
1 

[DESCRIPTION] 

[TITLE OF INVENTION] 

ELECTRICAL CHARGING/DISCHARGING CONTROLLER, CHARGING 

5 CONTROL METHOD, DISCHARGING CONTROL METHOD, AND PROGRAM 

[Technical Field] 

[0001] 

The present invention relates to an electrical charging/discharging controller, a 

charging control method, a discharging control method and a program for controlling 

10 electrical charging/discharging of a rechargeable battery connected to a load that can 

generate regenerative electric power. 

Priority is claimed on Japanese Patent Application No. 2012-021172, filed 

February 2,2012, the content of which is incorporated herein by reference. 

[Background Art] 

15 [0002] 

Vehicles which run using electric power supplied from an overhead wire are 

conventionally known. The electric power (required electric power) required for such 

vehicles to run varies according to the running environment, such as the gradient of a line. 

Therefore, the capacity or amount of power consumption of a substation which supplies 

20 the electric power to the overhead wire is determined based on the amount of voltage 

change due to the required electric power. 

[0003] 

In addition, when regenerative electric power is generated due to braking in such 

a vehicle, the regenerative electric power is transmitted to the overhead wire in order to 

25 prevent regeneration cancelation. The regenerative electric power transmitted to the 



2 

overhead wire is collected by the substation. Therefore, a distance at which substations 

are provided is determined based on the amount of voltage change due to the 

regenerative electric power. 

[0004] 

5 Therefore, suppression of peak power of the required electric power and the 

regenerative electric power (peak cut) has been studied in order to lower costs of a 

transportation system by reducing the number of substations. A method of mounting a 

rechargeable battery on a vehicle and performing absorption of regenerative electric 

power and assistance of required electric power has been considered as a method for 

10 peak cut of the required electric power and the regenerative electric power. 

Further, it is necessary to appropriately manage SOC(state of charge) of the 

rechargeable battery in order to perform the peak cut appropriately. 

[0005] 

Therefore, the peak cut using the rechargeable battery is considered when the 

15 required electric power or the regenerative electric power is equal to or more than peak 

cut power. 

Further, a method of performing charging in such a manner that an increasing or 

decreasing SOC is within an appropriate range of SOC in order to suppress deterioration 

of a rechargeable battery mounted on a vehicle with no overhead wire is described in 

20 Patent Literature 1, 

In addition, a method of controlling a SOC of a rechargeable battery mounted on 

a vehicle with no overhead wire is disclosed in Patent Literature 2. 

[Citation List] 

[Patent Literature] 

25 [0006] 



[Patent Literature 1] Japanese Unexamined Patent Application, First Publication No. 

2006-05495S 

[Patent Literature 2] Japanese Unexamined Patent Application, First Publication No. 

2009-273198 

5 [Summary of Invention] 

[Technical Problem] 

[0007] 

However, since an overhead wire that mediates power transmission and 

reception between a vehicle and a substation also has a resistance value, the resistance 

10 value increases as the length of the overhead wire between the vehicle and the substation 

increases. In other words, the power required to undergo the peak cut varies with the 

positional relationship between the vehicle and the substation. Therefore, there is a 

problem in that electrical charging/discharging of the rechargeable battery is performed 

with more power than the required amount when the peak cut is performed based on peak 

15 cut power having a constant value, as disclosed in Patent Literature I or 2. Accordingly, 

there is a problem in that the lifespan of the rechargeable battery is shortened and the 

electrical charging/discharging controller is large. 

[0008] 

An object of the present invention is to provide ail electrical 

20 charging/discharging controller, a charging control method, a discharging control method, 

and a program for performing peak cut through minimum required electrical 

charging/discharging. 

[Solution to Problem] 

[0009] 

25 According to a first aspect of the present invention, an electrical 
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charging/discharging controller mounted on a vehicle that runs by performing power 

transmission and reception to and from substation equipment through an overhead wire 

to control electrical charging/discharging of a power storage device connected to a load 

capable of generating regenerative electrical power is characterized by including: a peak 

5 cut power calculation unit configured to calculate transmission peak cut power that is 

power transmittable to the overhead wire, the transmission peak cut power being power 

exhibiting monotonic non-increase with respect to a resistance value of the overhead wire 

between the vehicle and the substation equipment; and a peak cut unit configured to 

charge the power storage device with power of a difference between the regenerative 

10 electrical power generated by the load and the transmission peak cut power calculated by 

the peak cut power calculation unit when the regenerative electrical power is equal to or 

more than the transmission peak cut power. 

[0010] 

The transmission peak cut power may be power obtained by multiplying an 

15 electrical current obtained by dividing a difference between a maximum pantograph point 

voltage at which no regeneration cancelation of the load occurs and a voltage applied to a 

regenerative resistor of the substation equipment by a resistance value of the overhead 

wire exhibiting a monotonic decrease with respect to the distance between the vehicle 

and the substation equipment, by the maximum pantograph point voltage at which no 

20 regeneration cancelation of the load occurs. 

[0011] 

In the first aspect, the electrical charging/discharging controller may include an 

overhead wire length calculation unit configured to calculate an overhead wire length 

between the vehicle and the substation equipment based on a position in which the 

25 vehicle is located, and the peak cut power calculation unit may calculate the transmission 



peak cut power using a monotonically non-increasing function of which the overhead 

wire length calculated by the overhead wire length calculation unit is an independent 

variable. 

[0012] 

5 In the first aspect, the electrical charging/discharging controller may include a 

pantograph point voltage measurement unit configured to measure a pantograph point 

voltage of the vehicle, and the peak cut power calculation unit may calculate the 

transmission peak cut power using the monotonically non-increasing function of which 

the pantograph point voltage measured by the pantograph point voltage measurement 

10 unit is an independent variable. 

[0013] 

In the first aspect, the electrical charging/discharging controller may include a 

section acquisition unit configured to acquire a section in which the vehicle is located, 

and the peak cut power calculation unit may calculate transmission peak cut power 

15 corresponding to an overhead wire resistance value of a point farthest from the substation 

equipment in the section acquired by the section acquisition unit as transmission peak cut 

power in the section acquired by the section acquisition unit. 

[0014] 

In the first aspect, the peak cut power calculation unit may calculate reception 

20 peak cut power that is power receivable from the overhead wire, the reception peak cut 

power being power exhibiting monotonic non-increase with respect to the resistance 

value of the overhead wire between the vehicle and the substation equipment, and the 

peak cut unit may discharge power of a difference between required power that is 

required by the load and the reception peak cut power calculated by the peak cut power 

25 calculation unit from the power storage device when the required power is equal to or 



more ihan the reception peak cut power. 

[0015] 

According to a second aspect of the present invention, an electrical 

charging/discharging controller mounted on a vehicle that runs by performing power 

5 transmission and reception to and from substation equipment through an overhead wire 

to control electrical charging/discharging of a power storage device connected to a load 

capable of generating regenerative electrical power is characterized by including: a peak 

cut power calculation unit configured to calculate reception peak cut power that is power 

receivable from the overhead wire, the reception peak cut power being power exhibiting 

10 monotonic non-increase with respect to the resistance value of the overhead wire 

between the vehicle and the substation equipment; and a peak cut unit configured to 

discharge power of a difference between required power that is required by the load and 

the reception peak cut power calculated by the peak cut power calculation unit from the 

power storage device when the required power is equal to or more than the reception 

15 peak cut power. 

[0016] 

According to a third aspect of the present invention, a charging controlling 

method using an electrical charging/discharging controller mounted on a vehicle that runs 

by performing power transmission and reception to and from substation equipment 

20 through an overhead wire to control electrical charging/discharging of a power storage 

device connected to a load capable of generating regenerative electrical power is 

characterized by including: calculating, by a peak cut power calculation unit, 

transmission peak cut power that is power transmittable to the overhead wire, the 

transmission peak cut power being power exhibiting monotonic non-increase with 

25 respect to a resistance value of the overhead wire between the vehicle and the substation 
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equipment; and charging, by a peak cut unit, the power storage device with power of a 

difference between the regenerative electrical power generated by the load and the 

transmission peak cut power calculated by the peak cut power calculation unit when the 

regenerative electrical power is equal to or more than the transmission peak cut power. 

5 [0017] 

According to a fourth aspect of the present invention, a discharging controlling 

method using an electrical charging/discharging controller mounted on a vehicle that runs 

by performing power transmission and reception to and from substation equipment 

through an overhead wire to control electrical charging/discharging of a power storage 

10 device connected to a load capable of generating regenerative electrical power is 

characterized by including: calculating, by a peak cut power calculation unit, reception 

peak cut power that is power receivable from the overhead wire, the reception peak cut 

power being power exhibiting monotonic non-increase with respect to the resistance 

value of the overhead wire between the vehicle and the substation equipment; and 

15 discharging, by a peak cut unit, power of a difference between required power that is 

required by the load and the reception peak cut power calculated by the peak cut power 

calculation unit from the power storage device when the required power is equal to or 

more than the reception peak cut power. 

[0018] 

20 According to a fifth aspect of the present invention, a program causes an 

electrical charging/discharging controller mounted on a vehicle that runs by performing 

power transmission and reception to and from substation equipment through an overhead 

wire to control electrical charging/discharging of a power storage device connected to a 

load capable of generating regenerative electrical power to function as: a peak cut power 

25 calculation unit configured to calculate transmission peak cut power that is power 
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transmittable to the overhead wire, the transmission peak cut power being power 

exhibiting monotonic non-increase with respect to a resistance value of the overhead wire 

between the vehicle and the substation equipment; and a peak cut unit configured to 

charge the power storage device with power of a difference between the regenerative 

5 electrical power generated by the load and the transmission peak cut power calculated by 

the peak cut power calculation unit when the regenerative electrical power is equal to or 

more than the transmission peak cut power. 

[0019] 

According to a sixth aspect of the present invention, a program causes an 

10 electrical charging/discharging controller mounted on a vehicle that runs by performing 

power transmission and reception to and from substation equipment through an overhead 

wire to control electrical charging/discharging of a power storage device connected to a 

load capable of generating regenerative electrical power to function as: a peak cut power 

calculation unit configured to calculate reception peak cut power that is power receivable 

15 from the overhead wire, the reception peak cut power being power exhibiting monotonic 

non-increase with respect to the resistance value of the overhead wire between the 

vehicle and the substation equipment; and a peak cut unit configured to discharge power 

of a difference between required power that is required by the load and the reception 

peak cut power calculated by the peak cut power calculation unit from the power storage 

20 device when the required power is equal to or more than the reception peak cut power. 

[Advantageous Effects of Invention] 

[0020] 

According to the electrical charging/discharging controller, the charging control 

method, the discharging control method, and the program described above, when the 

25 required electric power or the regenerative electric power is equal to or more than 



reception peak cut power that is power exhibiting monotonic non-increase with respect to 

a resistance value of the overhead wire between the vehicle and substation equipment, 

peak cut is performed using a power storage device. Accordingly, it is possibie to 

perform the peak cut through minimum required electrical charging/discharging. 

[Brief Description of Drawings] 

[0021] 

Fig. 1 is a schematic block diagram illustrating a configuration of a vehicle 

including an electrical charging/discharging controller according to a first embodiment of 

the present invention. 

Fig. 2 is a flowchart illustrating an operation of the electrical 

charging/discharging controller according to the first embodiment of the present 

invention. 

Fig. 3A is a diagram illustrating a model of a relationship between a vehicle and 

a substation. 

Fig. 3B is a circuit diagram illustrating a model of a relationship between a 

vehicle and a substation. 

Fig. 4 is a graph showing an example of a relationship between an overhead 

wire length between the vehicle and the substation, and a peak cut rale in the first 

embodiment. 

Fig. 5 is a schematic block diagram illustrating a configuration of a vehicle 

including an electrical charging/discharging controller according to a second embodiment 

of the present invention. 

Fig. 6 is a graph showing an example of a relationship between an overhead 

wire length between the vehicle and a substation, and a peak cut rate in the second 

embodiment. 
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Fig. 7 is a schematic block diagram illustrating a configuration of a vehicle 

including an electrical charging/discharging controller according to a third embodiment 

of the present invention. 

Fig. 8 is a graph showing an example of a relationship between a pantograph 

5 point voltage and a peak cut rate in the third embodiment. 

[Description of Embodiments] 

[0022] 

Hereinafter, embodiments of the present invention will be described in detail 

with reference to the drawings. 

10 [0023] 

«First embodiment» 

Fig. 1 is a schematic block diagram illustrating a configuration of a vehicle 100 

including an electrical charging/discharging controller 150 according to a first 

embodiment of the present invention. 

15 The vehicle 100 according to the present embodiment includes an inverter 110, a 

load 120, a DCDC converter 130, a rechargeable battery (power storage device) 140, and 

an electrical charging/discharging controller 150. In addition, the vehicle 100 runs by 

performing power transmission and reception to and from a substation (substation 

equipment) through an overhead wire 200. 

20 [0024] 

The inverter 110 converts direct current power supplied from the overhead wire 

200 or direct current power supplied from the rechargeable battery 140 through the 

DCDC converter 130 to alternating current power. 

The load 120 causes the vehicle 100 to run with the converted alternating 

25 current power from the inverter 110. 
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Further, the load 120 performs regenerative braking of the vehicle 100 to 

generate regenerative electric power. The regenerative electric power is supplied to the 

overhead wire 200 and the rechargeable battery 140 through the inverter 110. 

The DCDC converter 130 controls an amount of charging.power supplied from 

5 the overhead wire 200 and the load 120 to the rechargeable battery 140 and an amount of 

discharging power supplied from the rechargeable battery 140 to the overhead wire 200 

and the load 120 based on an instruction from the electrical charging/discharging 

controller 150. 

The rechargeable battery 140 is connected to the overhead wire 200 and the load 

10 120 through the DCDC converter 130, and charged with the electric power supplied from 

the overhead wire 200 and the load 120. In addition, the rechargeable battery 140 

supplies the electrical power to the load 120 through the DCDC converter 130. 

[0025] 

The electrical charging/discharging controller 150 is a device that controls 

15 charging/discharging of the rechargeable battery 140, and includes a positional 

information acquisition unit 151, a substation position storage unit 152, an overhead wire 

length calculation unit 153, a peak cut power calculation unit 154, a load power 

monitoring unit 155, and apeak cut unit 156. 

[0026] 

20 The positional information acquisition unit 151 acquires a current position of the 

vehicle 100 based on, for example, the GPS (Global Positioning System), the number of 

revolutions of a motor, and information received from a ground element. 

The substation position storage unit 152 stores a position of the overhead wire 

200 and a position of the substation connected to the overhead wire 200. 

25 The overhead wire length calculation unit 153 calculates a length of the 
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overhead wire between the vehicle 100 and the substation based on positional 

information acquired by the positional information acquisition unit 151 and information 

stored in the substation position storage unit 152. 

The peak cut power calculation unit 154 calculates peak cut power based on the 

5 overhead wire length calculated by the overhead wire length calculation unit 153. 

Specifically, the peak cut power calculation unit 154 calculates reception peak cut power 

that is a maximum of power receivable from the overhead wire 200 and transmission 

peak cut power that is a maximum of power transmittable to the overhead wire 200. 

[0027] 

10 The load power monitoring unit 155 monitors a power value of the required 

electric power that is required for power running by the load 120 and a power value of 

the regenerative electric power generated from the load 120. Hereinafter, the required 

electric power and the regenerative electric power are collectively referred to as load 

power. 

15 The peak cut unit \ 56 outputs a control instruction for power that is 

charged/discharged in the rechargeable battery 140 to the DCDC converter 130 so that 

the power to be received from the overhead wire 200 or the power to be transmitted to 

the overhead wire 200 does not exceed predetermined peak cut power. Specifically, the 

peak cut unit 156 outputs a discharging instruction to discharge power having a power 

20 value of a difference between the required electric power and the reception peak cut 

power from the rechargeable battery 140 at the time of power-running of the vehicle 100. 

On the other hand, the peak cut unit 156 outputs a charging instruction to charge the 

rechargeable battery 140 with power having a power value of a difference between the 

regenerative electric power and the transmission peak cut power at the time of braking of 

25 the vehicle 100. 
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[0028] 

Next, an operation of the electrical charging/discharging controller 150 

according to the present embodiment will be described. 

Fig. 2 is a flowchart illustrating an operation of the electrical 

5 charging/discharging controller 150 according to the first embodiment of the present 

invention. 

When running of the vehicle 100 starts, the positional information acquisition 

unit 151 acquires the positional information indicating the current position based on the 

GPS, the number of revolutions of a motor, and information received from a ground 

10 element (step SI). The overhead wire length calculation unit 153 then calculates a 

length of the overhead wire 200 up to the substation to and from which the vehicle 100 

performs power transmission and reception, based on the information indicating the 

current position acquired by the positional information acquisition unit 151, and the 

position of the overhead wire 200 and die position of the substation stored in the 

15 substation position storage unit 152 (step S2). Specifically, the overhead wire length 

calculation unit 153 identifies the substation connected to the overhead wire 200 present 

in the current position as a substation to and from which the vehicle 100 performs power 

transmission and reception, and calculates a length of the overhead wire 200 up to the 

substation. 

20 [0029] 

The load power monitoring unit 155 then acquires the load power (step S3). 

The load power monitoring unit 155 then determines whether an operation of the load 

120 is power-running or regeneration (step S4). 

[0030] 

25 When the load power monitoring unit 155 determines that the load 120 is 
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performing the regeneration (step S4: YES), the peak cut power calculation unit 154 

calculates a power transmission peak cut rate indicating a rate at which the peak cut is 

performed on a peak value of the regenerative electric power generated from the load 120, 

based on the overhead wire length calculated by the overhead wire length calculation unit 

5 153 (step S5). 

[0031] 

Here, a specific method of calculating the peak cut rate will be described. 

Fig. 3 A is a diagram illustrating a model of a relationship between the vehicle 

100 and the substation. Fig. 3B is a circuit diagram illustrating a model of a 

10 relationship between the vehicle 100 and the substation. 

The vehicle 100 and the substation are connected by the overhead wire 200 as 

illustrated in Fig. 3A and a closed circuit as illustrated in Fig. 3B is formed. In the 

substation, a regenerative resistor R is provided via a switch in parallel to a power supply 

device, as illustrated in Fig. 3B. The switch is turned ON when a voltage equal to or 

15 more than a predetermined threshold voJtage VR is applied to one terminal of the switch, 

and OFF when the voltage applied to the one terminal of the switch is less than the 

threshold voltage VR. In other words, when the voltage applied to the one terminal of 

the switch of the substation is equal to or more than the threshold voltage VR, the 

regenerative electric power generated from the load 120 of the vehicle 100 is collected in 

20 the substation. 

In addition, the overhead wire 200 between the vehicle 100 and the substation 

also has a resistance value (hereinafter referred to as an overhead wire resistance r). and 

the overhead wire resistance r has a value that monotonically increases with respect to 

the overhead wire length between the vehicle 100 and the substation. 

25 [0032] 
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In this case, two expressions below are satisfied in the model illustrated in Fig. 

3B. 

[0033] 

[Expression 1] 

vPif=P(l-x) * * • (1) 
5 

[0034] 

[Expression 2] 

Vp-vRirif • • • (2) 

[0035] • 

10 Here, P indicates maximum regenerative electric power that may be generated 

from the load 120, and x indicates the power transmission peak cut rate. 

[0036] 

Here, when a maximum pantograph point voltage at which no regeneration 

cancelation occurs is vpmax, the power transmission peak cut rate x necessary to prevent 

15 occurrence of the regeneration cancelation is as shown in Expression 3. 

[0037] 

[Expression 3] 

X>1 ...(3) 
rP 

[0038] 
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Generally, the maximum pantograph point voltage Vpmax at which no 

regeneration cancelation occurs, the threshold voltage VR of the switch, and the maximum 

regenerative electric power P that can be generated from the load 120 are values specific 

to the substation or the vehicle 100. Therefore, it can be seen from Expression 3 that 

5 the required power transmission peak cut rate x changes according to a size of the 

overhead wire resistance r. It is also seen that, since the size of the overhead wire 

resistance r is determined based on the overhead wire length between the vehicle 100 and 

the substation, the power transmission peak cut rate x is determined based on the 

overhead wire length between the vehicle 100 and the substation. In other words, the 

10 peak cut power calculation unit 154 may calculate the overhead wire resistance r from 

the overhead wire length between the vehicle 100 and the substation and calculate the 

power transmission peak cut rate x by applying the overhead wire resistance r to 

Expression 3 above. In addition, the power transmission peak cut rate x exhibits 

monotonic non-decrease with respect to the overhead wire resistance r, as shown in 

15 Expression 3. In addition, the method described using Figs. 3A and 3B is a method of 

calculating the power transmission peak cut rate x when there is one substation that 

performs power transmission and reception to and from the vehicle 100. In fact, the 

vehicle 100 performs weighting based on an overhead wire length up to each of a 

plurality of substations to perform power transmission and reception to and from the 

20 plurality of substations, and calculates the power transmission peak cut rate x using the 

same method. 

[0039] 

When the peak cut power calculation unit 154 calculates the power transmission 

peak cut rate x in step S5, the peak cut power calculation unit 154 calculates transmission 

25 peak cut power by multiplying the maximum regenerative electric power P that can be 
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generated from the load 120 by a rate obtained by subtracting the power transmission 

peak cut rate x from 1 (step S6). In other words, the peak cut power calculation unit 

154 calculates P (1-x) as the transmission peak cut power. In addition, it can be seen 

that the transmission peak cut power exhibits monotonic non-increase with, respect to the 

5 overhead wire length since the power transmission peak cut rate exhibits die monotonic 

non-decrease with respect to the overhead wire length. 

Further, in this embodiment, the overhead wire resistance r is calculated from 

the overhead wire length and then the power transmission peak cut rate x is calculated 

from the overhead wire resistance r in step S5, and the transmission peak cut power is 

10 calculated from the power transmission peak cut rate x in step S6. This is equivalent to 

calculation of the transmission peak cut power using a monotonic non-increasing 

function of which the overhead wire length calculated by the overhead wire length 

calculation unit 153 is an independent variable. 

[0040] 
\ 

15 Fig. 4 is a graph showing an example of a relationship between the overhead 

wire length between the vehicle 100 and the substation, and the peak cut rate in the first 

embodiment. 

As illustrated in Fig. 4, no regeneration cancelation occurs even when peak cut 

is not performed before the overhead wire length reaches a predetermined length. After 

20 the overhead wire length exceeds the predetermined length, the peak cut is performed at 

the peak cut rate illustrated in Fig. 4, so that the maximum power at which no 

regeneration cancelation occurs can be transmitted to the overhead wire 200. 

Accordingly, it is possible to perform the peak cut while minimizing power with which 

the rechargeable battery 140 is charged. In addition, it can be seen that the transmission 

25 peak cut power exhibits monotonic non-increase with respect to the overhead wire length 
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calculated by the overhead wire length calculation unit 153, as illustrated in Fig. 4. 

[0041] 

The peak cut unit 156 then outputs, to the DCDC converter 130, a charging 

instruction to charge the rechargeable battery 140 with a power value obtained by 

5 multiplying the power of the difference between the regenerative electric power and the 

transmission peak cut power by efficiency of the DCDC converter 130 (step S7). Also, 

the process proceeds to step SI, in which the electrical charging/discharging controller 

150 performs electrical chargins/discharging control at the next time. 

[0042] 

10 On the other hand, when the load power monitoring unit 155 determines that the 

load 120 runs in step S4 (step S4: NO), the peak cut power calculation unit 154 

calculates a power reception peak cut rate indicating a rate at which peak cut is 

performed on the peak value of the required electric power required by the load 120 

based on the overhead wire length calculated by the overhead wire length calculation unit 

15 153 (step S8). In addition, the power reception peak cut rate is calculated using the 

same method as the method of step S5 described above, and the calculated power 

reception peak cut rate exhibits monotonic non-decrease with respect to the overhead 

wire resistance. 

[0043] 

20 If the peak cut power calculation unit 154 calculates the power reception peak 

cut rate, the peak cut power calculation unit 154 calculates the reception peak cut power 

by multiplying maximum required electric power that may be required by the load 120 

by a rate obtained by subtracting the power reception peak cut rate from 1 (step S9). In 

other words, it can be seen that the reception peak cut power exhibits monotonic 

25 non-increase with respect to the overhead wire length. In other words, the process of 
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the peak cut power calculation unit 154 in steps S8 and S9 is equivalent to calculation of 

the reception peak cut power using a monotonically non-increasing function of which the 

overhead wire length calculated by the overhead wire length calculation unit 153 is an 

independent variable. 

5 [0044] 

The peak cut unit 156 then outputs, to the DCDC converter 130, a discharging 

instruction to discharge the rechargeable battery 140 with a power value obtained by 

dividing the power of the difference between the required electric power and the 

reception peak cut power by efficiency of the DCDC converter 130 (step S10). Also, 

10 the process proceeds to step SI, in which the electrical charging/discharging controller 

150 performs electrical charging/discharging control at the next time. 

[0045] 

Thus, according to this embodiment, the peak cut power calculation unit 154 

calculates the peak cut power transmittable to the overhead wire 200 as power exhibiting 

15 monotonic non-increase with respect to the resistance value of the overhead wire 200 

between the vehicle 100 and the substation. In addition, when the load power is equal 

to or more than the peak cut power, the peak cut unit 156 controls electrical 

charging/discharging of tine rechargeable battery 140 with the power of the difference 

between the load power and the transmission peak cut power. Accordingly, it is 

20 possible to perform the peak cut while suppressing power for charging the rechargeable 

battery 140 to be minimum required power. 

[0046] 

Further, according to this embodiment, the peak cut power is obtained by 

multiplying the maximum regenerative electric power P that can be generated from the 

25 load 120 by the rate obtained by subtracting the peak cut power calculated by Expression 
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3 from 1. in other words, the transmission peak cut power is power obtained by 

multiplying an electrical current obtained by dividing a difference between the maximum 

pantograph point voltage at which no regeneration cancelation occurs and the voltage 

applied to the regenerative resistor of the substation by the resistance value of the 

5 overhead wire 200 exhibiting monotonic decrease with respect to the distance between 

the vehicle 100 and the substation, by tlie maximum pantograph point voltage at which 

no regeneration cancelation occurs. Therefore, the electrical charging/discharging 

controller 150 can perform power transmission and reception to and from the overhead 

wire 200 with the maximum power at which no regeneration cancelation occurs. 

10 [0047] 

«Second embodiment» 

Next, a second embodiment of the present invention will be described. 

Fig. 5 is a schematic block diagram illustrating a configuration of a vehicle 100 

including an electrical charging/discharging controller 150 according to a second 

15 embodiment of the present invention. 

The electrical charging/discharging controller 150 according to the second 

embodiment includes a peak cut rate storage unit 157 that stores peak cut rates used in 

predetermined sections (e.g.. sections between stations) for the respective predetermined 

sections, instead of including the overhead wire length calculation unit 153 and the 

20 substation position storage unit 152 in the configuration of the electrical 

charging/discharging controller 150 according to the first embodiment. 

In addition, tlie peak cut rate stored in the peak cut rate storage unit 157 is a 

peak cut rate calculated for each section by tlie method shown in the first embodiment 

using an overhead wire resistance value of a point farthest from the substation in the 

25 section. 
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[0048] 

In addition, a process of a positional information acquisition unit 151 and a peak 

cut power calculation unit 154 in the electrical charging/discharging controller 150 

according to the second embodiment is different from that in the first embodiment. 

5 The positional information acquisition unit 151 (a section acquisition unit) 

acquires positional information indicating a section in which the vehicle 100 is located 

from a ground element. 

Tlie peak cut power calculation unit 154 reads a peak cut rate associated with the 

positional information acquired by the positional information acquisition unit 151 from 

10 the peak cut rate storage unit 157, and calculates the peak cut power based on the peak 

cut rate. 

[0049] 

Fig. 6 is a graph showing an example of a relationship between the overhead 

wire length between the vehicle 100 and tlie substation and tlie peak cut rate in the 

15 second embodiment. 

The peak cut rate in each section is equal to or more than the peak cut rate 

calculated in tlie first embodiment, as illustrated in Fig. 6. In other words, the peak cut 

rate in each section is a minimum peak cut rate so that no regeneration cancelation 

necessarily occurs when power transmission and reception to and from the overhead wire 

20 200 are performed. Accordingly, according to this embodiment, although the efficiency 

is degraded, the peak cut can be performed with a simpler configuration in comparison 

with the first embodiment 

[0050] 

«Third embodiment» 

25 Next, a third embodiment of the present invention will be described. 
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Fig. 7 is a schematic block diagram illustrating a configuration of a vehicle 100 

including an electrical charging/discharging controller 150 according to the third 

embodiment of the present invention. 

The electrical charging/discharging controller 150 according to tlie third 

5 embodiment includes a pantograph point voltage measurement unit 158 instead of 

including the positional information acquisition unit 151, the substation position storage 

unit 152 and tlie overhead wire length calculation unit 153 in the configuration of the 

electrical charging/discharging controller 150 according to the first embodiment. In 

addition, the electrical charging/discharging controller 150 according to the third 

10 embodiment is different from that of tlie first embodiment in a process of a peak cut 

power calculation unit 154. 

[0051] 

The pantograph point voltage measurement unit 158 includes, for example, a 

voltage sensor, and measures a pantograph point voltage of the vehicle 100. 

15 The peak cut power calculation unit 154 calculates peak cut power based on the 

pantograph point voltage acquired by the pantograph point voltage measurement unit 

158. 

[0052] 

Fig. 8 is a graph showing an example of a relationship of the pantograph point 

20 voltage and the peak cut rate in the third embodiment. 

The peak cut power calculation unit 154 causes the peak cut rate to be zero when 

the pantograph point voltage is equal to or less than a predetermined threshold (a 

threshold equal to or less than a regeneration cancelation voltage), as illustrated in Fig. 8. 

On the other hand, the peak cut power calculation unit 154 calculates the peak cut rate 

25 that is proportional to a voltage of a difference between the pantograph point voltage and 
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the threshold when the pantograph point voltage exceeds the predetermined threshold. 

Also, the peak cut power calculation unit 154 calculates peak cut power based on the 

peak cut rate. In other words, the peak cut power calculation unit 154 calculates 

transmission peak cut power using a monotonically non-increasing function of which the 

5 pantograph point voltage measured by the pantograph point voltage measurement unit 

158 is an independent variable. 

[0053] 

According to Ohm's law, the pantograph point voltage increases monotonically 

with respect to the overhead wire resistance. Also, the peak cut power exhibits 

10 monotonic non-increase with respect to overhead wire resistance, as illustrated in the first 

embodiment. From this, it can be seen that the same effects as those of the first 

embodiment can be obtained even when the peak cut power is calculated based on the 

pantograph point voltage. 

[0054] 

15 While some embodiments of the present invention have been described in detail 

with reference to the drawings, a concrete configuration is not limited to the 

configuration described above and various design changes, for example, may be made 

without departing from the gist of the present invention. 

For example, while the case in which the rechargeable battery 140 is used as the 

20 power storage device has been described in each embodiment described above, the 

present invention is not limited thereto and, for example, another power storage device 

such as a capacitor may be used. 

[0055] 

Further, while the case in which the peak cut power calculation unit 154 first 

25 calculates tlie peak cut rate and then calculates the peak cut power based on the peak cut 
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rate has been described in each embodiment described above, the present invention is not 

limited thereto and the peak cut power calculation unit 154 may directly calculate the 

peak cut power without calculating the peak cut rate. 

[0056] 

5 Further, while the case in which the load power monitoring unit 155 is 

connected to the load 120 and directly monitors the load power has been described in 

each embodiment described above, the present invention is not limited thereto. For 

example, the load power monitoring unit 155 may calculate power of the input side of the 

inverter 110 based on monitored load power in consideration of efficiency of the inverter 

10 110 and use the power as load power, thus improving precision. Further, the load power 

monitoring unit 155 may directly monitor power of the input side of the inverter 110 

without the load 120, thus improving the precision. 

[0057] 

Further, while the case in which the electrical charging/discharging controller 

15 150 and the DCDC converter 130 are provided as individual devices in each embodiment 

has been described above, the present invention is not limited thereto and the electrical 

charging/discharging controller 150 may be mounted as an internal function of the 

DCDC converter 130. 

[0058] 

20 The above-described electrical charging/discharging controller 150 has a 

computing system provided therein. Also, the above process is performed by storing 

the operation of each processing unit described above in the form of a program in a 

computer-readable recording medium and by a computer reading and executing the 

program. Here, the computer-readable recording medium refers to, for example, a 

25 magnetic disk, a magnetic optical disc, a CD-ROM, a DVD-ROM, or a semiconductor 
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memory. In addition, this computer program may be distributed to a computer by a 

communication line, and the computer receiving this distribution may execute tlie 

program. 

[0059] 

5 In addition, the above program may be intended to realize some of the functions 

described above. 

Further, the program may be a program capable of realizing the above-described 

functions through a combination with a program previously stored in a computer system, 

i.e., a differential file (a differential program). 

10 [Industrial Applicability] 

[0060] 

According to the electrical charging/discharging controller, the charging control 

method, the discharging control method, and the program described above, when the 

required electric power or the regenerative electric power is equal to or more than 

15 reception peak cut power that is power exhibiting monotonic non-increase with respect to 

the resistance value of the overhead wire between the vehicle and substation equipment, 

peak cut is performed using a power storage device. Accordingly, it is possible to 

perform the peak cut through minimum required electrical charging/discharging. 

[Reference Signs List] 

20 [0061] 

100 vehicle 

110 inverter 

120 load 

130 DCDC converter 

25 140 rechargeable battery 
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150 electrical charging/discharging controller 

151 positional information acquisition unit 

152 substation position storage unit 

153 overhead wire length calculation unit 

5 154 peak cut power calculation unit 

155 load power monitoring unit 

156 peak cut unit 

157 peak cut rate storage unit 

158 pantograph point voltage measurement unit 

10 200 overhead wire 
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[CLAIMS] 

[Claim 1] 

An electrical charging/discharging controller mounted on a vehicle that runs by 

performing power transmission and reception to and from substation equipment through an 

overhead wire to control electrical charging/discharging of a power storage device connected 

to a load capable of generating regenerative electrical power, the electrical 

charging/discharging controller comprising: 

a peak cut power calculation unit configured to calculate transmission peak cut power 

that is power transmittable to the overhead wire, the transmission peak cut power being 

power exhibiting monotonic non-increase with respect to a resistance value of the overhead 

wire between the vehicle and the substation equipment; and 

a peak cut unit configured to charge the power storage device with power of a 

difference between the regenerative electrical power generated by the load and the 

transmission peak cut power calculated by the peak cut power calculation unit when the 

regenerative electrical power is equal to or more than the transmission peak cut power. 

[Claim 2] 

The electrical charging/discharging controller according to Claim 1, wherein the 

transmission peak cut power is power obtained by multiplying an electrical current obtained 

by dividing a difference between a maximum pantograph point voltage at which no 

regeneration cancelation of the load occurs and a voltage applied to a regenerative resistor of 

the substation equipment by a resistance value of the overhead wire exhibiting monotonic 

increase with respect to the distance between the vehicle and the substation equipment, by the 

maximum pantograph point voltage at which no regeneration cancelation of the load occurs. 

[Claim 3] 
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The electrical charging/discharging controller according to Claim 1 or 2, 

comprising an overhead wire length calculation unit configured to calculate an overhead 

wire length between the vehicle and the substation equipment based on a position in 

which the vehicle is located, 

wherein the peak cut power calculation unit calculates the transmission peak cut 

power using a monotonically non-increasing function of which the overhead wire length 

calculated by the overhead wire length calculation unit is an independent variable. 

[Claim 4] 

The electrical charging/discharging controller according to Claim 1 or 2, further 

comprising a pantograph point voltage measurement unit configured to measure a 

pantograph point voltage of the vehicle, 

wherein the peak cut power calculation unit calculates the transmission peak cut 

power using the monotonically non-increasing function of which the pantograph point 

voltage measured by the pantograph point voltage measurement unit is an independent 

variable. 

[Claim 5] 

The electrical charging/discharging controller according to Claim 1 or 2, further 

comprising a section acquisition unit configured to acquire a section in which the vehicle 

is located, 

wherein the peak cut power calculation unit calculates transmission peak cut 

power corresponding to an overhead wire resistance value of a point farthest from the 

substation equipment in the section acquired by the section acquisition unit as 

transmission peak cut power in the section acquired by the section acquisition unit. 

[Claim 6] 

The electrical charging/discharging controller according to any one of Claims 1 
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to 5, 

wherein the peak cut power calculation unit calculates reception peak cut power 

that is power receivable from the overhead wire, the reception peak cut power being 

power exhibiting monotonic non-increase with respect to the resistance value of the 

overhead wire between the vehicle and the substation equipment, and 

the peak cut unit discharges power of a difference between required power that 

is required by the load and tlie reception peak cut power calculated by the peak cut power 

calculation unit from the power storage device when the required power is equal to or 

more than the reception peak cut power. 

[Claim 7] 

An electrical charging/discharging controller mounted on a vehicle that runs by 

performing power transmission and reception to and from substation equipment through 

an overhead wire to control electrical charging/discharging of a power storage device 

connected to a load capable of generating regenerative electrical power, the electrical 

charging/discharging controller comprising: 

a peak cut power calculation unit configured to calculate reception peak cut 

power that is power receivable from the overhead wire, the reception peak cut power 

being power exhibiting monotonic non-increase with respect to the resistance value of 

tlie overhead wire between the vehicle and tlie substation equipment; and 

a peak cut unit configured to discharge power of a difference between required 

power that is required by the load and the reception peak cut power calculated by the 

peak cut power calculation unit from the power storage device when the required power 

is equal to or more than the reception peak cut power. 

[Claim 8] 

A charging controlling method using an electrical charging/discharging 
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controller mounted on a vehicle that runs by performing power transmission and 

reception to and from substation equipment through an overhead wire to control 

electrical charging/discharging of a power storage device connected to a load capable of 

generating regenerative electrical power, the charging controlling method comprising: 

5 calculating, by a peak cut power calculation unit, transmission peak cut power 

that is power transmittable to the overhead wire, the transmission peak cut power being 

power exhibiting monotonic non-increase with respect to a resistance value of the 

overhead wire between the vehicle and the substation equipment; and 

charging, by a peak cut unit, the power storage device with power of a difference 

10 between the regenerative electrical power generated by the load and the transmission 

peak cut power calculated by the peak cut power calculation unit when the regenerative 

electrical power is equal to or more than the transmission peak cut power. 

[Claim 9] 

A discharging controlling method using an electrical charging/discharging 

15 controller mounted on a vehicle that runs by performing power transmission and 

reception to and from substation equipment through an overhead wire to control 

electrical charging/discharging of a power storage device connected to a load capable of 

generating regenerative electrical power, the discharging controlling method comprising: 

calculating, by a peak cut power calculation unit, reception peak cut power that 

20 is power receivable from the overhead wire, the reception peak cut power being power 

exhibiting monotonic non-increase with respect to the resistance value of tlie overhead 

wire between tlie vehicle and the substation equipment; and 

discharging, by a peak cut unit, power of a difference between required power 

that is required by the load and the reception peak cut power calculated by the peak cut 

25 power calculation unit from the power storage device when the required power is equal 
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to or more than the reception peak cut power. 

[Claim 10] 

A program for causing an electrical charging/discharging controller mounted on 

a vehicle that runs by performing power transmission and reception to and from 

5 substation equipment through an overhead wire to control electrical charging/discharging 

of a power storage device connected to a load capable of generating regenerative 

electrical power to function as: 

a peak cut power calculation unit configured to calculate transmission peak cut 

power that is power transmittable to the overhead wire, the transmission peak cut power 

10 being power exhibiting monotonic non-increase with respect to a resistance value of the 

overhead wire between the vehicle and the substation equipment; and 

a peak cut unit configured to charge the power storage device with power of a 

difference between the regenerative electrical power generated by the load and the 

transmission peak cut power calculated by the peak cut power calculation unit when the 

15 regenerative electrical power is equal to or more than the transmission peak cut power. 

[Claim 11] 

A program for causing an electrical charging/discharging controller mounted on 

a vehicle that runs by performing power transmission and reception to and from 

substation equipment through an overhead wire to control electrical charging/discharging 

20 of a power storage device connected to a load capable of generating regenerative 

electrical power to function as: 

a peak cut power calculation unit configured to calculate reception peak cut 

power that is power receivable from the overhead wire, the reception peak cut power 

being power exhibiting monotonic non-increase with respect to the resistance value of 

25 the overhead wire between the vehicle and ihe substation equipment; and 
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a peak cut unit configured to discharge power of a difference between required 

power that is required by the load and the reception peak cut power calculated by the 

peak cut power calculation unit from the power storage device when the required power 

is equal to or more than tlie reception peak cut power. 


