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(54) [Title of the Invention] Charging System For Electric Vehicles

(57) [Abstract]

[Problem] The present invention provides a
charging system for electric vehicles that simplifies
the overall configuration of the system used to
charge the batteries installed in vehicles with
electric power.

[Solution] A stationary power supply device 27 is
configured to rectify a 200 V AC commercial power
supply and output the rectified power, while a
portable charging device 10 is configured to rectify
a 100 V AC commercial power supply and output
the rectified power. When the stationary power
supply device 27 and the portable charging device
10 are docked, an electronic switch 14 is used to
select one of the rectified power sources, and a
high-frequency inverter 5 converts the selected
rectified power into electromagnetic energy to
supplies it to the electric vehicle. Here, an
engagement detecting unit 9 detects the
connection state when the stationary power supply T
device 27 and the portable charging device 10 are =
engaged, and based on the presence or absence
of a coupling signal, the control unit 7 determines T )
the operating mode and controls the system to QL‘%_N g,_%;
select the rectified power appropriate for the ©

operating mode.
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27: Stationary power supply device

9: Engagement detecting unit
36: Base frame

8: Capacitor charging circuit
10: Portable charging device
11: Filter unit

12: Full-wave rectifier unit

~31

ZOfiW
2: Full-wave rectifier unit

3: Active filter
5: High-frequency inverter

6: Communication unit

4: Smoothing capacitor
7: Control unit

1: Filter unit
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[Claims]
[Claim 1]

A charging system for electric vehicles that rectifies commercial power and supplies the rectified power
to an electric vehicle to charge the battery installed in the vehicle,

the charging system for electric vehicles characterized in that a power supply device installed at a fixed
location comprises: a first rectifying means for rectifying a first commercial power supply and outputting
first rectified power, and

a portable charging device used at a travel destination comprises:

a second rectifying means for rectifying a second commercial power supply and outputting second
rectified power;

a switching means for selecting either the first rectified power or the second rectified power when the
power supply device and the portable charging device are docked;

a supplying means for supplying rectified power from the switching means to the electric vehicle;

an engagement detecting means for detecting the engagement of the power supply device and the
portable charging device when docked; and

a control means for determining the operating mode based on detection results from the engagement
detecting means, and for controlling the switching means to select the rectified power corresponding to
the operating mode.

[Claim 2]

The charging system for electric vehicles according to claim 1, wherein the portable charging device
comprises a rectification state detecting means for detecting whether the rectified power outputted from
the switching means is in a normal state within a predetermined range corresponding to the operating
mode, and

the control means performed controls to permit operation of the supplying means when the rectified
power is in the normal range as detected by the rectification state detecting means.

[Detailed Description of the Invention]
[0001]
[Technical Field of the Invention]

The present invention relates to a charging system for electric vehicles configured such that a portable
charging device can be connected to a power supply device installed at a fixed location.

[0002]
[Prior Art]

Batteries installed in electric vehicles require periodic charging using a charging device. However, the
number of facilities equipped with charging devices for electric vehicles is currently limited, resulting in
a situation in which locations capable of charging electric vehicles are scarce. For this reason, some are
considering keeping a portable charging device 130, such as the one shown in FIG. 4, on board the
vehicle and, when the battery runs low while out, to charge the battery using the portable charging
device 130 via a 100 V commercial power source, such as those used in ordinary households.

[0003]

[Problem to Be Solved by the Invention]

However, portable charging devices 130 that use standard 100 V commercial power sources are limited
by the small capacity of the power source, and their size and weight are constrained by the need for

portability. These limitations result in the problem that charging a high-capacity battery for an electric
vehicle using a portable charging device 130 takes a long time.
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[0004]

Therefore, in order to shorten the charging time, it becomes necessary to provide stationary charging
devices 135 with a high-capacity power supply and high output power. While it is possible that each
electric vehicle owner could simply own both a portable and a stationary charging device, owning both
typically results in the portable charging device 130 being used only rarely, such as in emergencies,
while the stationary charging device 135, which has a shorter charging time, is used most of the time.

[0005]

In view of these circumstances, it is an object of the present invention to provide a charging system for
electric vehicles that simplifies the overall configuration of the system used to charge a battery installed
in an electric vehicle with electric power.

[0006]
[Means for Solving the Problem]

In order to solve the problem described above, the invention according to claim 1 is a charging system
for electric vehicles that rectifies commercial power and supplies the rectified power to an electric vehicle
to charge the battery installed in the vehicle, the charging system for electric vehicles characterized in
that a power supply device installed at a fixed location comprises: a first rectifying means for rectifying
a first commercial power supply and outputting first rectified power, and a portable charging device used
at a travel destination comprises: a second rectifying means for rectifying a second commercial power
supply and outputting second rectified power; a switching means for selecting either the first rectified
power or the second rectified power when the power supply device and the portable charging device are
docked; a supplying means for supplying rectified power from the switching means to the electric
vehicle; an engagement detecting means for detecting the engagement of the power supply device and
the portable charging device when docked; and a control means for determining the operating mode
based on detection results from the engagement detecting means, and for controlling the switching
means to select the rectified power corresponding to the operating mode.

[0007]

In order to solve the problem described above, the invention according to claim 2 is the charging system
for electric vehicles described above, wherein the portable charging device comprises a rectification
state detecting means for detecting whether the rectified power outputted from the switching means is
in a normal state within a predetermined range corresponding to the operating mode, and the control
means performed controls to permit operation of the supplying means when the rectified power is in the
normal range as detected by the rectification state detecting means.

[0008]
[Effects of the Invention]

In the invention described in claim 1, the power supply device is configured to rectify a first commercial
power supply and output first rectified power, while the portable charging device is configured to rectify
a second commercial power supply and output second rectified power, and when the power supply device
and the present device are docked, either the first rectified power or the second rectified power is
selected, and the selected rectified power is supplied to the electric vehicle. Here, by detecting the
engagement of the power supply device and the portable charging device when they have been docked,
determining the operating mode based on the detected engagement result, and controlling the selection
of the rectified power according to this operating mode, when the power supply device and the portable
charging device are docked, the first rectified power rectified by the power supply device is supplied to
the electric vehicle to charge the battery installed in the electric vehicle. Also, when the portable charging
device is used independently, the second rectified power, which has been rectified by the portable
charging device, is supplied to the electric vehicle to charge the battery installed in the electric vehicle.
As a result, the configuration for selecting one of a first rectified power supply or a second rectified

IPR2026-00380
Tesla EX1010 Page 3



(4) JP 2000-4542 A (P2000-4542A)

power supply and supplying this to the electric vehicle can be shared across the entire system. In this
way, the overall system configuration can be simplified.

[0009]

In the present invention described in claim 2, by detecting whether the selected rectified power falls
within a predetermined range corresponding to the operating mode (that is, whether it is in a normal
state) and controlling the system to permit supply of the rectified power to the electric vehicle only when
the rectified power is in a normal state, normal operation can be ensured both in the operating mode in
which the power supply device and the portable charging device are docked and in the operating mode
in which the portable charging device is used alone.

[0010]

[Embodiment of the Invention]

An embodiment of the present invention will now be described below with reference to the drawings.
[0011]

FIG. 1 is a diagram showing the portable charging device 10 constituting the charging system for electric
vehicles in an embodiment of the present invention coupled to a stationary power supply device.

[0012]

The portable charging device 10 is provided with a plug 32 for a commercial AC 100 V power supply
connected to a filter unit 1, a high-frequency inverter 5, and an output paddle 33 connected to a
communication unit 6.

[0013]

The charging device inside the housing 31 of the portable charging device 10 consists of, in the order of
current flow, a filter unit 1, a full-wave rectifier unit 2, a capacitor charging circuit 8, a diode D1, an
electronic switch 14, a smoothing capacitor 4, a high-frequency inverter 5, a control unit 7, a
communication unit 6, an engagement detecting unit 9, and recessed connection terminals 13, 16, 18.
The filter unit 1, the full-wave rectifier unit 2, the capacitor charging circuit 8, and the diode D1 constitute
a first rectifier circuit 28 that rectifies AC power from a commercial power supply and outputs the
rectified power, while the smoothing capacitor 4 and the high-frequency inverter 5 constitute an
electromagnetic energy circuit 29 that converts the rectified power into electromagnetic energy.

[0014]

The filter unit 1 keeps noise generated when switching elements operate inside the device from feeding
back to the AC 100 V commercial power supply wiring via the plug 32, and simultaneously keeps noise
from the AC wiring from entering the device in the opposite direction.

[0015]

The full-wave rectifier unit 2 performs full-wave rectification of the commercial power supply to generate
a pulsating waveform. The capacitor charging circuit 8 charges a capacitor with the pulsating current
produced by the full-wave rectifier unit 2 to generate rectified power, and outputs the rectified power to
one terminal of the electronic switch 14 via the diode D1.

[0016]

The movable contact of the electronic switch 14 is connected to the smoothing capacitor 4, while one
fixed contact is connected to the diode D1 and the other fixed contact is connected to recessed
connection terminal 16. The movable contact is normally connected to one of the fixed contacts, but
switches to the other fixed contact in response to different signals from the control unit 7.
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[0017]

The smoothing capacitor 4 charges the ripple component of the rectified power supplied via the
electronic switch 14 to form a stable direct current voltage. The high-frequency inverter 5, in response
to an enable operation signal from the control unit 7, converts the direct current voltage from the
smoothing capacitor 4 into a variable high-frequency current, for example, at 150 kHz to 300 kHz, and
generates high-frequency electromagnetic field energy via the paddle 33.

[0018]

The communication unit 6 is the unit that performs high-frequency communication between the electric
vehicle (not shown) and the portable charging device 10 via a charging port provided on the electric
vehicle and the paddle 33.

[0019]

The control unit 7 comprises a CPU, ROM, and RAM, and controls the entire system in accordance with
a control program stored in the ROM. Specifically, the control unit 7 controls the electromagnetic energy
outputted from the paddle 33 by adjusting the boost level of the pulsating current in the active filter 3
or adjusting the output frequency of the high-frequency inverter 5 in response to commands received
from the electric vehicle via the communication unit 6.

[0020]

The engagement detecting unit 9 and the recessed connection terminals 13, 16, 18 serving as input
terminals are mounted on the bottom surface of the housing 31 and are configured to enable external
connections.

[0021]

The engagement detecting unit 9 consists, for example, of a microswitch, and sends a coupling signal
to the control unit 7 when the housing 37 of the stationary power supply device 27 and the housing 31
of the portable charging device 10 are engaged with each other.

[0022]

Recessed connection terminal 13 is connected to the control unit 7, and signals are exchanged with
components in the interior of the housing 37 of the stationary power supply device 27. Recessed
connection terminal 16 connects the ground wire of the stationary power supply device 27 (base frame
36) to the ground wire of the portable charging device 10 for the smoothing capacitor 4, high-frequency
inverter 5, and capacitor charging circuit 8, etc. Recessed connection terminal 18 inputs rectified power
from the active filter 3 via a diode D2 and protruding connection terminal 17.

[0023]

Meanwhile, as shown in FIG. 1, the stationary power supply device 27 inside the housing 37 on the base
frame 36 consists of, in the order of current flow, a relatively high-capacity filter unit 11, a full-wave
rectifier unit 12, an active filter 3, and output terminals that are protruding connection terminals 15, 17,
19. The housing 37 is equipped with a plug 34 for a commercial AC 200 V power supply connected to
the filter unit 11.

[0024]

Protruding connection terminal 17 outputs the rectified power from the active filter 3 to recessed
connection terminal 18 via diode D2. Protruding connection terminal 15 is a ground wire and can be
connected to recessed connection terminal 16. Protruding connection terminal 19 receives control
signals from the control unit 7 of the portable charging device 10 via recessed connection terminal 13
and transmits these signals to the active filter 3.
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[0025]

The filter unit 11 keeps noise generated when switching elements operate inside the portable charging
device from feeding back to the AC 200 V commercial power supply wiring via the plug 34, and
simultaneously keeps noise from the AC wiring from entering the device in the opposite direction. The
full-wave rectifier unit 12 performs full-wave rectification of the commercial power supply to generate a
pulsating waveform. The active filter 3 is equipped with an electronic chopper, and in order to improve
the power factor of the commercial power supply, it synchronizes the current and voltage waveforms
and boosts the ripple level of the full-wave rectified waveform to form a direct current voltage at the
specified level.

[0026]

Next, the operation of the control unit 7 in the portable charging device 10 shown in FIG. 1 will be
explained with reference to the flowchart shown in FIG. 2.

[0027]

After parking the vehicle in a designated position in a garage, the driver exits the vehicle, retrieves the
portable charging device 10 from the trunk, and connects it to the stationary power supply device 27
by docking it, as shown in FIG. 3. Next, the driver plugs the plug 34 of the stationary power supply
device 27 into a commercial AC 200V outlet provided in the garage and connects the charging cable 33
to the charging port 39 of the electric vehicle 38 to prepare for charging. The driver then turns on the
power breaker (not shown) located inside the housing 37.

[0028]

Thus, in step S10, the system determines whether the power breaker (not shown) inside the housing
37 has been turned on, and repeats step S10 until the power breaker is turned on while entering standby.

[0029]

If the power breaker has been turned on, the processing proceeds to step S20, and the control unit 7
determines whether a coupling signal indicating that the engagement detecting unit 9 has detected
engagement of the devices has been received. If a coupling signal has been received, the processing
proceeds to step S30, and the control unit 7 sends an enable operation signal to the active filter 3 inside
the housing 37 via recessed connection terminal 13 and protruding connection terminal 19.
Simultaneously, the control unit 7 sends a switching signal to the electronic switch 14, switching the
movable contact to the recessed connection terminal 18 side, and sets the 200 V AC commercial power
supply to the level-2 high-power mode.

[0030]

Next, in step S40, the control unit 7 monitors the operating status of the active filter 3 via recessed
connection terminal 13 and protruding connection terminal 19 to determine whether the active filter 3
is operating normally. If the active filter 3 is operating normally, the processing proceeds to step S60,
where the input voltage of the smoothing capacitor 4 is checked, and if the input voltage is within a
predetermined range, the processing proceeds to step S70.

[0031]
Next, in step S70, the control unit 7 sends an enable operation signal to the high-frequency inverter 5
to generate high-frequency electromagnetic field energy. This high-power mode electromagnetic field

energy is sent from the paddle 33 to the battery of the electric vehicle 38 via the charge port 39.

[0032]
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Meanwhile, if no coupling signal is received from the engagement detecting unit 9 in step S20, the
portable charging device 10 is not engaged with the housing 37 of the stationary power supply device
27, and since the portable charging device 10 is being used alone, the processing proceeds to step S50.

[0033]

Then, in step S50, the control unit 7 sends an enable operation signal to the capacitor charging circuit
8 in the portable charging device 10. At this time, the electronic switch 14 remains in its normal state,
with the movable contact connected to the fixed contact on the diode D1 side, maintaining the system
in level-1 low-power mode for the 100 V AC commercial power supply.

[0034]

Next, the processing proceeds to step S60, where the input voltage of the smoothing capacitor 4 is
checked, and if the input voltage falls within a predetermined range, the processing proceeds to step
S70.

[0035]

Then, in step S70, the control unit 7 sends an enable operation signal to the high-frequency inverter 5
to generate high-frequency electromagnetic field energy. The electromagnetic field energy in low-power
mode is sent from the paddle 33 to the battery of the electric vehicle 38 via the charge port 39. In this
way, normal operation can be ensured both in high-power mode in which the stationary power supply
device 27 is docked with the portable charging device 10 and in low-power mode in which the portable
charging device 10 is used alone.

[0036]

Meanwhile if it has been detected in step S40 that the active filter 3 in the stationary power supply
device 27 is not operating normally, the processing proceeds to step S50 to terminate the level-2 high-
power mode of the commercial AC 200 V power supply. Then, the control unit 7 sends an enable
operation signal to the capacitor charging circuit 8 in the portable charging device 10. At this time, the
electronic switch 14 remains in its normal state, the movable contact remains connected to diode D1,
and the system remains in level-1 low-power mode for the AC 100 V commercial power supply. In other
words, even though the portable charging device 10 is docked with the housing 37 of the stationary
power supply device 27, if the stationary power supply device 27 is in an abnormal state, high-power
mode is terminated and charging is performed in low-power mode.

[0037]

Then, in step S60, if the input voltage of the smoothing capacitor 4 falls outside a predetermined range,
charging is stopped due to a power supply failure (fail), and a warning lamp (not shown) provided on
the portable charging device 10 is lit up to indicate a power supply failure.

[0038]

For this reason, the portable charging device 10 can be configured so that, when used away, it can
accept input from a readily available commercial AC 100 V power supply and provide an output capacity
of, for example, approximately 1 kW, and when docked with and connected to the stationary power
supply device 27 at home or elsewhere, it can accept input from a dedicated commercial AC 200V power
supply and provide a high-power output capacity of, for example, approximately 6 kW. When used away,
the portable charging device 10 can be used alone, although its output capacity is low-power. Meanwhile,
when connected to the stationary power supply device 27, the system can be docked to achieve high-
power output capacity and enhance charging capability. The total number of components constituting
the electric vehicle charging system is also reduced, contributing to a reduction in the cost of
components for the stationary charging device.

[0039]
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When the portable charging device 10 is docked with the stationary power supply device 27, the control
unit 7 provided in the portable charging device 10 controls the filter unit 11 and full-wave rectifier unit
12 inside the stationary power supply device 27, automatically switching the power supplied to the
electric vehicle to high-capacity mode.

[0040]

In addition, when the plugs 32, 34 are simultaneously connected to both an AC 100 V and an AC 200 V
commercial alternating current power source, the control unit 7 is configured to output a command
signal to the electronic switch 14 to operate in high-power mode and thus prioritize the AC 200 V power
source.

[0041]

Although the embodiment described above uses the portable charging device 10 and the stationary
power supply device 27 for an electric vehicle, the present invention is not limited to such cases and
can be adapted for use with other electric vehicles, such as electric wheelchairs and go-karts at golf
courses and sports facilities.

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

FIG. 1 is a diagram showing a portable charging device 10 constituting a charging system for electric
vehicles in the embodiment of the present invention connected to a stationary power supply device.

[FIG. 2]

FIG. 2 is a flowchart used to explain the charging operation performed by the control unit 7 provided in
the portable charging device 10.

[FIG. 3]

FIG. 3 is a perspective view showing the overall appearance of the electric vehicle charging system in
the present invention.

[FIG. 4]
FIG. 4 is a diagram showing the configuration of an existing electric vehicle charging system.
[Reference Numbers]

1, 11: Filter unit

2, 12: Full-wave rectifier unit

: Active filter

: Smoothing capacitor

: High-frequency inverter

: Communication unit

: Control unit

: Capacitor charging circuit

: Engagement detecting unit

10: Portable charging device

13, 16, 18: Recessed connecting terminal
14: Electronic switch

15, 17, 19: Protruding connecting terminal
27: Stationary power supply device

32, 34: Plug

33: Paddle

38: Electric vehicle
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39: Charge port

[FIG. 1]
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1: Filter unit 8: Capacitor charging circuit
2: Full-wave rectifier unit 9: Engagement detecting unit
3: Active filter 10: Portable charging device
4: Smoothing capacitor 11: Filter unit
5: High-frequency inverter 12: Full-wave rectifier unit
6: Communication unit 27: Stationary power supply device
7: Control unit 36: Base frame
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[FIG. 2]

S10: Is the power supply breaker ON? S50: 100 V level 2 mode, capacitor charge
S20: Is there a coupling signal from the circuit enable signal ON

engagement detecting unit? S60: Is the smoothing capacitor operating
S30: Active filter enable signal ON, 200 V level 2 normally?

mode S70: Send enable operation signal to high-
S40: Is active filter operating normally? frequency inverter, charge
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[FIG. 3]
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[FIG. 4]
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