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(57) Abrege/Abstract:

In a non-contact power supply system for a vehicle that supplies power from a power transmission coll of the vehicle to a power
reception coll of a power supply drive, a problem arises Iin that when power failure occurs, the failure is not recognized and the
target vehicle i1s not identified. The present invention addresses this problem by providing: a power supply device having a power
supply side recording unit that records information; a power supply side communication unit that communicates with the vehicle;
and a power supply side controller that controls power output from a power source to the power transmission colil. Vehicle
identification information Is recorded to the power supply side recording unit before or during the supplying of power. The power
side controller crosschecks the vehicle identification information and the vehicle information transmitted from the vehicle when

power supply to the power reception coll stops abnormally.
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ABSTRACT

In a non-contact power supply system for a vehicle that supplies power from a power
transmission coil of the vehicle to a power reception coil of a power supply drive, a
problem arises in that when power failure occurs, the failure is not reccgnized and the
target vehicle 1s not identified. The present invention addresses this problem by providing:
a power supply device having a power supply side recording unit that records information:
a power supply side communication unit that communicates with the vehicle; and a power
supply side controller that controls power output from a power source to the power
transmission coil. Vehicle identification information is recorded to the power supply side
recording unit before or during the supplying of power. The power side controller cross-

checks the vehicle identification information and the vehicle information transmitted from

the vehicle when power supply to the power reception coil stops abnormally.
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SPECIFICATION
Title of Invention: NON-CONTACT POWER SUPPLY SYSTEM
Technological Field

10001] The present invention relates to a non-contact power supply system.

[0002]

Background Art

10003 ] A power supply system of an electric vehicle that supplies power in a non-contact
manner from a power supply device provided on the ground to an electric vehicle, in which an
8-bit (256 value) random number is used, and the power supply is performed with a power
value Ptest and a predetermined time Ttest generated based on this random number while
avolding the predetermined power value Ptest and the predetermined time Ttest becoming the
same value, to establish a communication between a vehicle and a power supply device by
determining whether or not the power that is received by a reception unit of a vehicle is the
predetermined power value Ptest after the predetermined time Ttest has elapsed, has been
disclosed (Patent Document 1).

Prior Art Documents

Patent Documents

10004 ] Patent Document 1: International Publication No. 2012-42902

Disclosure of the Invention

10005} However, since the above-described power supply system does not give any
consideration to cases in which a power failure occurs on the power supply device side, there is
a problem that when a power failure occurs, the fact that a power failure has occurred, and
there was a target vehicle that was being supplied power during the power failure, cannot be

properly grasped.
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10006] A goal of the present invention is to provide a non-contact power supply system
that grasps the fact that a power failure has occurred, and there is a target vehicle that was

being supplied power at the time of the power failure.
10007] The present invention addresses this goal by recording the vehicle identification
information, during the power supply or during the preparation for supplying power, to the
power reception coil, to a power supply side recording means, and cross-checking the vehicle
1dentification information and the vehicle information that is transmitted from the vehicle.

According to an aspect of the present invention there is provided a non-contact
power supply system that supplies power between a power reception coil that is provided to a
vehicle and a power transmission coil that is provided to a power supply device in a non-
contact manner by means of at least a magnetic coupling, wherein

the power supply device comprising:

a power supply side recording means for recording vehicle identification
information, which represents the identification information of the vehicle;

a power supply side communication means for performing a cornmunication with
the vehicle; and

a power supply side controller for controlling the power that is outputted from a
power source to the power transmission coil,

the vehicle identification information being recorded in the power supply
recording means is the vehicle identification information of the vehicle in which a paired
communication has been established between the power supply device and the vehicle, and

the power supply side controller

cross-checks the vehicle identification information that is transmitted from the
vehicle after stopping the power supply and the vehicle identification information that is
recorded in the power supply side recording means, if the power supply is stopped before the
power supply to the power reception coil is ended normally, and restarts the non-contact power
supply from the power transmission coil to the power reception coil, if the vehicle
identification information match.

[0008] In the present invention, the fact that a power failure has occurred can be grasped

from the recorded vehicle identification information, and a target vehicle that was being
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supplied power at the time of a power failure can be grasped from the result of cross-checking
the recorded vehicle identification information and the information that is transmitted from the
vehicle.

Brief Description of the Drawings

[0009] [F1G. 1] Block view of a non-contact power supply system according to an
embodiment of the present invention.

|[F1G. 2] Flow chart illustrating the control procedure of the controller on the

power supply device side in FIG. 1.

|[FIG. 3] Flow chart illustrating the control procedure of the controller on the

power supply device side in FIG. 1.

[F1G. 4] Flow chart illustrating the control procedure of the controlier on the

vehicle side in FIG. 1.
[FIG. 5] Flow chart illustrating the control procedure of the controller on the
vehicle side in FIG. 1.

Preferred Embodiments of the Invention

10010} Embodiments of the present invention will be explained below based on the

drawings.
10011] <<Embodiment 1>>

F1G. 1 1s a block view of a non-contact power supply system according to an

embodiment of the present invention. The non-contact power supply system of the present



CA 02908352 2015-09-295

3

embodiment supplies power in a non-contact manner from a power transmission coil of a power
supply device provided on the ground side to a power reception coil on the vehicle side, by
means of at least a magnetic coupling. The system then charges a battery of the vehicle by the
power that is received by the power reception coil.

(0012] Non-contact power supply systems are provided to parking facilities such as parking
spaces of homes and shared facilities such as the parking space along a highway. A non-contact
power supply system comprises a vehicle 2 and a power supply device 1. The power supply
device 1 is provided to a parking space for parking a vehicle 2, and 1s a ground side unit that
supplies power by the non-contact power supply between the coils, when the vehicle 2 1s parked
in a predetermined parking position. The vehicle 2 1s a vehicle 2 that 1s capable of charging a
battery 22 that 1s provided in the vehicle by an external power source, such as an electric vehicle
or a plug-in hybrid vehicle.

[0013] The configuration of the power supply device 1 and the vehicle 2, which configure
the non-contact power supply system, will be described below. In the present embodiment, a
description will be given of an electric vehicle as the vehicle 2. In FIG. 1, the dotted arrows
represent respective signal lines between controllers 10 and 20, and the configuration in the
power supply device 1 and the configuration in the vehicle 2, and the thick lines represent the
power lines upon charging a battery 22 with the power of an AC power source 3.

[0014] The power supply device 1 comprises a controller 10, a power transmission coil 11,

a power unit 12, a memory 13, a wireless communication unit 14, and a display unit 135.

[00135] The controller 10 1s a main controller for controlling the entire power supply device
1.
[0016] The power transmission coil 11 is a parallel circular shaped coil for supplying the

power 1n a non-contact manner to a power reception coil 21, which is provided on the vehicle 2
side, and 1s provided 1n a parking space 1n which 1s provided a power supply device 1.

[0017] The power unit 12 is a circuit for converting the AC power that 1s transmitted from
an AC power source 3 to a high frequency AC power and transmitting the same to the power
transmission coil 11, comprising a rectifier, a power factor correction circuit (PFC (Power Factor
Correction) circuit), an inverter, and a sensor for detecting the output value to the power

transmission coil 11. The power unit 12 outputs the desired power to the power transmission



CA 02908352 2015-09-295

4

coil 11 by having a switching element provided to the inverter PWM-controlled by the controller
10.

10018] The memory 13 is a recording medium (a non-volatile memory) for recording the
identification information (ID) that is provided to each power supply device 1 in advance, and
the information that is transmitted from the vehicle 2 side. The wireless communication unit 14
1S a transceiver that performs bidirectional communication with a wireless communication unit
24 that is provided on the vehicle 2 side. A frequency that is different from the frequency that is
used in vehicle peripherals, such as the intelligence keys, is set as the communication frequency
between the wireless communication unit 14 and the wireless communication unit 24 so that the
vehicle peripherals are less susceptible to interference by the communication even if the
communication is performed between the wireless communication unit 14 and the wireless
communication unit 24. For example, various wireless LAN systems are used for the
communication between the wireless communication unit 14 and the wireless communication
unit 24. The display unit 15 is a display device for notifying the state of the power supply device
1 to the outside.

[0019] The configuration of the vehicle 2 is described next. The vehicle 2 comprises a
controller 20, a power reception coil 21, a battery 22, a memory 23, a wireless communication
unit 24, a display unit 25, a relay switch 26, a power reception circuit 27, sensors 28 and 29, and
an activation device 30.

[0020] The controller 20 is not limited to the charging control when charging the battery 22,
and performs various controls in the EV system of a vehicle.

[0021] The power reception coil 21 is provided on the bottom surface (chassis), etc., of the
vehicle 2 between the rear wheels. Then, when the vehicle 2 1s parked in a predetermined
parking position, the power reception coil 21 1s positioned above the power transmission coil 11,
while maintaining the distance from the power transmission coil 11. The power reception coil 21
1s a circular shaped coil that 1s parallel to the surface of the parking space.

[0022] The battery 22 1s a secondary battery that outputs, via an inverter that is not
diagrammed, the power to a motor (not shown), which is the power source of the vehicle 2. The
battery 22 is configured by connecting a plurality of secondary batteries such as lithium-ion

batteries in series or in parallel. The battery 22 is electrically connected to the power reception

coil 21 via the relay switch 26 and the power reception circuit 27.
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10023 ] The memory 23 is a recording medium (a non-volatile memory) for recording the
identification information (ID) that is provided to each vehicle 2 in advance, and the information
that 1s transmitted from the power supply device 1 side. The wireless communication unit 24 is a
transceiver for performing the wireless communication with the wireless communication unit 14
on the power supply device 1 side.

10024 ] The display unit 25 is provided, for example, to the instrument panel of the vehicle 2
and displays the state of the power supply device 1. The display 25 also displays a guide screen
for charging, when charging the battery 22 with the power supply device 1.

[0025] The relay switch 26 1s a switch for switching between the electric conduction and the
interruption between the battery 22 and the power reception circuit 27. The relay switch 26 1s
controlled by the controller 20. The controller 20 turns the relay switch 26 ON, when charging
the battery 22 with power that is supplied from the power transmission coil 11 to the power
reception coil 21 in a non-contact manner.

10026] The power reception circuit 27 is connected between the power reception coil 21 and
the battery 22, and comprises a circuit for converting the AC power that 1s received by the power
reception coll 21 to DC power. The sensor 28 is a voltage sensor for detecting the power that 1s
received by the power reception coil 21, and 1s connected between the power reception coil 21
and the power reception circuit 27. The detection values of the sensor 28 are transmitted to the
controller 20 and the activation device 30.

[0027] The sensor 29 is a sensor for detecting the charging current or the charging voltage
to the battery 22, and is electrically connected to the battery 22. The controller 20 manages the
state of the battery 22 based on the detection value of the sensor 29, when charging the battery

22.

10028] The activation device 30 1s a device for activating the controller 20 based on the
detection value of the sensor 28. A signal line is connected between the activation device 30 and
the controller 20. When power is supplied from the power transmission coil 11 to the power
reception coil 21, the power reception coil 21 receives the power, and the sensor 28 detects the
voltage that is applied due to the reception by the power reception coil 21 and transmits the
detection value to the activation device 30. When detecting that the power has been supplied

from the power transmission coil 11 to the power reception coil 21 from the detection value of
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the sensor 28, the activation device 30 transmits an activation signal for activating the controller
20 to the controller 20.

[0029] The controller 20 1s activated from a sleep state by receiving the activation signal
from the activation device 30. Meanwhile, after activation, the controller 20 transmits a signal to
put the activation device 30 into a sleep state. The activation device 30 enters a sleep state by
receiving the signal.

[0030] In addition, for example, when the controller 20 transitions to a sleep state after
completing the charging of the battery 22, the controller 20 transmits an activation signal to the
activation device 30.

[0031] The activation device 30 thereby activates the controller 20 based on the detection
value of the sensor 28, when the power transmission coil 11 supplies power to the power
reception coil 21 in a non-contact manner, when the controller 20 is in a sleep state.

[0032] The control of the non-contact power supply system will be described next.

[0033] When the vehicle 2 is parked in a parking space provided with the power supply
device 1, the power reception coil 21 faces the power transmission coil 11. When the positional
displacement between the power reception coil 21 and the power transmission coil 11 1s large,
the efficiency of the non-contact power supply drops. Accordingly, the controller 10 detects the
relative position of the power reception coil 21 with respect to the power transmission coil 11
with a sensor such as a camera (not shown), and displays an indication urging to re-park on the
display unit 15, when the positional displacement between the power reception coil 21 and the
power transmission coil 11 1s outside of an allowable range.

[0034] When the positional displacement between the power reception coil 21 and the
power transmission coil 11 1s within the allowable range, the controller 10 transmits a signal
indicating that accessing the non-contact power supply is possible with the wireless

communication unit 14.

[0035] Next, the controllers 10 and 20 perform a control to establish a paired
communication between the power supply device 1 and the vehicle 2. As a feature of the
wireless communication, when transmitting a signal with the wireless communication unit 24 on
the vehicle 2 side, a plurality of wireless communication units 14 positioned within the
communication range of the wireless communication unit 24 receive the signal. The wireless

communication unit 24 of the vehicle 2 can also receive a signal from the wireless



CA 02908352 2015-09-295

7

communication unit 14 of the power supply device 1, and can also receive a signal from a
wireless communication unit 14 of another power supply device 1 other than this power supply
device 1. Consequently, even if the vehicle 2 is parked 1n a parking space to which a power
supply device 1 is provided, the power supply device 1 cannot grasp which vehicle has parked,
and the vehicle 2 cannot grasp to which parking space of which power supply device 1 the
vehicle has parked, by wireless communication alone. Accordingly, the controllers 10 and 20
perform a control (hereinafter referred to as the coupling control) to establish a paired
communication (coupling) before charging the battery 22 (in other words, while preparing for the
charging of the battery 22), in order to specity the transmission source or the reception
destination. This coupling will then be established at the preparation stage of the charging of the
battery 22, in other words, the power supply preparation stage for charging the battery 22.

[0036] The coupling control is performed, for example, by utilizing the non-contact power
supply between the power transmission coil 11 and the power reception coil 21. The power
supply device side controller 10 controls the power unit 12 and outputs the power along a
predetermined power pattern from the power transmission coil 11 to the power reception coil 21.
A power pattern is set in advance by changing the duty, or, the frequency of the power that 1s
intermittently outputted from the power transmission coil. The power supply device side and the
vehicle side controllers 10 and 20 have common power patterns. Wireless communication may
be used in order to share power patterns between the controllers 10 and 20.

[0037] Then, the vehicle side controller 20 measures the power pattern based on the power
that is received by the power reception coil 21. If the measured power pattern and a pattern
possessed in advance match, the controller 20 determines that a coupling has been established.
The controller 20 then transmits a signal indicating that a coupling has been established to the
controller 10 on the power supply device side.

[0038] Coupling can thereby be established between the power supply device 1 and the
vehicle. The coupling control may be a method other than the above, and a non-contact power
supply between the power transmission coil 11 and the power reception coil 21 1s not necessarily
used.

[0039] Then, when a coupling has been established, the power supply device side controller

10 records the identification information of the vehicle 2 in the memory 13. The vehicle side
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controller 20 records the identification information of the power supply device 1 1in the memory
23.

[0040] When an operation for charging the battery 22 is performed by the user, the
controller 20 transmits a signal that requests the power supply to the power supply device side
controller 10. The controller 10 controls the power unit 12 to start the non-contact power supply,
based on the signal. If a timer setting for charging has been set, the controller 20 may transmit a
signal requesting the power supply when the time reaches the time set in the timer.

[0041] The controller 20 converts the power that 1s transmitted from the power transmission
coil 11 to the power reception coil 21 to a power that 1s suitable for charging the battery 22 and
outputs the same to the battery 22, by turning the relay switch 26 ON and controlling the power
reception circuit 27. The battery 22 1s thereby charged by the non-contact power supply system.
[0042] The identification information recorded 1in each memory 13 and 23 1s 1n a state of
being recorded 1n each memory 13 and 23 even during the power supply from the power
transmission coil 11 to the power reception coil 21, 1n other words, during the charging of the
battery 22. When performing the wireless communication between the controller 10 and the
controller 20, the transmission and the reception of signals are performed using the identification
information of the power supply device 1 and the 1dentification information of the vehicle 2,
which are stored in each memory 13 and 23.

10043 ] Additionally, the controller 20 manages the state of the battery 22 during the
charging of the battery 22, by detecting the state of the battery 22 with a sensor 29. Then, the
controller 20 controls the power reception circuit 27 in accordance with the state of the battery,
and adjusts the charging power to the battery 22. When changing the power that 1s transmitted
from the power transmission coil 11, the controller 20 transmits a signal indicating the required
power from the power transmission coil 11 to the power reception coil 21, or the state of the
battery 22, to the power supply device 1 with the wireless communication unit 24.

[0044] Then, the controller 10 adjusts the power that 1s transmitted from the power
transmission coil 11 by controlling the power unit 12 based on the information indicating the
required power from the vehicle side or the state of the battery 22, by receiving the signal.

[0045] When the charge state of the battery (State of Charge) reaches a target SOC, the
controller 20 transmits a signal indicating a request to stop the non-contact power supply to the

power supply device 1, in order to stop the charging of the battery 22. The controller 10 stops
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the operation of the power unit 12 and stops the power supply by the non-contact power supply
system, by receiving a stop request signal from the vehicle 2.

[0046] Additionally, when stopping the charging of the battery 22 in mid-course, the
controller 20 transmits a signal indicating a request to stop the non-contact power supply to the
power supply device 1, based on, for example, an operation by the user or the like. In the same
way, the controller 10 stops the power supply by the non-contact power supply system based on
a stop request signal.

[0047] The operation of the charging control by the non-contact power supply system can
be performed on the power supply device 1 side as well. For example, when a stop switch (not
shown) provided on the power supply device 1 side is turned ON by the user, the controller 10
stops the operation of the power unit 12 and stops the power supply from the power supply
device 1. In addition, the controller 10 transmits, to the vehicle side, a stop signal indicating to
stop the power supply. The controller 20 controls the power reception circuit 27 to stop the
supply of power to the battery 22 by receiving the stop signal. The controllers 10 and 20 thereby
cause the charging of the battery 22 by the non-contact power supply system to be stopped.
10048] The control described above is the control of a case in which the power supply from
the power transmission coil 11 to the power reception coil 21 is performed normally until the
charging of the battery 22 1s ended. The non-contact power supply system of the present
embodiment assumes a case in which the power transmission from the AC power source 3 to the
power supply device 1 1s stopped, and comprises a system that is executed upon a power failure.
The power failure control of the non-contact power supply system of the present embodiment
will be described below. A power failure is not limited to a case in which the supply of the AC
power source 3 itself 1s down, but also occurs, for example, 1n a case in which the connection
cable of the power supply device 1 1s disconnected from the AC power source 3, or, if a
household power source is used as the power source of the power supply device 1, a case in
which the breaker is tripped.

[0049] When the power supply to the power reception coil is ended normally, the controller
10 erases the 1dentification information of the vehicle 2 of the power supply destination from the
memory 13. A case in which the power supply to the power reception coil is ended normally is a
case 1n which a stop request signal for stopping the power supply is received from the vehicle 2,

or, a case 1n which there 1s a stop operation by the user on the power supply device side.
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|0050] On the other hand, if a power failure occurs during the charging of the battery 22 (a
state in which a vehicle that is a target of the power supply is stopped in a parking space of the
power supply device 1) the system of the controller 10 will go down. Since a charging control of
the battery 22 is being performed prior to the power failure, the identification information of the
vehicle 2 1s already recorded in the memory 13. In the same way, the identification information
of the power supply device 1 1s already recorded in the memory 23. Since the memory 13 is a
non-volatile memory, the 1dentification information of the vehicle 2 will remain 1n a state of
being recorded in the memory 13, even if the system of the controller 10 goes down due to a
power failure. In the same way, since the memory 23 is a non-volatile memory, the
identification information of the power supply device 1 remains in a state of being recorded in
the memory 23, even if the controller 20 enters a sleep state accompanying a system failure of
the controller 10 due to a power failure.

[0051] When the power failure 1s restored and power is supplied from the AC power source
3 to the power supply device 1, the controller 10 reads the data recorded in the memory 13. If
the 1dentification information of the vehicle 2 is recorded in the memory 13, the controller 10
determines that a power failure has occurred. On the other hand, if the identification information
of the vehicle 2 is not recorded in the memory 13, the controller 10 determines that a power
failure has not occurred. That is, the identification information of the vehicle of the power
supply destination that is recorded in the memory 13 indicates that power was being supplied to
the vehicle prior to the power failure (in other words, that the power supply to the vehicle was
stopped due to the power failure), and, indicates that the vehicle 1s the target vehicle to which
power was being supplied prior to the power failure.

10052] [ the identification information of the vehicle 2 is recorded in the memory 13, the
controller 10 activates the wireless communication unit 14 to restart communication.

[0053] [t a power failure occurs during the charging of the battery 22, the communication
between the wireless communication unit 14 and the wireless communication unit 24 is stopped,
and the power supply from the power transmission coil 11 to the power reception coil 21 is
stopped. Therefore, when detecting that the communication between the wireless
communication unit 14 and the wireless communication unit 24 has stopped, and that the power
supply trom the power transmission coil 11 to the power reception coil 21 has stopped based on

the detection value of the sensor 28, the vehicle side controller 20 determines that a power failure
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has occurred on the power supply device 1 side. At the point in time of this determination, the

relay switch 26 1s still ON.

[0054] When determining that a power failure has occurred, the controller 20 switches from
the charging control mode for charging the battery 22 to a power failure control mode. When
switching to the power failure control mode, the controller 20 transmits a call signal to the power
supply device 1. A call signal is a signal for requesting a power supply again to the power
supply device 1, after the charging of the battery 22 has been interrupted. That is, the
information of the call signal indicates that the battery 22 had been charging until prior to the
power failure. In addition, the call signal comprises the identification information of the vehicle
2. The controller 20 transmits a call signal at a predetermined cycle, during a predetermined
transmission continuation period.

[00535] T'he controller 20 puts the system in a sleep state and turns the communication
function of the wireless communication unit 24 OFF, if the wireless communication unit 24 does
not receive a response signal from the power supply device 1 with respect to the call signal
during the transmission continuation period described above. Additionally, the controller 20 also
turns the relay switch 26 OFF. When entering a sleep mode in the state of the power failure
control mode, the controller 20 does not erase the identification information of the power supply
device 1 that is recorded in the memory 23.

[0056] On the other hand, when receiving a response signal from the power supply device 1
before the transmission continuation period has elapsed, the controller 20 determines that the
power failure has been restored, and restarts the charging control of the battery 22 (returns to the
charging control mode).

|0057] A power failure may continue for a long period of time, while there are power
fatlures that are restored in a relatively short period (for example, about 2 to 3 minutes). In
particular, such briet power failures occur, if the power supply device 1 is installed in a region in
which the power supply from the AC power source 3 is routinely unstable. If the wireless
communication function is turned OFF by putting the system of the controller 20 to a sleep state
at the point in time in which a power failure is determined to have occurred, even though the
power failure 1s only for a short period of time, and, within a short time, the system, including
the wireless communication function is activated again, and the power consumption of the

battery 22 is increased. In addition, the power consumption of the battery 22 is increased if the
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wireless communication by the wireless communication unit 24 is continued for a long time
exceeding the transmission continuation period.

[0058] Furthermore, if an electromagnetic relay is used for the relay switch 26, the
response operation of the switch becomes slow. Consequently, even it a command for
switching is inputted to the relay switch 26 in response to a brief power failure, there is the risk
that the actual operation of the relay switch cannot keep pace.

[0059] Accordingly, in the present embodiment, when an occurrence of a power failure is
determined on the vehicle side, the system is immediately shut down, and, without turning the
relay switch 26 OFF, a call signal is transmitted to the power supply device 1 to be put in a
state capable of receiving signals, for a predetermined period.

[0060] The control of the power supply device side, which receives the call signal, will be
described. When receiving a call signal from the vehicle 2 with the wireless communication
unit 14, the power supply device side controller 10 cross-checks the identification information
of the vehicle 2 included in the call signal and the i1dentification information of the vehicle 2
that is recorded in the memory 13.

[0061] If a vehicle that was being supplied power until immediately prior to the occurrence
of the power failure is stopped at the parking space of the power supply device 1 until recovery
from the occurrence of the power failure, the identification information of the vehicle 2 that is
included in the call signal and the identification information of the vehicle 2 that is recorded in
the memory 13 will match. Accordingly, if the identification information match, the controller
10 determines that the vehicle 2, which is the transmission destination of the call signal, is the
target vehicle to which the power was being supplied at the time of the power failure, and also
determines that a request for a power supply 1s being made again by the vehicle. The controller
10 then establishes a wireless communication with the vehicle of the transmission destination,
based on the identification information of the vehicle 2 that is included 1n the call signal. The
controller 10 controls the power unit 12 to restart the non-contact power supply.

10062] On the other hand, if a call signal is transmitted from another vehicle that is stopped
at the parking space of another power supply device 1 nearby, the power supply device 1 also
receives the call signal from the other vehicle, since a call signal is transmitted by means of a

wireless communication. In this case, the identification information included in the call signal

and the identification information of the vehicle 2 recorded in the memory 13 will not match.
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[0063] Additionally, the vehicle 2 that is stopped at the parking space of the power supply
device 1 is the vehicle to which the power was being supplied until immediately prior to the
occurrence of the power failure, but if the duration of the power failure 1s longer than the
transmission duration of the call signal, the power supply device side controller 10 does not
receive the call signal.

10064] Furthermore, if a vehicle that was being supplied power until immediately prior to
the occurrence of the power failure exits the parking space of the power supply device 1 betore
the power failure is restored, or, a vehicle that is different from the vehicle that was being
supplied power until immediately prior to the occurrence of the power failure 1s stopped at the
parking space, a call signal is not transmitted from these vehicles.

[0065] When a call signal is not being received, the controller 10 controls the power unit 12
and supplies an activation power for activating the system of the controller 20, from the power
transmission coil 11 to the power reception coil 21. The activation power can be any size of
which the sensor 28 on the vehicle side can detect the power of the power reception coil 21.
10066} When power to the power reception coil 21 1s supplied by the activation power from
the power supply device 1, the vehicle side activation device 30 activates the controller 20 from
a sleep state by detecting a voltage based on the activation power, with the sensor 28. If the
duration of the power failure is longer than at least the transmission duration of the call signal,
the vehicle side controller 20 1s 1n a sleep state. Even when being restored from an extended
power failure to be in a state in which a wireless communication by the wireless communication
unit 14 1s possible, the power supply device side controller 10 cannot activate the vehicle side

controller 20 by the wireless communication, since the vehicle side controller 20 1s 1n a sleep

state.

(0067] Accordingly, in the present embodiment, in order to accommodate an extended
power failure, activation power 1s supplied from the power transmission coil 11 to the power

reception coil 21, in a non-contact manner, if a call signal is not being received. Additionally, in
the present embodiment, an activation device 30 for activating the controller 20 1s provided on
the vehicle side. A controller 20 that enters a sleep state by a power failure can thereby be
activated.

[0068] The vehicle side controller 20 that 1s activated by the activation power reads the

recorded data of the memory 23. Then, if the identification information of the power supply
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device 1 is recorded in the memory 23, the controller 20 determines that a power failure has
occurred. As described above, if the controller 20 enters a sleep state in the power failure control
mode, the identification information of the power supply device 1 of the memory 23 (ot the
supply source) remains recorded. That is, the identification information of the power supply
device 1 of the supply source that is recorded in the memory 23 indicates that the battery 22 was
being charged prior to the power failure (in other words, the charging of the battery 22 was
stopped due to the power failure), and indicates the power supply device 1, which 1s the power
supply source from which the power was being received prior to the power failure.

[0069] If the identification information of the power supply device 1 1s recorded in the
memory 23, the controller 20 wirelessly transmits a signal including the power tfailure
information and the identification information of the host vehicle. The power failure information
indicates that the battery 22 was being charged prior to the power failure, and indicates a request
for recharging the battery after the power failure is restored. The identification information of
the power supply device 1, which is recorded 1in the memory 23, may be used as the power
failure information.

[0070] When receiving a signal including the power failure information and the
identification information of the vehicle, the power supply device side controller 10 determines
that the charging of the battery 22 of the vehicle 2 of the transmission source was stopped due to
a power failure, from the power failure information. The controller 10 cross-checks in the
memory 13 the identification information of the vehicle 2 that is transmitted with the power
failure information and the 1dentification information of the vehicle 2. When the 1dentification
information match, the controller 10 determines that the vehicle of the transmission source of the
signal 1s the target vehicle to which power was being supplied at the time ot the power tailure.
[0071] The controller 10 then establishes a wireless communication with the vehicle 2 of
the transmission source based on the identification information and transmits a signal to the

vehicle 2. The controller 10 further controls the power unit 12 to restart the non-contact power
supply.

10072] When receiving a response signal with respect to the signal including the power
failure information from the power supply device 1, the vehicle side controller 20 determines
that the power supply device 1 has been restored from the power failure, and restarts the

charging control of the battery 22. Then, after the charging is ended, the controlier 20 erases the
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power failure information and the identification information of the power supply device 1 that 1s
recorded in the memory 23.

10073] In addition, the power supply device side controller 10 ends the non-contact power
supply by receiving a stop request or the like from the vehicle side. The controller 10 also erases
the identification information of the vehicle 2 that is recorded in the memory 13.

[0074] The control procedure of the power supply device side controller 10 after being
restored from a power failure will be described next, using FIG. 2 and FIG. 3. FIG. 2 and FIG. 3
describe the control of the controller 10 after being restored from a power failure.

[0073] The power source of the power supply device 1 is restored with the ending of the
power failure, in step S1. The controller 10 reads the recorded data in the memory 13 1n step S2,
and the controller 10 determines whether or not the identification information (ID) of the vehicle
2 is recorded in the memory 13, in step S3. If the identification information of the vehicle 2 is
not recorded in the memory 13, the controller 10 determines that power was not being supplied
to the vehicle 2 at the time of the occurrence of the power failure, enters a sleep mode (step S11),
and ends the control.

[0076] On the other hand, if the identification information of the vehicle 2 is recorded in the
memory 13, the controller 10 activates the communication function of the wireless
communication unit 14 and restarts the wireless communication, in step S4. The controller 10
determines whether or not a call signal has been received from the vehicle 2, in step S3.

[0077] [f a call signal has been received, the controller 10 compares the identification
information of the vehicle 2 that is included in the call signal, and the identification information
of the vehicle 2 in the memory 13, in step S6. If the 1dentification information match, the
controller 10 determines that the target vehicle 2 that transmitted the call signal 1s a vehicle to
which power was being supplied until the occurrence of the power failure, and establishes a one-
to-one communication with the target vehicle 2 using the identification information, in step S7.
In this case, the specified target vehicle 2 corresponds to the vehicle 2 to which power was being
supplied prior to the power failure, when a brief power fatlure occurs.

10078] The controller 10 controls the power unit 12 to start the power supply, in step S8.
The controller 10 determines whether or not the power supply has been stopped, in step S9.

When ending the power supply, the controller 10 erases the identification information of the



CA 02908352 2015-09-295

16

vehicle 2 that has been recorded in the memory and ends the control of the present
embodiment, in step S10.

10079] Returning to step S35, 1t a call signal has not been received, the step proceeds to
step S12 illustrated in FIG. 3. Returning to step S6, if the identification information of the
vehicle 2 included in the call signal and the identification information of the vehicle 2 recorded
in the memory 13 do not match, the step proceeds to step S12 as well.

[0080] The controller 10 controls the power unit 12 and outputs an activation power for
activating the vehicle side controller 20 from the power transmission coil 11 to the power
reception coil 21, 1n step S12.

[0081] The controller 10 determines whether or not a signal including the power failure
information and the identification information of the vehicle 2 has been received from the
vehicle 2, in step S13. If a signal including the power failure information and the identification
information has been received, the controller 10 determines whether or not the received
identification information of the vehicle 2 and the 1dentification information of the vehicle 2 in
the memory 13 match, in step S14.

[0082] If the 1dentification information match, the controller 10 determines that the target
vehicle 2 that transmitted the signal, including the power failure information, is a vehicle to
which power was being supplied until the occurrence of the power failure, and establishes a
one-to-one communication with the target vehicle 2 using the identification information, in
step S15. In this case, the specified target vehicle 2 corresponds to the vehicle 2 to which
power was being supplied prior to the power failure, when a long-term power failure occurs.
10083] The controller 10 controls the power unit 12 to start the power supply, in step S16.
The controller 10 determines whether or the power supply has been stopped, in step S17.
When ending the power supply, the controller 10 erases the identification information of the
vehicle 2 that has been recorded in the memory 13 and ends the control of the present
embodiment, 1n step S18.

10084] Returning to step S13, if a signal including the power failure information and the
1dentification information of the vehicle 2 has not been received, the controller 10 enters a
sleep state (step S11) and ends the control, in step S19. Returning to step S14, if the

- 1dentification information does not match, the controller 10 enters a sleep state (step S11).
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[0085] The control procedure of the controller 20 1s described next, using FIG. 4 and FIG.

5. FIG. 4 1s a flow chart illustrating the control procedure of the controller 20 when the
charging control 1s ended normally after starting the charging of the battery 22, when the
charging is ended due to a poor communication, and when ending the control due to an
occurrence of a power failure.

|0086] The controller 20 turns the relay switch 26 ON and starts to charge the battery 22
by the non-contact power supply, in step S21. The controller 20 determines whether or not the
wireless communication function has been stopped, from the presence/absence of the reception
of signals by the wireless communication unit 24, in step S22.

[0087] [f the communication has been stopped, the controller 20 determines whether or
not the power supply from the power transmission coil 11 to the power reception coil 21 has
been stopped, based on the detection value of the sensor 28, in step S23. If the wireless
communication has been stopped and the power supply has been stopped, the controller 20
determines that a power tfailure has occurred on the power supply device 1 side, and switches

to the power failure control mode, in step S24.

|0088] The controller 20 transmits a call signal, 1n step S25. The controller 20 determines
whether or not communication has been restored with the power supply device 1, from the

presence/absence of a reception of a response signal, in step S26, with respect to the call

signal.

|0089] [f communication has not been restored, the controller 20 determines whether or
not a transmission duration has elapsed since the call signal was first transmitted in step S27.
If the transmission duration has not elapsed, the step returns to step S25.

[0090] If the transmission duration has elapsed in step S27, the controller 20 turns the
relay switch 26 OFF, in step S28. The controller 10 enters a sleep state in step S29.

10091} Returning to step S26, if communication has been restored, the controller 20
controls the power reception circuit 27 and restarts the charging, in step S30. The controller 20
measures the SOC of the battery 22 based on the detection value of the sensor 29, when
charging the battery 22, in step S31. The controller 20 transmits the required power
corresponding to the state of the battery 22 to the power supply device 1 by wireless
communication, in step S32.

[0092] The controller 20 determines whether or not the SOC of the battery 22 has reached
the target SOC, in step S33. If the SOC has not reached the target SOC, the step returns to step
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S31. On the other hand, if the SOC has reached the target SOC, the controller 20 turns the relay
switch 26 OFF in step S34, and ends the charging.

[0093] Returning to step S23, if the power supply from the power transmission coil 11 to
the power reception coil 21 has not been stopped, in other words, if there 1s a power supply but
the wireless communication has been stopped, the controller 20 indicates poor communication
on the display unit 25, in step S35. In addition, the controller 20 turns the relay switch 26 OFF
and ends the control of the present embodiment, in step S36.

10094 ] The control of the controller 20 when being restored from a long-term power failure
will be described next, using FIG. 3.

[00935] When detecting that power has been supplied from the power transmission coil 11 to
the power reception coil 21 from the detection value of the sensor 28, the activation device 30
activates the system of the controller 20, in step S51. The controller 20 reads the recorded data
in the memory 23, 1n step S32.

[0096] The controller 20 determines whether or not the 1dentification information (ID) of
the power supply device 1 is recorded in the memory 23, in step S33. If the identification
information of the power supply device 1 is recorded in the memory 23, the controller 20
wirelessly transmits a signal including the power failure information and the 1dentification
information of the host vehicle, in step S54. On the other hand, if the identification information
of the power supply device 1 is not recorded 1n the memory 23, the controller 20 wirelessly
transmits a signal including the 1dentification information of the host vehicle, 1n step S355.
10097] The controller 20 determines whether or not there 1s a communication from the
power supply device 1, from the presence/absence of the reception of a response signal, 1n step
S56. If there 1s a communication, the controller 20 turns the relay switch 26 ON and starts to
charge the battery 22, in step S57. Since the control from step S38 to step S61 1s the same as
from step S31 to step S34, the description thereof will be omitted.

[0098] After step S61, the controller 20 erases the power failure information and the

identification information of the power supply device 1 that 1s recorded in the memory 23, and
ends the control of the present embodiment, 1n step S62.
10099] Returning to step S56, if there 1s no communication from the power supply device 1,

the controller 20 determines whether or not a predetermined period (for example 10 seconds) has

elapsed, in step S63. If the predetermined period has not elapsed, the step returns to step S56. If
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the predetermined time has elapsed, the controller 20 enters a sleep state and ends the control of
the present embodiment, in step S64.

[0100] As described above, in the present invention, the vehicle identification information
during the supplying of power or during the preparation for supplying power to the power
reception coil 21 is recorded to a power supply side recording means, and the vehicle
identification information and the transmission information that is transmitted from the vehicle
are cross-checked, if the power supply is stopped before the power supply to the power reception
coil 21 is ended normally. The fact that a power failure has occurred can thereby be grasped on
the power supply device side from the information that 1s recorded in the memory 13.
Additionally, since the vehicle information that i1s transmitted from the vehicle and the
identification information in the memory 13 are cross-checked, the vehicle that 1s the
transmission source of the vehicle information can be grasped as the target vehicle to which
power was being supplied at the time of the power failure.

[0101] Additionally, in the present invention, if the power supply is stopped before the
power supply to the power reception coil 21 1s ended normally, the 1dentification information of
the vehicle has remained in the memory 13; the controller 10 determines the presence/absence of
a power fatlure by cross-checking the transmission information that 1s transmitted from the
vehicle and the vehicle identification information. The fact that a power failure has occurred can
thereby be grasped, and the vehicle that is the transmission source of the vehicle information can
be grasped as the target vehicle to which the power was being supplied at the time of the power
failure. Furthermore, since the identification information has remained in the memory 13, the
coupling control can be omitted upon again supplying power.

10102] In addition, 1n the present embodiment, the non-contact power supply from the
power transmission coil 11 to the power reception coil 21 1s restarted if the identification
information of the vehicle 2 included in the vehicle information and the identification
information of the vehicle 2 recorded in the memory 13 match. The power can be supplied again
to the vehicle 2 to which power was not supplied due to the power failure.

[0103] Additionally, in the present embodiment, the 1dentification information of the power
supply device 1 1s recorded 1in the memory 23 during the charging or during the preparation for

the charging, of the battery 22. The fact that the contact with the non-contact power supply was



CA 02908352 2015-09-295

20

ended due to a power failure can thereby be grasped on the vehicle side, from the information
that 1s recorded in the memory 23.

[0104] [n addition, 1n the present embodiment, an activation device 30 for activating the
controller 20 based on the detection value of the sensor 28, 1s provided to the vehicle 2. The
vehicle side controller 20 can thereby be activated by the non-contact power supply from the
power supply device 1, if the vehicle side system enters a sleep state due to an occurrence of a
power failure.

[0105] In the present embodiment, the 1dentification information of the vehicle 2 1s kept in
the power supply device side memory 13 and the identification information of the power supply
device 1 1s kept in the vehicle side memory 23, at the time of the occurrence of a power failure;
however, instead of the 1dentification information, a flag (information) indicating that the power
was being supplied until the time of the occurrence of a power failure, may be kept in the
memory 13, and a flag (information) indicating that a battery 22 was being charged until the time
of the occurrence of the power failure, may be kept in the memory 23. The fact that the power
supply device 1, which 1s the transmission source of the flag, was stopped due to the power
failure can thereby be grasped by receiving a flag that 1s recorded in the memory 13 on the
vehicle side. In addition, the fact that vehicle 2, which is the transmission source of the flag and
which 1s stopped 1n the parking space, is the vehicle in which the charging was interrupted due to
the power failure can be grasped by receiving a flag that is recorded in the memory 23 on the
power supply device side.

10106] Upon resuming the non-contact power supply after being restored from a power
failure, the fact that the power supply (or charge) was interrupted due to the occurrence of the
power failure is shared between the power supply device 1 and the vehicle 2, by transmitting and
receiving flags. Then, the power supply device side controller 10 can grasp that a power failure
has occurred, and that the vehicle 2, which 1s the transmission source of the flag, is the target
vehicle to which power was being supplied at the time of the power failure, by cross-checking
the flag that is recorded in the memory 13 and the flag that is transmitted from the vehicle. In

addition, the vehicle side controller 20 can grasp that a power failure has occurred, and that the

vehicle 2, which is the transmission source of the flag, is the target vehicle to which power was
being supplied at the time of the power failure, by cross-checking the flag that is recorded in the

memory 23 and the flag that 1s transmitted from the power supply device 1.
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[0107] In the present embodiment, the identification information of the vehicle 2 is recorded
in the memory 13 and the identification information of the power supply device 1 is recorded in
the memory 23 at the time of the establishment of the coupling; however, recording can also take
place after the establishment of coupling. For example, the controller 20 may record the
identification information in the memory 23 when confirming an operation to charge the battery
22, and the controller 10 may record the identification information when receiving a request
signal for starting a power supply based on the operation. Alternatively, if a timer setting for
charging has been set, the controller 20 may record the identification information in the memory
23 at the time that 1s set 1n the timer. The controller 10 may record the identification information
when receiving a request signal for a power supply based on the timer setting.
[0108] The wireless communication unit 14 described above corresponds to the "power
supply side communication means" of the present invention, the memory 23 corresponds to the
"power supply side recording means" of the present invention, the controller 10 corresponds to
the "power supply side controller” of the present invention, the controller 20 corresponds to the
"vehicle side controller” of the present invention, the sensor 28 corresponds to the "detection
means” of the present invention, and the activation device 30 corresponds to the "activation
means” of the present invention. Furthermore, the information included in the call signal, or, at
least one piece of information of the power failure information, corresponds to the "vehicle
information” of the present invention.
Reterence Signs List
[0109] 1. . . power supply device

2. . . vehicle

10, 20. . . controller

11. . . power transmission coil

12. . . power unit

13. . . memory

14 . . . wireless communication unit

15,25. . . display unit
21 . . . power reception coil
22 . . . battery

23 . . . memory
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24 . . . wireless communication unit
26 . . . relay switch
27 . . . power reception circuit
28.29 . . . sensors

30 . . . activation device
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A non-contact power supply system that supplies power between a power reception
coil that 1s provided to a vehicle and a power transmission coil that 1s provided to a power
supply device in a non-contact manner by means of at least a magnetic coupling, wherein

the power supply device comprising:

a power supply side recording means for recording vehicle identification
information, which represents the identification information of the vehicle;

a power supply side communication means for performing a communication with
the vehicle; and

a power supply side controller for controlling the power that 1s outputted from a
power source to the power transmission coil,

the vehicle identification information being recorded in the power supply
recording means 1s the vehicle identification information of the vehicle in which a paired
communication has been established between the power supply device and the vehicle,
and

the power supply side controller

cross-checks the vehicle identification information that is transmitted from the
vehicle after stopping the power supply and the vehicle identification information that is
recorded in the power supply side recording means, if the power supply is stopped before
the power supply to the power reception coil is ended normally, and restarts the non-
contact power supply from the power transmission coil to the power reception coil, if the

vehicle identification information match.

2. The non-contact power supply system according to claim 1, wherein

the vehicle comprises:

a vehicle side recording means for recording the power supply device
1dentification information, which represents the identification information of the power
suppiy device;

a vehicle side communication means for performing the communication with the

power supply device;
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a battery charged by the power received from the power reception coil; and
a vehicle side controller for controlling the charging of the battery, and
the power supply device identification information being recorded in the vehicle

side recording means during charging or during preparation for charging of the battery.

3. The non-contact power supply system according to claim 2, wherein
if the power supply is stopped before the power supply to the power reception coil
1s ended normally,

the vehicle identification information is kept in the power supply side recording

McCaris.

4 The non-contact power supply system according to any one of claims 1 to 3,
wherein

the vehicle comprises:
a battery charged by the power received from the power reception coil;
a vehicle side controller for controlling the charging of the battery;

a detection means for detecting power that is received by the power reception coil;

and

an activation means for activating the vehicle side controller, based on the

detection value of the detection means.

. The non-contact power supply system according to any one of claims 1 to 4,

wherein

the vehicle identification information is kept in the power supply side recording

means if the power supply is stopped before the power supply to the power reception coil

1s ended normally.
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FIG. 1]
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FIG. 2]
FIG. 2

START
RESTORE
S1 POWER SOURCE
READ
S2 MEMORY
S3 RECORD OF VEHICLE ID N
PRESENT?
Y
RESTART
S4 COMMUNICATION
S5 RECEIVED N

CALL SIGNAL?

S6 MATCH WITH VEHICLE ID
IN MEMORY?

S7 ESTABLISH COMMUNICATION
WITH TARGET VEHICLE

START
POWER SUPPLY

S9 POWER N
SUPPLY ENDED?

S10 R MEMORY S11 SLEEP STATE

END

W
Qo

I l<| < 
Z

I.«<



CA 02908352 2015-09-295

3/5

IFIG. 3]
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[FIG. 4]
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FIG. 5]
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