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  (54) [Title of the Invention] Vehicle Battery Charging Device and Battery Charging System 

 

(57) [Abstract]  
[Problem] It is an object of the present invention 
to provide a vehicle battery charging device that 
is able to perform charging without tripping a 

circuit breaker, even when the user does not 
check the status of the load connected to the 
facility power supply . 

[Solution] A communication means exchanges 
information with other charging devices, an 
information acquiring means acquiring 

information on the charging status of other 
charging devices, an operating current setting 
means sets the operating current value, which is 
the current that a charging device can receive 

from an external power supply, such that the total 
current does not exceed the total current limit, 
based on the total current limit, which represents 

the upper limit of the total current drawn by this 
charging device and the other charging devices 
from an external power supply, and information 

related to the charging status of other charging 
devices, and a charging control means controls 
the charging current supplied to the battery so 
that the detected current from the external power 

supply does not exceed the operating current 
value set by the operating current setting means. 
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[Claims] 
 

[Claim 1] 
 
A vehicle battery charging device used to charge a battery serving as a power source for a vehicle, 

the vehicle battery charging device comprising: 

a charging means for receiving a supply of power from an external power supply and supplying a 
charging current to the battery; 
a communication means for exchanging information with other charging devices or other devices 

connected to the external power supply; 
a detecting means for detecting the current supplied from the external power supply; 
an information acquiring means for using the communication means to request charging status 

information from other charging devices and to acquire the charging status information; 
an operating current setting means for setting an operating current value, which is the current that the 
charging device is able to receive from the external power supply, such that the total current does not 
exceed the total current limit value, based on a preset total current limit value representing the upper 

limit of the total current, which is the sum of the currents supplied to the charging device and other 
charging devices from the external power supply, and the charging status information from the other 
charging devices obtained by the information acquiring means; and 

a charging control means for controlling the charging means such that the current detected by the 
detecting means does not exceed an operating current value set by the operating current setting means. 
 

[Claim 2] 
 
The vehicle battery charging device according to claim 1, wherein the operating current setting means 
sets the maximum value of the operating current as the operating current value, when the current value 

obtained by subtracting the total current used by the other charging devices from the total current limit 
is greater than the maximum value of the operating current determined by the charging devices from 
the battery, and in all other cases, sets the operating current of the charging device to the highest 

possible value within a range in which the total current does not exceed the total current limit value. 
 

[Claim 3] 

 
The vehicle battery charging device according to claim 1 or claim 2, wherein the operating current 
setting means comprises an operating current communication means for, when the current value 
obtained by subtracting the total current used by the other charging devices from the total current limit 

is less than the maximum operating current determined by the charging device for the battery, 
determining whether there is another charging device capable of changing its charging state based on 
the information obtained by the information acquiring means, and if such a device exists, notifying the 

device via the communication means to reduce its current consumption by a predetermined amount, 
the operating current value of the charging device being set as high as possible within a range in which 
the total current does not exceed the total current limit value, based on the change in the total current 

resulting from the reduction in the operating current of the other charging device by communication via 
the operating current communication means. 
 
[Claim 4] 

 
The vehicle battery charging device according to any of claim 1 to claim 3, wherein the operating current 
setting means sets the charging control means such that charging does not occur when the operating 

current value cannot be set to a value equal to or greater than an operating current value effective for 
charging. 
 

[Claim 5] 
 
The vehicle battery charging device according to any of claim 1 to claim 4, further comprising a 
monitoring means for periodically acquiring charging status information from the other charging devices 

via the information acquiring means and monitoring the status of the total current, 
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the operating current setting means resetting the operating current value of the charging device to the 
highest possible value within a range in which the total current does not exceed the total current limit 

value, when the monitoring means confirms that the total current has been reduced. 
 
[Claim 6] 

 

The vehicle battery charging device according to any of claim 1 to claim 5, further comprising an 
information communicating means for using the communication means to transmit information on the 
charging status of the charging device to another charging device when the other charging device 

inquires about the charging status of the charging device. 
 
[Claim 7] 

 
The vehicle battery charging device according to any of claim 1 to claim 6, wherein the operating current 
setting means comprises a modifying means for changing the operating current value in accordance 
with the content of the notification when a notification is received from another charging device to 

reduce the operating current of the charging device by a predetermined amount. 
 
[Claim 8] 

 
The vehicle battery charging device according to any of claim 1 to claim 7, further comprising a display 
means for displaying the charging status of the charging device on a display panel visible to the user of 

the charging device. 
 
[Claim 9] 
 

The vehicle battery charging device according to claim 8, further comprising a predicting means for 
predicting the time required for completing the charging of the battery based on the battery status at 
the charging device and the operating current value, the display means displaying the result of the 

prediction. 
 

[Claim 10] 

 
The vehicle battery charging device according to claim 9, wherein when the monitoring means is in 
operation, the predicting means includes information on the charging status of the other charging 
devices as a condition when predicting the time required to complete charging. 

 
[Claim 11] 
 

The vehicle battery charging device according to any of claim 1 to claim 10, further comprising a total 
current setting means for setting the total current limit value in accordance with an externally inputted 
instruction. 

 
[Claim 12] 
 
The vehicle battery charging device according to claim 11, further comprising a total current notifying 

means for notifying other charging devices, via the communication means, of the value set by the total 
current setting means, the total current setting means setting the total current limit value of the charging 
device in accordance with the content of the notification when a notification on the total current limit 

value is received via the communication means from another device with a communication means. 
 
[Claim 13] 

 
A vehicle battery charging system comprising a plurality of vehicle battery charging devices connected 
to a common external power supply during charging, and a control device for setting the charging 
conditions of each of these charging devices, the vehicle battery charging system characterized in that 

each charging device is a charging device according to any of claim 1 through claim 10, and  
the control device is equipped with a communication means for exchanging information with the 
charging devices, and  
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an operating instruction means for communicating operating instructions to the charging devices via the 
communication means to determine the operation of the charging device, the charging devices operating 

in accordance with operating instructions from the control device. 
 
[Claim 14] 

 

The vehicle battery charging system according to claim 13, wherein the control device comprises: 
a current information setting means for setting, in accordance with an externally inputted instruction, a 
total current limit value representing the upper limit of the total current, which is the sum of the currents 

that each of the charging devices is able to receive from the external power supply; and 
a total current communicating means for communicating the value set by the current information setting 
means to each of the charging devices using the communication means,  

the charging device setting the total current limit value of the charging device in accordance with the 
content of the notification when a notification is received on the total current limit value from the control 
device via the total current notifying means. 
 

[Claim 15] 
 
A vehicle battery charging system comprising: 

a plurality of vehicle battery charging devices used to charge the battery that serves as a power supply 
of a vehicle, the vehicle battery charging devices being connected to a common external power supply 
during charging; and 

a control device for setting the charging conditions for each of the charging devices,  
wherein the control device comprises: 
a communication means for exchanging information with the charging devices; 
an information acquiring means for using the communication means to request charging status 

information from other charging devices and to acquire the charging status information; 
an operating current selecting means for selecting for each of the charging devices an operating current 
value, which is the current that each charging device is able to receive from the external power supply 

such that the total current does not exceed the total current limit value, based on a preset total current 
limit value representing the upper limit of the total current, which is the sum of the currents that each 

charging device is able to receive from the external power supply, and charging status information 

acquired from each charging device using the communication means; 
an operating current notifying means for notifying each charging device of the operating current value 
using the communication means when the operating current value has been selected by the operating 
current selecting means; and 

an operating instruction means for communicating operating instructions to a charging device which 
provides operating instructions for the charging device;  
each charging device comprises: 

a charging means for receiving a supply of power from an external power supply and supplying a 
charging current to the battery; 
a communication means for exchanging information with the control device; 

a detecting means for detecting the current supplied from the external power supply; 
an information communicating means for sending information on the charging status of the charging 
device to the control device when the control device inquires about the charging status using the 
communication means;  

an operating current setting means for setting the operating current value of the charging device to the 
value specified in the notification when the control device receives a notification via the operating current 
notifying means; and 

a charging control means for controlling the charging means such that the current supplied from the 
external power supply detected by the detecting means does not exceed the operating current value set 
by the operating current setting means;  

and the charging device operates in response to an operation instruction from the control device. 
 
[Claim 16] 
 

The vehicle battery charging system according to claim 15, wherein the operating current selecting 
means of the control device selects the maximum value of the operating current as the operating current 
value for the new charging device, when a new charging device is connected to the external power 
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supply to charge the battery, and the current value obtained by subtracting the total current from the 
total current limit is greater than the maximum operating current for the battery determined by the new 

charging device. 
 
[Claim 17] 

 

The vehicle battery charging system according to claim 15 or claim 16, wherein the current selecting 
means of the control device determines, based on the charging status information from each charging 
device acquired by the information acquiring means, whether there are other charging devices capable 

of changing their charging status, when a new charging device is connected to the external power supply 
to charge the battery, and the current value obtained by subtracting the total current from the total 
current limit is greater than the maximum operating current for the battery determined by the new 

charging device, and changes the selection result for the operating current value to reduce the operating 
current of the charging device by a predetermined amount, if another charging device is capable of 
changing their charging status,  
the change being configured such that the operating current value for the new charging device is 

selected to be as high as possible within a range in which the total current does not exceed the total 
current limit given that the total current decreases as a result of the reduced operating current of the 
charging device whose operating current value has been changed. 

 
[Claim 18] 
 

The vehicle battery charging system according to any of claim 15 to claim 17, wherein the current 
selecting means sets the charging control means such that the charging means of the new charging 
device does not perform charging, when a new charging device is connected to the external power 
supply to charge a battery, and the operating current value cannot be set to a value equal to or greater 

than a value effective for charging. 
 
[Claim 19] 

 
The vehicle battery charging system according to any of claim 15 to claim 18, further comprising a 

monitoring means for periodically acquiring charging status information from each of the charging 

devices and monitoring the status of the total current, 
the current selecting means changing the selected operating current value for a charging device, which 
serves as the operating condition for the monitoring means, to be as high as possible within a range in 
which the total current does not exceed the total current limit, when the monitoring means confirms 

that the total current has been reduced. 
 
[Claim 20] 

 
The vehicle battery charging system according to any of claim 13 to claim 19, wherein the control device 
comprises a display means for displaying the charging status of each charging device obtained using 

the communication means on a display panel visible to the user of the charging system. 
 
[Claim 21] 
 

The vehicle battery charging system according to claim 20, wherein the control device comprises a 
predicting means for predicting the time required for completing the charging of the battery based on 
the battery status at each charging device and the operating current value, the display means displaying 

the result of the prediction. 
 
[Claim 22] 

 
The vehicle battery charging system according to any of claim 15 to claim 21, wherein the control device 
comprises a total current setting means for setting the total current limit value in accordance with an 
externally inputted instruction. 

 
[Detailed Description of the Invention] 
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[0001] 
 

[Technical Field of the Invention] 
 
The present invention relates to a vehicle battery charging device used to charge a battery serving as a 

power source in an electric vehicle powered by a battery. 

 
[0002] 
 

[Prior Art] 
 
Electric vehicles that operate by receiving power from a battery include battery-powered forklifts and 

other industrial vehicles in addition to electric automobiles. These vehicles are typically equipped with a 
charging device for charging the battery. 
 
[0003] 

 
While various charging methods are known for these charging devices, including the constant-current 
charging method in which a battery is charged at a fixed current, a two-stage constant-current charging 

method in which the charging current is switched in two stages, starting with a high current and then 
reducing it partway through the charging process, and constant-current/constant-voltage method in 
which the charging current is kept at a constant level at the start of charging and then, once the battery 

voltage reaches a set voltage, the charging voltage is changed to a set voltage to charge the battery. 
All charging devices, regardless of the charging method, are equipped with a power cord for connecting 
to an external commercial power supply, and the battery is charged by plugging the power cord into an 
outlet to the commercial power supply. 

 
[0004] 
 

Also, regardless of the charging method used, when charging a battery at a constant current, the current 
is set to ensure charging is completed as safely and quickly as possible, and charging at any intermediate 

current level is not intended. 

 
[0005] 
 
[Problem to Be Solved by the Invention] 

 
As the charging current for vehicle batteries ranges from tens of amperes to hundred of amperes and 
power consumption during charging is high, at facilities equipped with power outlets capable of 

connecting charging devices (such as gas stations or factories in which industrial vehicles are used), if 
other charging devices are connected to the power supply at the facility, or if electrical loads other than 
pre-installed charging devices at the facility are in operation, connecting a charging device to a power 

outlet could cause the load capacity of the power supply to exceed its limits, resulting in the circuit 
breaker tripping. In such cases, the current drawn by the charging device may not reach its maximum 
capacity, and the power supply system often has some spare capacity. Even though charging using the 
excess capacity would be effective, because the current draw for the charging device is set to a single 

value, attempts to connect additional charging devices results in the system exceeding its capacity, 
making it impossible to connect new charging devices and thus underutilizing the power supply system. 
As a result, conventional charging devices face the problem of being unable to fully utilize the capacity 

of the power supply infrastructure. 
 
[0006] 

 
Also, when attempting to charge using a new charging device causes the circuit breaker to trip, the new 
charging device is connected to the power supply and charging initiated only after another charging 
device already in use has finished charging, or when the current drawn by other charging devices or 

non-charging electrical loads has clearly decreased. As a result, during the night, for example, when a 
charging device is nearing the end of its charging cycle, charging cannot begin until morning if there is 
no one available to connect the charging device to the power supply. 

IPR2026-00381
Tesla EX1005 Page 7



(7)                  JP 2003-333706 A (JP2003-333706A) 
 

 
[0007] 

 
Therefore, when existing charging devices are used, batteries have to be charged during working hours, 
resulting in many vehicles being unavailable and a decrease in vehicle utilization efficiency. While 

increasing the power capacity of the power supply equipment to which the charging devices are 

connected would prevent these problems, expanding the power supply capacity requires construction 
work in order to install additional power supply equipment, resulting in significant expenses. 
 

[0008] 
 
In view of the problem described above, it is an object of the present invention to provide a vehicle 

battery charging device that can use the existing power supply system without the need for expansion 
work, even if the power capacity of the power supply system providing power to the charging device is 
insufficient, and that can perform charging without tripping a circuit breaker, even if the user does not 
check the status of the loads connected to the power supply system. 

 
[0009] 
 

[Means for Solving the Problem] 
 
In the vehicle battery charging device according in claim 1, which was devised to achieve the object 

described above, a communication means exchanges information with other charging devices or other 
devices connected to an external power supply, and an information acquiring means uses the 
communication means to inquire about the charging status of other charging devices and acquires 
charging status information from them. An operating current setting means sets the operating current 

value, which is the current that the charging device is able to receive from the external power supply, 
based on a preset total current limit value representing the upper limit of the total current, that is, the 
sum of the currents supplied to the charging device and the other charging devices from the external 

power supply, and the charging status information from the other charging devices obtained by the 
information acquiring means, so that the total current does not exceed the total current limit value. 

Here, the charging control means controls the charging current supplied to the battery from the external 

power supply so that the detected current from the external power supply does not exceed the operating 
current value set by the operating current setting means. 
 
[0010] 

 
In other words, in existing vehicle battery charging devices, the amount of current supplied from the 
external power supply when controlling the charging current to a battery is preset according to the 

capacity of the battery to be charged and the charging method, and the operating current of the charging 
device cannot be changed. In response, the present invention provides a communication means that 
exchanges information with other charging devices, enabling charging status information to be received 

from charging devices currently performing charging using the same external power supply. The 
operating current value is set based on the operating current values from the other charging devices, 
so that the total current does not exceed a preset total current limit value, and the charging current 
control means controls the charging current to the battery based on this operating current value. 

 
[0011] 
 

This enables the power consumed by the charging device to be increased or decreased so that the total 
load of all charging devices connected to the external power supply does not exceed the load capacity 
of the external power supply. As a result, the vehicle battery charging device of the present invention 

allows for reliable charging of a battery without tripping the circuit breaker of the external power supply 
used by the charging device to perform charging. 
 
[0012] 

 
In addition, the charging status information transmitted and received via the communication means 
includes situation-dependent data, such as the total current limit value used by the charging devices 

IPR2026-00381
Tesla EX1005 Page 8



(8)                  JP 2003-333706 A (JP2003-333706A) 
 

engaging in communication, the operating current drawn from the external power supply, and the 
current and voltage supplied to batteries. In addition to direct information indicating charging status 

parameters, this may also include indirect information such as predicted completion times (based on 
the charging completion times set by the charging devices engaging in communication), charging 
completion limit times set based on a target charging durations, and charging condition change flags 

indicating whether the charging status can be changed. 

 
[0013] 
 

Charging by the charging device is preferably completed as quickly as possible, and in order to achieve 
this, the charging should be performed by supplying as much current as possible from the external 
power supply. However, the upper limit for the current to conduct safe charging is determined by battery 

characteristics, and charging must be performed within this limit. 
 
[0014] 
 

In response, in the vehicle battery charging device according to claim 2, if the current setting means 
determines that the current value obtained by subtracting the total current used by other charging 
devices from the total current limit exceeds the maximum operating current determined by the charging 

device for a battery, it sets the maximum operating current as the operating current value. In all other 
situations, it sets the operating current value of the charging device as high as possible within a range 
in which the total current does not exceed the total current limit. 

 
[0015] 
 
As a result, the vehicle battery charging device of the present invention enables charging to be 

performed at the maximum current that the charging device can supply, within the range of currents 
that can be supplied from the external power supply, thus allowing charging to be completed early. In 
the invention described above (according to claim 1 or claim 2), when a charging device is connected to 

an external power supply and the operating current is set based on the difference between the total 
current and the total current limit value, charging devices connected subsequently often have a lower 

assigned operating current value, resulting in longer charging times. In response, in order to shorten 

the charging times, other charging devices connected to the same external power supply and currently 
performing charging may reduce their current usage to allow the new charging device to increase its 
charging current by the same amount. 
 

[0016] 
 
In response, in the vehicle battery charging device according to claim 3, the operating current setting 

means comprises an operating current communication means for, when the current value obtained by 
subtracting the total current used by the other charging devices from the total current limit is less than 
the maximum operating current determined by the charging device for the battery, determining whether 

there is another charging device capable of changing its charging state based on the information 
obtained by the information acquiring means, and if such a charging device is present, notifying the 
charging device via the communication means to reduce its current consumption by a predetermined 
amount, the operating current value of the charging device being set as high as possible within a range 

in which the total current does not exceed the total current limit value, based on the change in the total 
current resulting from the reduction in the operating current of the other charging device by 
communication via the operating current communication means. 

 
[0017] 
 

As a result, with the vehicle battery charging device of the present invention (claim 3), even when the 
available power capacity is very low at the time a charging device is connected to the external power 
supply, other charging devices able to reduce their current usage can be identified and the current usage 
of those devices can be reduced, thereby increasing the current usage of the new charging device, 

thereby shortening the charging time. Thus, by distributing the operating current from charging devices 
with available capacity to those without and setting the operating currents to an appropriate value in 
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this way, the overall charging efficiency of all charging devices connected to the external power supply 
can be improved. 

 
[0018] 
 

Note that various methods can be used to determine whether other charging devices allow for changes 

to their charging status. For example, a charging device whose required charge completion time is not 
specified may be deemed to be changeable because an extension of the charging time is not considered 
a problem (or, conversely, it is deemed to be non-changeable if an extension of the charging time is 

considered to be a problem). Even if a charge completion time is specified, if the completion time 
predicted from the present charging status has a sufficient margin relative to the specified time, it can 
be determined that the charging status can be changed. If other charging devices are able to determine 

whether their charging status may be changed and possess information related to the possibility of 
changing the charging status, it can be determined that the charging status can be changed by checking 
that information. 
 

[0019] 
 
Rules may also be devised for reducing the current consumed by charging devices capable of a change 

in their charging status. These may include a rule that sets the total current limit to a value obtained by 
dividing the total current limit by the number of connected charging devices, a rule that allocates and 
sets current values in proportion to battery capacities, and a rule that allocates the operating current 

according to the order in which the devices were connected to the external power supply. 
 
[0020] 
 

Situations sometimes occur in which a charging device that is already charging is using most of the 
capacity of the external power supply, making it impossible to secure the current required by other 
devices for charging. Since attempting to perform charging under such circumstances would be futile, 

the other charging device would refrain from performing charging. 
 

[0021] 

 
In response, in the vehicle battery charging device according to claim 4, when the operating current 
setting means cannot set an operating current value that is equal to or greater than a value effective 
for charging, the charging control means is configured to prevent charging. In this way, the charging 

means can be prevented from operating when sufficient operating current for charging cannot be 
secured. 
 

[0022] 
 
In situations in which the current required for charging cannot be secured and charging cannot be 

started, the charging operation is preferably set provisionally so that charging automatically begins once 
the external power supply has sufficient capacity to allow for charging. In response, the vehicle battery 
charging device according to claim 5 further comprises a monitoring means for periodically acquiring 
charging status information from the other charging devices via the information acquiring means and 

monitoring the status of the total current, the operating current setting means resetting the operating 
current value of the charging device to the highest possible value within a range in which the total 
current does not exceed the total current limit value, when the monitoring means confirms that the total 

current has been reduced. As a result, in the vehicle battery charging device of the present invention 
(claim 5), if the monitoring means is configured to operate when the current required for charging 
cannot be secured and charging has not started, the operating current value for the charging device can 

be set to a level sufficient for charging as the operating currents of the other charging devices decrease. 
In this way, charging can be automatically initiated. Also, when the charging device is charging and the 
monitoring means is activated, for example, when the operating current is not at the maximum allowable 
value, the operating currents of other charging devices will still decrease over time and the available 

current from the external power supply will increase, allowing the operating current of the charging 
device to be gradually increased, thus shortening the charging time. A charging device using this 
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monitoring means is thus always attempting to use the maximum current allowed by the total current 
limit, thereby effectively utilizing the current supply capacity of the external power supply. 

 
[0023] 
 

However, in order to properly embody the present invention, other charging devices should preferably 

control their current usage in addition to the new charging device limiting its current usage. Thus, in 
order for other charging devices to realize functions similar to those of the present invention, it is 
necessary to communicate the charging status of a given charging device to the other charging devices. 

 
[0024] 
 

In response, the vehicle battery charging device according to claim 6 is provided with an information 
communication means that is used to send charging status information to an inquiring charging device 
when another charging device inquires about the charging status of the charging device. 
 

[0025] 
 
As a result, the vehicle battery charging device of the present invention (claim 6) enables other charging 

devices to perform functions similar to those of the present invention. Also, by limiting the current drawn 
from the external power supply in cooperation with other charging devices, the current from the external 
power supply can be utilized more effectively. 

 
[0026] 
 
Also, in order to ensure appropriate use of the external power supply, a given charging device should 

have the functions related to claim 3 that are realized by other charging devices. In response, in the 
vehicle battery charging device according to claim 7, when the current setting means receives 
communication from another charging device instructing it to reduce the current of the charging device 

by a predetermined amount, it changes the current value in accordance with the content of this 
communication. 

 

[0027] 
 
As a result, the vehicle battery charging device of the present invention (claim 7) enables the operation 
of other charging devices with the functions according to claim 3 and allows for even more appropriate 

use of current from the external power supply. The user of the charging device should also be able to 
check the status of the charging device for the purpose of operating and managing the device, both 
when starting the charging operation and during the charging operation. 

 
[0028] 
 

In response, the vehicle battery charging device according to claim 8 comprises a display means that 
displays the charging status of the charging device on a display panel visible to the user of the charging 
device. As a result, the vehicle battery charging device in the present invention (claim 8) enables the 
user to check the status of the charging device and operate or manage it accordingly, thereby improving 

efficiency. 
 
[0029] 

 
The information displayed in the aspect of the invention described above (claim 8) may consist solely of 
direct information related to the charging status of the charging device, but preferably includes the 

predicted time until charging is complete, as this allows the user to plan the next scheduled use of the 
charging device. 
 
[0030] 

 
Thus, the vehicle battery charging device according to claim 9 includes a predicting means for predicting 
the time required for charging the battery to be completed based on the battery status and the current 
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consumption value, and displaying the result of the prediction on a display means. As a result, the 
vehicle battery charging device in the present invention (claim 9) makes it possible for the user to know 

the predicted time of completion after charging has begun, enabling the user to schedule use of the 
vehicle equipped with the battery being charged with the charging device, thereby improving efficiency. 
 

[0031] 

 
Note that in this case, the result of the prediction displayed on the display means may be the time from 
the start of charging to the end of charging of the battery, or may be the time (date and time) when 

charging of the battery is expected to be completed if charging were to start at the current time or at a 
separately established start time. 
 

[0032] 
 
In the predicting means of the invention (claim 9), if the charging device is in standby waiting for 
charging to begin, or has executed the monitoring means to increase its current usage in response to a 

decrease in current usage by other charging devices, the time at which charging is completed will vary 
depending on the status of the other charging devices. Therefore, predicting the charging completion 
time based solely on the status of the charging device in question becomes inaccurate. For this reason, 

the time when charging will be completed is preferably predicted by incorporating information related 
to the charging status of other charging devices, such as the time at which charging can begin or changes 
in the completion time based on trends in the operating current, and by including this information in the 

prediction. 
 
[0033] 
 

Thus, the vehicle battery charging device according to claim 10 includes information related to the 
charging status of other charging devices as a condition for predicting the time required to complete 
charging when the monitoring means is in operation, and the predicting means makes a prediction 

according to this prediction. As a result, in the vehicle battery charging device of the present invention 
(claim 10), the predicted time of charge completion provided to the user becomes more accurate, and 

the subsequent scheduling of use of the vehicle equipped with the battery being charged by this charging 

device becomes more accurate, thereby improving efficiency. 
 
[0034] 
 

In addition, a charging device may be configured to perform charging using external power supplies 
from multiple locations, rather than being limited to the external power supply connected to a single 
location. In such cases, because the power capacity of these external power supplies varies from facility 

to facility, the total current limit value has to be adjusted according to the connected external power 
supplies. 
 

[0035] 
 
In response, the vehicle battery charging device according to claim 11 is equipped with a total current 
setting means for setting the total current limit value in accordance with input instructions from external 

power supplies. As a result, in the vehicle battery charging device of the present invention (claim 11), 
when connected to external power supplies with different power capacities, charging can be performed 
without tripping the circuit breaker by setting the appropriate total current limit value for the external 

power supplies via external input. 
 
[0036] 

 
In cases in which a device lacking communication means is connected to an external power supply, 
charging can be performed without tripping the circuit breaker of the external power supply by setting 
the total current limit value to a value that has already been reduced by the amount of current used by 

the device lacking communication means. 
 
[0037] 
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However, in the vehicle battery charging device of the present invention, even when an attempt has 

been to limit the operating current so that it does not exceed the total current limit value that has been 
set, there may be cases in which it is impossible to keep the circuit breaker from tripping if another 
charging device sets the operating current based on a different total current limit value and limits the 

operating current accordingly. For this reason, other charging devices should limit their operating current 

using the same total current limit value as the charging device. Also, when a total current limit value is 
set by another device, the charging device should change its total current limit value accordingly. 
Alternatively, the user may set the total current limit value for each charging device individually. However, 

it would be more desirable for the system to be configured so that the total current limit values for other 
charging devices are set using the single configuration in accordance with claim 12. 
 

[0038] 
 
Specifically, the vehicle battery charging device according to claim 12 further comprises a total current 
notifying means for notifying other charging devices, via the communication means, of the value set by 

the total current setting means, the total current setting means setting the total current limit value of 
the charging device in accordance with the content of the notification when a notification on the total 
current limit value is received via the communication means from another device with a communication 

means. 
 
[0039] 

 
Using this vehicle battery charging device, the same total current limit value can be set for each charging 
device at the same time. Since the total current limit values for each charging device become identical, 
charging can be performed more reliably without tripping the circuit breaker of the external power supply, 

and the capacity of the external power supply can be more effectively utilized. 
 
[0040] 

 
In the charging device described above (according to any of claim 1 to claim 12), operations such as 

starting the charging operation and setting charging conditions for each charging device are performed 

by the charging device itself. However, in order to operate each charging device, each device must be 
operated individually, which results in poor operability when the number of charging devices connected 
to an external power supply increases. In response, the vehicle battery charging system according to 
claim 13 is configured to improve operability. 

 
[0041] 
 

Specifically, the vehicle battery charging system according to claim 13 is a vehicle battery charging 
system comprising a plurality of vehicle battery charging devices connected to a common external power 
supply during charging, and a control device for setting the charging conditions of each of these charging 

devices. Each charging device is a charging device according to any of claims 1 through 10, and the 
control device is equipped with a communication means for exchanging information with the charging 
devices, and an operating instruction means for communicating operating instructions to the charging 
devices via the communication means to determine their operations, as the charging devices operate in 

accordance with operating instructions from the control device. 
 
[0042] 

 
In this vehicle battery charging system, a single control device enables the user to start and stop 
charging with all charging devices connected via the communication means. Since the user no longer 

needs to go to the location of each charging device to operate them but can do so from a single location, 
efficiency is improved. 
 
[0043] 

 
Furthermore, various instructions may be set as the operating instructions issued by the control device, 
such as instructions to start charging, instructions to stop charging, or instructions to change charging 
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patterns. The total current limit value, which serves as a common charging condition for each charging 
device, is easier to manage if the value is set via a control device to which each charging device is 

connected. In this regard, the charging system according claim 14 is preferable. 
 
[0044] 

 

Specifically, in the vehicle battery charging system of claim 14, the control device comprises a current 
information setting means for setting, in accordance with an externally inputted command, a total 
current limit value representing the upper limit of the total current, which is the sum of the currents 

that each of the charging devices is able to receive from the external power supply, and a total current 
communicating means for communicating the value set by the current information setting means to 
each of the charging devices using the communication means, the charging device setting the total 

current limit value of the charging device in accordance with the content of the notification when a 
notification is received on the total current limit value from the control device via the total current 
notifying means. 
 

[0045] 
 
In this vehicle battery charging system, the operations of the charging devices can be controlled from a 

shared location, thereby improving work efficiency. Also, the control unit can be connected to and used 
with external power supplies of various capacities. In cases in which a device lacking communication 
means is connected to an external power supply, charging can be performed without tripping the circuit 

breaker of the external power supply by setting the total current limit to a value that has already been 
reduced by the amount of current used by the device lacking communication means. 
 
[0046] 

 
However, in order for the charging device of the present invention (according to any one of claim 1 to 
claim 14) to use the current setting means, each charging device must obtain information on the 

charging status of other charging devices. Therefore, when the number of charging devices connected 
to an external power supply increases, the amount of data exchanged over the communication line 

becomes enormous because each charging device is attempting to obtain information on the status of 

other charging devices (the data volume increases proportionally to the square of the number of devices). 
 
[0047] 
 

Therefore, if packet communication, such as that used by LANs, is employed as the communication 
means, the reliability of data transfer decreases as the data volume increases. Also, if parallel 
communication is used as the communication method, a separate communication line is required for 

each piece of data. Consequently, as the data volume increases, the number of required communication 
lines becomes enormous. 
 

[0048] 
 
In response, the vehicle battery charging system according claim 15 is configured to reduce the amount 
of information transmitted by aggregating and processing information at a single location. Specifically, 

the vehicle battery charging system according to claim 15 comprises a plurality of vehicle battery 
charging devices used to charge the battery that serves as a power supply of a vehicle, the vehicle 
battery charging devices being connected to a common external power supply during charging, and a 

control device for setting the charging conditions for each of the charging devices. 
 
[0049] 

 
The control device comprises a communication means for exchanging information with the charging 
devices, an information acquiring means for using the communication means to request charging status 
information from other charging devices and to acquire the charging status information, an operating 

current selecting means for selecting for each of the charging devices an operating current value, which 
is the current that each charging device is able to receive from the external power supply such that the 
total current does not exceed the total current limit value, based on a preset total current limit value 
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representing the upper limit of the total current, which is the sum of the currents that each charging 
device is able to receive from the external power supply, and the charging status information acquired 

from each charging device using the communication means, and an operating current notifying means 
for notifying each charging device of the operating current value using the communication means when 
the operating current value has been selected by the operating current selecting means. It also 

comprises an operating instruction means for communicating operating instructions to charging devices 

which provide operating instructions to the charging devices.  
 
[0050] 

 
Each charging device comprises a charging means for receiving a supply of power from an external 
power supply and supplying a charging current to the battery, a communication means for exchanging 

information with the control device, a detecting means for detecting the current supplied from the 
external power supply, an information communicating means for sending information on the charging 
status of the charging device to the control device when the control device inquires about the charging 
status using the communication means, an operating current setting means for setting the operating 

current value of the charging device to the value specified in the notification when the control device 
receives a notification via the operating current notifying means, and a charging control means for 
controlling the charging means such that the current supplied from the external power supply detected 

by the detecting means does not exceed the operating current value set by the operating current setting 
means. Here, the charging devices operate in response to operating instructions from the control device. 
 

[0051] 
 
As a result, in the vehicle battery charging system of the present invention (claim 15), by providing the 
control device that possesses the operating current setting means that was previously possessed by 

each charging device in the charging system (claim 13 or claim 14), the charging status information 
from each charging device needed to operate the operating current setting means only has to be sent 
to the control device. As a result, the control device becomes the sole communication destination for 

each charging device, resulting in a significant reduction in the amount of data transmitted and received 
over communication lines, as well as a reduction in the number of communication exchanges. 

Consequently, communication reliability is improved. This also reduces the operational tasks performed 

by the charging devices, making charging devices with a simpler configuration possible. 
 
[0052] 
 

Meanwhile, the charging system (claim 15) may be configured according to claim 16 for the same 
purpose as the vehicle battery charging device according to claim 2. In other words, in the vehicle 
battery charging system according to claim 16, the operating current selecting means of the operating 

device selects the maximum value of the operating current as the operating current value for the new 
charging device, when a new charging device is connected to the external power supply to charge the 
battery, and the current value obtained by subtracting the total current from the total current limit is 

greater than the maximum operating current for the battery determined by the new charging device. 
 
[0053] 
 

Using this vehicle battery charging system, charging can be performed at the maximum current that 
the charging device is capable of supplying, within the range of currents that can be supplied from the 
external power supply, thus enabling the charging process to be completed quickly. The vehicle battery 

charging system of the present invention (claim 15 or claim 16) may also be configured according to 
claim 17 for the same purpose as the vehicle battery charging device according to claim 3. 
 

[0054] 
 
Specifically, in the vehicle battery charging system according to claim 17, the current selecting means 
of the control device determines, based on the charging status information from each charging device 

acquired by the information acquiring means, whether there are other charging devices capable of 
changing their charging status, when a new charging device is connected to the external power supply 
to charge the battery, and the current value obtained by subtracting the total current from the total 
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current limit is greater than the maximum operating current for the battery determined by the new 
charging device, and changes the selection result for the operating current value to reduce the operating 

current of the charging device by a predetermined amount, if another charging device is capable of 
changing their charging status, the change being configured such that the operating current value for 
the new charging device is selected to be as high as possible within a range in which the total current 

does not exceed the total current limit given that the total current decreases as a result of the reduced 

operating current of the charging device whose operating current value has been changed. 
 
[0055] 

 
Using this vehicle battery charging system, when a new charging device is connected to an external 
power supply and the available power capacity is very limited, if a charging device is present whose 

operating current can be reduced without posing a problem, the operating current of that device can be 
reduced. This makes it possible to increase the operating current available for charging by the new 
device, thereby shortening the charging times. By distributing the operating current from charging 
devices with available capacity to those without, and setting the operating current to an appropriate 

value in this way, the overall charging efficiency of all charging devices connected to the external power 
supply can be improved. 
 

[0056] 
 
The vehicle battery charging system of the present invention (according to any one of claim 15 to claim 

17) may be configured according to claim 18 for the same purpose as the vehicle battery charging device 
according to claim 4. Specifically, in the vehicle battery charging system according to claim 18, the 
current selecting means sets the charging control means such that the charging means of the new 
charging device does not perform charging, when a new charging device is connected to the external 

power supply to charge the battery, and the operating current value cannot be set to a value equal to 
or greater than a value effective for charging. 
 

[0057] 
 

Using this vehicle battery charging system, wasteful operation can be avoided in which the charging 

means operates even though the operating current value is low and charging is barely possible. The 
charging system of the present invention (according any one of claim 15 to claim 18) may be configured 
according to claim 19 for the same purpose as the vehicle battery charging device according to claim 5. 
 

[0058] 
 
Specifically, the vehicle battery charging system according to claim 19 further comprises a monitoring 

means for periodically acquiring charging status information from each of the charging devices and 
monitoring the status of the total current, the current selecting means changing the selected operating 
current value for a charging device, which serves as the operating condition for the monitoring means, 

to be as high as possible within a range in which the total current does not exceed the total current limit, 
when the monitoring means confirms that the total current has been reduced. 
 
[0059] 

 
In this vehicle battery charging system, the monitoring means is activated for charging devices that are 
waiting to start charging because the current required for charging cannot be secured. Because the 

operating current used by the other charging devices decreases over time, the operating current value 
of the charging device waiting to start charging can be set to a level sufficient for charging that will 
automatically initiate the charging operation by that device. In the case of charging devices that are 

currently charging, if the monitoring means is activated for cases in which the operating current is not 
at the maximum allowable value, because the operating current of the other charging devices decreases 
over time, the operating current of the charging device can be gradually increased to the extent that 
the external power supply has excess capacity, thereby shortening charging times. 

 
[0060] 
 

IPR2026-00381
Tesla EX1005 Page 16



(16)                  JP 2003-333706 A (JP2003-333706A) 
 

As a result, charging devices with activated monitoring means will always attempt to use the maximum 
current allowed by the total current limit, thereby more effectively utilizing the current supply capacity 

of the external power supply. The vehicle battery charging system of the present invention (according 
to any of claim 15 to claim 20) may be configured according to claim 20 for the same purpose as the 
vehicle battery charging device according to claim 8. 

 

[0061] 
 
Specifically, the vehicle battery charging system according to claim 20 comprises a display means in the 

control device for displaying the charging status of each charging device obtained using the 
communication means on a display panel visible to the user of the charging system. This vehicle battery 
charging system makes it possible to check the status of the charging devices for operation and 

management purposes, and since the status of each charging device can be checked from a single 
control device, efficiency can be further improved. 
 
[0062] 

 
The vehicle battery charging system of the present invention (in any one of claims 13 to 20) may be 
configured in accordance with claim 21 with the same aim as that of the vehicle battery charging device 

according to claim 9. In other words, the vehicle battery charging system according to claim 21 
comprises, in the control device, a predicting means for predicting the time required to complete 
charging of the battery for each charging device, based on the battery status and the current 

consumption value of each charging device, and a display means for displaying the result of the 
prediction. 
 
[0063] 

 
This vehicle battery charging system is able to determine the predicted time of completion, making it 
possible to plan the next use of the vehicle equipped with the battery currently being charged by this 

charging device, thereby improving efficiency. In addition, the vehicle battery charging system of the 
present invention (in any of claims 14 to 21) may be configured according to claim 22 for the same 

purpose as the vehicle battery charging device according to claim 11. 

 
[0064] 
 
Specifically, in the vehicle battery charging system according to claim 22, the control device comprises 

a total current setting means for setting the total current limit value in accordance with an externally 
inputted command. Using this vehicle battery charging system, the control unit can be connected to and 
used with external power supplies of various capacities. Also, in cases in which a charging device without 

communication capabilities is connected to an external power supply, charging can be performed without 
tripping the circuit breaker of the external power supply by setting the total current limit to a value that 
has already been reduced by the amount of current used by the charging device without communication 

capabilities. 
 
[0065] 
 

[Embodiments of the Invention] 
 
Embodiments of the present invention will now be described. 

 
[First Embodiment] 
 

FIG. 1 is a block diagram showing the overall configuration of the vehicle battery charging device (simply 
“the charging device” below) 2 in the first embodiment of the present invention. 
 
[0066] 

 
The charging device 2 in the present embodiment is mounted in a battery-powered forklift and is 
intended to charge the battery 6 that supplies power to the onboard device (such as an electric motor) 
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4 serving as the drive source of the forklift. It is used by connecting a power cord (not shown) to a 
power outlet of the facility power supply 30 inside the facility where the battery-powered forklift is used, 

via a circuit breaker 31 that cuts off the power supply when there is an overcurrent. The charging device 
can, via a communication line 27 connected to a communication hub device 32, exchange charging 
status information with other charging devices (for example, a second charging device 50 and a third 

charging device 60 with functions similar to those of the charging device in the present invention) 

connected to the facility power supply 30. 
 
[0067] 

 
As shown in FIG. 1, the charging device 2 in the present embodiment comprises: a power supplying unit 
12 that converts the AC power (commercial power) supplied from the facility power supply 30 inside the 

facility via a power cord into DC voltage and current suitable for charging the battery 6; a power supply 
current detecting unit 25 (simply “the current detecting unit 25” below) that detects the current supplied 
from the facility power supply 30 to the power supplying unit 12; a battery current detecting unit 14 
and a battery voltage detecting unit 16, which detect the current and voltage supplied from the power 

supplying unit 12 to the battery 6; a temperature sensor 18 that detects the ambient temperature; a 
charging control unit 20 that charges the battery 6 by controlling the power supplying unit 12 based on 
detection signals from the battery current detecting unit 14 and the battery voltage detecting unit 16; 

an control panel 22 for inputting various instructions to the charging control unit 20, such as start 
charging and stop charging; a display unit 24 for displaying the status of the charging device 2; and a 
communication unit 26 that communicates with other charging devices connected to the facility power 

supply 30 using a communication line 27 consisting of a serial cable for communication connected to 
the facility power supply 30. 
 
[0068] 

 
Here, the power supplying unit 12 corresponds to the charging means of the present invention and 
comprises a rectifier circuit 12a that rectifies the AC power (commercial power) supplied from the facility 

power supply 30 inside the facility via a power cord using a rectifier element to generate a DC voltage, 
and an output circuit 12b that supplies the DC voltage generated by this rectifier circuit to the battery 

6 via a power controlling semiconductor element. 

 
[0069] 
 
Meanwhile, the charging control unit 20 comprises a microcomputer composed of a CPU, ROM, RAM, 

and other components. When an instruction to start charging the battery 6 is received from the control 
panel 22, the charging control unit 20 controls the output circuit 12b (specifically, the power controlling 
semiconductor element) in the power supplying unit 12 based on detection signals from the detecting 

units 14, 16, 25. 
 
[0070] 

 
The communication unit 26 performs network communication via packet communication, which is a 
method widely used in LANs (Local Area Networks). Through this communication, the system acquires 
charging status information from the second charging device 50 and the third charging device 60 

connected to the facility power supply 30, specifically, the current limit value IDS, the total current limit 
value IDTS, the predicted charging completion time TK, and the charging completion time limit TKS 
based on the situation. If the second charging device 50 or the third charging device 60 sends an inquiry 

to the charging device regarding the charging status of the charging device, the charging device 
transmits the information corresponding to the inquiry. 
 

[0071] 
 
Note that in order to prevent the onboard device 4 from operating while the battery 6 is being charged, 
the power supply circuit breaker located inside an interlock device 8 installed in the power supply path 

from the battery 6 to the onboard device 4 is kept in an open state when AC power is supplied to the 
power supplying unit 12 (in other words, when a voltage is detected by the power supply voltage 
detecting unit 29), and the supply of power is cut off from the battery 6 to the onboard device 4. After 
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charging control is complete and AC power to the power supplying unit 12 is cut off (in other words, 
when the power cord is unplugged from the power outlet in the facility and voltage is no longer detected 

by the power supply voltage detecting unit 29), the switch is returned to the closed position, and the 
supply of power from the battery 6 to the onboard device 4 is resumed. 
 

[0072] 

 
The following is an explanation of the meanings of the terms for the primary status variables and setting 
values that appear in the description of the examples. 

 
(1) Total current value IDT: The sum of the currents supplied to each charging device from the facility 
power supply  30. (Sum of the current limit value IDS for each charging device) 

 
(2) Total current limit value IDTS: A setting value used to place an upper limit on the total current. 
 
(3) Operating Current ID: The current supplied from an external power supply and used by the charging 

devices. 
 
(4) Operating Current Limit IDS: The setting value used to place an upper limit on the operating current. 

 
(5) Maximum Operating Current Limit IDSmax: The upper limit for the operating current limit setting. 
This is determined using the maximum battery current IBSmax. 

 
(6) Battery Current IB: The current flowing through the battery. This is outputted from the battery 
current detecting unit 14. 
 

(7) Battery Current Control Value IBS: The setting value for controlling the current flowing to the battery. 
 
(8) Maximum Battery Current IBSmax: The upper limit on the battery current control value that can be 

supplied to the battery for safe charging. 
 

(9) Battery Voltage VB: The voltage of the battery. This is outputted from the battery voltage detecting 

unit 16. 
 
(10) Terminal Voltage VBT: The battery voltage at which gas begins to be generated by the battery 6. 
This is the voltage used to determine the completion of initial current control. 

 
(11) Predicted Charging Completion Time TK: The time at which charging is predicted to be completed 
based on the charging status. 

 
(12) Charging Completion Limit Time TKS: The setting value for the desired time at which charging is 
to be completed. 

 
[0073] 
 
Next, the basic charging operations of the charging control unit 20 in the charging device 2 will be 

explained with reference to the timing chart in FIG. 2. As shown in FIG. 2, immediately after a start 
charging instruction for the battery 6 is inputted from the control panel 22 (at the start of charging), 
the charging control unit 20 performs current control to control the output circuit 12b such that the 

battery current IB detected by the battery current detecting unit 14 is set to a first control current 
(battery current control value IBS) determined based on the operating current limit value IDS. Due to 
this current control, when the charging voltage (battery voltage VB) detected by the battery voltage 

detecting unit 16 reaches a preset control voltage (for example, the reverse polarity voltage VBT, or so-
called gassing voltage, at which gas begins to be generated by the battery 6), voltage control is 
performed to control the output circuit 12b until the battery current IB decreases to a preset second 
control current I2 (middle charging period), so that the charging voltage detected by the battery voltage 

detecting unit 16 becomes the control voltage. Once the charging current has decreased to the second 
control current I2 as a result of this voltage control, a second current control is executed to control the 
output circuit 12b so that the charging current becomes the second control current I2 for a 
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predetermined fixed period of time (the final charging period). The charging control of battery 6 is thus 
performed in this order. 

 
[0074] 
 

In other words, the charging control unit 20 functions as the charging control means of the present 

invention, and in the present embodiment is configured to control the charging of the battery 6 using 
the constant-current/constant-voltage/constant-current drive method. The battery current control value 
IBS, which is used as the control target for the battery current IB at the start of charging, is set so that 

it does not exceed the total current limit value IDTS, which is either entered by the user or stored in the 
charging control unit 20 as an initial value, by automatically setting the operating current limit value 
IDS according to the procedure shown in the flowchart of FIG. 5 (described in detail below). The battery 

current control value IBS, which is set according to the procedure in the flowchart shown in FIG. 6 
(described in detail below), is a value based on the operating current limit value IDS that varies 
depending on the number and charging status of charging devices connected to the facility power supply 
30. Note that FIG. 2 shows a case in which the power capacity of the facility power supply 30 has 

sufficient margin and charging is performed at the maximum battery control current IBSmax. 
 
[0075] 

 
In order to calculate the battery current control value IBS from the operating current limit value IDS, 
the following relationship between the operating current ID and the battery current IB is utilized. 

 
Operating current ID = (battery voltage VB × battery current IB)/{power supply voltage × power factor 
× efficiency × (√3 for 3-phase systems)} 
 

Since the denominator in this equation is nearly constant, the battery current control value IBS = α × 
operating current limit value IDS/battery voltage VB (where α is a constant). 
 

[0076] 
 

When setting the total current limit value IDTS at the start of charging, if there is a charging device 

already performing a charging operation, the total current limit value IDTS set for that charging device 
is acquired via communication, and the acquired value is used as the initial value for the total current 
limit value of the new charging device. If there are no other charging devices performing a charging 
operation, the value used during a previous charging operation stored in the storage device of the 

charging control unit 20 is used as the initial value for the new charging device. 
 
[0077] 

 
Next, the charging operation performed by the charging control unit 20 when multiple charging devices 
have initiated charging will now be explained using the timing chart in FIG. 3. In this example, three 

vehicle battery charging devices possessing the functions of the present invention are successively 
connected to the facility power supply 30 to perform charging. For the sake of convenience, in FIG. 3, 
the charging device 2 is referred to as charging device A, the second charging device 50 is referred to 
as charging device B, and the third charging device 60 is referred to as charging device C. 

 
[0078] 
 

Note that, as an assumption for the operations during charging, the charging process preferably starts 
at the end of the workday and is preferably completed by the start of work the following day (for example, 
8:00 AM). This process is configured so that charging is completed by as many charging devices as 

possible by this time. 
 
[0079] 
 

Reference letters followed by A, B, or C at the end represent status variables and setting values for 
charging device A, charging device B, and charging device C. First, at the start of charging (t0), since 
charging devices B and C are not connected to the facility power supply 30 and sufficient operating 
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current can be secured, charging device A begins charging using the basic charging pattern shown in 
FIG. 2, with the current supplied to the battery set to the maximum battery current control value IBSmax, 

as explained earlier. 
 
[0080] 

 

Next, when charging device B is connected to the facility power supply 30 and charging begins (at time 
t1), even though there is still some margin between the total current value IDT at the facility power 
supply 30 and the total current limit value IDTS, the maximum operating current limit IDSmax for 

charging device B cannot be secured. Therefore, charging device B determines whether reducing the 
current drawn by charging device A would prevent the predicted completion time TKA of charging device 
A from exceeding the charging completion limit time TKSA. Because the predicted completion time TKA 

for charging device A is well within the charging completion limit time TKSA, charging device B sends a 
request to charging device A to reduce the current limit value IDSA (in this case, instructing it to use 
half of the total current limit value IDTS). Then, in response to the update request from charging device 
B, charging device A updates its setting to use half of the total current limit value IDTS as the operating 

current limit value IDSA and continues charging. Charging device B also sets the current limit value 
IDSB to half of the total current and begins charging. 
 

[0081] 
 
Both charging device A and charging device B calculate and set the battery current control value IBS so 

that the operating current ID does not exceed the operating current limit value IDS, and control the 
output circuit 12b so that the current IB flowing to each battery is equal to the battery current control 
value IBS. As charging progresses, the battery voltage VB rises, causing the operating current ID to rise 
as well. Therefore, the battery current control value IBS is checked at regular intervals to ensure that 

the operating current ID does not exceed the operating current limit value IDS. 
 
[0082] 

 
Next, when charging device C is connected to the facility power supply 30 at the time (t2), the total 

current value IDT at the facility power supply 30 reaches its limit relative to the total current limit value 

IDTS, leaving no excess current available. Also, the predicted charging completion times TK for charging 
device A and charging device B have no margin relative to the charging completion limit time TKS. 
Therefore, charging device C cannot secure sufficient current for charging and does not start charging. 
 

[0083] 
 
Charging device C then enters a "charging standby" state, in which it periodically obtains information 

on the charging status of charging devices A and B and monitors the status of the total current value 
IDT. Note that since charging devices A and B have met the charging completion time limit, they are not 
monitored for total current value IDT. 

 
[0084] 
 
Then, as time passes and the battery voltage VBA of charging device A reaches the reverse polarity 

voltage VBT and enters the middle period voltage control mode (at time t3), the operating current IDA 
of charging device A decreases, creating some margin in the total current value IDT. At this point, since 
there is now a margin in the total current value IDT, charging device C sets the operating current limit 

IDSC to the reduced value of the total current value IDT and begins charging. 
 
[0085] 

 
During the first charging period, charging device C monitors the charging status of charging device A 
and charging device B until the predicted charging completion time reaches the charging completion 
time limit, and increases operating current IDSC as long as there is sufficient margin in the total current 

value IDT. In this way, the combined value of the operating currents ID of the three charging devices 
gradually converges on the total current limit value IDTS. 
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[0086] 
 

The control processing executed by the charging control unit 20 for operating and controlling these 
charging devices will now be explained using the flowcharts in FIG. 4 to FIG. 7. The processing shown 
in FIG. 4 is executed by the charging control unit 20 when the power cord of a charging device 2 is 

connected to a power outlet inside the facility. When this processing is initiated, the charging device 2 

first displays a menu screen on the display unit 24 in S101 (here, "S" denotes a step), allowing the user 
to enter instructions by operating the control panel 22. 
 

[0087] 
 
This menu screen enables the user to select instructions, including an instruction to change the total 

current limit value IDTS described above, and may, for example, list the instruction options in the order 
shown in FIG. 8 (a). Then, if the ">" or "<" key for menu selection provided on the control panel 22 is 
pressed while the menu screen is displayed, the charging control unit 20 responds by changing the 
instruction highlighted on the menu screen (for example, by underlining); and when the "M" key for 

confirming the instruction is pressed, the charging control unit 20 determines that the user has selected 
the instruction currently highlighted on the screen. 
 

[0088] 
 
In other words, after the charging control unit 20 displays the menu screen on the display unit 24 in 

S101, each time a key operation is performed on the control panel 22, it is determined in S102 whether 
the operated key is the “M” key. If the “M” key has not been operated, the processing returns to S101 
and, in response to a user key operation (pressing the “>” or “<” key) changes the highlighted 
instruction displayed on the menu screen (moving upward with the “>” key and moving downward with 

the “<” key). If the “M” key has been operated, it is determined that an instruction has been selected 
on the menu screen and the processing proceeds to S103. 
 

[0089] 
 

Next, in S103, it is determined whether the instruction selected by pressing the "M" key is an instruction 

to change the total current limit value. If the instruction is an instruction to change the total current 
limit value, the processing proceeds to S104 to determine whether the battery 6 is currently being 
charged. If the battery 6 is currently being charged, changes to the charging current is prohibited from 
S105 onward and the processing returns to S101. If the battery 6 is not being charged, the processing 

proceeds to S105, where the communication unit 26 queries the second charging device 50 and the 
third charging device 60 connected to the facility power supply 30 to obtain information on the total 
current limit value, which is then set as the initial value for the total current limit value. If no other 

charging devices are connected to the facility power supply 30, the total current limit value IDTS stored 
during the previous charging session in the non-volatile memory area of the charging control unit 20 is 
used as the initial value. 

 
[0090] 
 
Next, S106 displays the total current limit value change screen on the display unit 24. This total current 

limit value change screen, for example as shown in FIG. 8 (b), consists of two types of information, 
namely, the currently set total power supply current and the desired charging completion time, and the 
screen numerically displays the current value setting in S105 in the total power supply current display 

area on the screen, reads and displays the current date and time from the clock built into the charging 
control unit 20, and displays the charging completion limit time TKS stored in the memory of the 
charging control unit 20 during the previous charge in the desired charging completion time area on the 

screen. 
 
[0091] 
 

Thus, when the total current change screen is displayed on the display unit 24, the processing proceeds 
to S107. The total current limit value IDTS displayed in the total power current display area of the 
display unit 24 is increased or decreased by a predetermined current value unit (for example, 1 A) 
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depending on whether the user has pressed the “>” or “<” key (that is, increased by 1 A when the “>” 
key is pressed and decreased by 1 A when the “<” key is pressed). When the “M” key is pressed in S108, 

the processing proceeds to the S109. 
 
[0092] 

 

Next, in S109, the operation for changing the charging completion limit time TKS is performed. As with 
the operation performed in S107, the charging completion limit time displayed in the desired charging 
completion date and time display area of the display unit 24 is increased or decreased in predetermined 

time units (for example, 30 minutes) using the “>” or “<” keys, and when “M” is pressed in S110, the 
processing proceeds to S111. 
 

[0093] 
 
Then, in S111, a value in the total power supply current range displayed on the display unit 24 is stored 
in the non-volatile memory area as the latest total current limit value IDTS, and the time displayed in 

the desired charging completion range is stored in the non-volatile memory area as the charging 
completion limit time TKS. 
 

[0094] 
 
Next, the processing proceeds to S112, where the updated total current limit value IDTS is 

communicated to the other charging devices using the communication unit 26. Then, the processing 
returns to S101. Next, in S103, if it is determined that the instruction selected by operating the “M” key 
is not an instruction to change the total current limit value, the processing proceeds to S121 to determine 
whether the instruction selected by operating the “M” key is an instruction to start charging. If the 

instruction is a start charging instruction, the processing proceeds to S123 to retrieve the latest charging 
conditions (total current limit value IDTS and charging completion time limit TKS) stored in the non-
volatile memory area. The processing then proceed to S123, where, following the procedure shown in 

the flowchart in FIG. 5 (described in detail below), information on the status of the other charging 
devices connected to the facility power supply 30 is obtained via the communication unit 26, the current 

limit value IDS used to control the charging process is set, and the predicted charging completion time 

TK is determined. 
 
[0095] 
 

Next, in S124, the charging condition screen corresponding to the total current limit value IDTS or the 
charging condition retrieved in S122 and the predicted charging completion time TK as determined in 
S123 is displayed on the display unit 24. As shown in FIG. 9 (a), for example, the charging condition 

screen on the display unit 24 consists of the charging status (whether charging is in progress), the 
current date and time, the total current, and the charging completion date and time. If the system is in 
standby waiting to start charging, as shown in FIG. 9 (b), the start time for charging is displayed along 

with the completion time for charging. 
 
[0096] 
 

Next, the processing proceeds to S125 and begins controlling the charging of battery 6. The processing 
in S125 follows the steps shown in the flowchart of FIG. 6 (to be described in detail below). When this 
charging control is executed, current date and time update processing is also executed in conjunction 

with the charging control to continuously update the current date and time on the charging condition 
screen displayed on the display unit 24. 
 

[0097] 
 
When charging is complete and the processing in S125 is finished, the processing proceeds to S126 and 
displays a message indicating that charging is complete (the charging complete screen) on the display 

unit 24. Next, in S126, the system goes into standby until the “M” key is pressed to confirm completion 
of charging, and when the “M” key is pressed, the processing returns to S101. 
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[0098] 
 

Next, in S121, if it is determined that the instruction selected by pressing the "M" key is not a start 
charging instruction, the processing proceeds to S131, where the control processing corresponding to 
the instruction selected by the user via the "M" key (an instruction other than the start charging 

instruction, such as a total current limit change instruction) is executed, and the processing returns to 

S101. 
 
[0099] 

 
Note that the control processing executed in S131 is start scheduling processing that initiates charging 
at a time that has been intentionally delayed. In other words, start scheduling processing is performed 

in which, in order to schedule charging of the battery 6, a screen is displayed on display unit 24 allowing 
the user to set the charging start date and time in accordance with a start scheduling instruction selected 
by the user, and receives a start date and time based on user input via the control panel 22. 
 

[0100] 
 
FIG. 5 will now be used to explain in detail the processing performed by the charging control unit 20 to 

set the current limit value in S124. First, in S201, charging status information from the other charging 
devices is obtained, including the current limit value IDS, the battery current IB, the battery voltage VB, 
the predicted charging completion time TK, and the charging completion limit time TKS for each charging 

device. The current limit values IDS for each charging device are then added together to calculate the 
total current value IDT. 
 
[0101] 

 
Next, in S202, it is determined whether the maximum operating current limit value IDSmax, that is, the 
charging current required for the shortest charging time, can be secured by checking whether the value 

obtained by subtracting the total current value IDT from the total current limit value IDTS is greater 
than the maximum operating current limit value IDSmax. If the maximum operating current limit value 

IDSmax can be secured, the processing proceeds to S203, where the maximum operating current limit 

value IDSmax is set as the operating current limit IDS, allowing the maximum current to be supplied to 
the battery. 
 
[0102] 

 
Afterward, the processing proceeds to S204 to predict the time at which charging will be completed. In 
order to predict the charging completion time, the device first uses the relationship between the charge 

stored in the battery and the battery voltage VB to estimate the charge currently stored in the battery 
based on the battery voltage VB detected by the battery voltage detecting unit 16, and predicts the 
amount of charging required to charge the battery. Next, when the battery voltage VB is in an initial 

charging state below the polarity reversal voltage, the device calculates the required time to charge the 
battery using the battery current control value IBS derived from the operating current limit value IDS 
based on the previously determined current. This is corrected based on the temperature conditions 
detected by the temperature sensor 18 to predict the charging time during the initial current control 

phase. Charging from intermediate voltage control onwards, when the battery voltage VB has become 
greater than the polarity reversal voltage VBT, is a process of charging for a predetermined time. Here, 
the required time is used as the charging time. The sum of the initial and intermediate charging times 

is used as the predicted time of charge completion. 
 
[0103] 

 
If the operating current IDS during charging cannot be maintained at the maximum operating current 
limit IDSmax, and an attempt has been made to perform charging while keeping the operating current 
ID below a certain level, the battery current IBS is reset to a lower value as the battery voltage VB rises. 

The charging time is predicted by taking into consideration this downward trend in the battery current 
IBS. 
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[0104] 
 

When in the standby for charging state, the predicted charging completion time is calculated by adding 
the predicted charging start time derived from the charging status of other charging devices to the 
previously predicted time from charging start to completion. Then, when S204 is completed, this 

processing is terminated. 

 
[0105] 
 

Next, if the maximum operating current limit value IDSmax cannot be secured in S202, that is, if the 
maximum operating current for charging the battery cannot be secured, the processing proceeds to 
S205 to determine whether the charging status of other charging devices can be changed. Here, the 

determination is based on whether the predicted charging completion time TK has a margin of at least 
a certain period of time (for example, one hour) relative to the charging completion limit time TKS for 
each charging device. If there is a margin of at least a certain period of time, charging can be completed 
by the charging completion limit time TKS without a problem, even if the charging time is extended by 

changing the operating current limit value. If there are charging devices whose charging status can be 
changed, the processing proceeds to S206, and an instruction is sent to the charging devices whose 
charging status can be changed to change the operating current limit value IDS to the total operating 

current limit value IDTS divided by the number of connected units. 
 
[0106] 

 
Then, in S207, the operating current limit value IDS for the charging device is set to the total current 
limit value IDTS divided by the number of connected units, the predicted charging completion time is 
determined in S204, and the processing is terminated. In S205, if there is no charging device whose 

charging status can be changed, the processing proceeds to S209. If the value obtained by subtracting 
the total current value IDT from the total current limit value IDTS is equal to or greater than a value 
effective for charging, that value is set as the operating current limit value IDS. If the value is close to 

"0" and thus not effective for charging (for example, 0.1 A or less), the operating current limit value 
IDS is set to "0" to prevent the power supplying unit 12 from operating. Then, the processing proceeds 

to S204, the predicted charging completion time TK is determined, and the processing is terminated. 

 
[0107] 
 
The charging control procedure in S124, which is part of the processing performed by the charging 

control unit 20, will now be explained in detail using the flowchart in FIG. 6. First, if the charging 
completion limit time TKS is greater than the predicted charging completion time TK in S301, that is, if 
charging will be completed by the charging completion limit time TKS, the processing in S302 and S303 

is skipped, and the processing proceeds to S304. 
 
[0108] 

 
If the charging completion limit time TKS is not greater than the predicted charging completion time TK, 
that is, if charging will not be completed by the charging completion limit time TKS, the processing 
proceeds to S302. Information on the status of other charging devices is acquired via the communication 

unit 26, and if the total current value IDT has changed so as to fall below the total current limit value 
IDTS, the operating current limit value IDS is updated by the amount by which it has fallen below IDTS. 
However, if the operating current limit value IDS is a value that is not effective for charging (0.1 A or 

less), the operating current limit value IDS is kept at “0.” 
 
[0109] 

 
The processing then proceeds to S303, where if the operating current limit value IDS is “0,” that is, if 
the device is waiting to start charging, the processing return to S302, where the device waits for the 
operating current IDS to increase. If, in S303, the operating current IDS is not “0,” that is, if charging 

can begin, the processing proceeds to S304, where the charging status of the battery is checked by 
retrieving the operating current ID, the battery voltage VB, and the battery current IB from detecting 
units 14, 16, and 25. 
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[0110] 

 
Next, in S305, if the battery voltage VB is equal to or less than the reverse polarity voltage VBT, the 
processing proceeds to S306 to perform charging using initial period current control. In S306, if the 

operating current ID is greater than the operating current limit IDS, the processing proceeds to S307 to 

update the battery current control value IBS to IBS = IDS/VB*α (where α is a correction factor) so that 
the operating current ID becomes equal to the operating current limit IDS. In S306, if the operating 
current ID is lower than the operating current limit IDS, the battery current limit IBS is set to IBSmax 

to increase the battery current IB as much as possible. In S309, an instruction is issued to the power 
supplying unit 12 to set the battery current IB to the battery current control value IBS set in S307 or 
S308, and current is supplied to the battery. 

 
[0111] 
 
In S305, if the battery voltage VB exceeds the reverse polarity voltage VBT, the initial period current 

control is considered completed, and the processing proceeds to S310 to perform middle period voltage 
control. Middle period voltage control refers to charging while the power supplying unit 12 controls the 
voltage to keep the battery voltage VB at a predetermined value (for example, at the reverse polarity 

voltage VBT). During this charging process, the battery current IB decreases. Then, when the battery 
current IB reaches a second control current I2, the processing proceeds to S320. 
 

[0112] 
 
Next, in S320, final period current control is performed. Final period current control refers to charging 
by performing current control in the power supplying unit 12 so that the battery current IB reaches a 

predetermined value (for example, the second control current I2). Once a predetermined amount of 
time has elapsed since transitioning to the middle period current control in S310, charging is considered 
complete, and the processing is terminated. 

 
[0113] 

 

Next, in the processing described above, requests are made to the other charging devices to change the 
total current limit value (S110), to inquire about the charging status (S105, 201, etc.), and to change 
the operating current limit value IDS (S206). However, when the same requests are received from 
another charging device, the charging control unit 20 in the charging device processes them as an 

interrupt. The procedure for this interrupt processing will now be explained using the flowchart shown 
in FIG. 7. 
 

[0114] 
 
First, if the content of the interrupt in S401 is a request for charging status information, the processing 

proceeds to S402. The charging control unit then transmits the current limit value IDS, the battery 
voltage VB, the battery current IB, the predicted charging completion time TK, and the charging 
completion limit time TKS of the charging device to the inquiring charging device, and terminates the 
interrupt processing. If the content is something else in S401, the processing proceeds to S403. 

 
[0115] 
 

Next, if the interrupt in S403 is a request to update the total current limit value, the processing proceeds 
to S404, where the total current limit value IDTS is updated based on the received information. In S405, 
the operating current limit value IDS is updated based on the updated total current limit value IDTS, 

and in S406, the predicted charging completion time is also updated, after which the interrupt processing 
is terminated. If the content is something else in S403, the processing proceeds to S407. 
 
[0116] 

 
Next, if the interrupt in S407 is a request for a change to the operating current limit value, the process 
proceeds to S408, where the operating current limit value (IDS) is updated with the received value. 
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Then, in S409, the predicted time of charge completion is updated, and the interrupt processing is 
terminated. If the content is something else in S407, the processing is simply terminated. 

 
[0117] 
 

As described above, in the charging device 2 of the first embodiment, the total current limit value, which 

is the current value available for use by all charging devices connected to the facility power supply 30, 
can be set to any desired value using the control panel 22. Based on this entered value, the current 
used by each charging device is automatically set by the charging devices after confirming the charging 

status of the other charging devices. As a result, the power consumed by the charging device 2 during 
charging of batteries 6 is set properly without the user needing to consider the power capacity of the 
facility power supply 30 that supplies power to the charging devices 2. Thus, by using the charging 

device 2 in the present embodiment, the battery 6 can be charged effectively without needing to increase 
the power capacity of the facility power supply and without having to worry about the current being 
used by the other charging devices connected to the power supply. 
 

[0118] 
 
In the charging device 2 in this example, since the date and time at which charging of the battery 6 will 

be completed is predicted and displayed on the display unit 24 during charging control execution, it is 
easy to plan the next time the vehicle will be used. If the user simply plugs in the power cord and sets 
the system to start charging, charging will begin automatically as soon as the system is ready, allowing 

for unattended charging operations. Consequently, if charging is set up in the evening after work is 
finished, charging can be performed using the full capacity of the facility power supply  until the following 
morning. 
 

[0119] 
 
In this way, the present embodiment is able to provide a user-friendly charging device 2. 

 
[Second Embodiment] 

 

The vehicle battery charging system in the second embodiment will now be described. 
 
[0120] 
 

As shown in FIG. 10, the second embodiment is a vehicle battery charging system (simply "the charging 
system" below) comprising a charging device 3 without the control panel 22 located on the charging 
device 2 in the first embodiment, and a control device 80 capable of controlling and monitoring the 

status of multiple such charging devices that performs the same charging operations as the first 
embodiment. 
 

[0121] 
 
In the charging system of the second embodiment, the control unit 80 is connected to a communication 
line 27 from the communication unit 26, and the system is configured to enable communication between 

the charging device 3 and the control unit 80. The control device 80 is also configured to communicate 
in the same manner with the other charging devices (second charging device 50 and third charging 
device 60). The control device 80 is also equipped with a control panel 82 for inputting various 

instructions, such as instructions to start charging or change charging conditions, to each charging 
device, and a display unit 81 for displaying the details of the operations performed on the control panel 
82 and the states of charging devices 2, 50, and 60. It also has the function of setting the total current 

limit value IDTS, which is a charging condition for the charging devices, and communicating the set 
value to each charging device. 
 
[0122] 
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The rest of the configuration is the same as that of the first embodiment. Next, the battery charging 
operations performed by the control unit 20 in the charging device 3 and the control device 80 in the 

second embodiment will now be explained with reference to the flowcharts in FIG. 11 and FIG. 12. 
 
[0123] 

 

The processing shown in FIG. 11 is performed by the control device 80. When this processing is initiated, 
the control device 80 first displays a menu screen on the display unit 81 at step S501, enabling the user 
to input instructions using the control panel 80. This menu screen enables the user to select various 

instructions, including the instruction to change the total current limit value IDTS described above, and, 
for example, may list instructions in the order shown in FIG. 8 (a). If the ">" or "<" key for menu 
selection provided on the control panel 22 is pressed while the menu screen is displayed, the charging 

control unit 20 changes the instruction highlighted on the menu screen using, for example, underlining, 
and when the "M" key for confirming the instruction is pressed, the charging control unit 20 determines 
that the user has selected the instruction currently being highlighted. 
 

[0124] 
 
In other words, after the control unit 80 displays the menu screen on the display unit 81 in step S501, 

each time a key on the control panel 82 is pressed, it is determined in step S502 whether the pressed 
key is the “M” key. If it is not the “M” key, the processing returns to step S501, and based on the user 
key operation (pressing the “>” or the “<” key) changes the instruction that is highlighted on the menu 

screen (moving upward with the “>” key and moving downward with the “<” key). If the “M” key has 
been pressed, it determines that an instruction has been selected on the menu screen and proceeds to 
S503. 
 

[0125] 
 
Next, in S503, it is determined whether the instruction selected by pressing the “M” key is an instruction 

to change the total current limit value. If the instruction is an instruction to change the total current 
limit value, the processing proceeds to S504, where the names of the charging devices connected to 

the control unit 80 are displayed on the display unit 81, enabling the user to select the target charging 

device using the control panel 82. 
 
[0126] 
 

Next, in S505, the system queries the selected charging device (from S504) for the current limit value 
IDS to determine whether charging is in progress. (If the operating current limit value IDS is "0," 
charging has not yet started.) If charging is currently in progress, changing the charging current from 

S506 onward is prohibited, and the processing returns to S501. Conversely, if the selected charging 
device is not charging, the processing proceeds to S506, where the total current limit value IDTS stored 
in the non-volatile memory area of the control device 80 when the previous total current limit value 

change instruction was executed is retrieved. 
 
[0127] 
 

Next, in step S507, the total current limit change screen is displayed on the display unit 81. This total 
current limit change screen, as shown in FIG. 8 (b), for example, can display two different pieces of 
information, namely, the present set total power supply current and the desired charging completion 

time. The current value retrieved in S506 is displayed in the total current display area on the screen. 
Additionally, the present date and time are retrieved from the clock built into the control device 80 and 
displayed, and the charging completion limit time TKS used during the previous charge, which is stored 

in the non-volatile memory area of the control device 80, is displayed in the desired charging completion 
time area. 
 
[0128] 

 
Thus, when the total current limit change screen is displayed on the display unit 81, the processing 
proceeds to S508. Depending on whether the user presses the “>” or “<” key, the total current limit 
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value displayed in the total current display area of the display unit 81 is increased or decreased by a 
predetermined increment (for example, 1 A) (being increased by 1 A by the “>” key and decreased by 

1 A by the “<” key). When the "M" key is pressed in S509, the processing proceeds to S510. 
 
[0129] 

 

Next, in S510, the operation is performed to change the charging completion limit time TKS. As in the 
case of S508, the charging completion limit time displayed in the desired charging completion date and 
time display area of the display unit 81 is increased or decreased by a predetermined time unit (for 

example, 30 minutes) using the “>” or “<” keys, and when the “M” key is pressed in S511, the 
processing proceeds to S512. 
 

[0130] 
 
Then, in S512, the total current currently displayed on the display unit 81 is stored in the non-volatile 
memory area as the most recent total current limit value IDTS, and the time displayed in the desired 

charging completion area is stored as the charging completion limit time in the non-volatile memory 
area corresponding to the selected charging device. 
 

[0131] 
 
Next, the processing proceeds to S513, where the updated total current limit value IDTS is 

communicated to all charging devices connected to the control unit 80 via the communication unit 26. 
Then, the processing returns to S501. Next, in S503, if it has been determined that the instruction 
selected by operating the “M” key is not a charging current change instruction, the processing proceeds 
to S521 to determine whether the instruction selected using the “M” key is a start charging instruction. 

If the instruction is a start charging instruction, the processing proceeds to S522, where the display unit 
81 displays the charging devices connected to the control device 80, and the user selects the charging 
device to start charging using the control unit 82. 

 
[0132] 

 

Next, in S523, the latest charging conditions (total current limit value IDTS and charging completion 
time limit TKS) stored in the non-volatile memory area are retrieved, and in S524, a charging conditions 
screen corresponding to the retrieved conditions is displayed. Next, the processing proceeds to S525, 
where a start charging instruction is sent to the charging device selected in S522, and the processing 

returns to S501. 
 
[0133] 

 
If it is determined in S521 that the instruction selected by pressing the “M” key is not a start charging 
instruction, the processing proceeds to S531, where it is determined whether the instruction selected 

by the user via the “M” key is a request to check the charging status. If the instruction is to check the 
charging status, the processing proceeds to S532 to acquire charging status information for all charging 
devices connected to the control unit 80. 
 

[0134] 
 
Next, in S533, the primary status items for each charging device are displayed on the display unit 81.  

For example, as shown in FIG. 13 (a), this may include the current time retrieved from the clock built 
into the control device 80, the total current, and whether any of the charging devices connected to the 
control device 80 are currently charging. (Here, the charging devices are denoted by "CHG" followed by 

a number.) Then, in S534, a charging device is selected using the “M” key on the control unit 82 to 
display detailed information for the charging device on the display unit 81, and in S535, the charging 
status of the charging device selected in S534 is displayed on the display unit 81. For example, as shown 
in FIG. 13 (b), the current time, the name of the charging device being displayed, whether charging is 

in progress, the scheduled start time for charging, and the scheduled completion time for charging are 
displayed. 
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[0135] 
 

Next, in step S536, the processing returns to step S535 and continues to display information about the 
selected charging device until the "M" key is pressed, and when the "M" key is pressed, the processing 
proceeds to step S537. Next, in S537, the processing returns to S523 until the "M" key is pressed, at 

which time the information to be displayed is updated. When the "M" key is pressed, the charging status 

check is terminated, and the processing returns to S501. 
 
[0136] 

 
If it has been determined in S531 that the instruction selected by pressing the “M” key is an instruction 
other than checking the charging status, the processing proceeds to S541, where the control processing 

corresponding to the instruction selected by the user using the “M” key is executed (that is, an 
instruction to change the total current, an instruction to start charging, or an instruction other than 
checking the charging status), and the processing then returns to S501. 
 

[0137] 
 
Note that an example of the control processing executed in S541 is schedule start processing that begins 

charging at a time intentionally delayed from the scheduled start time. In other words, this is start 
scheduling processing for performing scheduled charging of the battery 6, in which in order to schedule 
charging of the battery 6, a screen is displayed on the display unit 24 to enable the user to set the start 

date and time in accordance with a start scheduling instruction selected by the user, and the start date 
and time based on user input via the control panel 22 is received. 
 
[0138] 

 
Next, the control processing executed by the charging control unit 20 in the charging device 3 will be 
explained with reference to the flowchart shown in FIG. 12. The charging device 3 is connected to the 

facility power supply 30. When the charging control unit 20 is activated, it enters standby for instructions 
from the control unit 80, and when it receives an instruction from the control unit 80, it executes the 

processing as an interrupt routine according to the flowchart shown in FIG. 12. 

 
[0139] 
 
First, if the interrupt content in S601 is a start charging instruction, the processing proceeds to S602, 

where the operating current limit value IDS is set. The details of this process are the same as those 
shown in FIG. 5 of the first embodiment. Then, in S603, battery charging is controlled using the power 
supplying unit 12. This processing is the same as that shown in FIG. 6 of the first embodiment. Once 

the processing in S603 is complete, the processing proceeds to S604, where a charging complete signal 
is sent to the control device 80, and the interrupt processing is terminated. If the content in S601 is 
something else, the processing proceeds to S611. 

 
[0140] 
 
Next, in S611, if the interrupt content is a charge status inquiry, the processing proceeds to S612, where 

the current limit value IDS, the battery voltage VB, the battery current IB, the predicted charge 
completion time TK, and the charge completion time limit TKS are transmitted to the charging device 
that made the inquiry. This terminates the interrupt processing. If the content in S611 is something else, 

the processing proceeds to S621. 
 
[0141] 

 
Next, in S621, if the interrupt is a request to update the total current limit value, the processing proceeds 
to S622, where the total current limit value IDTS is updated based on the received information. At S623, 
the operating current limit value IDS is updated based on the updated total current limit value IDTS, 

and in S624, the predicted charging completion time is also updated, after which the interrupt processing 
is terminated. If the content in S621 is something else, the processing proceeds to S631. 
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[0142] 
 

Next, in S631, if the interrupt request is for a change to the operating current limit value, the processing 
proceeds to S632, where the operating current limit value (IDS) is updated using the received value. 
Then, in S623, the predicted time of charge completion is updated, and the interrupt processing is 

terminated. If the content in S631 is something else, the processing is simply terminated. 

 
[0143] 
 

As described above, the vehicle battery charging system in the second embodiment makes it possible 
to check the charging status of each charging device and to set the total current limit value IDTS, which 
is a charging condition, from a single control unit 80 for all charging devices connected to the control 

unit 80 via communication line 27. Since the user no longer needs to go to the location of each charging 
device to perform operations and check the charging status, but can instead do so from a single location, 
work efficiency is improved. 
 

[Third Embodiment] 
 
The vehicle battery charging system in the third embodiment will now be described. 

 
[0144] 
 

The third embodiment is a charging system with exactly the same configuration as the second 
embodiment, except for the processing performed by the charging control unit 20 in the charging device 
3 and the control device 80, and performs the same charging operations as those in the first embodiment. 
The difference in processing is that the processing for setting the operating current limit value, which 

was performed by the charging device 3 in the second embodiment, is performed here by the control 
unit 80. 
 

[0145] 
 

The processing performed by the control device 80 will now be explained. The steps performed by the 

control unit 80 follows the same order as the flowchart shown in FIG. 11. However, during the processing 
in S525, a start charging instruction is sent to the charging device 3, and at the same time, the control 
unit 80 initiates the operating current selection process shown in FIG. 14, which is executed at regular 
intervals via a timer interrupt. This processing is initiated for each charging device to which a start 

charging instruction has been issued. 
 
[0146] 

 
Next, the operating current limit value setting processing performed by the control device 80 will be 
described with reference to FIG. 14. First, in S701, the control unit 80 retrieves the charging condition 

information (the operating current limit value IDS, the charging completion limit time TKS) for the 
charging devices being managed, and then queries each charging device to obtain information on the 
operating current limit value IDS, the battery current IB, the battery voltage VB, the predicted charging 
completion time TK, and the charging completion limit time TKS for that device. However, the charging 

status information for each charging device is stored in the non-volatile memory of the control unit 80 
along with the acquisition time as information shared by all processing. If the acquisition time is not too 
old, the information retrieved from memory is used. Then, the current limit values (IDS) for each 

charging device are added together to calculate the total current limit value (IDT). 
 
[0147] 

 
Next, in S702, it is determined whether this is the first time the processing is being executed. If it is the 
first time (a flag is set), the processing proceeds to S703, where “0” is set as the initial value for the 
operating current limit value IDS. Next, in S704, it is determined whether the maximum operating 

current limit value IDSmax, which represents the charging current required for the shortest charging 
time, can be secured by checking whether the value obtained by subtracting the total current value IDT 
from the total current limit value IDTS is greater than the maximum operating current value IDSmax. 

IPR2026-00381
Tesla EX1005 Page 31



(31)                  JP 2003-333706 A (JP2003-333706A) 
 

If the maximum operating current limit value IDSmax can be secured, the processing proceeds to S705 
and the maximum operating current limit value IDSmax is set as the operating current limit IDS. 

 
[0148] 
 

The processing then proceeds to S705 to predict the time when charging will be complete. In order to 

predict the time until charging is complete, the system first uses the relationship between the amount 
of charge stored in the battery and the battery voltage VB. It estimates the amount of charge currently 
stored in the battery based on the battery voltage VB detected by the battery voltage detecting unit 16, 

and then predicts the amount of charge required to fully charge the battery. Next, when the battery 
voltage VB is in an initial charging state below the reverse polarity voltage, the required time to charge 
the battery using the battery current limit value IBS acquired from the operating current limit value IDS 

is calculated relative to the previously determined current level. This is corrected based on the 
temperature conditions detected by the temperature sensor 18 to predict the charging time during the 
initial current control period. Charging after the middle voltage control period involves performing a 
charging operation for a predetermined time when the battery voltage VB becomes greater than the 

reverse polarity voltage VBT, and this predetermined time is used as the charging time. The sum of 
these charging times for the initial and middle periods and beyond is used as the predicted time of 
charge completion. 

 
[0149] 
 

Also, if the maximum operating current limit value IDSmax cannot be set for the operating current limit 
IDS during charging, the battery current control value IBS is periodically reset to decrease in response 
to the rise in battery voltage VB as charging progresses, so as to keep the operating current ID below 
a certain level. The charging time is predicted taking into account this decreasing trend in the battery 

current control value IBS. 
 
[0150] 

 
While in the charging standby state, the system predicts the time when charging can begin based on 

the charging status of other charging devices, and sets the predicted charging completion time by adding 

this to the previously predicted time from the start of charging to completion. Next, in S707, the set 
current limit value IDTS is communicated to the corresponding charging device, and this processing is 
terminated. 
 

[0151] 
 
Next, in S704, if the value obtained by subtracting the total current value IDT from the total current 

limit value IDTS is less than the battery current limit IDSmax, that is, if the maximum current required 
for battery charging cannot be secured, the processing proceeds to S711 to determine whether the 
charging status of other charging devices can be changed. Here, this determination is based on the 

condition that the predicted charging completion time TK has a margin of at least a certain period of 
time (for example, one hour) relative to the charging completion limit time TKS for each charging device. 
If there is a margin of at least a certain amount of time, charging can be completed by the charging 
completion limit time without any problem if the charging time is extended by changing the current limit 

value. If there is a charging device whose charging status can be changed, the processing proceeds to 
S712, and a notification is sent to the identified charging device to change its current limit value IDS to 
the total current limit value IDTS divided by the number of connected units. 

 
[0152] 
 

Then, in S713, the operating current limit value IDS for the identified charging device is set to the total 
current limit value IDTS divided by the number n of connected devices. In S706, the predicted charging 
completion time TK is determined, and in S707, the set operating current limit value IDTS is 
communicated to the identified charging device, and the process is terminated. 

 
[0153] 
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If there is no charging device whose charging status can be changed in S711, the processing proceeds 
to S721. If the value obtained by subtracting the total current value IDT from the total current limit 

value IDTS is effective for charging (for example, 0.1 A or more), then in S722, the operating current 
limit value IDS is set to that value plus the previously set operating current limit value IDS_OLD. If the 
value is less than the value effective for charging, the operating current limit value IDS is simply set to 

the previously set value IDS_OLD. (if the initial value is “0,” power supplying unit 12 does not operate.) 

Then, the processing proceeds to S706 to determine the predicted charging completion time TK, and in 
S707, the set operating current limit value IDS is communicated to the corresponding charging device, 
and the processing is terminated. 

 
[0154] 
 

Next, if it is the second or subsequent time the operating current limit value IDS is being set, the 
processing proceeds from S702 to S731. In S731, if the predicted charging completion time TK is less 
than the charging completion limit time TKS, or if the current limit value IDS is set to the maximum 
current value IDSmax, there is no need to revise the current limit value. Thus, the current limit value 

IDS remains as previously set, and the processing is terminated. 
 
[0155] 

 
If the conditions in S731 are not met, the processing from S721 onward is executed to review the 
operating current limit value IDS based on the state of the total current value IDT. The processing by 

the charging control unit 20 in the charging device 3 in the third embodiment is the same as that in the 
second embodiment. When a charging device 3 is connected to the facility power supply 30 and the 
charging control unit 20 is activated, it enters standby for an instruction from the control device 80. In 
the third embodiment, in response to an instruction from the control device 80, processing is performed 

as interrupt processing according to the flowchart shown in FIG. 15. Here, the processing in the flowchart 
shown in FIG. 15 will be explained. 
 

[0156] 
 

First, in S801, if the interrupt content is a start charging instruction, the processing proceeds to S802. 

At S802, the operating current limit value IDS, which is set in S822 described below, is retrieved. Then, 
in S803, battery charging control is performed using the power supplying unit 12 via the current control 
process shown in FIG. 16. This will be described below in greater detail. 
 

[0157] 
 
Next, once the processing in S803 is complete, the processing proceeds to S804, a charging complete 

signal is sent to the control unit 80, and the interrupt processing is terminated. If the content is 
something else in S801, the processing proceeds to S811. Next, in S811, if the interrupt is a charging 
status inquiry, the processing proceeds to S812, where the current limit value IDS, the battery voltage 

VB, the battery current IB, the predicted charging completion time TK, and the charging completion 
time limit TKS for the charging device are transmitted to the charging device making the inquiry. If the 
content is something else in S811, the processing proceeds to S821. 
 

[0158] 
 
Next, in S821, if the interrupt involves an update to the current limit value IDS, the processing proceeds 

to S822, where the current limit value IDS is updated with the received value, and the interrupt 
processing is terminated. If the content is something else in S821, the processing is simply terminated. 
 

[0159] 
 
Next, the charge control processing steps in S803. among the interrupt procedures described above, 
will be described with reference to FIG. 16. First, in S901, the operating current limit value IDS is 

retrieved as the battery charging condition, and in S902, the battery voltage VB and the battery current 
IB are retrieved as the charging status of the charging device. 
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[0160] 
 

Next, in S903, if the battery voltage VB is equal to or less than the reverse polarity voltage VBT, the 
processing proceeds to S904 to perform charging using initial period current control. In S904, if the 
operating current ID is greater than the operating current limit value IDS, in S905, the battery current 

control value IBS is updated to IBS = IDS/VB*α (where α is a correction factor) so that the operating 

current ID becomes equal to the operating current limit value IDS. If the operating current ID is lower 
than the operating current limit IDS, in S906, the battery current limit IBS is set to IBSmax so that the 
battery current IB is increased as much as possible. In S907, an instruction is issued to the power 

supplying unit 12 so that the battery current IB becomes the battery current limit value IBS set in S905 
or S906, and current is supplied to the battery. 
 

[0161] 
 
In S903, if the battery voltage VB exceeds the reverse polarity voltage VBT, the initial current control is 
considered complete, and the processing proceeds to S910 to perform middle period voltage control. 

Middle period voltage control refers to a charging method in which the power supplying unit 12 controls 
the voltage to keep the battery voltage VB at a predetermined value (for example, the reverse polarity 
voltage VBT). During this charging process, the battery current IB decreases. When the battery current 

IB reaches the second control current I2, the processing transitions to S920. 
 
[0162] 

 
Next, in S920, final period current control is performed. Final period current control refers to the 
processing in which the power supplying unit 12 performs current control so that the battery current IB 
reaches a predetermined value (for example, the second control current I2). After transitioning to the 

middle period voltage control of S910, charging is completed once a predetermined time has elapsed, 
and the processing is terminated. 
 

[0163] 
 

As described above, in the vehicle battery charging system of the third embodiment, unlike in the first 

and second embodiments, in which the control device 80 sets the operating current limit value IDS that 
was previously set by each charging device, the charging status information of each charging device 
required to set the operating current limit value IDS is simply sent to the control device 80. The control 
device 80 thus becomes the sole communication destination for each charging device, resulting in a 

significant reduction in the amount of data transmitted and received via the communication lines 27, as 
well as a reduction in the number of communication exchanges. As a result, communication reliability 
is improved. In addition, the amount of processing required by the charging control units 20 in the 

charging devices 3 is reduced, allowing for a simpler configuration for the charging devices 3. 
 
[0164] 

 
Embodiments of the present invention were describes above, but note that the present invention is not 
limited to these embodiments and may take various forms. For example, in the embodiments described 
above, the display of the total current on the display unit 24 was the numerical display of the current 

value. However, the current value or the ratio of the charging current to the rated current of the battery 
6 may be displayed as a bar graph. 
 

[0165] 
 
Also, embodiments describe a fixed allocation for the supply current, but the allocation method may be 

selected to suit usage conditions, such as proportional allocation based on the remaining charge in 
batteries or priority allocation based on the order of connection. These various modes may also to be 
selected via a menu screen on the display device. 
 

[0166] 
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While the embodiments described above use an onboard charging device, the charging device may be 
separate from the vehicle. In the second and third embodiments, the control device 80 was separate 

from the charging device 3. However, one of the charging devices connected to the facility power supply 
30 may be designated to perform the functions of the control device 80. Also, the control device 80 may 
be a terminal such as a general-purpose personal computer equipped with dedicated software, and does 

not have to be a dedicated device. 

 
[0167] 
 

In the embodiments described above, a constant-current/constant-voltage/constant-current charging 
device 2 was described that charges batteries 6 according to the procedure shown in FIG. 2. However, 
the present invention can be applied in the same manner as the embodiments to achieve similar effects 

using a constant-current charging device that keeps the charging current at a constant value (target 
current) at all times, or using a two-stage constant-current charging device that switches the charging 
current between two stages. 
 

[0168] 
 
In the embodiments described above, the operating current ID is limited by setting the battery current 

control current IBS and controlling the battery current IB via the power supplying unit 12. However, the 
operating current ID may also be controlled directly by controlling the power supplying unit 12. 
 

[0169] 
 
In the embodiments described above, the time required to charge the battery 6 is estimated using the 
battery current limit value IBS, the battery voltage VB at the start of charging, and the ambient 

temperature while displaying the date and time of charging completion on the display unit 24. However, 
since this charging time varies not depending on ambient temperature and the battery voltage VB (which 
indicates the discharge state of battery 6) but depending on the age of battery 6, the actual charging 

time required to charge battery 6 is preferably measured to learn the prediction error in the charging 
time associated with the age of the battery 6 from the measured results, and that learning result used 

to correct the predicted charging time. 

 
[0170] 
 
Also, in the example described above, when charging control is executed, the display unit 24 shows the 

date and time when charging is to be completed. However, the predicted charging time (the time 
required to charge the battery 6) may simply be displayed. Note that in this case, when charging control 
is executed, the charging time displayed on the display unit 24 should be incrementally reduced in 

accordance with progress in the charging process to indicate the remaining time until charging is 
complete. 
 

[Brief Description of the Drawings] 
 
[FIG. 1] 
 

FIG. 1 is a block diagram showing the overall configuration of the charging device in the first embodiment. 
 
[FIG. 2] 

 
FIG. 2 is a timing diagram used to explain the charging operations performed by the charging device in 
the first embodiment. 

 
[FIG. 3] 
 
FIG. 3 is a timing diagram used to explain the charging operations performed by three charging devices 

of the first embodiment. 
 
[FIG. 4] 
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FIG. 4 is a flowchart showing the control processing executed by the charging control unit of the charging 

device in the first embodiment. 
 
[FIG. 5] 

 

FIG. 5 is a flowchart showing the processing executed by the charging control unit of the charging device 
in the first embodiment to set the operating current limit value 
 

[FIG. 6] 
 
FIG. 6 is a flowchart showing the charging control processing executed by the charging device in the 

first embodiment. 
 
[FIG. 7] 
 

FIG. 7 is a flowchart showing the processing for handling interrupts from another charging device of the 
first embodiment. 
 

[FIG. 8] 
 
FIG. 8 is a diagram used to explain the information displayed on the display screen of the display unit 

when the total current and the desired charge completion time are set. 
 
[FIG. 9] 
 

FIG. 9 is a diagram used to explain the information displayed on the display screen of the display unit 
when charging conditions are displayed. 
 

[FIG. 10] 
 

FIG. 10 is a block diagram showing the overall configuration of the charging device in the second 

embodiment. 
 
[FIG. 11] 
 

FIG. 11 is a flowchart showing the control processing executed by the control device in the second 
embodiment. 
 

[FIG. 12] 
 
FIG. 12 is a flowchart showing the processing for handling interrupts from the charging control unit of 

the charging device in the second embodiment. 
 
[FIG. 13] 
 

FIG. 13 is a diagram used to explain the information displayed on the display unit when the charging 
status is displayed. 
 

[FIG. 14] 
 
FIG. 14 is a flowchart showing the control processing executed by the control device in the third 

embodiment. 
 
[FIG. 15] 
 

FIG. 15 is a flowchart showing the processing for handling an interrupt from the charging control unit 
of the charging device in the third embodiment. 
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[FIG. 16] 
 

FIG. 16 is a flowchart showing the charging control processing of the charging device in the third 
embodiment. 
 

[Reference Numbers] 

 
2: Charging device 
4: Onboard device 

6: Battery 
8: Interlock device 
12: Power supplying unit 

12a: Rectifier circuit 
12b: Output circuit 
14: Current detecting unit 
16: Voltage detecting unit 

18: Temperature sensor 
20: Charging control unit  
22: Control panel 

24: Display unit 
25: Current detecting unit 
26: Communication unit 

27: Communication line 
29: Voltage detecting unit 
30: Facility power supply  
31: Breaker 

80: Control device 
81: Display unit 
82: Control panel 
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[FIG. 1] 
 

 
 
2: Charging device 

4: Onboard device 

6: Battery 

8: Interlock device 

12: Power supplying unit 

12a: Rectifier circuit 

12b: Output circuit 

14: Current detecting unit 

16: Voltage detecting unit 

18: Temperature sensor 

20: Charging control unit (CPU) 

22: Control panel 

24: Display unit 

25: Current detecting unit 

26: Communication unit 

27: Communication line 

29: Voltage detecting unit 

30: Facility power supply  

31: Breaker 

32: Hub device 

50: Charging device 

60: Charging device 
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[FIG. 2] 
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[FIG. 3] 
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[FIG. 4] 
 

 
 
101: Display menu screen 
102: Menu selected? 
103: Total current limit value changed? 

104: Charging? 
105: Set initial total current limit value 
106: Display total current limit value change 

screen 
107: Change total current limit value 
108: Confirmation entered? 

109: Update charge completion limit time  
110: Confirmation entered? 
111: Store total current limit conditions 
112: Change settings of other charging devices 

 

121: Start charge selected? 
122: Retrieve charge conditions 
123: Set operating current limit value IDS 

124: Display charge conditions screen 
125: Control charging 
126: Display end charging completed screen 

127: Charging completion confirmed? 
131: Perform processing based on menu 
selection 
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[FIG. 5] 

 
 

Set operating current limit value 
201: Make charging status query to other charging devices (IDS, IB, VB, TK, TKS); Total current: IDT 
= Σ IDS 

202: Has maximum operating current limit value IDSmax been confirmed? 
203: Operating current limit value IDS = IDSmax 
204: Calculate predicted charge completion time 
205: Any predicted charge completion time margin left for charging devices that have already 

charged? 
206: Send operating current limit value change instruction to other charging devices 
207: Operating current limit value IDS = IDTS/n 

208: Any margin left in power supply capacity? 

209: Operating current limit value IDS = IDTS/IDT 
210: Operating current limit value IDS = 0 
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[FIG. 6] 

 
 

Charge control 
301: Charge completion limit time TKS ≥ estimate charge completion time TK 
302: Set monitored operating current limit value IDS for other charging devices 
303: Operating current limit value IDS = 0 

304: Retrieve, operating current ID, battery voltage VB, battery current IB  
305: Any reverse polarity voltage? 
306: Operating current ID ≥ operating current limit value IDS 

307: Calculate battery current control value IBS = IDS/VB*α 
308: Battery current control value IBS = IBSmax 
309: Supply current to battery 

310: Middle period voltage control 

320: Last period current control 
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[FIG. 7] 
 

 
 
Interrupt from another charging device 

401: Any charge status query? 
402: Send IDS, VB, IB, TK, TKS 
403: Total current limit value change request received? 
404: Update total current limit value 

405: Change operating current limit value IDS 
406: Update predicted charge completion time 
407: Operating current value change request received? 

408: Change operating current limit value IDS 
409: Updated predicted charge completion time 
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[FIG. 8] 
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[FIG. 9] 
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[FIG. 10] 
 

 
 
 
3: Charging device 

4: Onboard device 

6: Battery 

8: Interlock device 

12: Power supplying unit 

12a: Rectifier circuit 

12b: Output circuit 

14: Current detecting unit 

16: Voltage detecting unit 

18: Temperature sensor 

20: Charging control unit (CPU) 

24: Display unit 

25: Current detecting unit 

26: Communication unit 

27: Communication line 

29: Voltage detecting unit 

30: Facility power supply  

31: Breaker 

50: Charging device 

60: Charging device 

80: Control device 

81: Display unit 

82: Control Panel 
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[FIG. 11] 

 
501: Display menu screen 

502: Menu selection? 

503: Total current limit value 

changed? 

504: Select target charging device 

505: Charging? 

506: Retrieve conditions for all 

charging devices 

507: Display total current limit 

value change screen 

508: Change total current limit 

value 

509: Confirmation entered? 

510: Change charge completion 

limit time 

511: Confirmation entered? 

512: Store total current limit 

conditions 

513: Change settings for all 

charging devices 

 

521: Start charging selected? 

522: Select target charging device 

523: Retrieve charging conditions 

524: Display charging conditions 

screen 

525: Issue start charging 

instruction 

 

 

531: Charge status confirmation 

selected? 

532: Confirm status of all charging 

devices 

533: Display charging conditions 

screen 

534: Select another charging 

device 

535: Display conditions for selected 

charging device on screen 

536: Confirmation entered? 

537: Confirmation entered? 

 

541: Perform processing in 

response to menu selection 
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[FIG. 12] 
 

 
 
Interrupt from control device 

601: Start charging instruction 

issued? 

602: Set operating current limit 

IDS 

603: Control charging 

604: Send charge complete to 

control device 

 

611: Charge status query received? 

612: Send IDS, VB, IB, TK, TKS 

 

621: Total current limit value 

change request received? 

622: Update total current value 

623: Change operating current 

value IDS 

624: Update predicted charge 

completion time 

 

 

631: Operating current limit value 

change request received? 

632: Change operating current limit 

value IDS 

633: Update predicted charge 

completion time 
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[FIG. 13] 
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[FIG. 14] 

 
Setting the operating current limit 

value 

701: Make charging status query to 

other charging devices (IDS, IB, 

VB, TK, TKS); Total current: IDT = 

Σ IDS 

702: Has an operating current limit 

value been set once? 

703: Operating current limit value 

IDS(m) = 0 

704: Can the maximum operating 

current limit value IDSmax be 

confirmed? 

705: Operating current control 

value IDS(m) = IDSmax 

706: Calculate predicted charge 

completion time 

707: Communicate operating 

current limit values IDS(m) 

711: Any predicted charge 

completion time margin left for 

charging devices that have already 

charged? 

712: Send operating current limit 

value change instruction to other 

charging devices 

713: Operating current control 

value IDS(m) = IDTS/n 

 

721: Any margin left in power 

supply capacity? 

722: Operating current control 

value IDS(m) = IDTS·IDT + 

IDS_OLD 

723: Operating current control 

value IDS(m) = IDS_OLD 

 

731: Is an operating current limit 

value update required? 

 

* In each variable (m), “m” is the 

number used to identify the 

charging device and is used to 

denote the variable for each 

charging device. 
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[FIG. 15] 
 

 
 
Interrupt from control value 

801: Start charging instruction 

issued? 

802: Update operating current limit 

value IDS 

803: Charge control 

804: Sent charge completion to 

control device 

811: Charge status query received? 

812: Send IDS, VB, IB, TK, TKS 

 

821: Operating current limit value 

change request received? 

822: Change operating current limit 

value IDS 
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[FIG. 16] 
 

 

 

Charge control 

 

 

901: Update operating current limit value IDS  

 

 

 

 

 

902: Retrieve operating current (i), battery voltage 

VB, battery current IB 

 

 

 

903: VB ≥ Reverse polarity voltage 

 

 

 

 

904: Update operating current limit value IDS ≥ 

operating current ID 

 

905: Battery current limit value IBS = IDS/VB*α 

906: Battery current limit value IBS = IBSmax 

 

 

907: Control current to battery 

 

 

 

910: Middle period voltage control 

 

 

920: Final period current control 
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Continued From Front Page 
 

F Terms (Reference) 
 
5G003 AA01 BA01 CA02 CA04 CA12 CA14 CB06 GC05 

5H030  AA03 AS08 BB01 FF42 FF43 

5H115  PA13 PG04 PI16 PO01 PO14 PO15 SE06 TI02 TI05 TI06 TU01 TZ07 TZ09 UB20 
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