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(7) ABSTRACT

A power control apparatus for controlling charging and
discharging of a plurality of storage means (101g, . . . ) has
voltage measuring means (1024, . . . ) for measuring voltages
of said storage means respectively, current measuring means
(103g, . . . ) for measuring currents flowing through said
storage means respectively, a status detecting means (104)
for detecting the operating status of each storage means from
values measured by said voltage measuring means and said
current measuring means, and a charging/discharging con-
trolling means (105) for controlling currents, voltages, or
power according to the operating status of each storage
means detected by said status detecting means to charge or
discharge said storage means.
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POWER CONTROL UNIT
BACKGROUND OF THE INVENTION

[0001] This invention relates to power control apparatus
which controls charging and discharging of a power-gener-
ating or rechargeable power supply such as a fuel cell,
lithium secondary cell, nickel metal-hydride battery, lead-
acid battery, and electric double layer capacitor.

[0002] When a plurality of storage means such as batteries
are connected in parallel series, or both or when a plurality
of storage means of different types are connected in parallel,
series, or both, currents flowing through the storage means
are dependent upon voltages and impedances of the storage
means.

[0003] Therefore, when the storage means which are con-
nected in parallel, series, or both are charged or discharged
at a time, the current or voltage value of a certain storage
means may exceed a permissible value.

[0004] To solve such a fault, prior arts have employed a
method of controlling charging or discharging of the storage
means with the minimum of currents that can flow through
the storage means instead of charging or discharging with a
total of currents that flow through all parallel-connected
storage means (n pieces).

[0005] Japanese Application Patent Laid-Open Publica-
tion No. 2002-142353 discloses a method of disconnecting
a faulty storage means when its current or voltage goes
above a permissible value.

[0006] FIG. 9 shows a conventional method of controlling
charging and discharging storage means. In FIG. 9, two or
more sets 7 of series-connected batteries 1 are connected in
parallel. Each set 7 of series-connected batteries 1 further
comprises a means 9 for detecting a fault such as a micro
short-circuit of each battery 1, a current bypass circuit 3
which comprises a current control means (switch) 4 and a
resistor 5 and is connected to the battery set 7 in parallel with
the set 7, and a fuse 6 which is connected in series to the
bypass circuit 3 and the battery set 1 to electrically shut off
the circuit when an overcurrent takes place.

[0007] When faults such as a micro short-circuit occur in
a battery 1, it is detected by its voltmeter 2. The fault
detecting means 9 receives a signal from the voltmeter 2 and
closes the switch 4 to flow a large current through the current
bypass circuit 3 which is connected in parallel to the faulty
battery 1. This large current blows off the fuse 6. With this,
the faulty battery is disconnected from the other non-faulty
battery sets.

[0008] Japanese Application Patent Laid-Open Publica-
tion No. 2001-185228 discloses a system comprising two or
more parallel-connected battery modules each of which has
two or more secondary batteries connected in series. A
current detecting circuit and a switch are connected in series
to each battery module.

[0009] When one of the current detecting circuits detects
an abnormal current value or direction, a control unit opens
a switch of the battery module containing a faulty battery to
disconnect the faulty battery module from the other non-
faulty battery modules.

[0010] Japanese Application Patent Laid-Open Publica-
tion No. 08-88944 discloses a system which connects a
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plurality of cells each of which is a secondary battery or a
plurality of battery modules each of which comprises two or
more secondary batteries in series, parallel, or both. This
system detects the voltage and the current of each cell or
module and calculates the quantity of charge.

[0011] The system selectively charges cells or modules
according to the result of calculation.

SUMMARY OF THE INVENTION

[0012] However, the prior arts disclosed by Patent Docu-
ments 1 and 2 cannot charge or discharge currents for “n”
batteries in a system having “n” sets of parallel-connected
storage means each of which contains a plurality of series-
connected batteries and cannot increase the input/output
(current) further.

[0013] This is because a current by a single battery is
charged to or discharged from “n” sets of parallel-connected
storage means in order to avoid charging or discharging by
an over-current assuming that the performances of the
batteries are different.

[0014] A time period required to charge or discharge “n”
sets of parallel-connected storage means by a single battery
is longer by “n” times than that required to charge or
discharge one battery by a single battery.

[0015] Therefore, the conventional methods will be avail-
able to apparatus that do not require quick charging and
apparatus that have a smaller discharging current than the
capacity of the storage means and do not mind the charging/
discharging time.

[0016] However, power equipment for vehicles, emer-
gency power equipment, or new rechargeable power supply
apparatus for home use require quick charging and less
weight. In other words, it is very important for such equip-
ment to reduce the capacity relative to the discharging
current. However, it is beyond the ability of the conventional
technologies.

[0017] The technologies of Patent Documents 1 and 2 are
designed to disconnect the storage means from the power
control circuit only after the storage means has a trouble
instead of controlling charging and discharging of the stor-
age means to prevent troubles from occurring in the storage
means. It is possible to make the service life of the storage
means longer by controlling charging and discharging of the
storage means to suppress occurrence of troubles.

[0018] Therefore, it has been hoped that a power control
apparatus be actualized that can control charging and dis-
charging of storage means to suppress occurrence of
troubles while enabling quick charging and reduction of the
capacity relative to the discharging current.

[0019] On the other hand, the technology in Patent Docu-
ment 3 controls to charge storage means according to the
charging quantity of respective batteries to suppress the
occurrence of a trouble in the storage means.

[0020] However, the technology in Patent Document 3
considers neither quick charging nor reduction of the capac-
ity relative to the discharging current and cannot accomplish
these. Further, this technology employs a configuration in
which each battery is equipped with a current control circuit
and a current control element. This makes the configuration
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of the power control apparatus complicated and heavy. This
technology is far from weight reduction.

[0021] Accordingly, an object of the present invention is to
provide a power control apparatus that can control charging
and discharging of storage means to suppress the occurrence
of a trouble in the storage means while accomplishing quick
charging and reduction of battery capacities relative to
discharging currents.

[0022] To accomplish the above purpose, this invention is
configured as follows:

[0023] (1) A power control apparatus for controlling
charging and discharging of a plurality of storage means,
comprising

[0024] voltage measuring means for measuring volt-
ages of said storage means respectively,

[0025] current measuring means for measuring cur-
rents flowing through said storage means respec-
tively,

[0026] a status detecting means for detecting the
operating status of each storage means from values
measured by said voltage measuring means and said
current measuring means, and

[0027] a charging/discharging controlling means for
controlling currents, voltages, or power according to
the operating status of each storage means detected
by said status detecting means to charge or discharge
said storage means.

[0028] (2) In (1) preferably, the status detecting means
preferably calculates the internal impedance or open circuit
voltage of each storage means and the charging/discharging
controlling means controls charging/discharging currents,
voltages, or power of said storage means according to
impedances or open circuit voltages thereof.

[0029] (3) In (1) preferably, said status detecting means
calculates the internal impedance or open circuit voltage of
each storage means and

[0030] said charging/discharging controlling means
calculates the permissible charging or discharging
current value of each storage means from its internal
impedance, open circuit voltage, preset maximum
permissible voltage and minimum permissible volt-
age, calculates the sum of all currents flowing
through said storage means to suppress a current
over the calculated permissible charging or discharg-
ing current from flowing into or out of each of said
storage means and controls the charging or discharg-
ing current to make the total current below the
calculated total current value.

[0031] (4) In (1) preferably, said status detecting means
calculates the charging status of each storage means and
determines the maximum or minimum of the calculated
charging states, and said charging/discharging controlling
means controls the charging current, voltage, or power by
the maximum charging status value and controls the dis-
charging current, voltage, or power by the minimum charg-
ing status value.

[0032] (5) In (1) preferably, said power control apparatus
further comprises a switch means which selectively breaks
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or makes a connection between said charging/discharging
controlling means and any storage means and said charging/
discharging controlling means checks the on/off status of
said switch means and controls the current, voltage or power
according to the detected on/off status of said switch means
and the running status of each storage means to discharge or
charge the storage means.

[0033] (6) In (5) preferably, said status detecting means
calculates the internal impedance or open circuit voltage of
each storage means and said charging/discharging control-
ling means controls charging/discharging currents, voltages,
or power of said storage means according to the impedances
or open circuit voltages thereof.

[0034] (7) In (5) preferably, said status detecting means
calculates the charging status of each storage means and
determines the maximum or minimum of the calculated
charging states, and said charging/discharging controlling
means controls the charging current, voltage, or power by
the maximum charging status value and controls the dis-
charging current, voltage, or power by the minimum charg-
ing status value.

[0035] (8) In (1) to (7) preferably, said power control
apparatus further comprises a load and a means selected
from a group of a commercial power supply, a solar energy
generator, a micro gas turbine generator and a fuel cell to
supply power to said load, wherein said power control
apparatus supplies power to said load or said commercial
power supply and uses power from said commercial power
supply, a solar energy generator, a micro gas turbine gen-
erator or a fuel cell as a charging power.

[0036] (9) In (1) to (7) preferably, said storage means
supply power to an electric motor which drives vehicle
wheels and are charged by power from the outside of a
vehicle or power from said electric motor when said motor
is used as a power generator.

[0037] (10) In (1) to (7) preferably, said storage means
supply power to an electric motor which drives vehicle
wheels and are charged by power generated by a dynamo-
electric generator which is driven by an internal combustion
engine on a vehicle or power from said electric motor when
said motor is used as a power generator.

[0038] (11) A power-control apparatus for controlling
charging of a plurality of storage means comprising voltage
measuring means for measuring voltages of said storage
means respectively, current measuring means for measuring
currents flowing through said storage means respectively, a
status detecting means for respectively calculating the inter-
nal impedances and open circuit voltages of said storage
means from values measured by said voltage and current
measuring means, and a charging current controlling means
calculates a permissible charging current value of each
storage means from its internal impedance or open circuit
voltage and a preset maximum permissible charging voltage
which are detected by said status detecting means calculates
the sum of all currents flowing through said storage means
to suppress a current over the calculated current from
flowing into said storage means, and controls the charging
current to make the current below the calculated total current
value.

[0039] (12) A power control apparatus for controlling
discharging of a plurality of storage means comprising
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voltage measuring means for measuring voltages of said
storage means respectively, current measuring means for
measuring currents flowing through said storage means
respectively, a status detecting means for respectively cal-
culating the internal impedances and open circuit voltages of
said storage means from values measured by said voltage
and current measuring means, and a discharging current
controlling means calculates a permissible discharging cur-
rent value of each storage means from its internal impedance
or open circuit voltage and a preset maximum permissible
discharging voltage which are detected by said status detect-
ing means calculates the sum of all currents flowing through
said storage means to suppress a current over the calculated
current from flowing from said storage means, and controls
the discharging current to make the current below the
calculated total discharging current value.

[0040] In summary, the present invention can provide a
power control apparatus that can control charging and dis-
charging of storage means to suppress the occurrence of a
trouble in the storage means while accomplishing quick
charging and reduction of battery capacities relative to
discharging currents.

[0041] This invention is applied to an energy management
system of various storage means such as power generating
elements such as fuel cells, lithium secondary cell, nickel
metal-hydride battery, lead-acid battery, and electric double
layer capacitor and systems using thereof such as power
supply equipment, distributed power storage equipment,
electric cars and vehicles, and tracked vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The present invention will be understood more
fully from the detailed description given hereinafter and
from the accompanying drawings of the preferred embodi-
ment of the present invention, which, however, should not be
taken to be limitative to the invention, but are for explana-
tion and understanding only.

[0043]

[0044] FIG. 1 is a schematic diagram of a power control
apparatus which is the first embodiment of the invention.

[0045] FIG. 2 is a functional block diagram of the inside
of a charging/discharging controlling means in accordance
with the embodiment of FIG. 1.

[0046] FIG. 3 is a graph for explaining an example of
process that the status detecting means executes.

In the drawings:

[0047] FIG. 4 is a schematic diagram of a power control
apparatus which is the second embodiment of the invention.

[0048] FIG. 5 is a schematic diagram of a power control
apparatus which is the third embodiment of the invention.

[0049] FIG. 6 is a schematic diagram of a power control
apparatus which is the fourth embodiment of the invention.

[0050] FIG. 7 is a schematic diagram of a power control
apparatus which is the fifth embodiment of the invention.

[0051] FIG. 8 is a schematic diagram of a power control
apparatus which is the sixth embodiment of the invention.

[0052] FIG. 9 shows a schematic diagram of a conven-
tional power storage control apparatus.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0053] Preferred embodiments of the present invention are
described below with reference to the accompanying draw-
ings, in which like reference numerals represent the same or
similar elements.

[0054] FIG. 1 is a schematic diagram of a power control
apparatus which is the first embodiment of the invention.
This embodiment is an example of applying the present
invention to a power supply charging/discharging control-
ling means.

[0055] InFIG. 1, means 101a and 1015 are power storage
means. Ameans 1015 is a voltage measuring means. Means
103a and 103b are current measuring means. A means 104
is a status detecting means and a means 105 is a charging/
discharging controlling means.

[0056] A current measuring means 1034 is connected in
series to a storage means 101a and a current measuring
means 103b is connected in series to a storage means 1015.
The series set of the current measuring means 103 and the
storage means 101a is connected in parallel with the other
series set of the current measuring means 1035 and the
storage means 101b.

[0057] A voltage measuring means 102 is connected in
parallel with these parallel sets of the current measuring
means 103 and the storage means 101. Further, a charging/
discharging controlling means 105 is also connected in
parallel with the storage means 101 and current measuring
means 103. This charging/discharging controlling means
105 is connected to a power supply such as a commercial
power supply, a power generator and a fuel cell and to a load
such as an electronic apparatus (which are not shown in the
drawing).

[0058] The status detecting means 104 receives a mea-
sured voltage value from the voltage measuring means 102
and measured current values from the current measuring
means 103z and 103b, calculates the resistance and the
voltage of each storage means, and sends the result to the
charging/discharging controlling means 105.

[0059] The charging/discharging controlling means 105
performs operations (to be described below) on the status
values (resistances, voltages, and so on) sent from the status
detecting means 104 and controls the charging and discharg-
ing currents of the storage means 101a and 1015 by the
result.

[0060] In this case, it is possible to provide a temperature
measuring means, a pressure measuring means, or both (not
shown in the drawing) to measure the status of each storage
means 101.

[0061] The power storage means 10la and 101b are
power-generating or rechargeable power storage means such
as a fuel cell, lithium secondary cell, nickel metal-hydride
battery, lead-acid battery, and electric double layer capacitor.
These storage means are used singly or plurally in series or
in parallel.

[0062] The voltage measuring means 102 comprises some
electronic parts such as voltage-dividing resistors, opera-
tional amplifiers, and A/D converters and measure the volt-
age of each storage means. Although this embodiment has
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the voltage measuring means 102 and the status detecting
means 104 separately, part or the whole of the voltage
measuring means 102 can be built in the status detecting
means 104.

[0063] Each of the current measuring means 103¢ and
103b consists of a Hall CT or shunt type current sensor and
measures a current flowing through each storage means 101.
Although the first embodiment of the present invention has
the current measuring means 103a and 1036 and the status
detecting means 104 separately, part or the whole of current
measuring means 1032 and 1035 can be built in the status
detecting means 104.

[0064] The status detecting means 104 mainly consists of
a microcomputer and a peripheral IC and detects the status
(resistances and voltages) of respective storage means 101a
and 1015 from the values sent from the voltage measuring
means 102 and current measuring means 103 and 103b.

[0065] Although the first embodiment of the present
invention has the status detecting means 104 and the charg-
ing/discharging controlling means 105 separately, part or the
whole of the status detecting means 104 can be built in the
charging/discharging controlling means 105.

[0066] The charging/discharging controlling means 105
mainly consists of a power converter such as a converter or
an inverter and controls a current, power, or voltage to be
supplied or output to the storage means 101a and 101b.

[0067] The currents passing through the storage means
101a and 1015b are dependent upon their impedances Ra and
Rb, their open circuit voltages (or electromotive forces) Ea
and Eb, and the I/O currents, voltages, and power of the
charging/discharging controlling means 105.

[0068] Therefore, the status detecting means 104 detects
the status quantities of the storage means 101a and 1015
such as the impedances Ra and Rb, their open circuit
voltages Ea and Eb, etc. and sends them to the charging/
discharging controlling means 105. The charging/discharg-
ing controlling means 105 controls the I/O currents, volt-
ages, and power by the status quantities.

[0069] For example, let’s assume a storage means has an
impedance (internal impedance) of R, an open circuit volt-
age (excluding a voltage drop due to the internal impedance)
of E, a maximum permissible voltage of Vmax, and a
minimum permissible voltage of Vmin. Further, let’s assume
a storage means can use a permissible charging current
Icmax and a permissible discharging current Idmax safely
and maximally in the maximum permissible voltage range.
The charging and discharging currents Icmax and Idmax are
calculated by equations (1) and (2) below.

Iemax=(Vmax-E)/R @
Idmax=(E-Vmin)/R @

[0070] where Vmax is a maximum rated voltage of the
storage means or a maximum voltage that is defined by the
system such as a load connected thereto. Vmin is a minimum
rated voltage of the storage means or a minimum voltage
that is defined by the system such as a load connected
thereto.

[0071] FIG. 1 assumes that the open circuit voltages Ea
and Eb of the storage means 101a and 1015 are equal to each
other as the storage means 101a and 1015 are connected in
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parallel to each other and that the charging/discharging
controlling means 105 flows a current Iall to charge and
discharge the storage means 101a and 101b. The currents Ia
and Ib which respectively flow through the storage means
101¢ and 1016 can be expressed by equations (3) and (4)
where Ra and Rb are internal resistances of the storage
means 101a and 1015.

Ta=IallxRb/(Ra+Rb) (©)]
Ib=IallxRa/(Ra+Rb) €]
[0072] Equations (3) and (4)
[0073] The charging/discharging controlling means 105
controls the current to satisfy Expressions (5) and (6) during
charging and satisfy Expressions (7) and (8) during dis-
charging.

TallxRb/(Ra+Rb)<(Vmax—-Fa)/Ra O]
TallxRa/(Ra+Rb)<(Vmax-Eb)/Rb (6)
TallxRb/(Ra+Rb)<(Ea-Vmin)/Ra @)
TallxRa/(Ra+Rb)<(Eb-Vmin)/Rb (8
[0074] In other words, for charging, the charging/dis-

charging controlling means 105 controls the current to be
below the less of {(Vmax-Ea)(Ra+Rb)/RaRb} and
{(Vmax-Eb)(Ra+Rb)/RaRb}.

[0075] For quick charging, the charging current should be
a current as high as possible below the less of {(Vmax-
Ea)(Ra+Rb)/RaRb} and {(Vmax-Eb)(Ra+Rb)/RaRb}.

[0076] Therefore, in actual current controlling, a current
controlling means should provide a current control range
considering the current controlling accuracy of the means
and the target charging controlling value should be the
difference between the current control range and the less of
{(Vmax-Ea)(Ra+Rb)/RaRb} and {(Vmax-Eb)(Ra+Rb)/
RaRb}.

[0077] Further, the control means controls the discharging
current to be below the less of {(Ea-Vmin)(Ra+Rb)/RaRb}
and {(Eb-Vmin)(Ra+Rb)/RaRb}.

[0078] In other words, the charging/discharging control-
ling means 105 should control the total current Iall by
selecting the less of the maximum current and the minimum
current (maximum and minimum currents allowed in ratings
or in the system) that can flow each of the storage means
101a and 101) and causing the selected current to flow
respectively through the storage means 101a and 1015.

[0079] Similarly, the charging/discharging controlling
means 105 should preferably control the discharging current
efficiently to be almost equal to the maximum capacity of
each storage means.

[0080] Therefore, similarly to the charging current, in
actual current controlling, a current controlling means
should provide a current control range considering the
current controlling accuracy of the means and the target
discharging controlling value should be the difference
between the current control range and the less of {(Ea-
Vmin)(Ra+Rb)/RaRb} and {(Eb-Vmin)(Ra+Rb)/RaRb}.

[0081] FIG. 2 is a functional block diagram of the inside
of a charging/disc harging controlling means 105.

[0082] In FIG. 2b, the resistances Ra and Rb and the
voltages Ea and Eb that are detected by the status detecting
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means 104 are sent to the operation sections 105-1 to 105-3
of the charging/discharging controlling means 105.

[0083] The operation section 105-1 calculates the maxi-
mum charging currents (Vmax-Ea)/Ra and (Vmax-Eb)/Rb
of the storage means 101¢ and 101b. The operation section
105-3 calculates the maximum discharging currents (Ea—
Vmin)/Ra and (Eb-Vmin)/Rb of the storage means 101a
and 101b. The operation section 105-2 calculates the ratio of
respective currents flowing through the storage means 101a
and 1015 to the total current.

[0084] The operation section 105-4 calculates the maxi-
mum permissible total charging current Icall from Expres-
sions (5) and (6). Similarly the operation section 105-5
calculates the maximum permissible total discharging cur-
rent Idall from Expressions (7) and (8).

[0085] Receiving the maximum permissible total charging
current Icall and the maximum permissible total discharging
current Idall from the operation sections 105-4 and 105-5,
the current control section 105-6 controls the current Iall that
flows through the storage means 101a and 101b.

[0086] The current control section 105-6 comprises cur-
rent control elements and means to switch on and off these
elements to control the current Iall.

[0087] As described above, the first embodiment of this
invention can safely charge and discharge a plurality of
parallel-connected storage means without causing any prob-
lem. Simultaneously, this embodiment enables quick charg-
ing, sets discharging currents effective to the capacities of
storage means, and reduces capacities relative to the dis-
charging currents.

[0088] Although the charging/discharging controlling
means 105 controls currents in the above example, the same
effects can also be obtained by controlling voltages or
power.

[0089] Further, although two storage means 101a and
101b are connected in parallel in FIG. 2, it is also possible
to control the charging or discharging currents of the storage
means even when a plurality of storage means are connected
in series and in parallel by calculating quantities of status of
each storage means such as impedances and open-circuit
voltages and expanding the above Expressions. This method
can charge and discharge storage means safely and effec-
tively without causing any problem in the storage means
instead of using a current for a single storage means as a total
charging or discharging current.

[0090] When a storage means is charging or discharging,
however, the voltage detecting means detects a value includ-
ing a voltage of the impedance section, but cannot directly
measure the open circuit voltage E.

[0091] Tt is possible to measure the open circuit voltage E
and the impedance R separately by the following:

[0092] FIG. 3 is a graph for explaining an example of
process that the status detecting means executes. In FIG. 3,
the vertical axis (Y axis) represents voltage values and the
horizontal axis (X axis) represents current values. This graph
is for explanation only and not actually plotted in the status
detecting means (microcomputer) 104.

[0093] The status detecting means 104 receives voltage
date measured by the voltage measuring means 102 and
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current data measured by the current measuring means 103
for a preset time period and linearly approximates these
kinds of data by a least-squares method.

[0094] TheY intercept of the line is equivalent to the open
circuit voltage E of the storage means 101a or 1015 as its X
value is 0. The gradient of the line is equivalent to the
impedance R of the storage means 101a or 101b. This
approximate line is expressed by an equation Y=RI+E.

[0095] Tt is also possible to measure the current I and the
voltage V between the terminals of the storage means 101a
or 101, obtain their increments (variations) dV and dI in a
very short time period, and directly calculates the impedance
from the increments as follows:

R=dVv/dI ©

[0096] FIG. 4 is a schematic diagram of a power control
apparatus which is the second embodiment of the invention.
This embodiment is an example of applying the invention to
a power charging/discharging controlling means.

[0097] In FIG. 4, a storage means 101la and a current
measuring means 103a are connected in series to each other.
A storage means 1016 and a current measuring means 103b
are connected in series to each other. A voltage measuring
means 1024 is connected in parallel to these series sets of a
storage means and a current measuring means.

[0098] Similarly, a storage means 10lc and a current
measuring means 103¢ are connected in series to each other.
A storage means 1014 and a current measuring means 103d
are connected in series to each other. A voltage measuring
means 1025 is connected in parallel to these series sets of a
storage means and a current measuring means.

[0099] Further, these two parallel sets of a storage means
and a current measuring means are connected in series to
another two parallel sets of a storage means and a current
measuring means. Both ends of the resulting parallel-series
circuit are connected to the charging/discharging controlling
means 105. This charging/discharging controlling means
105 is connected to a power supply such as a commercial
power supply, a power generator and a fuel cell and to a load
such as an electronic apparatus (which are not shown in the
drawing).

[0100] The outputs of the voltage measuring means 1024
and 1026 and the current measuring means 103a, 103b,
103c¢, and 1034 are fed to the status detecting means 104.
The outputs of the status detecting means 104 are fed to the
charging/discharging controlling means 105.

[0101] In this embodiment, the status detecting means 104
is housed in the charging/discharging controlling means 105.

[0102] The status detecting means 104 calculates the
charging status (quantity of electric charge) of respective
storage means 101a to 1014 from the detected current and
voltage values and determines the maximum and minimum
ones among the charging state values. The charging/dis-
charging controlling means 105 controls charging of the
storage means by the maximum charging state value and
discharging of the storage means by the minimum charging
state value. In charging/discharging controlling, the charg-
ing/discharging controlling means 105 controls currents,
voltages, or power.
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[0103] By the way, when a plurality of parallel-series
connected storage means are charged, a storage means
having the greatest charging status (quantity of electric
charge) completes charging first. Therefore, the charging/
discharging controlling means 105 controls charging accord-
ing to the storage means having the greatest charging status.

[0104] Similarly, when a plurality of parallel-series con-
nected storage means are discharged, a storage means hav-
ing the smallest charging status completes discharging first.
Therefore, the charging/discharging controlling means 105
controls discharging according to the storage means having
the smallest charging status.

[0105] Here, the charging status (or state of charge (SOC))
indicates how much a storage means is charged and the
discharging status (or depth of discharge (DOD)) indicates
how much charge a storage means has to discharge.

[0106] The charging and discharging states of the storage
means 101a to 101d can be known from their impedances
and voltage values. Further this embodiment causes the
status detecting means 104 to detect the status (such as open
circuit voltage) of respective storage means 101a to 101d
and controls the charging or discharging currents according
to the quantities of states in the method similar to the
example of FIG. 1. Further, this embodiment controls the
charging/discharging time and so on by the above charging
state, that is, the greatest or smallest charging state value.

[0107] This can provide a power storage energy manage-
ment system that can charge or discharge series-parallel
connected power storage means safely without causing any
problem.

[0108] As described above, the second embodiment of this
invention can accomplish the effects similar to those of the
first embodiment and control charging and discharging of
respective storage means according to their charging or
discharging status.

[0109] FIG. 5 is a schematic diagram of a power control
apparatus which is the third embodiment of the invention.
This embodiment is an example of applying the invention to
a power charging/discharging controlling means.

[0110] In FIG. 5, switches 106a and 106b are of the
mechanical relay type or semiconductor element type.

[0111] The switch 106a is connected in series to storage
means 101a and 101c¢ and a current measuring means 103c.
The switch 1065 is connected in series to storage means
101b and 101d and a current measuring means 103d.

[0112] These series sets of switch 106, storage means 101
and current measuring means 103 are connected in parallel
to a charging/discharging controlling means 105. A voltage
measuring means 102 is connected in parallel to each
storage means 101 (e.g. voltage measuring means 1024 to
storage means 101a, voltage measuring means 1025 to
storage means 101b, voltage measuring means 1025 to
storage means 1015, and voltage measuring means 102d to
storage means 101d).

[0113] The charging/discharging controlling means 105 is
connected to a power supply such as a commercial power
supply, a power generator and a fuel cell and to a load such
as an electronic apparatus (which are not shown in the
drawing).
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[0114] The voltage measuring means 102a to 1024, the
current measuring means 103¢, 1034, and switches 1064,
106b are connected to the status detecting means 104 which
is connected to the charging/discharging controlling means
105.

[0115] The status detecting means 104 works to control
and detect on/off status of the switches 106a and 106b. It
also detects the status values of respective storage means
101a to 101d such as internal impedances, open-circuit
voltages, and charging status (remaining charges and charge
quantities).

[0116] The charging/discharging controlling means 105
controls charging/discharging currents, voltages, or powers
according to the on/off status of the switches 106a, 1065,
and the status quantities of the storage means 101a to 1014.

[0117] Switches 106a and 106b are used to select or
replace storage means without stopping the power supply.
For example, you can replace either or both of the storage
means 1026 and 102d by new storage means by making the
switch 106a and opening the switch 106b. These switches
can be used also to disconnect the storage means from a load
or from the charging/discharging controlling means 105.

[0118] Also when the storage means 101a to 101d are
disconnected from the switch 106a or 106b, the voltage
measuring means 1024 to 1024 can send the detected values
normally to the status detecting means 104.

[0119] Therefore if the charging/discharging controlling
means 105 charges or discharges a storage means without
knowing that a switch 106a or 106b is open, the storage
means connected to the charging/discharging controlling
means 105 may be disturbed. To prevent this, the third
embodiment of this invention detects the on/off status of the
switches 106a to 106b.

[0120] The other actions and functions of the third
embodiment are similar to those of the first embodiment.

[0121] As described above, the third embodiment of this
invention can accomplish the effects similar to those of the
first embodiment even when switches are connected in series
to the storage means.

[0122] FIG. 6 is a schematic diagram of a power control
apparatus which is the fourth embodiment of the invention.
This embodiment is an example of applying the invention to
a power charging/discharging controlling means.

[0123] In FIG. 6, a load 107 is a generic part such as an
electronic apparatus to which a power supply apparatus
supplies power.

[0124] Voltage measuring means 102z and 1025 are
respectively connected in parallel to the storage means 101a
and 1016 as shown in FIG. 6. Further, current measuring
means 103a and 1035 are respectively connected in series to
the storage means 101a and 1015.

[0125] A load 107 and a charging/discharging controlling
means 1054 connected in parallel to the storage means 101a.
Charging/discharging controlling means 1054 and 1055 are
connected in parallel to the storage means 101b. This
charging/discharging controlling means 105b is connected
to a power supply such as a commercial power supply, a
power generator and a fuel cell and to a load such as an
electronic apparatus (which are not shown in the drawing).
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[0126] Further, a status detecting means 104a is connected
to the voltage measuring means 1024 and a current measur-
ing means 103a. A status detecting means 104b is connected
to the voltage measuring means 102b and a current measur-
ing means 103b.

[0127] The status detecting means 104a is housed in the
charging/discharging controlling means 105a and the status
detecting means 1045 is housed in the charging/discharging
controlling means 105b. The charging/discharging control-
ling means 1054 and 1055 are so configured to transfer their
current control signals and storage-means status values to
and from each other.

[0128] The purpose of this configuration is to enable the
charging/discharging means 101 and 1015 to cooperate or
separately work to supply power to the load 107 or the other
electronic apparatus.

[0129] The other operations and functions of the status
detecting means 104a and 1045 and the charging/discharg-
ing controlling means 1054 and 105b are similar to those of
the first embodiment of FIG. 1.

[0130] As described above, the fourth embodiment of this
invention can accomplish the effects similar to those of the
first embodiment. Additionally this embodiment enables
connection of multiple storage means and multiple charging/
discharging means and enables the charging/discharging
means to share state quantity data of the storage means and
information of respective charging/discharging means. With
this, the power control apparatus can control charging and
discharging current, voltages, or powers of the charging/
discharging means according to the status quantities of
storage means and thus utilize the storage means.

[0131] FIG. 7 is a schematic diagram of a power control
apparatus which is the fifth embodiment of the invention.
This embodiment is an example of applying the invention to
a storage-means energy management system.

[0132] In FIG. 7, the storage-means energy management
system contains a commercial power supply 108, a solar
energy generator 109, power supply switches 110a to 110e,
and a fuel cell apparatus 114.

[0133] A charging/discharging controlling means 105 is
connected to the commercial power supply 108, the solar
energy generator 109, the fuel cell apparatus 114, and the
load apparatus 107 through the power supply switches 110a
to 110e.

[0134] The fuel cell apparatus 114, the solar energy gen-
erator 109, the load apparatus 107, the power supply
switches 110a to 110¢, and the MCU of the charging/
discharging controlling means 105 are interconnected with
two-way communication systems. The output signals of the
status detecting means 104 are fed to the MCU of the
charging/discharging controlling means 105.

[0135] The fuel cell apparatus 114 produces electric
energy by oxidative reaction of oxygen (in air) and hydrogen
gas stored in container or hydrogen gas obtained by modi-
fying gasoline or methanol and outputs a.c. power through
a converter or the like.

[0136] The solar energy generator 109 photo-electrically
converts solar light into d.c. power by solar cells and outputs
a.c. power through a converter or the like.
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[0137] The load apparatus 107 generically represents
home electric appliances (e.g. an electric/electronic appara-
tus such as air conditioner, refrigerator, microwave oven,
and lamps) and electric equipment (e.g. motor, elevator,
personal computer, and medical apparatus).

[0138] The load apparatus 107 may contain a switch 110
in it.

[0139] The storage means 101a to 101d, the voltage
measuring means 102 to 102d, and the current measuring
means 103¢ and 103d are connected in a configuration
similar to that of the embodiment of FIG. 5 (excluding
switches 106a and 106b).

[0140] The MCU controls charging and discharging of the
storage means 101a to 101d by controlling a current control
circuit comprising of transistors (TR1 to TR6), diodes (D1
to D6), resistors (R1 and R2), a capacitor (C), and coils (L1
and L.2) according to status detection signals sent from the
status detecting means 104 which has a function similar to
that of the embodiment of FIG. 5.

[0141] The embodiment of FIG. 7 normally supplies
required power to the load apparatus 107 from the commer-
cial power supply 108, the solar energy generator 109, and
the fuel cell apparatus 114.

[0142] When detecting that power from the commercial
power supply 108, the solar energy generator 109, and the
fuel cell apparatus 114 is not enough, the MCU supplies
power to the load apparatus 107 from the storage means
101a to 101d through the charging/discharging controlling
means 105.

[0143] When detecting that power from the commercial
power supply 108, the solar energy generator 109, and the
fuel cell apparatus 114 is excessive, the MCU charges the
storage means 101a to 101d through the charging/discharg-
ing controlling means 105.

[0144] In the above operation, the status detecting means
104 detects the status of respective storage means 101a to
101d. Judging from these status values, the MCU determines
currents, voltages, and power required by the commercial
power supply 108, the solar energy generator 109, the fuel
cell apparatus 114, and the load apparatus 107. The charg-
ing/discharging controlling means 105 controls the charging
or discharging currents, voltages, and power required by
them.

[0145] As described above, the fifth embodiment of this
invention can accomplish the effects similar to those of the
first embodiment.

[0146] As the fifth embodiment can quickly charge storage
means and obtain great discharging currents relative to the
storage capacity without causing any problem, it can reduce
the contract demand and power consumption of the com-
mercial power supply 108 and the rated power generation of
the solar energy generator 109 and the fuel cell apparatus
114. This can reduce charging means costs, equipment
expenses, and running costs.

[0147] This embodiment can ease concentration of power
consumption and even out the power consumption by sup-
plying power to the commercial power supply 108 from the
storage means when a power consumption concentrates on
a certain period and charging the storage means when a
power consumption is less.
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[0148] The energy management system for storage means
stated in the fifth embodiment of this invention can take a
configuration other than the illustrated one.

[0149] The fifth embodiment is applicable to production
plants, building systems, general households, and so on.

[0150] FIG. 8 is a schematic diagram of a power control
apparatus which is the sixth embodiment of the invention.
This embodiment is an example of applying the invention to
a storage-means energy management system, particularly to
railway vehicles, automobiles, and so on.

[0151] In FIG. 8, the storage-means energy management
system contains a low-potential load apparatus 111, a high-
potential load apparatus 112, and a motor generator 113.

[0152] The motor generator 113 is connected to a charg-
ing/discharging controlling means 1055 which is function-
ally similar to that in the storage-means energy management
system of FIG. 7.

[0153] The storage means (101a and 101b), the voltage
measuring means (102a¢ and 102b), the current measuring
means (1032 and 103b), the status detecting means (104a
and 104b), and the charging/discharging controlling means
105 are configured similarly to that of FIG. 6, but the status
detecting means 104b is not housed in the charging/dis-
charging controlling means 105b.

[0154] In the embodiment of FIG. 8, the high-potential
load apparatus 112 is connected to the charging/discharging
controlling means 105b (configuration similar to that of
FIG. 8) on the storage means 1015 side through the charg-
ing/discharging controlling means 105¢ (configuration simi-
lar to the charging/discharging controlling means 105b). The
low-potential load apparatus 111 connected to the storage
means 101a.

[0155] The motor generator 113 works to start the engine
(internal combustion engine), assist the driving force of the
engine (powering), and generate power (regeneration). Dur-
ing powering, the motor generator 113 receives power from
the storage means 101a and 101b. During regeneration, the
motor generator 113 supplies power to the storage means
101 and 101b.

[0156] The low-potential load apparatus 111 are electric
loads and other power supply units of rated voltages from
some volts to 42 volts such as solenoid valves of the engine
and audio sets.

[0157] The high-potential load apparatus 112 are electric
loads having rated voltages of some hundred volts such as
lamps and an air conditioner.

[0158] Also in this embodiment, the status detecting
means 1044 and 104b detect the status of respective storage
means 101a and 1015. The charging/discharging controlling
means 105b controls charging or discharging currents, volt-
ages, and powers according to the detected status quantities
considering the I/O requests of the motor generator 113, the
low-potential load apparatus 111, and the high-potential load
apparatus 112.

[0159] This embodiment enables the charging/discharging
means (105« to 105¢) to share state quantity data of the
storage means (101a, 1015 and 101¢) and information of
respective charging/discharging means (105¢, 105b, and
105c¢) and thus utilizes the storage means.
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[0160] As described above, the sixth embodiment of this
invention can accomplish the effects similar to those of the
first embodiment.

[0161] When applied to a tracked vehicle such as electric
car, hybrid electric car, railway car, and mono-rail car, the
power storage energy management system which is the sixth
embodiment of this invention can reduce the charging time
and the weight of the storage means. Therefore, this system
can assist engine torques at the startup of the engine, convert
kinetic energy of braking into electric power, and store the
regenerated power, which leads to reduction of shipping cost
of the system and maintenance frequency.

[0162] Although the above embodiment is an example of
applying a power control apparatus of this invention to a
charging/discharging controlling means, this invention can
also be applied to a charging controlling apparatus and a
discharging controlling apparatus.

[0163] In other words, when applied to a charging con-
trolling apparatus, the power control apparatus calculates the
internal impedance of each storage means from the detected
current and voltage and controls the charging current to
satisfy Expressions (5) and (6).

[0164] When applied to a discharging controlling appara-
tus, the power control apparatus calculates the internal
impedance of each storage means from the detected current
and voltage and controls the discharging current to satisfy
Expressions (7) and (8).

[0165] Further, as the embodiments of this invention can
calculate the internal impedance of respective storage
means, it is possible to estimate the service life of each
storage means from its impedance value. This estimation is
carried out by the current controlling section 105f in FIG. 2.

[0166] Therefore, it is possible to show the service life and
the expected replacement time of each storage means.

[0167] This invention can provide a power control appa-
ratus that can control charging and discharging of a plurality
of storage means without causing any problem while reduc-
ing the charging periods and capacities relative to the
discharging current values.

[0168] Although the present invention has been illustrated
and described with respect to exemplary embodiment
thereof, it should be understood by those skilled in the art
that the foregoing and various other changes, omission and
additions may be made therein and thereto, without depart-
ing from the spirit and scope of the present invention.
Therefore, the present invention should not be understood as
limited to the specific embodiment set out above but to
include all possible embodiments which can be embodied
within a scope encompassed and equivalent thereof with
respect to the feature set out in the appended claims.

What is claimed is:

1. A power control apparatus for controlling charging and
discharging of a plurality of storage means, comprising

voltage measuring means for measuring voltages of said
storage means respectively,

current measuring means for measuring currents flowing
through said storage means respectively,
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a status detecting means for detecting the operating status
of each storage means from values measured by said
voltage measuring means and said current measuring
means, and

a charging/discharging controlling means for controlling
currents, voltages, or power according to the operating
status of each storage means detected by said status
detecting means to charge or discharge said storage
means.

2. The power control apparatus of claim 1, wherein said
status detecting means calculates the internal impedance or
open circuit voltage of each storage means and the charging/
discharging controlling means controls charging/discharg-
ing currents, voltages, or power of said storage means
according to impedances or open circuit voltages thereof.

3. The power control apparatus of claim 1, wherein

said status detecting means calculates the internal imped-
ance or open circuit voltage of each storage means, and

said charging/discharging controlling means calculates
the permissible charging or discharging current value
of each storage means from its int ernal impedance,
open circuit voltage, preset maximum permissible volt-
age and minimum permissible voltage, calculates the
sum of all currents flowing through said storage means
to suppress a current over the calculated permissible
charging or discharging current from flowing into or
out of each of said storage means and controls the
charging or discharging current to make the total cur-
rent below the calculated total current value.

4. The power control apparatus of claim 1, wherein

said status detecting means calculates the charging status
of each storage means and determines the maximum or
minimum of the calculated charging states, and

said charging/discharging controlling means controls the
charging current, voltage, or power by the maximum
charging status value and controls the discharging
current, voltage, or power by the minimum charging
status value.

5. The power control apparatus of claim 1, wherein said
power control apparatus further comprises a switch means
which selectively breaks or makes a connection between
said charging/discharging controlling means and any storage
means and said charging/discharging controlling means
checks the on/off status of said switch means and controls
the current, voltage or power according to the detected
on/off status of said switch means and the running status of
each storage means to discharge or charge the storage
means.

6. The power control apparatus of claim 5, wherein

said status detecting means calculates the internal imped-
ance or open circuit voltage of each storage means and
said charging/discharging controlling means controls
charging/discharging currents, voltages, or power of
said storage means according to the impedances or
open circuit voltages thereof.

7. The power control apparatus of claim 5, wherein

said status detecting means calculates the charging status
of each storage means and determines the maximum or
minimum of the calculated charging states, and
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said charging/discharging controlling means controls the
charging current, voltage, or power by the maximum
charging status value and controls the discharging
current, voltage, or power by the minimum charging
status value.

8. The power control apparatus of claim 1, further com-
prising a load and a means selected from a group of a
commercial power supply, a solar energy generator, a micro
gas turbine generator and a fuel cell to supply power to said
load, wherein said power control apparatus supplies power
to said load or said commercial power supply and uses
power from said commercial power supply, a solar energy
generator, a micro gas turbine generator or a fuel cell as a
charging power.

9. The power control apparatus of claim 1, wherein said
storage means supply power to an electric motor which
drives vehicle wheels and are charged by power from the
outside of a vehicle or power from said electric motor when
said motor is used as a power generator.

10. The power control apparatus of claim 1, wherein said
storage means supply power to an electric motor which
drives vehicle wheels and are charged by power generated
by a dynamo-electric generator which is driven by a internal
combustion engine on a vehicle or power from said electric
motor when said motor is used as a power generator.

11. A power control apparatus for controlling charging of
a plurality of storage means comprising

voltage measuring means for measuring voltages of said
storage means respectively,

current measuring means for measuring currents flowing
through said storage means respectively,

a status detecting means for respectively calculating the
internal impedances and open circuit voltages of said
storage means from values measured by said voltage
and current measuring means, and

a charging current controlling means calculates a permis-
sible charging current value of each storage means
from its internal impedance or open circuit voltage and
a preset maximum permissible charging voltage which
are detected by said status detecting means calculates
the sum of all currents flowing through said storage
means to suppress a current over t he calculated current
from flowing into said storage means, and controls the
charging current to make the current below the calcu-
lated total current value.

12. A power control apparatus for controlling discharging

of a plurality of storage means comprising

voltage measuring means for measuring voltages of said
storage means respectively,

current measuring means for measuring currents flowing
through said storage means respectively,

a status detecting means for respectively calculating the
internal impedances and open circuit voltages of said
storage means from values measured by said voltage
and current measuring means, and

a discharging current controlling means calculates a per-
missible discharging current value of each storage
means from its internal impedance or open circuit
voltage and a preset maximum permissible discharging
voltage which are detected by said status detecting
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means calculates the sum of all currents flowing current below the calculated total discharging current
through said storage means to suppress a current over value.

the calculated current from flowing from said storage

means, and controls the discharging current to make the L



