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DESCRIPTION 

TITLE OF THE INVENTION: POWER STORAGE DEVICE 

FIELD 

[0001]    An embodiment of the present invention relates to a power storage device. 

BACKGROUND 5 

[0002]    In one of transportation systems causing a vehicle to travel by electric power, 

for example, there is a railroad, a monorail, or the like causing an electric railcar to travel 

by a direct-current feeding method, but in a case of such a transportation system, a 

variation in load with a start/stop of the electric railcar frequently occurs, and a voltage of 

an overhead line which supplies the electric power to the electric railcar also largely varies. 10 

[0003]    A power converter such as a diode rectifier is used for the overhead line in 

general in order to convert alternating-current power sent from an alternating-current 

power supply system of a substation or the like into a direct current to supply it. 

[0004]    Regenerative electric power is generated at deceleration of the electric railcar.  

The regenerative electric power is to be retrieved by installing a regenerative inverter.  15 

Therefore, when the regenerative inverter is not installed, sufficient load which absorbs the 

regenerative electric power from the electric railcar is to be installed around the electric 

railcar. 

[0005]    On the other hand, even though the regenerative inverter is installed, the 

regenerative electric power causes reverse power flow to a transmission and distribution 20 

system of an electric power company as long as load which consumes the electric power 

regenerated by the regenerative inverter does not exist in a system, and thereby a railroad 

business operator cannot obtain an effect of reduction in an amount of power to be 

purchased. 

[0006]    In order to solve such problems, a power storage device which absorbs and 25 

stores the regenerative electric power of the electric railcar is sometimes installed on the 

transportation system.  This power storage device is capable of absorbing the regenerative 

electric power of the electric railcar and also discharging the stored energy.  Installation 
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of this power storage device makes it possible to reduce input energy of the substation for 

feeding. 

[0007]    Further, the power storage device has a function of suppressing a variation in 

overhead line voltage by a discharge at a time of a decrease in the overhead line voltage 

and a charge at a time of a rise in the overhead line voltage.  A technique of such a power 5 

storage device is as follows, for example. 

PRIOR ART DOCUMENT 

PATENT DOCUMENT 

[0008]    Patent Document 1: Japanese Patent No. 5377538 

         Patent Document 2: Japanese Laid-open Patent Publication No. 2006-062489 10 

SUMMERRY OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0009]    In a case of a technique of a power storage device mentioned in Patent 

Document 1, a base on which charge/discharge characteristics are set is not clarified.  

Further because Charge_th_low corresponding to a charge start voltage is set to 1620 V, 15 

namely a no-load feeding voltage or more of a rectifier of 8% voltage regulation in a 

feeding system of DC 1500 V, there is a problem that with a rise in a state of charge (SOC: 

State of Charge) of the power storage device, the charge start voltage rises rather than the 

no-load feeding voltage in the entire range indicated by the SOC, resulting in a decrease in 

a regenerative electric power amount from a train. 20 

[0010]    Further, when there is a no-load feeding voltage variation of the rectifier 

practically and the no-load feeding voltage rises and when excess regenerative power is 

excessive, there is a problem that the SOC of a power storage element increases, and the 

technique in Patent Document 1 is a characteristic which makes the charge start voltage of 

a storage battery rise and induces regenerative narrowing of the train before setting a 25 

discharge characteristic in which the power storage device can discharge sufficiently, and 

cannot achieve energy-saving charge/discharge control. 

[0011]    Further, the technique in Patent Document 1 exemplifies a charge/discharge 
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method in which a control charge/discharge current is not made to flow, while Patent 

Document 2 indicates that a charge/discharge start voltage is made variable with an 

increase and decrease in a charging rate, but in a case of a technique in Patent Document 2, 

charging rate control for suppressing a biased SOC during operation of a power storage 

device is incorporated, resulting in occurrence of a wasteful charge/discharge loss for 5 

control of the SOC. 

[0012]    Further, when the charge/discharge control which changes a charge start 

voltage and discharge start voltage according to the SOC is used, it is not indicated that 

what charge/discharge characteristics to have specifically makes it possible to reduce the 

charge/discharge loss of a power storage element, suppress a regenerative cancellation 10 

sufficiently, and charge and discharge according to a change in a load distribution of a line 

and an operation state (operating state of rectifier of substation) of a feeding facility. 

MEANS OF SOLVING THE PROBLEMS 

[0013]    A problem to be solved by the present invention is to provide a power storage 

device capable of improving charge/discharge efficiency of a power storage element, also 15 

corresponding to a power supply stop from a substation facility for feeding and a change in 

a train load distribution on a feeding circuit, and making a state of charge of the power 

storage element fall within a range of a predetermined state of charge, while suppressing a 

regenerative cancellation of a vehicle at the maximum. 

[0014]    A power storage device of an embodiment includes a power storage element, a 20 

converter, a voltage detecting unit, a charging rate detection unit, a storage unit, and a 

current control unit.  The power storage element is capable of storing power and charging 

and discharging.  The converter converts voltage between a direct-current power supply 

system and the power storage element.  The voltage detecting unit detects a voltage of the 

direct-current power supply system through the converter.  The charging rate detection 25 

unit detects a charging rate of the power storage element.  The storage unit stores a table 

defining, in sectional ranges of a charging rate in which a charging rate indicating a range 

of an amount of charge in which the power storage element is capable of storing power is 
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divided into some sections, a charge characteristic in which any one or more of a first 

voltage in which charge is started and a second voltage in which charge is started with a 

maximum current are represented and a discharge characteristic in which any one or more 

of a third voltage in which discharge is started and a fourth voltage in which discharge is 

started with a maximum current are represented.  The current control unit selects a 5 

characteristic according to a charging rate of the power storage element which is detected 

by the charging rate detection unit from the table, sets each voltage of a selected 

characteristic at a control point of a charge/discharge control characteristic for charging 

and discharging to/from the power storage element, and performs charge and discharge 

between the direct-current power supply system and the power storage element through the 10 

converter according to a voltage of the direct-current power supply system which is 

detected by the voltage detecting unit in accordance with the charge/discharge control 

characteristic.  In the storage unit, for each of the sectional ranges of the charging rate, a 

control characteristic which makes setting of the control points of the first voltage to the 

fourth voltage variable to an upward trend or a downward trend is defined. 15 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015]   FIG. 1 is a diagram illustrating a configuration of an electric railcar power 

feeding system of an embodiment. 

 FIG. 2 is a chart illustrating a control characteristic which performs 20 

charge/discharge control of a power storage element according to a variation in a voltage 

of a feeder line. 

 FIG. 3 is a characteristic chart illustrating a relationship between a charging rate 

and voltages of control points. 

 25 

DETAILED DESCRIPTION 

[0016]    Hereinafter, an embodiment will be described in detail referring to the 

drawings. 
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[0017]    (Embodiment) 

 FIG. 1 is a diagram illustrating a configuration of an electric railcar power 

feeding system of an embodiment. 

 The electric railcar power feeding system is a power feeding system of a 

direct-current feeding type which feeds direct-current power from a substation through a 5 

feeding circuit to a vehicle in transportation such as a railroad or a monorail, for example, 

an electric railcar or the like. 

[0018]    As illustrated in FIG. 1, an electric railcar power feeding system 10 of the 

embodiment is constituted by connecting a power storage device 4 and a substation facility 

5 of a substation via a feeding circuit 2.  The feeding circuit 2 is a direct-current power 10 

supply system having a feeder line 2a (overhead line or power line) and a rail 2b (return 

wire or return feeder). 

[0019]    The substation facility 5 is installed, for example, every 5 km or at every 

station of the railroad, the monorail, or the like.  As illustrated in FIG. 1, the substation 

facility 5 connects an alternating-current circuit breaker 12, a transformer 13, a normal 15 

alternating-current circuit breaker 14, a rectifier 15, and a direct-current circuit breaker 16 

between the feeding circuit 2 (direct-current power supply system) and an 

alternating-current power supply system 11. 

[0020]    The alternating-current circuit breaker 12 electrically connects or disconnects 

the alternating-current power supply system 11 which is a commercial power supply and 20 

the transformer 13 to/from each other, for example.  The above-described 

alternating-current power supply system 11 is a normal power supply of an 

alternating-current system for direct-current feeding. 

[0021]    The transformer 13 varies a voltage of the alternating-current power supply 

system 11 to a voltage for the feeding circuit 2.  The alternating-current circuit breaker 14 25 

electrically connects or disconnects the transformer 13 and the rectifier 15 to/from each 

other. 

[0022]    The rectifier 15 is, for example, a diode rectifier or a PWM converter, and is an 



6 

AC/DC converter which converts an alternating current to a direct current.  In other 

words, the rectifier 15 converts electric power of the alternating-current power supply 

system 11 whose voltage is converted in the transformer 13 to direct-current power and 

supplies the direct-current power to the feeding circuit 2. 

[0023]    The direct-current circuit breaker 16 electrically connects or disconnects the 5 

feeding circuit 2 and the rectifier 15 to/from each other.  Note that the above substation 

facility 5 need not necessarily be collectively arranged in the same position or casing. 

[0024]    An electric railcar 1 travels by receiving supply of the direct-current power 

from a side of the substation facility 5 via the feeding circuit 2.  All electric rolling stocks, 

which travel using electricity as a driving source such as a vehicle used for the monorail, a 10 

vehicle used for the railroad, and an electric vehicle, correspond to the electric railcar 1. 

[0025]    The rail 2b is a conductor which pairs off with the feeder line 2a and through 

which a return current flows.  Note that for a transportation system which travels with, for 

example, rubber wheels other than the rail 2b, part of subway, and the like, a dedicated 

conductor through which the return current flows is installed as the return feeder instead of 15 

the rail 2b. 

[0026]    In this example, the feeder line 2a and the rail 2b constitute the feeding circuit 

2, but a method of adopting a third rail system or a fourth rail system, or a system 

constituted by not a feeder line but only a trolley wire is also applicable. 

[0027]    Meanwhile, the power storage device 4 is arranged, for example every 3 km or 20 

the like in a distributed manner, and installed at a distance from a position of the substation 

facility 5. 

[0028]    As illustrated in FIG. 1, the power storage device 4 is connected to the feeding 

circuit 2 (the feeder line 2a and the rail 2b).  The power storage device 4 includes a 

direct-current circuit breaker 41, a converter 42, a power storage element 43, a charge state 25 

detection unit 44, a direct-current voltage detecting unit 45, a table 47, and a 

charge/discharge control unit 48.  The table 47 is stored by a memory.  The 

charge/discharge control unit 48 is put into practice by a central processing unit (CPU). 
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[0029]    The direct-current circuit breaker 41 electrically connects or disconnects the 

converter 42 and the feeder line 2a to/from each other.  The converter 42 exchanges 

electric power between the feeder line 2a and the power storage element 43. 

[0030]    The converter 42 is constituted of a step-up/down chopper circuit (buck-boost 

Converter) which gate-drives, for example, a switching element, or the like and converts 5 

voltage between the feeder line 2a and the power storage element 43.  Further, the 

converter 42 adjusts current to the power storage element 43 by being controlled by the 

charge/discharge control unit 48 to perform charge/discharge operation. 

 In the converter 42, an element which is applied to the converter 42 is, for 

example, a self-arc-extinguishing element such as an IGBT (Insulated Gate Bipolar 10 

Transistor), and charge and discharge to/from the power storage element 43 are performed 

by PWM (Pulse Width Modulation) driving this type of element. 

[0031]    The converter 42 has a function of a DC/DC converter as long as the power 

storage element 43 is, for example a storage battery or a condenser, and further the 

converter 42 is formed as a one having a function of an inverter which enables DC/AC 15 

conversion as long as the power storage element 43 is, for example, a flywheel. 

[0032]    The power storage element 43 is, for example, a storage battery such as a 

lithium-ion battery, a nickel-metal hydride battery, or a lead-acid battery, or an energy 

storage element such as an electric double layer capacitor, or a flywheel.  The power 

storage element 43 is capable of charging with current from the feeder line 2a 20 

(direct-current power supply system) and discharging to the feeder line 2a (direct-current 

power supply system). 

[0033]    The direct-current voltage detecting unit 45 detects a voltage (direct-current 

voltage) of the feeder line 2a through the converter 42 and notifies the charge/discharge 

control unit 48, for example.  Note that a direct-current voltage which the 25 

charge/discharge control unit 48 uses for charge/discharge control may be, for example, a 

voltage of a detector connected via an LC filter or the like with respect to the voltage of the 

feeder line 2a besides the voltage of the feeder line 2a in this example. 
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[0034]    The charge/discharge state detection unit 44 detects a state of charge (SOC) of 

the power storage element 43 as a charging rate [%].  The charge/discharge state 

detection unit 44 measures an amount of charge from a voltage of the power storage 

element 43, and substitutes the charging rate [%] by allocation to a range of “0” (zero) to 

100% based on a preset conversion table (not illustrated).  That is, the charge/discharge 5 

state detection unit 44 is a charging rate detection unit which detects the charging rate of 

the power storage element 43. 

[0035]    Note that a SOE (State of Energy) which indicates a state of charge may be 

used besides the SOC.  The SOE is a one in which present charged energy is divided by 

maximum chargeable energy and different from, for example, a one defined by Ah 10 

represented by the SOC of the storage battery. 

[0036]    The charge/discharge control unit 48 selects a characteristic according to the 

charging rate of the power storage element 43 which is detected by the charging rate state 

detection unit 44 from the table 47. 

[0037]    The charge/discharge control unit 48 functions as a current control unit which 15 

sets each voltage of a selected characteristic at a control point of a charge/discharge control 

characteristic for charging and discharging to/from the power storage element 43 and 

performs charge and discharge between the feeder line 2a and the power storage element 

43 through the converter 42 according to the voltage (direct-current voltage) of the feeder 

line 2a which is detected by the direct-current voltage detecting unit 45 in accordance with 20 

the charge/discharge control characteristic. 

[0038]    That is, the charge/discharge control unit 48 controls charge/discharge currents 

(charge current and discharge current) which the converter 42 inputs/outputs with respect 

to the power storage element 43 from the feeder line 2a while controlling operation of the 

direct-current circuit breaker 41 based on the voltage (direct-current voltage) of the feeder 25 

line 2a which is detected by the direct-current voltage detecting unit 45. 

[0039]    The charge/discharge control unit 48 has a control graph 20 (control sequence 

or control function) for performing the charge and discharge appropriately according to the 
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voltage of the feeder line 2a as illustrated in FIG. 2 and adjusts the charge/discharge 

currents (charge current and discharge current) in accordance with this control graph 20. 

[0040]    FIG. 2, in which the voltage of the feeder line 2a is set for a horizontal axis and 

the charge current and the discharge current which flow to/from the power storage element 

43 are set for a vertical axis, is a chart illustrating a control characteristic (control graph) of 5 

the charge/discharge control unit 48 for making the charge current flow to the power 

storage element 43 according to a change in the voltage of the feeder line 2a or making the 

power storage element 43 discharge the discharge current.  In other words, this control 

characteristic indicates a relationship between the voltage of the feeder line 2a which is 

detected from the power storage element 43, and the charge current and the discharge 10 

current with respect to the power storage element 43. 

[0041]    In the control graph 20 in the same figure, four switching points (hereinafter 

referred to as “control point”) for the charge/discharge control are set.  A control point 

21 is a point where the charge is started.  A control point 22 is a point where the charge 

current becomes maximum at a time of the charge.  A control point 23 is a point where 15 

the discharge is started.  A control point 24 is a point where the discharge current 

becomes maximum at a time of the discharge. 

[0042]    That is, when the voltage of the feeder line 2a becomes lower than a prescribed 

value (a range S of a central portion of the graph horizontal axis) and reaches the control 

point 23 of the voltage where the discharge is started, an output current from the power 20 

storage element 43 is increased (discharged) by changing load, and the discharge is 

continued as it is and reaches the control point 24 of the voltage where the discharge 

current becomes maximum and thereafter control is performed so that the discharge current 

is outputted while maintaining a maximum value. 

[0043]    On the other hand, when the voltage of the feeder line 2a becomes higher than 25 

the prescribed value (the range S of the central portion of the graph horizontal axis) and 

reaches the control point 21 of the voltage where the charge is started, the charge current to 

the power storage element 43 is increased and reaches the control point 22 of the voltage 
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where the charge current becomes maximum, and thereafter control is performed so that 

the charge current is charged while maintaining a maximum value.  Note that this table 

characteristic may be represented by a control block using a mathematical expression, a 

limiter, or the like. 

[0044]    The table 47 is referred to by the charge/discharge control unit 48.  The 5 

charge/discharge control unit 48 reads out a voltage to set at each of the control points 21 

to 24 from the table 47 according to the detected charging rate of the power storage 

element 43 and changes the control characteristic by setting the read-out voltage on the 

control graph 20 in FIG. 2. 

[0045]    In the table 47, voltages 31 to 34 which are set at the above-described four 10 

control points 21 to 24 in FIG. 2 are stored corresponding to a value of the charging rate. 

[0046]    In the table 47, in sectional ranges of the charging rate in which the charging 

rate indicating a range of an amount of charge in which the power storage element 43 is 

capable of storing power is divided into some sections, a charge characteristic in which any 

one or more of a first voltage 31 in which the charge is started and a second voltage 32 in 15 

which the charge is started with a maximum current are represented and a discharge 

characteristic in which any one or more voltages of a third voltage 33 in which the 

discharge is started and a fourth voltage 34 in which the discharge is started with a 

maximum current are represented are set (defined). 

[0047]    That is, this table 47 is a table which represents a relationship between the 20 

voltage 31 in which the charge is started, the voltage 32 in which the charge is performed 

with a maximum charge current, the voltage 33 in which the discharge is started, and the 

voltage 34 in which the discharge is performed with a maximum discharge current, and the 

charging rate. 

[0048]    Graphs in which the voltages 31 to 34 are each connected in accordance with a 25 

change in the charging rate become four sequential line graphs (characteristics) as 

illustrated in FIG. 3. 

[0049]    FIG. 3, in which the charging rate of the power storage element 43 is set for a 



11 

horizontal axis and a direct current detected from the power storage element 43 is set for a 

vertical axis, is a chart illustrating control a characteristic for making the charge current or 

the discharge current flow according to a change in the voltage of the feeder line 2a and 

performing the charge and discharge with respect to the power storage element 43. 

[0050]    The control characteristic is defined by four control curves.  The control 5 

curves are stored in the memory.  The control curves in FIG. 3 are ones which define the 

control characteristic which make setting of the control points 21 to 24 of the respective 

first voltage 31 to fourth voltage 34 variable to an upward trend or a downward trend for 

each of the sectional ranges of the charging rate. 

[0051]    In each of the sequential line graphs, ranges (charge range, discharge range, 10 

and charge/discharge range) of the charging rate determined by the voltages 31 to 34 set at 

the control points 21 to 24 for each of the sectional ranges (sectional band or sectional 

region) of the charging rate in which the charging rate of “0” (zero) to 100% indicating a 

range of the amount of charge in which the power storage element 43 is capable of storing 

power is divided into some sections are set. 15 

[0052]    Specifically, the sectional ranges (operating ranges of the power storage 

element 43) of the charging rate are divided into, for example, “0” (zero)-25%, 25-35%, 

35-40%, 40-50%, 50-60%, 60-65%, 65-70%, 70-75%, 75-100%, and so on. 

[0053]    In the table 47, the voltages 31 to 34 which are set at the control points 21 to 24 

in FIG. 2 are stored for each of the values of the charging rate each divided. 20 

[0054]    The voltage 31 which is set at the control point 21 is the voltage in which the 

charge is started, and this is referred to as a first voltage.  The voltage 32 which is set at 

the control point 22 is the voltage (the voltage in which the charge is started with the 

maximum current) in which the charge current becomes maximum at a time of the charge, 

and this is referred to as a second voltage.  The voltage 33 which is set at the control point 25 

23 is the voltage in which the discharge is started, and this is referred to as a third voltage.  

The voltage 34 which is set at the control point 24 is the voltage (the voltage in which the 

discharge is started with the maximum current) in which the discharge current becomes 
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maximum at a time of the discharge, and this is referred to as a fourth voltage. 

[0055]    The charge/discharge control unit 48 performs the charge and discharge with 

respect to the power storage element 43 by reading out the first voltage to the fourth 

voltage corresponding to the charging rate detected by the charge state detection unit 44 

from the table 47, using the read-out first voltage to fourth voltage, and controlling the 5 

current of the converter 42 according to the voltage detected by the direct-current voltage 

detecting unit 45. 

[0056]    In carrying out this control operation, which may be realized in combination of 

either the voltage 33 in which the discharge is started or the voltage 34 in which the 

discharge current becomes maximum at a time of the discharge, and either the voltage 31 10 

in which the charge is started or the voltage 32 in which the charge current becomes 

maximum at a time of the charge. 

[0057]    Specifically, as illustrated in FIG. 3, each of the voltages 31 to 34 remains 

constant without changing in the “0” (zero)-25% range of the charging rate. 

[0058]    In the 25-35% range, a first discharge characteristic 61 as a range of a second 15 

charging rate is set.  This first discharge characteristic 61 includes a discharge 

characteristic (a characteristic indicating a downward trend) in which the voltage 33 in 

which the discharge is started and the voltage 34 in which the discharge is started with the 

maximum current decrease with a decrease (from 35% to 25%) in the charging rate (SOC). 

[0059]    In the 35-40% sectional range, second charge/discharge characteristics 72 as a 20 

range of a sixth charging rate are set.  These second charge/discharge characteristics 72 

include a discharge characteristic (a characteristic indicating an upward trend) in which the 

voltage 33 in which the discharge is started and the voltage 34 in which the discharge is 

started with the maximum current increase with an increase in the SOC between a first 

charge characteristic 51 and the first discharge characteristic 61, and a charge characteristic 25 

(an increase characteristic) in which the voltage 31 in which the charge is started and the 

voltage 32 in which the charge is started with the maximum current increase with the 

increase in the SOC in the same sectional range of the SOC where the above-described 
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discharge is set. 

[0060]    These second charge/discharge characteristics 72 are charge/discharge 

characteristics for suppressing the voltage of the feeder line 2a at a time of a decrease in 

the voltage of the feeder line 2a by a charge from the rectifier 15 to the power storage 

element 43.  If load targeted for discharge becomes large, the SOC of the storage battery 5 

decreases.  At this time a charge start voltage is set to a voltage lower than a feeding 

voltage of the rectifier 15, and a decrease in the SOC is suppressed by the charge from the 

rectifier 15. 

[0061]    Further, a discharge start voltage shifts to a difficult-to-discharge voltage 

because it also decreases due to the decrease in the SOC, to become a voltage at which 10 

discharge is performed when a voltage drop of the feeder line 2a is large.  The decrease in 

the SOC is also suppressed by this effect. 

[0062]    Further, setting these second charge/discharge characteristics 72 allows the 

charge from the rectifier 15 when the voltage of the feeder line 2a is high and the discharge 

when the voltage of the feeder line 2a is low, and allows suppression of a voltage decrease 15 

of the feeder line 2a as a whole. 

[0063]    Improving the decrease in the voltage of the feeder line 2a makes it possible 

also to suppress a current which flows through the feeder line 2a and also to suppress a 

resistance loss (feeding loss) generated by the current flowing through the feeder line 2a 

and the trolley wire, and the rail 2b (return wire). 20 

[0064]    These second charge/discharge characteristics 72 are, namely, operation of 

inputting energy from the rectifier 15 to the power storage element 43 and further 

discharging when the voltage of the feeder line 2a drops, and cause occurrence of a 

charge/discharge loss of the power storage element 43 qualitatively, resulting in poor 

efficiency. 25 

[0065]    However, when it is intended to suppress the voltage decrease of the feeder line 

2a as a functional requirement for the power storage element 43 and when the feeding loss 

is larger than a loss of the power storage element 43 and it is possible to reduce the feeding 
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loss, application thereof is possible. 

[0066]    In the 40-50% sectional range, first charge/discharge characteristics 71 as a 

range of a fifth charging rate are set.  These first charge/discharge characteristics 71 

include a characteristic indicating either or both upward trends of a characteristic in which 

the voltage 33 in which the discharge is started rises and a characteristic in which the 5 

voltage 34 in which the discharge is started with the maximum current rises, with an 

increase in the charging rate between the first charge characteristic 51 and the first 

discharge characteristic 61. 

[0067]    Further, these first charge/discharge characteristics 71 have characteristics 

(characteristics in which the voltage 31 and the voltage 32 remain parallel) in which the 10 

voltage 31 at which the charge is started and the voltage 32 at which the charge is started 

with the maximum charge current become constant regardless of a change in the SOC in 

the same sectional range corresponding to these voltages 33 and 34 with the upward trend. 

[0068]    For example, the charge start voltage 31 at this time is a no-load feeding 

voltage of the rectifier 15.  The charge is performed at a voltage of the same level as that 15 

of the no-load feeding voltage of the rectifier 15 by setting these charge/discharge 

characteristics 71, thereby making it possible to charge regenerative electric power from a 

more distant electric railcar and allowing an inhibitory effect on a regeneration lapse to be 

enhanced. 

[0069]    Further, even though a charge power amount increases, the discharge 20 

characteristic which is set in these charge/discharge characteristics 71 and in which the 

voltage 33 in which the discharge is started and the voltage 34 in which the discharge is 

started with the maximum current increase with the increase in the SOC makes it possible 

to increase a discharge power amount and stabilize the SOC. 

[0070]    Even though a SOC rise is not suppressed by the characteristic of the range 25 

which is set at this time, the SOC rise can be suppressed by the above-described second 

charge characteristic 52 and second discharge characteristic 62 further. 

[0071]    The voltage 33 in which the discharge is started in the sectional range of these 



15 

first charge/discharge characteristics 71 can be set to almost the same voltage as the 

no-load feeding voltage of the rectifier 15 at the maximum.  Further, a minimum 

discharge start voltage when the SOC is low is set along a purpose for which the device is 

set. 

[0072]    For example, in a case of the functional requirement for the power storage 5 

element 43 which necessarily assists a region where a current which the rectifier 15 outputs 

is 1 p.u. or more, a voltage at 1 p.u., namely, 1500 V in a DC 1500 V feeding system is set 

as a minimum set value.  When there is no requirement of the assist in particular, this 

minimum value may be set to a lower limit voltage of travel of a train, for example, to the 

same level as 850 V to 900 V or the level or less in a case of a DC 1500 V-system train. 10 

[0073]    In the 50-60% sectional range, the second charge characteristic 52 as a range of 

a fourth charging rate is set.  This second charge characteristic 52 includes a charge 

characteristic (a characteristic indicating an upward trend) in which the voltage 31 in 

which the charge is started and the voltage 32 in which the charge is started with the 

maximum current increase with an increase in the SOC between the first charge 15 

characteristic 51 and the first discharge characteristic 61. 

[0074]    Setting this second charge characteristic 52 allows corresponding to a variation 

in the no-load feeding voltage of the rectifier 15 on a side of the substation facility 5 

connected to the feeding circuit 2. 

[0075]    For example, when the no-load feeding voltage of the rectifier 15 increases, the 20 

voltage of the feeding circuit 2 rises and the charge of the power storage element 43 

becomes easy to increase the SOC.  Here, as long as a constant charge start voltage is 

maintained regardless of the SOC, charge/discharge operation is performed by the first 

charge characteristic 51 or the second discharge characteristic 62 sometime, thereby 

inducing a rise in the voltage 31 in which the charge is started due to the increase in the 25 

SOC and causing operation of a quick discharge of a current charged from the rectifier 15, 

resulting in wasteful charge/discharge operation as the power storage device 4. 

[0076]    As a result, regenerative narrowing-down control is induced with respect to the 
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electric railcar 1, a battery temperature rises due to occurrence of the charge/discharge loss 

of the power storage element 43, and an amount of input power of the rectifier 15 of the 

substation facility 5 increases. 

[0077]    However, by setting the second charge characteristic 52, the charge from the 

rectifier 15 is suppressed from the rise in the voltage 31 in which the charge is started, 5 

according to the rise in the SOC.  This makes it possible to suppress the occurrence of the 

charge/discharge loss of the power storage element 43 and the induction of the 

regenerative narrowing-down control as described above. 

[0078]    As a specific set value, when the feeding system of DC 1500 V is cited as one 

example, a characteristic in which the voltage 31 in which the charge is started increases to 10 

1590 V to 1620 V or about 1650 V according to the increase in the SOC is cited. 

[0079]    1590 V corresponds to the no-load feeding voltage of the rectifier 15, and 1620 

V to 1650 V are maximum values of a no-load feeding voltage variation which occurs due 

to a voltage variation of the alternating-current power supply system 11 which is inputted 

to the rectifier 15. 15 

[0080]    That is, a characteristic of assuming the voltage variation of the 

alternating-current power supply system 11 and changing the charge start voltage to almost 

the same level as that of the maximum value of the no-load feeding voltage variation of the 

rectifier 15 connected to the feeding circuit 2 or the level or more is set. 

[0081]    In the 60-65% sectional range, the second discharge characteristic 62 as a range 20 

of a third charging rate is set.  This second discharge characteristic 62 indicates a 

discharge characteristic (a characteristic indicating an upward trend) in which the voltage 

33 in which the discharge is started and the voltage 34 in which the discharge is started 

with the maximum current increase with an increase in the SOC in a range (range of SOC) 

sandwiched between the first discharge characteristic 61 and the first charge characteristic 25 

51. 

[0082]    That is, this second discharge characteristic 62 is between the first discharge 

characteristic 61 and the first charge characteristic 51, and the voltage 33 indicates the 
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upward trend and the voltage 34 also indicates a trend of rising until the discharge current 

reaches a maximum voltage (a voltage VHa which reaches a maximum discharge current 

in FIG. 3) together.  Note that the upward trends of the voltages 33 and 34 in this second 

discharge characteristic 62 may be either of the voltages. 

 By setting this second discharge characteristic 62, the voltage 33 in which the 5 

discharge is started increases with the increase in the charging rate to make the discharge 

easy, thereby allowing the suppression of the rise in the SOC. 

[0083]    Because setting the first charge characteristic 51 and the second discharge 

characteristic 62 in reverse order with respect to the SOC causes a rise in the charge start 

voltage in advance with the SOC rise, resulting in inducing the regenerative 10 

narrowing-down control of a train, it is inappropriate from the viewpoint of an 

energy-saving effect and an effect of regenerative cancellation suppression. 

[0084]    Therefore, it is necessary to set the second discharge characteristic 62 in a 

range (range of SOC) of the charging rate lower than that of the first charge characteristic 

51. 15 

[0085]    As a specific set value, in a case of the feeding system of DC 1500 V, a 

maximum value of the voltage 33 in which the discharge is started becomes almost the 

same as the no-load feeding voltage, for example, about 1590 V.  An error of the 

direct-current voltage detecting unit 45 is assumed practically, and a value lower than the 

above value may be set. 20 

[0086]    In the 65-70% sectional range, third charge/discharge characteristics 73 as a 

range of a seventh charging rate are set.  These third charge/discharge characteristics 73 

indicate such charge/discharge characteristics (characteristics in which the voltage 31 and 

the voltage 32 on the charge side and the voltage 33 and the voltage 34 on the discharge 

side remain parallel) as keep the voltage 33 at which the discharge is started, the voltage 34 25 

at which the discharge is started with the maximum current, the voltage 31 at which the 

charge is started, and the voltage 32 at which the charge is started with the maximum 

current constant regardless of a change in the SOC between the above-described second 
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discharge characteristic 62 and first charge characteristic 51.  In other words, these third 

charge/discharge characteristics 73 have a characteristic in which the voltage 31 and/or the 

voltage 32 and the voltage 33 and/or the voltage 34 become constant voltages. 

[0087]    For example, when the rise in the SOC is not suppressed by the second 

discharge characteristic 62, the above makes it possible to operate the power storage 5 

element 43 without entering the sectional range (range of SOC) of the first charge 

characteristic 51 by, not starting a quick charge by the first charge characteristic 51 but 

discharging at the voltage 34 at which the discharge is started with the maximum current 

and at this time maintaining a characteristic of charging at the charge start voltage 31 

which is capable of setting and as low as possible.  It is expected that by setting these 10 

charge/discharge characteristics 73, a rise in the voltage 31 at which the charge is started is 

suppressed and a regenerative cancellation is suppressed. 

[0088]    In the 70-75% sectional range, the first charge characteristic 51 as a range of a 

first charging rate is set.  This first charge characteristic 51 includes a characteristic (a 

characteristic indicating an upward trend) in which the voltage 31 in which the charge is 15 

started and the voltage 32 in which the charge is started with the maximum current 

increase with an increase in the SOC. 

[0089]    The 75-100% sectional range is a range where each of the voltages 31 to 34 

does not change to become a constant voltage (parallel characteristic). 

[0090]    As described above, in the table 47, the ranges of the charge characteristic, the 20 

ranges of the discharge characteristic, and the ranges of the charge/discharge 

characteristics are set so as to become an arrangement relationship of the first discharge 

characteristic 61, the second charge/discharge characteristics 72, the first charge/discharge 

characteristics 71, the second charge characteristic 52, the second discharge characteristic 

62, the third charge/discharge characteristics 73, and the first charge characteristic 51 in 25 

order of increasing the SOC. 

[0091]    At this time, it is not necessary to set all the ranges of the described-above 

ranges, the ranges of the charge and discharge may be set using at least one or more ranges 
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out of the above-described respective characteristic ranges besides the first discharge 

characteristic 61 and the first charge characteristic 51. 

[0092]    Such setting of the arrangement relationship of the ranges with respect to the 

SOC allows feeder line voltage compensation when the voltage of the feeder line 2a 

decreases, suppression of the regenerative cancellation by setting the charge start voltage 5 

which is as low as possible, correction of the charge start voltage with the no-load feeding 

voltage variation of the rectifier 15, suppression of a charging rate rise which occurs when 

excessive regenerative electric power is charged, and the like. 

[0093]    Moreover, even though power feeding from a feeding facility close to the 

power storage device 4, for example, the substation facility 5 stops (fall-off of substation or 10 

the like) and a voltage variation becomes large, charging and discharging in a low SOC 

range by the charge/discharge control of this embodiment makes it possible to 

continuously change a characteristic to charge/discharge characteristics which compensate 

for overhead line voltage. 

[0094]    Further, even though load density is changed by disorder of an operation 15 

diagram of the electric railcar 1, the ranges of the charge/discharge characteristics in 

accordance with a load characteristic of the feeding circuit 2 are continuously arranged 

(set) from an inactive state to a high-load state similarly, and therefore it becomes possible 

to efficiently perform charge and discharge of the power storage element 43. 

[0095]    In the above embodiment, the SOC is described as the charging rate, but when 20 

the power storage element 43 is, for example, a capacitor, a terminal voltage of the 

capacitor can be substituted, or when the power storage element 43 is, for example, a 

flywheel, rotation speed of a rotary body thereof which is an energy storage element can be 

substituted. 

[0096]    Further, in the above-described embodiment, the set value or the like is 25 

described regarding the direct-current feeding system of DC 1500 V specifically, and in a 

similar point of view, application to, for example, a direct-current feeding system of DC 

750 V, DC 600 V, or the like is also possible. 
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[0097]    Note that the above-described sectional ranges of the charging rate indicate a 

manner of dividing the charging rate as one example, and the manner of dividing the 

charging rate is not limited to this example. 

[0098]    In other words, in the table 47, the charge ranges, the discharge ranges, and the 

charge/discharge ranges having characteristics different from each other are stored for each 5 

of the sectional ranges of the charging rate [%] of the power storage element 43 which 

changes according to the voltage variation of the alternating-current power supply system 

11, for example. 

[0099]    The charge/discharge control unit 48 determines (selects) the charge range, the 

discharge range, and the charge/discharge range according to the sectional ranges 10 

(operation ranges) of the charging rate of the power storage element 43 by referring to the 

table 47 when the charging rate is detected.  The charge/discharge control unit 48 

executes charge or discharge of the power storage element 43 by controlling current of the 

charge and discharge in the charge ranges, the discharge ranges, and the charge/discharge 

ranges determined (selected) by the charge/discharge control unit 48. 15 

[0100]    When a voltage in an amount range of charge and discharge according to the 

state of charge of the power storage element 43 is instructed by the charge/discharge 

control unit 48, the charge/discharge control unit 48 sets the instructed voltage at each of 

the control points 21 to 24 on the control graph of the charge and discharge illustrated in 

FIG. 2 and executes the charge or the discharge of the power storage element 43 by the 20 

charge current or the discharge current according to a value of the voltage (direct-current 

voltage) of the feeder line 2a. 

[0101]    Specifically, when the value of the voltage (direct-current voltage) of the feeder 

line 2a is less than and equal to the voltage of the control point 23 in which the discharge is 

started, the discharge of the power storage element 43 is executed at a current value 25 

corresponding to the control point 23. 

 Further, when the value of the voltage (direct-current voltage) of the feeder line 

2a is more than and equal to the voltage of the control point 21 in which the charge is 
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started, the charge/discharge control unit 48 executes the charge of the power storage 

element 43 by making current flow into the power storage element 43 at a current value 

corresponding to the control point 21. 

[0102]    Moreover, when the value of the detected voltage (direct-current voltage) of the 

feeder line 2a exceeds the control point 23 and is below the control point 21, the 5 

charge/discharge control unit 48 stops the charge and discharge.  Further, when the value 

of the voltage of the feeder line 2a, which exceeds the control point 23 of the discharge and 

is below the control point 21 of the charge, continues for a predetermined time, the 

charge/discharge control unit 48 stops the charge and discharge. 

[0103]    In other words, a voltage range S of the voltage of the feeder line 2a in FIG. 2 10 

indicates a voltage range (a voltage range where gate block is performed by stopping the 

converter 42) where the charge and discharge are not performed to/from the power storage 

element 43. 

[0104]    Note that not only the voltage of the feeding circuit 2 may be detected, but also 

the charge and discharge may be stopped when a value of current or a value of electric 15 

power which flows through the feeding circuit 2 is detected and the current value or the 

electric power value exceeds the control point 23 of the discharge and is below the control 

point 21 of the charge. 

[0105]    Further, besides this, when the value of the current or the value of the electric 

power which flows through the feeding circuit 2, which exceeds a discharge threshold and 20 

is below a charge threshold, which are made to correspond to the value of the current or the 

value of the electric power, continues for a predetermined time, the charge/discharge 

control unit 48 may determine to stop the charge and discharge. 

[0106]    The charge/discharge control unit 48 selects (determines) the corresponding 

charge range, discharge range, and charge/discharge range by using the charging rate of the 25 

power storage element 43 which is detected by the charge/discharge state detection unit 44 

as a key and referring to the table 47. 

[0107]    In other words, the charge/discharge control unit 48 selects the 
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charge/discharge range stored (set) in the table 47 in advance based on the detected 

charging rate of the power storage element 43 and notifies (instructs) the charge/discharge 

control unit 48.  Thereby, the charge/discharge control unit 48 sets each voltage of the 

selected charge/discharge range at each of the control points 21 to 24 illustrated in FIG. 2 

and adjusts the current which flows through the feeding circuit 2 according to the detected 5 

voltage of the feeder line 2a, namely, performs the charge or the discharge of the power 

storage element 43 by the converter 42. 

[0108]    According to the electric railcar power feeding system 10 of this embodiment 

as described above, by setting the charge ranges, the discharge ranges, and the 

charge/discharge ranges in the table 47 in advances so as to become the arrangement 10 

relationship of the first discharge characteristic 61, the second charge/discharge 

characteristics 72, the first charge/discharge characteristics 71, the second charge 

characteristic 52, the second discharge characteristic 62, the third charge/discharge 

characteristics 73, and the first charge characteristic 51 in order of increasing the SOC, 

detecting a charging rate of the power storage element 43, selecting a range according to 15 

the charging rate from the table 47, setting the respective voltages of the range on the 

control graph 20 (charge/discharge control information) illustrated in FIG. 2, and 

performing charge and discharge between a voltage of the feeder line 2a and the power 

storage element 43 through the converter 42 according to the voltage of the feeder line 2a 

in accordance with the control graph 20, the following effect is obtained. 20 

[0109]    1) Suppressing unnecessary charge and discharge without making a control 

charge/discharge current for keeping the SOC constant flow makes it possible to suppress a 

wasteful charge/discharge cycle and reduce the charge/discharge loss. 

[0110]    2) It is possible to follow a change in a load condition of the substation facility 

5 and the electric railcar 1, and even when a stop of the rectifier 15, a change in the number 25 

of operations of the rectifier 15, a tap change in the transformer, and the like are performed, 

stable operation is possible without changing a setting value. 

[0111]    3) Because it is possible to absorb the regenerative electric power from the 
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vicinity of the no-load feeding voltage of the rectifier 15 and perform charge operation, it 

becomes possible to charge the regenerative electric power from the electric railcar 1 

which is on rail at a distance. 

[0112]    4) Because operation of the converter 42 is observed constantly and 

narrowing-down control of charge/discharge electric power is performed in an overload, a 5 

stop of the power storage device 4 due to the overload can be deterred and operation can be 

performed at a high operating rate. 

[0113]    That is, performing minute control of the charge and discharge in a practical 

band in power storage capacity of the power storage element 43 makes it possible to 

reduce the charge/discharge loss of the power storage element 43, suppress the 10 

regenerative cancellation sufficiently, and perform the charge and discharge according to a 

change in a load distribution of the feeding circuit 2 with operation of the electric railcar 1 

and an operation state (operating state of rectifier of substation) of the substation facility 5. 

[0114]    As a result, it is possible to provide the power storage device 4 capable of 

improving charge/discharge efficiency of the power storage element 43, also 15 

corresponding to a power feeding stop from the substation facility for feeding and a change 

in a train load distribution on the feeding circuit 2, and making the state of charge of the 

power storage element 43 fall within a range of a predetermined state of charge, while 

suppressing the regenerative cancellation of the vehicle 1 at the maximum. 

[0115]    While certain embodiments have been described, these embodiments have been 20 

presented by way of example only, and are not intended to limit the scope of the inventions.  

Indeed, the novel embodiments described herein may be embodied in a variety of other 

forms; furthermore, various omissions, substitutions and changes in the form of the 

embodiments described herein may be made without departing from the spirit of the 

inventions.  The accompanying claims and their equivalents are intended to cover such 25 

forms or modifications as would fall within the scope and spirit of the inventions. 

[0116]    Further, at least one component in the power storage device 4 indicated in the 

above-described embodiment may be realized by a program installed in storage of a hard 
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disk device of a computer, or the like, and further, the computer may enable a function of 

this invention by storing the above-described program in a computer-readable electronic 

medium: electric media and making the computer read the program from the electronic 

medium.  The electronic medium includes, for example, a recording medium such as a 

CD-ROM and a flash memory, removable media: Removable media, and the like.  5 

Moreover, the components are distributed and stored in different computers connected via 

a network and the respective components communicate with each other between the 

functional computers, and thereby the components may by realized. 

EXPLANATION OF REFERENCE NUMERALS 

[0117]    1 ... electric railcar, 2 ... feeding circuit, 2a ... feeder line, 2b ... rail, 4 ... power 10 

storage device, 5 ... substation facility, 10 ... electric railcar power feeding system, 11 ... 

alternating-current power supply system, 12 ... alternating-current circuit breaker, 13 ... 

transformer, 14 ... alternating-current circuit breaker, 15 ... rectifier, 16 ... direct-current 

circuit breaker, 41 ... direct-current circuit breaker, 42 ... converter, 42 ... conversion unit, 

43 ... power storage element, 44 ... charge state detection unit, 44 ... charge/discharge state 15 

detection unit, 45 ... direct-current voltage detecting unit, 47 ... table, 48 ... 

charge/discharge control unit. 
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What is claimed is: 

 1.   A power storage device comprising: 

 a power storage element capable of storing power and charging and discharging; 

 a converter converting voltage between a direct-current power supply system and 

the power storage element; 5 

 a voltage detecting unit detecting a voltage of the direct-current power supply 

system through the converter; 

 a charging rate detection unit detecting a charging rate of the power storage 

element; 

 a storage unit which stores a table defining, in sectional ranges of a charging rate 10 

in which a charging rate indicating a range of an amount of charge in which the power 

storage element is capable of storing power is divided into some sections, a charge 

characteristic in which any one or more of a first voltage in which charge is started and a 

second voltage in which charge is started with a maximum current are represented and a 

discharge characteristic in which any one or more of a third voltage in which discharge is 15 

started and a fourth voltage in which discharge is started with a maximum current are 

represented; and 

 a current control unit selecting a characteristic according to a charging rate of the 

power storage element which is detected by the charging rate detection unit from the table, 

sets each voltage of a selected characteristic at a control point of a charge/discharge control 20 

characteristic for charging and discharging to/from the power storage element, and 

performs charge and discharge between the direct-current power supply system and the 

power storage element through the converter according to a voltage of the direct-current 

power supply system which is detected by the voltage detecting unit in accordance with the 

charge/discharge control characteristic, wherein 25 

 in the storage unit, 

 for each of the range of the charging rate, a control characteristic which makes 

setting of control points of the first voltage to the fourth voltage variable to an upward 
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trend or a downward trend is defined. 

 2.   The power storage device according to claim 1, wherein 

 the control characteristic comprises: 

 a first charge characteristic including either or both characteristics of a 

characteristic in which the first voltage rises with a rise in the charging rate and a 5 

characteristic in which the second voltage rises with a rise in the charging rate; 

 a first discharge characteristic including either or both characteristics of a 

characteristic in which the third voltage drops with a decrease in the charging rate and a 

characteristic in which the fourth voltage drops with a decrease in the charging rate; and 

 a second discharge characteristic provided between the first charge characteristic 10 

and the first discharge characteristic and including either or both characteristics of a 

characteristic in which the third voltage rises with a rise in the charging rate and a 

characteristic in which the fourth voltage rises to a voltage higher than rated voltage of a 

feeding circuit with a rise in the charging rate. 

 3.   The power storage device according to claim 1, wherein 15 

 the control characteristic comprises: 

 a first charge characteristic including either or both characteristics of a 

characteristic in which the first voltage rises with a rise in the charging rate and a 

characteristic in which the second voltage rises with a rise in the charging rate; 

 a first discharge characteristic including either or both characteristics of a 20 

characteristic in which the third voltage drops with a decrease in the charging rate and a 

characteristic in which the fourth voltage drops with a decrease in the charging rate; and 

 a second charge characteristic provided between the first charge characteristic 

and a first discharge characteristic and including either of both characteristics of a 

characteristic in which the first voltage rises with a rise in the charging rate and a 25 

characteristic in which the second voltage rises with a rise in the charging rate. 

 4.   The power storage device according to claim 1, wherein 

 the control characteristic comprises: 
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 a first charge characteristic including either or both characteristics of a 

characteristic in which the first voltage rises with a rise in a charging rate and a 

characteristic in which the second voltage rises with a rise in the charging rate; 

 a first discharge characteristic including either or both characteristics of a 

characteristic in which the third voltage drops with a decrease in a charging rate and a 5 

characteristic in which the fourth voltage drops with a decrease in the charging rate; and 

 first charge/discharge characteristics provided between the first charge 

characteristic and a first discharge characteristic and having a discharge characteristic 

including either or both characteristics of a characteristic in which the third voltage rises 

with a rise in the charging rate and a characteristic in which the fourth voltage rises with a 10 

rise in the charging rate, and a charge characteristic in which either or both voltages of the 

first voltage and the second voltage become constant voltage regardless of the charging 

rate in a sectional range of a charging rate where this discharge characteristic is set. 

 5.   The power storage device according to claim 1, wherein 

 the control characteristic comprises: 15 

 a first charge characteristic including either or both characteristics of a 

characteristic in which the first voltage rises with a rise in a charging rate and a 

characteristic in which the second voltage rises with a rise in the charging rate; 

 a first discharge characteristic including either or both characteristics of a 

characteristic in which the third voltage drops with a decrease in the charging rate and a 20 

characteristic in which the fourth voltage drops with a decrease in the charging rate; and 

 second charge/discharge characteristics provided between the first charge 

characteristic and the first discharge characteristic and having a discharge characteristic 

including either or both characteristics of a characteristic in which the third voltage rises 

with a rise in the charging rate and a characteristic in which the fourth voltage rises with a 25 

rise in the charging rate, and a charge characteristic including either or both characteristics 

of a characteristic in which the first voltage rises with a rise in the charging rate and a 

characteristic in which the second voltage rises with a rise in the charging rate in a 
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sectional range of a charging rate where this discharge characteristic is set. 

 6.   The power storage device according to any one of claim 1 to claim 4, 

wherein 

 in the control characteristic, 

 two or more characteristics of the second charge/discharge characteristics, the 5 

first charge/discharge characteristics, the second charge characteristic, and the second 

discharge characteristic are defined from a low side toward a high side of the charging rate 

in order of the first charge/discharge characteristics, the second charge characteristic, and 

the second discharge characteristic. 

 7.   The power storage device according to claim 1, wherein 10 

 the control characteristic comprises: 

 a first charge characteristic including either or both characteristics of a 

characteristic in which the first voltage rises with a rise in the charging rate and a 

characteristic in which the second voltage rises with a rise in the charging rate; 

 a first discharge characteristic including either or both characteristics of a 15 

characteristic in which the third voltage drops with a decrease in the charging rate and a 

characteristic in which the fourth voltage drops with a decrease in the charging rate; 

 a second discharge characteristic provided between the first charge characteristic 

and the first discharge characteristic and including either or both characteristics of a 

characteristic in which the third voltage rises with a rise in the charging rate and a 20 

characteristic in which the fourth voltage rises until reaching a maximum discharge start 

voltage with a rise in the charging rate; and 

 third charge/discharge characteristics between the second discharge characteristic 

and a first charge characteristic, in which either or both voltages of the first voltage and the 

second voltage and either or both voltages of the third voltage and the fourth voltage 25 

become constant regardless of the charging rate. 


