate bipolar transistor (IGBT), a field-effect transistor (FET), and so on. Further, either a
depression type switching element or an enhancement type switching element may be used.
In this embodiment, a depression type metal-oxide semiconductor field-effect transistor
(MOSFET) is used as the first to fourth switches 5A to 8A. Note that each of the second
switch 6A and the fourth sWitch 8A may be constituted by a relay configured such that a .
current that flows through the relay in the conductive condition is not controllable.

[0045] The MOSFET serving as the ﬁrst switchb 5A uses the voltage of ‘the
input/output port P1 as a gate drive power supply. The MOSFET serving as the second
switch 6A uses the voltage of the input/output port P2 as a gafe drive power supply. The
MOSFET serving as the third switch 7A uses the voltage of the input/output port P1 as a
gate drive power supply. The MOSFET serving as the fourth switch 8A uses the voltage
of the input/output port P3 as a gate drive power sﬁpply. bF‘urther, values of respective
-gate voltages of the first to fourth switches 5A to 8A are controlled from 0 V to a voltage

value of the gate drive power supply by the control device 1A serving as a gate control

“circuit. In this embodiment, depression type MOSFETSI are used, and therefore a

conduction current (a drain current) increases as the value of the gate voltage decreases.

[0046]  The third voltage sensor 4, similarly to the first Voitage sensor 2 and the -
second voltage sensor 3, detects a voltage requiréd to operate the multiport pbwer supplyv
apparatus 100A. In this embodiment, the third voltage sensor 4 is attached in order to
deteét a voltage of the input/output port P1.  The third voltage sensor 4 detects the voltage
of the input/output port P1 repeatedly at predetermined period intervals, and outputs a
detected voltage value to the control device 1A. |

[0047)  The condition switching unit 11A switches the operating condition of the
multiport power supply apparatus 100A. In this embodiment, the condition switching
‘unit 11A switches the operating condition of the multiport power supply apparatus 100A on
the basis of the determination result from the charge-discharge condition determination
unit 10.

[0048]  Specifically, the condition switching unit 11A switches the operating

condition of the multiport power supply apparatus 100A when the charge-discharge
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condition determination unit 10 determines that at least one of the first storage apparatus
21 and the second storage apparatus 22 is not in the charge-discharge switch unnecessary
condition. = More specifically, the condifion switching unit 11A switches the
charging-related switch that is in the conductive condition, from among the first to fourth
switches 5A to 8A, to the cutoff condition. Further, the condition switching unit 11A
switches the discharge-related switch that is in the cutoff condition, from among the first to

fourth switches SA to 8A, gradually to the conductive condition, and when the switch

reaches a predetermined conductive condition, switches the discharge-related switch in the

conductive condition to the cutoff condition and switches the charging-related switch in the
cutoff condition to the conductive condition.

[0049] - For example, a case in which the first switch 5A and the fourth switch 8A |
are in the conductive condition while the second switch 6A and the third switch 7A are in
the cutoff condition may be envisaged. In this case, the first storage apparatus 21 is
currently beihg discharged, or in other words the first storage apparatus 21 is supplying
power to the electric load 20, and the second storage apparatus 22 is currently being
charged, or in other words the power generation apparatus 23 is supplying'power to the
second storage apparatus'22.

[0050] In this case, when the voltage of the second storage ‘apparatus 22 being
charged exceeds the first predetermined value o, the condition switching unit 11A
determines that the second storage apparatus 22 is in the discharge necessary condition.
Accordingly, the condition switching unit 11A switches the fourth switch 8A to the cutoff
condition while keeping the first switch 5A in the conductive condition. The condition
switching unit 11A then gradually reduces the gate voltage of the third switch 7A, which is
set at the voltage value of the input/outpﬁt port P1, to 0 V in increments of a predetermined
value AV such that the drain current of the third switch 7A gradually increases. As a
result, charging of the second storage apparatus 22 is stopped and discharging thereof is
started. Then, when the voltage in the input/output port P1 starts to increase due to the
increase in the drain current of the third switch 7A, the condition switching unit 11A

switches the first switch 5A to the cutoff condition and switches the second switch 6A to
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the conductive condition. As a result, discharging of the first storage apparatus 21 is
stopped and charging thereof is started. Note that the increase in the voltage of the
input/output port P1 is detected by the third voltage sensor 4.

[0051]  Further, when the voltage of the first storage aliparatus 21 being
discharged falls below the second predetermined value §, the condition switching unit 11A
determines that the first storage apparatus 21 is in the charging necessary condition.
Accordingly, the condition switching unit 11A executes identical processing to that of the
case described above, in which the second stbrage apparatus 22 is determined to be in the
discharge necessary pondiﬁon. As a result, discharging bf the first storage apparatus 21 is
stopped and charging thereof is started. Further, charging ‘of the second storage apparatus
22 is stopped and discharging thereof is started. . . ' | |

[0052]  Note that in all cases, the switch between power supply t(i the electric load
20 from the first storage apparatus 21 and power supply to the electric load 20 from the
second storage apparatus 22 is performed in a short overlap period, and therefore the
electric load 20 can receive a continuous power supply.

[0053]  Here, referring to FIG. 7, processing (to be referred to hereafter as “second
condition switching processing”™) performed by the first condition switching unit 11A to
switch the operating condition of the multiport power supply apparatus 100A will be
described. FIG. 7 is a flowchart showing a flow of the second condition switching
processing. The control device 1A executes the second condition switching processing
repeatedly at predetermined period intervals. -Steps S11 to S16 in FIG. 7 are identical' to
steps S1 to S6 in FIG. 3.  Therefore, description of steps S11 to S16 has been omitted, and -
detailed description is provided from step S17 onward.

[0054] In step S17, or in other words when it is determined that the charged
storage apparatus is in the discharge necessary condition or the discharged storage
apparatus is in the charging necessary condition,‘the condition switching unit 11A of the
control device 1A stops charging of the charged storage apparatus. More specifically,
when the charged storage apparatus is the first storage apparatus 21, the condition

switching unit 11A stops charging of the first storage apparatus 21 by switching the second
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switch 6A to the cutoff condition. As a result, voltage variation in the power generation
apparatus 23 is prevented from affecting the electric load 20 via the second switch 6A and
the first switch 5A. Note that in this case, the fourth switch 8A is in the cutoff condition.

[0055]  Alternatively, when the charged storage apparatus is the second sforage
apparatus 22, the condition switching unit 11A stops charging of the second storage
apparatus 22 by switching the fourth switch 8A to the cutoff condition. As a result,
voltage variation in the power generaﬁon apparatus 23 is prevented from affecting the

electric load 20 via the fourth switch 8A and the third switch 7A. Note that in this case,

_the second switch 6A is in the cutoff condition.

[0056]  Next, the control device 1A reduces the gate voltage of the discharge side
switch in the cutoff condition (the first switch SA or the third switch 7A) by ‘the
predetermined value AV (steb S18). More specifically, when the charged storage
apparatus is the first storage apparatus 21, the control device 1A reduces the gate voltage of
the first switch SA, the discharge side switch in the cutoff condition, by AV. As a result,
the drain current flowing through the first switch 5A is increased. Alternatively, when the
charged storage apparatus is the second storage apparatus 22, the control device 1A
reduces the gate voltage of the third switch 7A, -the discharge side switch in the cutoff
condition, by AV. As a result, the drain current flowing through the third switch 7A is
increased. |

[0057]  Next, the control device 1A determines whether or not the voltage in the
input/output port P1 has increased on the basis of the output of the third voltage sensor 4
(step S19). Having determined that the voltage in the input/output port P1 has not .
increased (NO in step S19), the control device 1A returns the processing to step S18 to

reduce the gate voltage of the discharge side switch in the cutoff condition further by AV.

" The control device 1A repeats the processing of steps S18 and S19 until the voltage in the

input/output port P1 is determined to have increased.
[0058]  Having determined that the voltage in the input/output port P1 has
increased (YES in step S19), the condition switching unit 11A switches the discharge side

switch in the conductive condition to the cutoff condition (step $20). More specifically,
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when the charged storage apparatus is the first storage apparatus 21, the condition
switching unit 11A switches the third switch 7A, the discharge side switch in the
conductive condition, to the cutoff condition. ~As a result, the second storage apparatus 22
serving as the discharged storage apparatus is disconnected from the electric load 20 so
that the second storage apparatus 22 can be charged. Altematively, when the charged
storage apparatus is the second storage apparatus 22, the céndition switching unit 11A
switches the first switch 5A, the discharge side switch in the conductive condition, to the
cutoff condition. As a result, the first storage apparatus 21 servihg as the discharged
storage apparatus is disconnected from the electric load 20 so that the first storage
apparatus 21 can be charged. |

[0059]  Next, the condition switching unit 11A starts charging of the storage

~apparatus that was initially the discharged storage apparatus (step S21). More specifically,

when the charged storage apparatus was initially the first storage apparatus 21, the
condition switchin;g unit 11A starts charging of the second storage apparatus 22 that Wés
initially the discharged storage apparatus by switching the fourth switch 8A to the
conductive condition. Alternatively, Whén the charged storage apparatus was initially the
second storage apparatus 22, the condition switching unit 11A starts charging of the first
storage apparatus 21 that was initially the discharged storage apparatus by switching the
second switch 6A to the conductive condition.

| [0060]  Next, the control device 1A determines whether or not the gate voltage of
the discharge side switch that was irﬁtially in the cutoff condition has reached a conduction
voltage (0 V, for example) on the basis of the output of the third voltage sensor 4 (step S22).
More specifically, when the charged storage apparatus was initially the first storage
apparatus 21, the condition switching unit 11A determines whether or not the gate voltage
of the first switch SA fhat was initially the discharge side switch in the cutoff condition has
reached the conduction voltage. Alternatively, when the charged storage apparatus was
initially the second storage apparatus 22, the condition switching unit 11A determines
whether or not the gate‘ voltage of the third switch 7A that was initially the discharge side

switch in the cutoff condition has reached the conduction voltage. Note that the
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conduction voltage is a gate voltage realized when the drain current is at a maximum.
[0061] Having determined that the gate voltage of | the discharge side switch
initially in the cutoff condition has not reached the conduction voltage (NO in step S22),
the control device 1A reduces the gate voltage of the discharge side switch initially in the
cutoff condition further by the predetermined value AV (step S23). The control device 1A

then repeats the processing of steps S22 and S23 until the gate voltage of the discharge side

switch initially in the cutoff condition reaches the conduction voltage.

[0062] Having determined that the gate voltage of the discharge side swit;:h
initially in the cutoff condition has reached the conduction voltage (YES in step S22), the
control device 1A terminates the current seéond condition switching proces'sing.

[0063]  Next, referring to FIGS. 8A and 8B, a transition of the voltage in the

inpﬁt/output port P1, or in other words the voltage applied to the electric load 20, during

' the second condition switching processing will be déscribed. FIGS. 8A and 8B are graphs

respectively showing transitions of the vbltages in the input/output ports P1, P2, and P3, in
which time is dispbsed on the abscissa and the voltage is disposed on the ordinate. FIG.
8A is an identical graph to FIG. 4, and shows the transitions of the voltages in the
input/output ports P1, P2, and P3 during the first condition switching processing for
comparison with FIG. 8B. Further, in FIGS. 8A and 8B, a transition indicated by a solid
black line represents the transition of the voltage in the input/output port P1, a transition
indicated by a dotted white line represents the transition of the voltage in the input/output.
port P2, and a transition indicated by a dot-dash white line represents the transition of the
voltage in the input/output port P3.  Furthermore, the point SP1 indicates the switch point
at which the voltage in the input/output port P1 exceeds the first predetermined value o
and the first storage apparatus 21 serving as the charged storage apparatus enters the
discharge necessary condition. The point SP2 indicates the switch point at which the
voltage in the input/output port P3 exceeds the first predetermined value o and the second
storage apparatus 22 serving as the charged storage apparatus enters the discharge
necessary condition. The point SP3 indicates the switch point at which the voltage in the

input/output port P3 falls below the second predetermined value p and the second storage



10

15

20

25

WO 2014/114977 PCT/IB2013/002878

21
apparatus 22 serving as the discharged storage apparatus enters the charging necessary
condition.

[0064] As shown in FIG. 8B, when the charged storage apparatus enters the
discharge necessary condition or the discharged storage apparatus enters the charging
necessafy condition, the multiport power supply apparatus 100A performs a switch such
that the charged storage apparatus becomes the discharged storage apparatus and the
discharged storage apparatus becomes the charged storage apparatus. More specifically,
the multiport power supply apparatus 100A ewitches the conductive/cutoff condition of the
combiﬁation of the first and fourth switches 5A, 8A and the conductive/cutoff condition of
the combination of the second and third switches 6A, 7A. As a result, the multiport
power supply apparatus 100A cen maintain the voltage in the input/output port P1 at a
voltage within the range extending from the second predetermined value B to the first
predetermined value o. »

[0065]  Further, as shown in FIG. 8B, voltage variation occurring in the
input/output port P1 during the switch performed by the multiport power supply apparatus
100A is gentler than the voltage variation caused by the multiport power supply apparatus
100 shown in FIG. 8A. The reason for this is that the current flowing to the electric load
20 from the storage apparatus that was initially the charged storage apparatus can be
increased gradually by the switching element configured such that the current that flows

through the switching element in the conductive condition is controllable. As a result, the

~ multiport power supply apparatus 100A is capable of suppressing rapid voltage variationin

the input/output port P1 during a charge-discharge switch.

[0066]  With the multiport power supply apparatus 100A thus configured, in
addition to the effects of the multiport power supply apparatus 100 described above, rapid
variation in the voltage applied to the electric load 20 during a charge-discharge switch can
be suppressed. Therefore, when the electric loed 20 includes a lamp, for example, the
multiport power supply apparatus 100A can suppress ﬂickefing of the lamp caused by
voltage variation during a charge-discharge switch even further.

[0067)  Moreover, the condition switching unit 11A gradually increases the drain
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current by gradually reducing the gate voltage of a depression type field-effect transistor
(MOSFET) in increments of the predetermined value AV. The invention is not limited
thereto, however, and instead, the condition switching unit 11A may gradually increase the
drain current by‘ gradually increasing the gate voltage of an enhancement type field-effect
transistor (MOSFET) in increments of the predetermined value AV.

[0068]  Furthermore, in the abbve embodiments, the multiport power supply
apparatus 100, 100A supplies power to the electric load 20 continuously by charging one
of the two storage apparatﬁses while dischérging“the other. The invention is not limited
thereto, however, and instead, the mﬁltiport 'powef supply apparatus 100, 100A may Supply
power to the electric load 20 continuously by charging one or a plurality of three or more
storage apparatuses while diécharging another storage apparatus.

[0069]  Next, referring to FIG. 9, a multiport power supply apparatus 100B
according to a third embodiment of the invention will be described. FIG. 9 is a functional
block diagram sﬁowing an example of a configuration of the multiport: power supply
apparatus 100B. _

[0070] The multiport’ power supply appératus 100B is an in-vehicle apparatus
installed in a vehicle that uses an engine, an electric motor, and so on as a drive source.
The multiport power supply apparatus 100B is conﬁgur¢d identically to the multiport
power supply apparatus 100 apart from configurations of an output apparatus 9 and a
storage apparatus abnormality detection unit 12, and therefore description of identical parts
has been omitted. Further, a power supply system including the multiport power supply
apparatus 100B shown in FIG. 9 is identical to the power supply system sho§vn in FIG. 2
except that a control device 1B and the power generation apparatus 23 are connected by a
signal 1iné, and therefore a schematic circuit diagram of the power supply system has been
omitted.

[0071]  The control device 1B controls an operation of the niultiport power supply
apparatus 100B. In this embodiment, the control device 1B is a computer including a
CPU, aRAM, a ROM, an input/output interface, énd so on. The control device 1B reads

programs corresponding to various functional elements such as the charge-discharge
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condition determination unit 10, the condition switching unit 11, and the storage apparatus
abnormality detection unit 12 from the ROM or the RAM, and causes the CPU to execute
processing corresponding to the various‘ functional elements. More specifically, the
control device 1B (i.e., the condition switching unit 11 and thé storage apparatus
abnormality detection unit 12) executes calculations corresponding to the various
functional elements after receiving outputs from the first voltage sensor 2, the second
voltage sensor 3, and so on, and controls the first switch 5, the second switch 6, the third
switch 7, the fourth switch 8, the output apparatu.s 9, and the like on the basis of results of
the calculations. | |

[0072]  The output apparatus 9 outputs yar_io'us information, and includés, for
example, an audio output apparatus such as an in-vehicle speaker or a buzzer, a display
apparatus such as an in-vehicle display or an LED lamp, and a vibration apparatus such as
a seat vibrator or a steering wheel vibrator. In this embodiment, the output apparatus 9 is
an in-vehicle display that displays various information in accordance with control signals
output by the control device 1B.

[0073]  The storage apparatus abnonnality detection unit 12 detects abnormalities
in the storage apparatuses connected to the multiport power supply apparafus 100B. In
this embodiment, the storage apparatus abnormality detection unit 12 detects abnormalities
in the first storage apparatus 21 and the second storage apparatus 22.

[0074}) Specifically, the storage apparatus abnormality detection unit 12 obtains
the voltage of a storage apparatus subjected to an abnormality detection when the
abnormality detection subject storage apparatus is disconnected from the power generation

apparatus 23, and detects an abnorrnalify in the storage apparatus on the basis of the

obtained voltage. Note that the storage apparatus abnormality detection unit 12 may

obtain the voltage of the abnormality detection subject storage apparatus after the storage
apparatus has been charged for a predefermined period. In so doing, an abnormality in
the storage apparatus can be detected more easily by determining that the voltage -of the
storage apparatus has not varied, or in other words that the storage apparatus has not been

charged, despite the attempt to charge the storage apparatus.
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10075]  More specifically, the storage apparatus abnormality detection unit 12
determines that an ébnormality has occurred in the abnormality detection subject storage
apparatus when the voltage of the storage apparatus is smaller than a third predetermined
value y. The third predetermined value y is equal to or smaller than the second
predetermined value  described above, but may be varied in accordance with the type of
the storage apparatus. |

[0076] After 'determining that an abnormality has occurred in the storage
apparatus, the storage apparatus‘ab'normality detection unit 12 switches the switches so that
another storage apparatus in which an abnormality has not been detected, the electric load
20, and the power generation apparatus 23 are electrically connected. In so doing, the
other storage apparatus in which an abnormality has not been detected can be charged
while ensuring that power can be supplied continuously to the electric load 20 from either
the other storage apparatus in which an abnormality has not been detected or the power
generation apparatus 23. Further, the storage apparatus abnormality detection unit 12
outputs a control signal to the power generation apparatus 23 to control the power
generation apparatus 23 such that the generated voltage of the poWer generation apparatus
23 remains within a predetermined range. For example, the predetermined range is a
range extending from the second predetermined value B (12 V, for example) to the first
predetermined Qalue o (13 V, for example). As a result, an excessively large voltage is
not applied to the electric load 20.

[0077]  Here, referring to FIG. 10, processing (to be referred to hereafter as
“storage apparatus abnormality detection processing”) performed by the storage apparatus
abnormality detection unit 12 to detect an abnormality in the storage apparatus will be
described. FIG. 10 is a flowchart showing a flow of the storage abparatus abnormality
detection processing. The control device 1B executes the storage apparatus abnormality
detection process repeatedly at predetermined period intervals. Note that the control
device 1B may execute the storage apparatus abnormality detection processing at a
predetermined timing such as after charging has been performed for a predetermined

period on the abnormality detection subject storage apparatus, for example.
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[0078]  First, the storage apparatus abnormality detection unit 12 of the control
device 1B electrically disconnects the ébnormality detection subject storage apparatus from
the power generation apparatus 23 (step S21).

[0079] © More specifically, when the abnormality detection subject storage ’
apparatus is the first storage apparatus 21, the storage apparatus abnofmality detection unit
12 electrically disconnects the first storége appar'gtus 21 from the power generation
apparatus 23 by switching the second switch 6 to the cutoff condition. In so doing, the
voltage of thve first storage apparatus 21 can be detected without being affected by the
generated voltage of the power generation apparatus 23. Note that in this case, the first
and fourth switches 5, 8 are in the cutoff cdndition, while the third switch 7 is in the
conductive condition. Hence, the electric load 20 and the first storage apparatus 21 are -
electrically disconnected while ensuring that power can be supphed contlnuously from the
second storage apparatus 22 to the electric load 20.-

[0080]  Alternatively, when the abnormality detection subject storage apparatus is
the second storage apparatus 22, the storage apparatus abnormality detection unit 12
electrically disconnects the second storage apparatué 22 from the power generation‘
apparatus 23 by sw'itching'the fourth switch 8 to the cutoff condition. In so doing, the
voltage of the second storage apparatus 22 can be detected without being affected by the
generated voltage of the power generation apparatus 23. Note that in this case, the first
switch 5 is in the conductive condition, while the second and third switches 6, 7 are in the
cutoff condition. Hence, the electric load 20 and the second storage apparatus 22 are
electricélly disconnected while énsuring that power can be supplied continuously from the-
first storage apparatus 21 to the electric load 20. |

[0081]  Next, the storage apparatus abnormality detection unit 12 determines.
whether or not the voltage of the abnormality detection subject storage apparatus is smaller
than the third predetermined value y on the basis of the output of the first voltage sensor 2
or the second voltage sensor 3 (step S22). |

- [0082] More specifically, when the abnormality detection subject storage

apparatus is the first storage apparatus 21, the storage apparatus abnormality detection unit
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12 determines whether or not the voltage of the first storage apparatus 21 is smaller than
the third predetermined value y on the basis of the output of the first voltage sensor 2.
[0083]  Alternatively, when the abnormality detection subject storage apparatus is-
the second storage apparatus 22, the storage apparatus abnormality detection unit 12
determines whether or not the voltage of the second storage apparatus 22 is smaller than
the third predetermined value y on the basis of the output of the second voltage sensor 3.

[0084] After determining that the voltage of the abnormality detection subject

storage apparatus is smaller than the third predetermined value y (YES in step S22), the

storage apparatus abnormality detection unit 12 outputs a control signal to the output

apparatus 9 such that a message indicating that an abnormality has been detected in the

- abnormality detection subject storage apparatus is displayed on the in-vehicle display (step

S23). |

[0085]  After determining that the Véltage of the abnormality detection subject
storage apparatus is equal to or larger than the third predetermined value y (NO in stép
S22), oﬁ the other hand, the storage apparatus abnormality detection unit 12 executes step
S24 without outputting a control signal. to the output apparatus 9.

[0086} 'Next, the storage apparatus abnormality detection unit 12 determines
whether or not abnormality detection has been performed on all of the storage apparatuses
(step S24). When it is determined that abnormality detection has not been performed on
all of the storage appafatuses (NO in step S24), the storage apparatus abnormality detection

unit 12 switches the abnormality detection subject storage apparatus to another storage

. apparatus (step S25) and then executes the processing of step S21 onward. When it is

determined that abnormality detection has been performed on all of the storage apparatuses
(YES in step S24), the storage apparatus abnormality detection unit 12 determines whether
or not an abnormality has been detected in any of the storage apparatuses (step S26).

(0087}  When it is determined that an abnormality has been detected in one of the
storagé apparatuses (YES in step S26), the storage apparatus abnormality detection unit 12
electrically connects the electric load 20, the normal storage apparatus, and the power

generation apparatus 23, and controls the generated voltage of the power generation
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apparatus 23 to the predetermined range (step S27).

[0088]  More specifically, when it is determined that an abnormality has been
detected in only the first storage apparatus 21, the storage apparatus abnormality detection
unit 12 switches the first and second switches 5, 6 to the cutoff condition and switches the
third and fourth switches 7, 8 to the conductive condition. In so doing, the storage

apparatus abnormality detection unit 12 electrically connects the electric load 20, the

‘second storage apparatus 22, and the power generation apparatus.23. As a result, the

second storage apparatus 22, in which an abnormality has not been detected, can be
charged with the gen@rated voltage of the power generation apparafus 23 while ensﬁri_ng
that power can be supplied continuously to the electric 1oadb 20 from either the second
storage apparatus 22 or the power generation apparatus 23. The storage apparatus
abnormality detection unit 12 also controls the generated voltage of the power generation
apparatus 23 to the predetermined rangé. In so doing, an excessively large voltage is not
applied to ‘thc electric load 20.

[0089]  Alternatively, when it is determined that an abnormélity has been detected
in only the second storage apparatus 22, the storage apparatus abnormality detection unit
12 switches the first and second switches 5, 6 to the conductive condition and switches the
third and fourth switches 7, 8 to the cutoff condition. In so doing, the storage apparatus
abnormality detection unit 12 electrically connects the electric load 20, the first storage
apparatus 21, and the power generation apparatus 23. As a result, the first storage
appératus 21, in which an abnormality has not been detected, can be charged with the
generated voltage of the poWer generation apparatus 23 while ensuring that powervcan be
supplied continuously to the electric loéd 20 from either the first storage apparatus 21 or
the power generation apparatus 23. The storage apparétus abnormality detection unit 12
also controls the generated voltage of the power generation apparatus 23 to the
predetermined range. In so doing, an excessively large voltage is not applied to the
electric load 20. ‘

[0090] In a case where an abnormality is detected in one or a plurality of storage

apparatuses, the storage apparatus abnormality detection unit 12 does not have to connect
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the power generation apparatus 23 to the normal storage apparatus connected to the electric
load 20 as 1o.ng as a plurality of normal storage apparatuses exist. The reason for this is
that the operating condition of the multiport power supply apparatus 100B can continue to
be switched by the condition switching unit 11 while using the plurality of normal storage
apparatuses in sequence as the charged storage apparatus or the discharged storage
apparatus. |

[0091] = Further, after detecting an abnormality in one storage apparatﬁs, the
storage apparatus abnormality detection unit 12 may electrically connect the elecfric load
20, another storage apparatus, and the power generation apparatus 23 and control the
generated voltage of the power generation apparatus 23 to the predetermined range without
performing abnormality detection on any of the remaining storage apparatuses.

[0092]  Thus, the storage apparatus abnormality detection unit 12 determines the
occurrence of an abnormality in thé abnoﬁnality detection subject storage apparatus’on the
basis of the voltage of the abnormality detection subject storage apparatus after
disconnecting the abnormality detectionv subject storage apparatus from. the power

generation apparatus 23. As a result, the storage apparatus abnormality detection unit 12

can determine the occurrence of an abnormality in the storage apparatus accurately.

[0093]  Further, the storage apparatus abnormality detection unit 12 determines the
occurrence of an abnormality in the abnormality detection subject storage apparatus on the
basis of whether or not a voltage condition to be established in the storage apparatus when
normal is actuary established. As a result, the storage apparatus abnormality detection
unit 12 can determine the occurrence of an abnormality in the storage apparatus accurately.

[0094]  Furthermore, even when the storage apparatus abnormality detection unit
12 detects an abnormality in one or a plurality of storage apparatuses, the operation of the
multiport power supply apparatus 100B can be continued as long as at least one storage
apparatus is normal. In other words, power can be supplied continuously to the electric
load 20 from the normal storage apparatus. |

[0095]  Next, referring to FIG 11, a multiport power supply apparatus 100C

~according to a fourth embodiment of the invention will be described: FIG: 11 is a-
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functional block diagram showing an example of a configuration of the multiport power
supply apparatus 100C. |
| [0096] . The multiport power supply apparatus 100C is an in-vehicle apparatus
instalied in a vehicle that uses an engine, an electric motor, and so on as a drive source.
The multiport power supply apparatus 100C is configured identically to the multiport
power supply apparatus 100B apart from configurations. of the third voltage sensor 4, a
fourth voltage sensor 40, and a switch abnormality detection unit 13, and therefore
description of identical parts has been omitted. ~Further, a power supply system including
the multiport power supply apparatus 100C shown in FIG. 11 is identical to the power
supply system inéluding the multiport power supply apparatus 100B, and therefore a
schematic circuit diagram of the power supply system has been omitted.
[0097] A control device 1C controls an operation of the multiport power supply
apparatus 100C: In this embodiment, the control device\IC is a computer including a
CPU, a RAM, a ROM, an input/outpﬁt interface, and so ‘on. The control device 1C reads

programs corresponding to various functional elements such as the charge-discharge

~condition determination unit 10, the condition switching unit 11, the storage apparatus

abnormality detection unit 12, and the switch abnormality detection unit 13 from the ROM
or the RAM, and causes the CPU to execute processing corresponding to the various
functional elements. More specifically, the control device 1C (i.e., the condition
switching unit 11, the storage apparatus abnormality detection unit 12, and the switch
abnormality detection unit 13) executes calculations corresponding to the various

functional elements after receiving outputs from the first voltage sensor 2, the second

- voltage sensor 3, the third voltage sensor 4, the fourth voltage sensor 40, and so on, and

controls the first switch 5, the second switch 6, the third switch 7, the fourth switch 8, the
output apparatus 9, and the like on the basis of results of the calculations.

[0098]  The third voltage sensor 4 and the fourth voltage sensor 40, similarly to
the first voltage sensor 2 and the second voltage sensor 3, detect voltages required to
operate the multiport power supply apparatus 100C. In this embodiment, the third

voltage sensor 4 is attached in order to detect the voltage of the input/output port P1. The
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third voltage sensor 4 detects the voltage of the input/output port P1 repeatedly at
predetermined period intervals, and outputs a detected voltage value to the control device
1C. Further, the fourth voltage sensor 40 is'aftachéd in order to detect the voltage of the
input/output port P4. The fourth voltage sensor 40 detects the voltage of the input/output
port P4 repeatedly at predetermined period intervals, and outputs a detected voltage value
to the control de.vice 1C. - | v |

[0099] The switch abnormality detection unit 13 detects an abnormality in a

switch constituting the multiport power éupply apparatus 100C. In this embodiment, the

“switch abnormality detection unit 13 detects an abnormality in at least one of the first

switch 5, the second switch 6, the third switch 7, and thé fourth switch 8.

[0100]  Specifically, the switch abnormality detection unit 13 sets the generated
voltage of the power generation apparatus 23 at a higher value than the voltages of all of
the storage apparatuses.

[0101}  The switch abnormality detection unit 13 then obtains the voltage of the
input/output port P1 to which the electric load 20 is connected, the voltage (to be referred
to hereafter as the “charged stbrage apparatus voltage”) of the input/output port to which
the charged storage apparatus is connected, the voltage (to be referred to hereafter as the

“discharged storage apparatus voltage”) of the input/output port to which the discharged

_storagé apparatus is connected, and the voltage of the input/output port P4 to which the

power generation apparatus 23 is connected, and detects an abnormality in the switch on
the basis of the obtained voltages.

[0102]°  More specifically, the switch abnormality detection unit 13 determines that
an abnormality has not occurred in the switch when the voltage of the input/output port P1
is equal to the chafged storage apparatus voltage; the discharged storage apparatus voltage
is equal to the voltage of the input/output port P4, and the.voltage of the input/output port
P1 differs from the voltage of the input/output port P4. In other words, the switch
abnormality detection unit 13 determines that an abnormality has occurred in the switch
when the voltage of the input/output port P1 differs from the charged storage apparatus

voltage, or when the discharged storage apparatus voltage differs from the voltage of the
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input/output port P4, or when the voltage of the input/output port P1 and the voltage of the
iﬁput/output port P4 are equal.

[0103] The reason for this is that in the multiport power supply apparatus 100C,
the voltage of the input/output port P1 and the charged storage apparatus voltage are equal
when the switch between the input/output port P1 and the input/output port to which the-
charged storage apparatus is connected is normal. ‘

[0104]  Further, in the multiport power supply apparatus 100C, the discharged
storage apparatus voltage and the voltage of the input/output port P4 are equal w};en the

switch between the input/output port to which the discharged storage apparatus is

- connected and the input/output port P4 is normal.

[0105]  Furthermore, in the multiport power supply apparatus 100C, when all of
the switches are normal, the charging circuit and the power supply circuit are electricélly
separated, and therefore, as long as the generated voltage of the power generation
apparatus 23 is set to be larger than the voltages of all of the storage apparatuses, the
voltage of thé input/output port P1 and }the voltage of the input/output port P4 do not
become equal.

[0106] Nexf, having determined that an abnormality occurs in at least one switch,
the switch abnormality detection unit 13 switches all of the switches to the conductive
condition. The reason for this is that when an abnormality occurs even in only one switch,
the multiport power supply apparatus 100C cannot be opérated as expected through the
control executed by the condiﬁon switching unit 11. As a résult, the operatién of the
multiport power supply apparatus 100C is continued in a second best operating condition.
Further, the switch abnormality detection unit 13 outputs a control signal to the power
generation apparatus 23 to control the power generation apparatus 23 such that the
generated voltage of the power generation apparatus 23 remains within a predetermined
range. For example, the predetermined range is a ranée extending from the second
predetermined value § (12 V, for example) to the first predete;mined value a (13 V, for
example). As aresult, an excessively large voltage is not applied to the electric load 20.

- [0107]  Here, referring to FIG. 12, processing (to be referred to hereafter as
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“switch abnormality detection processing”) performed by the switch abnormality detection
unit 13 to detect an abnormality in a switch will be described. FIG. 12 is a flowchart
showing a flow of the switch abnormality detection processing. The control device 1C
executes the switch abnormality detection process repeatedly at predetermined period

intervals. Note that the control device 1C may execute the switch abnormality detection

- processing at a predetermined timing such as during startup of the vehicle, for exarhple.

[010-8] First, when power generation by the power vgeneration apparatus 23 is
underway, the switch abnormality detection unit 13 of thé control device 1C stops the
power generation by the power generation apparatus 23 (step S31). Thisis to prevént the
generated voltage of the power generation apparatus 23 from affecting the voltages of the
storage apparatuses when thé voltages of the storage apparatuses are obtained. Note that
in this case, the discharged storage apparatus is connected to the electric load 20 Via‘ the

input/output port P1, and the charged storage apparatus is connected to the power

' generation apparatus 23 via the input/output port P4.

[0109]  Next, the switch abnormality detection unit 13 obtains the respective

~ voltages of the plurality of storage apparatuses constituting the multiport power supply

apparatus 100C, and derives the highest of the obtained voltages as a reference voltage RV
(step S32).
[0110] - Next, the switch abnormality detection unit 13 sets a value obtained by -

adding a predetermined value ARV to the reference voltage RV as the generated voltage of

“the power generation apparatus 23 (step S33). In so doing, @ condition in which the

voltage ofi the input/output port P4 is larger than the voltages of all of the storage
apparatuses when no abnormality occurs in the switch is established.

[0111] Next, the switch abnormality detection unit 13 starts poWer generation by
the power generation apparatus 23 (step S34). In so doing, a condition in which a switch
abnormality can be detected is established.

[0112] Néxt, the switch abnormality detection unit 13 determines whether or not a
predetermined condition is satisfied (step S35). In this embodiment, the predetermined

condition is satisfied when the voltage of the input/output port P1 is equal to the charged
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storage apparatus voltage, the discharged storage apparatus voltage is equal to the vohage
of the input/output port P4, and the voltagé of the input/output port P1 differs from the
voltage of the input/output port P4. ‘
[0113]  More specifically, when the charged storage apparatus is the first storage -
apparatus 21, the switch abnormality detection unit 13 determines whether or not a
condition according to which the voltage of the input/output port P1 is equal to the voltage

of the input/output port P3, fhc voltage of the input/output port P2 is equal to the voltage of

~ the input/output port P4, and the voltage of the input/output port P1 differs from the

voltage of the input/output port P4 is satisfied.

- [0114]  Alternatively, when the charged storage apparatus is the second storage
apparatus 22, the switch abnormality detection unit 13 determines whether or not a
condition according to which the voltage of the input/output port P1 is equal to the voltage |
of the input/output port P2, the voltage of the input/output port P3 is equal to the voltage of
the input/output port P4, and the voltage of the input/output port P1 differs from the -
voltage of the input/output port P4 is satisfied. '

[0115]  After determining that the predetermined condition is not satisfied (NO in
step S35), the switch abnormality detection unit 13 outputs a control signal to the output
apparatus 9 to display a message indicating that an abnormality has been detected in the
switch on the in-vehicle display (step S36).

[0116] More specifically, when the charged storage apparatus is the first storage
apparatus 21 and the switch abnormality detection unit 13 determines that the voltage of

the input/output port P1 differs from the voltage of the input/output port P3, a meséage

. indicating that an abnormality occurs in the third switch 7 is displayed on the in-vehicle

display. Further, when the switch abnormality detection unit 13 determines that the
voltage of the input/output port P2 differs from the voltage of the input/output port P4, a
message indicating that an abnormality occurs in the second switch 6 is displayed on the

in-vehicle display.  Furthermore, when the switch abnormality detection unit 13

~ determines that the voltage of the input/output port P1 is equal to the voltage of the

input/output port P4, a message indicating that an abnormality occurs in at least one of the
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first switch 5 and the fourth switch 8 is displayed on the in-vehicle display.

[0117]  Alternatively, when the charged storage apparatus is the second storage
apparatus 22 and the switch abnormality detection unit 13 determines that the voltage of
the input/output port P1 differs from the voltage of the input/outpuf port P2, a message
indicating that an abnormality occurs in the first switch 5 is;displayed on the in-vehicle
display. Further, when the switch abnormality‘detection unit 13 determines that the

voltage of the input/output port P3 differs from the voltage of the input/output port P4, a

message indicating that an abnormality occurs in the fourth switch 8 is displayed on the

in-vehicle display. Furthermore, when the switch abnormality detection wunit 13
determines that the voltage of the input/output port P1 is equal to the voltage of the
input/output port P4, a message indicating that an abnormality occufs in at least one of the
second switch 6 and the third switch 7 is displayed on the in-vehicle display.

[0118]  After determining that the predetermined condition is satisfied (YES in |
step S35), on the other hand, the switch abnormality detection unit 13 executes step S37
without outputting a control signal to the output apparatus 9.

[0119]  Next, thé switch abnormality detection unit 13 determines whether or not
an attempt has been made to detect a switch abnormality in all operating conditions of the
multiport power supply apparatus lQOC (step S37). In this embodiment, a determination
is made as té whether or not an attempt has been made to detect a‘switch abnormality in
each of a first operating condition and a second operating condition. The first operating
condition is an operating condition in which the first storage apparatus 21 serves as the
discharged storage apparatus and the second storage apparatus 22 serves as the charged

storage apparatus, while the second operating condition is an operating condition in which

the second storage apparatus 22 serves as the discharged storage apparatus and the first

storage apparatus 21 serves as the charged storage apparatus..

[0120])  When it is determined that an attempt has not yet been. made to detect a
switch abnormality in all of the operating conditions (NO in step S37), the switch
abnormality detection unit 13 switches the operating condition of the multiport power

supply apparatus 100C to the other opefating condition (step S38), and then executes the
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proce'ssing of step S31 onward. When it is determined that an attempt has been made to

detect a switch abnormality in all of the operating conditions (YES in step S37), the switch

abnormality detection unit 13 determines whether or not an abnormality has been detected

in ahyl of the switches (step S39).

[0121]  When it is determined that an abnormality has been detected in one of the
switches (YES in step S39), the switch abnormality detection unit 13 switches all of the
switches to the conductive condition and controls the generated voltage of the power
generation apparatus 23 to the predetermined range (step S40). |

[0122]  More specifically, .the. switch abnormality detection unit 13 switches all of
the first to fourth switches 5 to 8 to the conductive condition. As a result, power can be |
supplied to the electric load 20 from the power generation apparatus 23 via the third switch
7 and the fourth switch 8 even when the switch abnormality detection unit 13 detects an
abnormality in the first switch 5 or the second switch 6. Further, power can be supplied
to the electric load 20 from the power generation apparatus 23 via the first switch 5 and the
second switch 6 even when the switch abnormality detection unit 13 detects an
abnormality in the third switch 7 or the fourth switch 8.

[0123]  The switch ébnormality detection unit 13 also controls the generated

voltage of the power generation apparatus 23 to the predetermined range. As a result, an

“excessively large voltage is not applied to the electric load 20.

[0124]  Furthermore, the switch abnormality detection unit 13 switches all of the

- switches to the conductive condition regardless of the switch in which the abnormality is

~detected. The .switch abnormality detection unit 13 may therefore switch all of the

switches to the conductive condition at the point where an abnormality is detected in one
of the switches w1thout attemptmg to detect a switch abnormality in all of the operatlng
conditions that can be realized by the multlport power supply apparatus 100C

. [0125]  Note that when at least two of the paths linking the input/output port P1
and the input/output port P4 via the input/output ports to which the storage apparatuses are
connected are functioning normally, the switch abnormélity detection unit 13 need not

switch all of the switches to the conductive condition. For example, after determining
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that the switch between a specific storage apparatus and the power generation apparatus 23
is stuck in the cutoff (OFF) condition, the switch abnormality detection unit 13 disconnects
only the path passing through the input/output port to which the specific storage apparatus
is connected. Thereafter, the switch abnormality detection unit 13 may cause the
condition switching'unit 11 to continue switching the operating condition of the multiport
power supply apparatus IOdC.

[0126]  Hence, the switch abnormality detection unit 13 determines the occurrence

~of an abnormality in a switch on the basis of a magnitude relationship to be established

between the respective voltages of the input/output ports P1 to P4 when the switch is
normal. As a result, the switch abnormality detection unit 13 can determine the
occurrence of an abnormality in the switch accurately.

| [0127]  Further, the switch abnorméiity detection unit 13 switches all of the
switches to the conductive condition after detecting an abnormality in any one switch.
With the switch abnbrmality detection unit 13, therefore, the operation of the multiport
power supply apparatus 100C can be continued as long as all of the paths linking the
input/output port P1 and the input/output port P4 are not simultaneously in the cutoff

condition. In other words, power can be supplied to the electric load 20 from the power

generation apparatus 23.

[0128] Embodiments of the invention were vdescribed in detail above, but the
invention ‘is not limited to the above embodiments, and various amendments and
replacements may be applied to the above embodiments without departing from the scope
of the invention. '

[0129]  For example, in the above embodiments, the multiport power supply
apparatus 100A may include at least one of the storage apparatus abnormality detection
unit 12 and the switch abnormality detection unit 13. Further, the multiport power supply
apparatus 100B rhay include the switch abnormali_ty detéction unit 13 instead of the storage

apparatus abnormality detection unit 12.
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CLAIMS:

1. Avehicular power supply apparatus comprising:

a first port to which an electric load is connected;

a second port to which a first storage apparatus is connected;

a tﬁird port to which a second storage apparatus is conﬁected;

a fourth port to which a power generation apparatus is connected;

a first switch disposed between the first port and the second port;

a second switch disposed between the second port and the fourth port;

a third switch disposed between the ﬁrs‘; port and the third port;

a fourth switch disposed between the third port and the fourth port; and

a condition switching unit configured to switch between a first condition in which the
first switch is conductive, the second switch is cut off, the third switch is cut off, and the
fourth switch is conductive, and a second condition in which the first switch is cut off, the

second switch is conductive, the third switch is conductive, and the fourth switch is cut off.

2.  The vehicular pov_vér supply apparatus according to claim 1, wherein in‘the first
~ condition, the condition switching unit is configured to control thé first switch, the second
switch, the third switch, and the fourth switch such that power is supplied to the electric
load from the first storage apparatus and the second storage apparatus is charged by thé
power generation apparatus in a condition where the first storage apparatus is disconnected

from the power generation apparatus.

3. The vehicular power supply apparatus according to claim 1 or 2, wherein in the
second condition, the condition switching unit is configured to control the first switch, the
second switch, the third switch, and the fourth switch such that power is supplied to the
electric load from the second storage apparatus and the‘ﬁrst storage apparatus is charged
by the power generation apparatus in a condition where the second storage apparatus is

disconnected from the power generation apparatus.
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4.  The vehicular power supply apparatus according to any one of claims 1 to 3, wherein:
each of the first switch and the third switch is constituted by a switching element
configured such that a conductive condition of the switching element is controlléd; |
- the first switch is configured to establish conduction gradually between the electric
load and the first storage apparatus; and | |
the third switch is configured to establish conduction gradually between the electric

load and the second storage apparatus.

5.  The vehicular power supply apparatus accordihg to claim 4, wherein the switching
element is configured such that a current that flows through the switching element in the

conductive condition is controlled.

6. -The .Vehicular pdwer supply apparatus according to any one of claims 1 to 5, wherein:’

each of the first switch and the third switch is constituted by either a depression type
field-effect transistor or an enhancement type field-effect transistor; -

when each of the first switch and the third switch is constituted by the depression
type field-effect transistor, a drain current is gradually increased by gradually bringing a
gate voltage close to zero; and

When each of the first switch and thé third switch is constituted by the enhancement
type field-effect transistor, a drain current is gradually increased by gradually bringing a

gate voltage away from zero.

7.  The vehicular power supply apparatus according to any one of claims 1 to 6, further
comprising a charge-discharge condition determination unit configured to determine a
charge-discharge condition of the first storage apparatus and the second storage apparatus,
wherein

the condition switching unit is conﬁgured to switch between the first condition and

the second condition when the charge-discharge condition of the first storage apparatus or
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the charge-discharge condition of the second storage apparatus reaches a predetermined

condition.

8. The vehicular power supply apparatus according to claim 7, wherein the
predetermined condition is determined on the basis of a voltage of the first storage

apparatus and a voltage of the second storage apparatus.

9. ' The vehicular power supply apparatus according to claim 7 or 8, wherein:
| in the first condition, the charge-discharge condition determination unit ié configured
to determine whether or not a voltage of the second storagé apparatus exceeds a first
predetermined value or a voltage of the first storage apparatus is smaller than a second
predetermined value that is smaﬂer than the first predetermined value, and the condition
switching unit is configured to switch from the first condition to the second condition when
the charge-discharge condition determination unit determines that the voltage of the second
storage apparatus exceeds the first predetermined value or the voltage of the first storage
apparatus is smaller than the second predetermined value; and
in the second condition, the charge-discharge condition determination unit is
configured to determine whether or not the voltage of the first storage apparatus exceeds
the first predetermined valﬁé or the voltage of the second storége apparatus is smaller thén‘
the second predetermined value, and the condition switching unit is configured to switch
from the second condition to the first conditioi when the charge-discharge condition
determination unit determines that the voltage of the first storage apparatus exceeds the
first predetermined value or the voltage of the second storage apparatus is smaller than the

second predetermined value.

10. The vehicular power supply apparatus according to any one of claims 1 to 9, further
comprising a storage apparatus abnormality detection unit configured to detect an

abnormality in at least one of the first storage apparatus and the second storage apparatus.
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11. The véhicular power supply apparatus according to claim 10, wherein the storage
apparatus abnormality detection unit is configured to determine that an abnormality has
been detected in at least one of the first storage apparatus and the second storage apparatus
when a voltage of the at least one of the first storage apparatus and the second storage

apparatus is smaller than a third predetermined value.

12. The vehicular power supply apparatus according to claim 11, wherein the storage
apparatus abnormality detection unit is configured to detect an abnormality in one of the.
first storage apparétus and the second storage apparatus in a condition where the one of the
first storage apparafus and the second storage apparatus is disconnected from the power
generation apparatus and pO\I/ver is supplied to the electric load from the other of the first

storage apparatus and the second storage apparatus.

13.  The vehicular power supply apparatus according to any one of claims 1 to 12, further
comprising a switch abnormality detection unit configured to detect an abnormality in at

least one of the first switch, the second switch, the third switch, and the fourth switch.

14.  The vehicular power supply apparatus according to claim 13, wherein:

the switch abnormality detection ﬁnit is configured to set a generated voltage of the
power generation éppa.ratus at a higher value than a voltage of the first storage apparatus
and a voltage of the second storage apparatus, and detect an abnormality in at least one of
the first switch, the second switch, the third switch, and the fourth switch on the basis of
whether or not a voltage of the first port is equal to a voltage of a charged storage
apparatus, a voltage of a discharged storage apparatus is equal to a voltage of the fourth
port, and the voltage of the first port differs from the voltage of the fourth port; and

the charged storage apparatus is a storage apparatus, from among the first storage
apparatus and the second storage apparatus, which is connected to the power generation
apparatus via the fourth port, and the discharged storage apparatus is a storage apparatus,

from among the first storage apparatus and the second storage apparatus, which is
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connected to the electric load via the first port.

15. The vehicular power supply apparatus according to claim 13 or 14, wherein the
switch abnormality detection unit is configured to make all of the first switch, the second
switch, the third switch, and the fourth switch conductive after determining that an
abnormality has been detected in at least one of the first switch, the second switch, the

third switch, and the fourth switch.
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