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(57) Abstract: A resonance type non-contact power supply system including power supplying equipment and movable body
equipment. The power supplying equipment includes an AC power supply, a primary resonance coil, which receives power from
the AC power supply, and a controller, which controls the AC power supply. The movable body equipment includes a secondary
resonance coil, a rectifier, a power storage device, a distance detector, and a high frequency power supply. The secondary reso-
nance coil receives power from the primary resonance coil. The distance detector and high frequency power supply cooperate with
each other to detect the distance between the primary resonance coil and the secondary resonance coil. When the distance detector
detects the distance, the controller holds the AC power supply in a standby state. After the distance detector detects the distance,
the controller activates the AC power supply to supply power.
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Description

Title of Invention: RESONANCE TYPE NON-CONTACT POWER

[0001]

[0002]

[0003]

SUPPLY SYSTEM
Technical Field

The present invention relates to a resonance type non-contact power supply system,
and more particularly, to a resonance type non-contact power supply system desirable
for use when charging a power storage device of a movable body in a non-contact

manner.

Background Art

PTL 1 describes a charging system for a vehicle. The charging system uses resonance
to charge a power storage device, which is installed in the vehicle, with power received
from a power supply located outside the vehicle in a wireless manner. More
specifically, the charging system of the above document includes an electric vehicle
and a power supplying device. The electric vehicle includes a secondary self-resonance
coil (secondary resonance coil), a secondary coil, a rectifier, and the power storage
device. The power supplying device includes a high-frequency power driver, a primary
coil, and a primary self-resonance coil (primary resonance coil). The number of
windings in the secondary self-resonance coil is determined based on the voltage of the
power storage device, the distance between the primary and secondary self-resonance
coils, and the resonant frequency of the primary and secondary self-resonance coils.
The distance between the power supply device and the vehicle changes depending on
the situation of the vehicle, such as, the weight of the vehicle and the air pressure of
the tires. Changes in the distance between the primary self-resonance coil of the power
supply device and the secondary self-resonance coil of the vehicle varies the resonant
frequency of the primary and secondary self-resonance coils. Thus, a variable capacitor
is connected between the conductive wires of the secondary self-resonance coil. When
charging the power storage device, the charging system calculates the charging power
for the power storage device based on the detections of a voltage sensor and a current
sensor and adjusts the capacitance of the variable capacitor to maximize the charging

power. This adjusts the LC resonant frequency of the secondary self-resonance coil.
Citation List

Patent Literature
PTL 1: Japanese Laid-Open Patent Publication No. 2009-106136

Summary of Invention
Technical Problem
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[0004]

[0005]

[0006]

[0007]

PTL 1 discloses a process that efficiently supplies power from a power supplying
side to a power receiving side even when the situation of the vehicle changes the
distance between the primary and secondary self-resonance coils. When the power
storage device is charged, this process adjusts the capacitance of the variable capacitor
for the secondary self-resonance coil to maximize the charging power for the power
storage device. In this case, it is assumed that the distance between the primary and
secondary self-resonance coils changes depending on the situation of the vehicle in a
state in which the vehicle is parked at the proper charging position. Since the vehicle is
parked at the predetermined charging position, there is no mention of detection of the
distance between the primary resonance coil, which supplies power, and the secondary

resonance coil, which receives power.
When parking a vehicle at a predetermined charging position, the resonance state of

the resonance system is detected to determine the distance between the power
supplying resonance coil and the power receiving resonance coil. When the vehicle
reaches a position at which the distance allows for power to be efficiently received by
the power receiving side from the power supplying side, the vehicle is stopped. In this
case, a power supplying device is required to be able to supply charging power from
the power supplying side before the vehicle starts parking. Further, the vehicle
continues to detect the resonance state of the resonance system until locating the
proper charging position. This consumes unnecessary power before charging starts.

It is an object of the present invention to provide a resonance type non-contact power
supply system that detects the distance between a power supplying resonance coil and
a power receiving resonance coil at a movable body side, stops a movable body at a
position where power is efficiently supplied from the power supplying side to the

power receiving side, and reduces power consumption.

Solution to Problem

To achieve the object, one aspect of the present invention provides a resonance type
non-contact power supply system including power supplying equipment and movable
body equipment. The power supplying equipment includes an AC power supply, a
primary resonance coil, and a controller. The primary resonance coil receives power
from the AC power supply, and the controller controls the AC power supply. The
movable body equipment includes a secondary resonance coil, a rectifier, a power
storage device, a distance detector, and a high frequency power supply. The secondary
resonance coil receives power from the primary resonance coil. The rectifier rectifies
the power received by the secondary resonance coil. The power storage device is
supplied with the power rectified by the rectifier. The distance detector and the high

frequency power supply cooperate with each other to detect the distance between the
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[0008]

[0009]

primary resonance coil and the secondary resonance coil. When the distance detector
performs distance detection, the controller holds the AC power supply in a standby
state. After the distance detector completes the distance detection, the controller
activates the AC power supply to supply power.

The standby state refers to a state in which the supply of power from the AC power
supply is stopped but at least signals can be transferred between the AC power supply
and the controller in a manner similar to a standby state of a computer. Further, the ac-
tivation of the AC power to supply power refers to a state in which the AC power
supply supplies the movable body equipment with power used for charging.

In this invention, the distance between the secondary resonance coil and the primary
resonance coil is detected before power is supplied from the power supplying
equipment to the power storage device in the movable body equipment. During the
distance detection, the high frequency power supply, which is used for distance
detection, outputs high frequency power to the resonance system. Further, the distance
detector detects the distance between the secondary resonance coil and the primary
resonance coil based on the input impedance of the resonance system. The resonance
system includes the first and second resonance coils. In addition, during distance
detection in the movable body system, the resonance system includes a circuit element
(e.g., matching unit and secondary coil) arranged between the distance detection high
frequency power supply and the secondary resonance coil and a circuit element (e.g.,
primary coil and matching unit) arranged between the primary resonance coil of the
power supplying equipment and the AC power supply. When the secondary resonance
coil receives power from the primary resonance coil, the resonance system further
includes a circuit element (e.g., matching unit and primary coil) arranged between the
AC power supply and the primary resonance coil, the rectifier supplied with power
from the secondary resonance coil, the power storage device, and a circuit element
(e.g., matching unit and secondary coil) arranged between the secondary resonance coil
and the rectifier. Further, the impedance of the resonance system refers to the
impedance of the entire resonance system (primary coil unit and secondary coil unit)
measured across the two terminals of the primary coil unit, which receives alternating
current during the distance detection. Thus, the measurement of the input impedance of
the resonance system detects the distance between the secondary resonance coil and
the primary resonance coil. During the distance detection, the AC power supply is
maintained in the standby state. Accordingly, the distance between the power
supplying resonance coil and the power receiving resonance coil is detected at the
movable body side (i.e., the distance detector), the movable body may be stopped at a
position where power is efficiently supplied from the power supplying side to the

power receiving side, and power consumption is reduced.
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[0015]

[0016]

Brief Description of Drawings
[fig.1]Fig. 1 is a schematic diagram showing a resonance type non-contact power
supply system according to one embodiment of the present invention.

[fig.2]Fig. 2 is a flowchart showing the operation of the system of Fig. 1.
Description of Embodiments

A resonance type non-contact power supply system according to one embodiment of
the present invention will now be described with reference to Figs. 1 and 2.

Referring to Fig. 1, the resonance type non-contact power supply system includes
power supplying equipment 10 (power transmitting equipment), which is arranged on
the ground, and movable body equipment 20, which is installed in a vehicle
(automobile) that serves as a movable body.

The power supplying equipment 10 includes a high frequency power supply 11,
which serves as an AC power supply, a primary matching unit 12, a primary coil unit
13, and a power supply controller 14, which serves as a power supplying side
controller. The high frequency power supply 11 is controlled by control signals from
the power supply controller 14. The high frequency power supply 11 outputs AC
power having a frequency that is equal to the resonant frequency preset for the
resonance system, for example, high frequency power having a frequency of several
megahertz.

The primary coil unit 13 includes a primary coil 13a and a primary resonance coil
13b. The primary matching unit 12 and a switch SW1 connects the primary coil 13a to
the high frequency power supply 11. The primary coil 13a is coaxial with the primary
resonance coil 13b, and a capacitor C is connected in parallel to the primary resonance
coil 13b. The primary coil 13a is coupled by electromagnetic induction to the primary
resonance coil 13b. AC power supplied from the high frequency power supply 11 to
the primary coil 13a is further supplied through electromagnetic induction to the
primary resonance coil 13b.

The primary matching unit 12 includes two variable capacitors 15 and 16 and an
inductor 17, which form a variable reactance. The variable capacitor 15 is connected
by the switch SW1 to the high frequency power supply 11. The variable capacitor 16 is
connected in parallel to the primary coil 13a. The inductor 17 is connected between the
two variable capacitors 15 and 16. The primary matching unit 12 varies the capacitance
of each of the variable capacitors 15 and 16 to change its impedance. The variable ca-
pacitors 15 and 16 are known configuration in which rotational shafts (not shown) are
driven by motors. The motors are driven in accordance with a drive signal from the
power supply controller 14.

The power supplying equipment 10 includes a terminal resistor 18, which is con-
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[0018]

[0019]

nectable by the switch SW1 to the resonance system. In response to commands from
the power supply controller 14, the switch SW1 selectively connects the primary
matching unit 12 to the high frequency power supply 11 or the terminal resistor 18.
When the movable body equipment 20 performs distance detection, the switch SW1 is
connected to the terminal resistor 18. More specifically, during distance detection, the
resonance system is disconnected from the high frequency power supply 11 and
connected to the terminal resistor 18. The switch SW is a form C contact relay. In Fig.
1, the relay is shown as a form C contact, or contact type. However, the relay may be
of a non-contact type that uses a semiconductor element. The power supplying
equipment 10 also includes a communication device 19 that performs wireless commu-
nication with the movable body equipment 20.

The movable body equipment 20 includes a secondary coil unit 21, a secondary
matching unit 22, a distance detection high frequency power supply 23, a rectifier 24, a
charger 25, a rechargeable battery 26, which is connected to the charger 25 and which
serves as a power storage device, and a vehicle controller 27. A switch SW2 se-
lectively connects the secondary matching unit 22 to the distance detection high
frequency power supply 23 or the rectifier 24. The distance detection high frequency
power supply 23 outputs AC power that is only a few hundredth of the power
transmitted from the high frequency power supply 11.

The movable body equipment 20 includes a voltage sensor 28, which detects the
voltage of the rechargeable battery 26, and a current sensor 29, which detects the
current flowing from the rectifier 24 via the charger 25 to the rechargeable battery 26.
The vehicle controller 27 computes the state of charge of the rechargeable battery 26
based on the detections of the voltage sensor 28 and the current sensor 29. The charger
25 includes a DC/DC converter (not shown), which converts the current rectified by
the rectifier 24 into voltage that is suitable for charging the rechargeable battery 26.
The vehicle controller 27 controls a switching element in the DC/DC converter of the
charger 25 during charging. The charger 25 includes a DC/DC converter (not shown),
which converts the current rectified by the rectifier 24 into voltage that is suitable for
charging the rechargeable battery 26. The vehicle controller 27 controls a switching
element in the DC/DC converter of the charger 25 during charging.

The secondary coil unit 21 includes a secondary coil 21a and a secondary resonance
coil 21b. The secondary coil 21a is coaxial with the secondary resonance coil 21b, and
a capacitor C is connected to the secondary resonance coil 21b. The secondary coil 21a
is coupled by electromagnetic induction to the secondary resonance coil 21b. AC
power supplied from the primary resonance coil 13b to the secondary resonance coil
21b is further supplied through electromagnetic induction to the secondary coil 21a.

The secondary coil 21a is connected to the secondary matching unit 22.
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[0020]

[0021]

[0022]

[0023]

[0024]

The number of windings and the winding diameter of the primary coil 13a, primary
resonance coil 13b, secondary resonance coil 21b, and secondary coil 21a are set in ac-
cordance with the power supplied (transmitted) from the power supplying equipment
10 to the movable body equipment 20.

The secondary matching unit 22 includes two variable capacitors 30 and 31 and an
inductor 32, which form a variable reactance. The inductor 32 is connected between
the two variable capacitors 30 and 31. The variable capacitor 30 is connected in
parallel to the secondary coil 21a. The variable capacitor 31 is connected to the switch
SW2. The secondary matching unit 22 varies the capacitance of each of the variable
capacitors 30 and 31 to change its impedance. The variable capacitors 30 and 31 are
known configuration in which rotational shafts (not shown) are driven by motors. The
motors are driven in accordance with a drive signal from the vehicle controller 27.

A voltage sensor 33, which forms a distance detector, is connected in parallel to the
secondary coil 21a. When detecting the distance between the secondary resonance coil
21b and the primary resonance coil 13b, the vehicle controller 27 controls the switch
SW2 so that the switch SW2 connects the distance detection high frequency power
supply 23 and the secondary matching unit 22. The vehicle controller 27 detects the
distance between the secondary resonance coil 21b and the primary resonance coil 13b
based on the detection signal of the voltage sensor 33 in a state in which the resonance
system is supplied with high frequency power from the distance detection high
frequency power supply 23.

In this embodiment, when the movable body equipment 20 performs distance
detection, the primary matching unit 12, the primary coil 13a, the primary resonance
coil 13b, the secondary resonance coil 21b, the secondary coil 21a, and the secondary
matching unit 22 form the resonance system. Further, when the secondary resonance
coil 21b receives power from the primary resonance coil 13b, the primary matching
unit 12, the primary coil 13a, the primary resonance coil 13b, the secondary resonance
coil 21b, the secondary coil 21a, the secondary matching unit 22, the rectifier 24, the
charger 25, and the rechargeable battery 26 form the resonance system.

The vehicle controller 27 includes a CPU 34 and a memory 35. The memory 35
stores a map or relationship expression obtained from data showing the relationship of
the distance between the primary resonance coil 13b and the secondary resonance coil
21b and an input impedance of the resonance system when the distance detection high
frequency power supply 23 outputs alternating current at a predetermined frequency.
The data is obtained beforehand through experiments. During distance detection, the
vehicle controller 27 detects the voltage across the two terminals of the secondary coil
21a with the voltage sensor 33 to measure the input impedance. Based on the detected

input impedance and the map or relationship expression, the vehicle controller 27
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[0025]

[0026]

[0027]

[0028]

[0029]

computes the distance between the primary and secondary resonance coils 13b and
21b. The vehicle controller 27 functions as a distance computer. Further, the vehicle
controller 27 and the voltage sensor 33 form the distance detector.

Further, the memory 35 stores a map or relationship expression obtained from data
showing the relationship of the state of charge of the rechargeable battery 26 when the
vehicle is accurately parked at the predetermined parking position during charging and
the capacitance of each of the variable capacitors 30 and 31 in the secondary matching
unit 22 when, in such a state, the secondary resonance coil 21b and rectifier 24 are
matched with each other. After charging starts, the vehicle controller 27 adjusts the
secondary matching unit 22 in correspondence with the state of charge of the
rechargeable battery 26. In this manner, the vehicle controller 27 functions as an ad-
justment unit.

A notification unit (not shown) is arranged in the vehicle to notify a driver during
distance detection that the distance from the vehicle to the power supplying equipment
10 is suitable for the power supplying equipment 10 to perform efficient non-contact
power supply. It is preferable that the notification unit be a display allowing the driver
to visually recognize when the vehicle is located at the position in which the suitable
distance is obtained. The notification unit may also be a device that uses a voice to
allow for audible recognition. When parking the vehicle at the charging position, the
vehicle controller 27 drives the notification unit.

The movable body equipment 20 includes a communication device 36 to perform
wireless communication with the power supplying equipment 10. The power supply
controller 14 and the vehicle controller 27 are communicable with each other through
the communication devices. The power supply controller 14 and the vehicle controller
27 exchange necessary information during a period from when the vehicle is parked at
a predetermined charging position, where the power supplying equipment 10 performs
charging, to when the charging ends.

The operation of the resonance type non-contact power supply system will now be
described.

When charging the rechargeable battery 26, which is installed in the vehicle, the
vehicle must be parked at a charging position at which the secondary resonance coil
21b and the primary resonance coil 13b are separated from each other by a prede-
termined distance. Thus, before power is supplied from the power supplying
equipment 10 to the charger 25 of the movable body equipment 20, the movable body
equipment 20 detects the distance between the secondary resonance coil 21b and the
primary resonance coil 13b. After the vehicle moves in accordance with the detected
distance information and reaches the predetermined parking position, the vehicle

controller 27 transmits a power supplying request signal to the power supply controller
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[0030]

[0031]

[0032]

14. In response to the power supplying request signal, the power supply controller 14
starts supplying power.

The operation from when parking is started to when charging is started will now be
described with reference to the flowchart of Fig. 2. In step S1, parking is started and
the vehicle controller 27 transmits a parking start signal to the power supply controller
14. In step S2, when receiving the parking start signal, the power supply controller 14
switches the switch SW1 to a state connecting the primary matching unit 12 and the
terminal resistor 18. Then, the power supply controller 14 provides the vehicle
controller 27 with a transmission indicating the connection. The power supply
controller 14 holds the high frequency power supply 11 in a standby state and does not
activate it until receiving a transmission from the vehicle controller 27 indicating that
distance detection has been completed. In step S3, when recognizing that the terminal
resistor 18 has been connected to the primary matching unit 12, the vehicle controller
27 starts detecting the distance between the primary resonance coil 13b and the
secondary resonance coil 21b.

More specifically, the vehicle controller 27 switches the switch SW2 to a state
connecting the secondary matching unit 22 and the distance detection high frequency
power supply 23. In this state, the movable body equipment 20 outputs AC power
having a predetermined frequency from the distance detection high frequency power
supply 23. This transmits power in a non-contact manner from the secondary coil unit
21 to the primary coil unit 13. Here, the output of the distance detection high frequency
power supply 23 is supplied to the resonance system but not to the charger 25. Further,
in the power supplying equipment 10, the primary matching unit 12 is disconnected
from the high frequency power supply 11 and connected to the terminal resistor 18.
Thus, the input impedance of the resonance system is not affected by the high
frequency power supply 11, the charger 25, and the state of charge of the rechargeable
battery 26. In this state, the vehicle controller 27 computes the input impedance of the
secondary coil 21a based on the detection of the voltage sensor 33. Further, the vehicle
controller 27 detects (computes) the distance between the secondary resonance coil
21b and the primary resonance coil 13b based on the value of the input impedance and
the map or relationship expression. The vehicle controller 27 also drives the noti-
fication unit to notify the driver of whether or not the detected distance is suitable for
efficiently receiving power in a non-contact manner from the power supplying
equipment 10.

In step S4, the vehicle is moved toward the charging position. The driver of the
vehicle refers to the notification device to determine whether or not the vehicle has
reached the position (charging position) that is suitable for the movable body

equipment 20 to efficiently receive power in a non-contact manner from the power
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supplying equipment 10. When reaching the charging position, the driver stops the
vehicle. More specifically, in step S4, the driver moves the vehicle to the prede-
termined parking position (charging position) based on the distance information
received by the vehicle controller 27. In step S5, when the vehicle is moved to the pre-
determined parking position, the vehicle controller 27 completes the distance detection
and sends a transmission indicating the completion to the power supply controller 14.
Further, the vehicle controller 27 switches the switch SW2 to a state connecting the
secondary matching unit 22 and the rectifier 24. The vehicle controller 27 also stops
the output of the distance detection high frequency power supply 23.

In step S6, when recognizing that the vehicle controller 27 has completed distance
detection, the power supply controller 14 switches the switch SW1 to a state
connecting the primary matching unit 12 and the high frequency power supply 11. In
step S7, the power supply controller 14 activates the high frequency power supply 11.
As a result, the high frequency power supply 11, which has been in the standby state,
outputs predetermined high frequency power to charge the rechargeable battery 26 in
the movable body equipment 20.

The detection of the distance between the primary resonance coil 13b and the
secondary resonance coil 21b based on the impedance of the resonance system is
performed by supplying high frequency power to the resonance system from the
distance detection high frequency power supply 23 of the movable body equipment 20.
High frequency power is not supplied to the resonance system from the power
supplying equipment 10. During the distance detection, the high frequency power
supply 11 is held in the standby state. Thus, in contrast with a structure in which the
high frequency power supply 11 supplies power in such a case, unnecessary power
consumption is prevented even during the period until when the vehicle reaches the
charging position.

Next, in step S8, prior to the charging, power transmission matching is performed.
More specifically, the primary matching unit 12 and the secondary matching unit 22
are adjusted when necessary so that the resonance state of the resonance system
becomes satisfactory for the vehicle that is located at the parking position. Afterward,
in step S9, charging is started.

Then, AC power of the resonant frequency is supplied from the high frequency
power supply 11 of the power supplying equipment 10 to the primary coil 13a, and
power is supplied from the primary resonance coil 13b to the secondary resonance coil
21b through non-contact resonance. The power received by the secondary resonance
coil 21b is supplied via the secondary matching unit 22 and the rectifier 24 to the
charger 25. This charges the rechargeable battery 26, which is connected to the charger
25. When charging starts, the state of charge of the rechargeable battery 26 changes.
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This changes the impedance of the rechargeable battery 26 and changes the impedance
of the resonance system from a proper state. During the charging, the vehicle controller
27 adjusts the secondary matching unit 22 to obtain the impedance corresponding to
the state of charge based on the map or relationship expression, which is stored in the
memory 35 and which indicates the relationship of the state of charge of the
rechargeable battery 26 and the suitable impedance corresponding to the state of
charge. This performs charging in a proper state. The vehicle controller 27 determines
that charging has been completed, for example, based on the time elapsed from when
the voltage of the rechargeable battery 26 becomes equal to a predetermined voltage.
When the charging ends, the vehicle controller 27 transmits a charge completion signal
to the power supply controller 14. When receiving the charge completion signal, the
power supply controller 14 ends the power transmission.

The above embodiment has the advantages described below.

(1) The resonance type non-contact power supply system includes the power
supplying equipment 10 and the movable body equipment 20. The power supplying
equipment 10 includes the AC power supply (high frequency power supply 11), the
primary resonance coil 13b, which is supplied with power from the high frequency
power supply 11, and the power supply controller 14, which controls the AC power
supply. The movable body equipment 20 includes the secondary resonance coil 21b,
which is supplied with power from the primary resonance coil 13b. Further, the
movable body equipment 20 includes the rectifier 24, which rectifies the power
received from the secondary resonance coil 21b, the charger 25, which is supplied with
rectified power from the rectifier 24, the rechargeable battery 26, which is connected to
the charger 25, and the distance detector and distance detection high frequency power
supply 23, which detect the distance between the primary resonance coil 13b and the
secondary resonance coil 21b. When detecting the distance between the primary
resonance coil 13b and the secondary resonance coil 21b in the movable body
equipment 20, the power supply controller 14 holds the high frequency power supply
11 in a standby state. After the distance detection is completed, the power supply
controller 14 activates the high frequency power supply 11 to supply power. Ac-
cordingly, the distance between the power supplying resonance coil and the power
receiving resonance coil is detected at the movable body side (vehicle), the movable
body is stopped at a position where power is efficiently supplied from the power
supplying side to the power receiving side, and power consumption is reduced at the
power supplying side.

(2) The power supplying equipment 10 includes the terminal resistor 18, which is
connectable by the switch SW1 to the resonance system. When the movable body

equipment 20 performs distance detection, the resonance system is disconnected from
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the AC power supply (high frequency power supply 11) and connected to the terminal
resistor 18. Even when the resonance system is connected to the high frequency power
supply 11 during distance detection, as long as power is not supplied from the high
frequency power supply 11 to the resonance system, the movable body equipment 20
can perform distance detection. In such a state, however, the high frequency power
supply 11 slightly affects the impedance of the resonance system. This lowers the
distance detection accuracy. In the present embodiment, during distance detection, the
resonance system is disconnected from the high frequency power supply 11 and
connected to the terminal resistor 18. This eliminates the influence of the high
frequency power supply 11 on the impedance of the resonance system and increases
the distance detection accuracy.

(3) The vehicle in which the movable body equipment 20 is installed includes the no-
tification device that notifies the driver of whether or not the detected distance is
suitable for efficiently receiving power in a non-contact manner from the power
supplying equipment 10. Accordingly, the driver of the vehicle may determine with the
notification device whether or not the vehicle has reached the position (charging
position) that is suitable for efficiently receiving power in a non-contact manner from
the power supplying equipment 10. In this manner, the vehicle can easily be moved to
and stopped at the charging position.

(4) The movable body equipment 20 includes the secondary matching unit 22 and a
unit for detecting the state of charge of the rechargeable battery 26 (i.e., the vehicle
controller 27, the voltage sensor 28, and the current sensor 29). The vehicle controller
27 adjusts the secondary matching unit 22 so that the impedance of the resonance
system allows for efficient non-contact power supply even when the impedance of the
rechargeable battery 26 changes in correspondence with the state of charge during
charging. Accordingly, charging is efficiently performed even when the state of charge
of the rechargeable battery 26 changes.

It should be apparent to those skilled in the art that the present invention may be
embodied in many other specific forms without departing from the spirit or scope of
the invention. Particularly, it should be understood that the present invention may be
embodied in the following forms.

The terminal resistor 18 is not necessarily required. The terminal resistor 18 may be
eliminated, and the power supplying equipment 10 may be formed so that the primary
matching unit 12 is constantly connected to the high frequency power supply 11.
However, this structure decreases the distance detection accuracy in comparison to a
structure that disconnects the resonance system from the high frequency power supply
11 and connects the resonance system to the terminal resistor 18.

In the above embodiment, the movable body equipment 20 switches the switch SW2
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[0045]

[0046]

between a state in which the distance detection high frequency power supply 23 is
connected to the secondary matching unit 22 and a state in which the distance detection
high frequency power supply 23 is disconnected from the resonance state. Instead, the
switch SW2 may be eliminated. In this case, the distance detection high frequency
power supply 23 is connected between the secondary matching unit 22 and the rectifier
24. Further, when outputting high frequency power from the distance detection high
frequency power supply 23 during distance detection, the impedance may be increased
at a circuit component located toward the charger 25 from the switch SW2. In this
case, the high frequency power output from the distance detection high frequency
power supply 23 during distance detection is not supplied to the circuit component
located toward the charger 25 from the switch SW2 but supplied to a circuit
component located toward the secondary resonance coil 21b from the switch SW2.
Thus, the state of charge of the rechargeable battery 26 does not adversely affect the
impedance of the resonance system even when the charger 25 is not disconnected from
the resonance system.

To perform non-contact power supplying between the power supplying equipment 10
and the movable body equipment 20, the resonance type non-contact power supply
system does not necessarily require all of the primary coil 13a, the primary resonance
coil 13b, the secondary coil 21a, and the secondary resonance coil 21b. The resonance
type non-contact power supply system only requires the primary resonance coil 13b
and the secondary resonance coil 21b. More specifically, instead of forming the
primary coil unit 13 with the primary coil 13a and the primary resonance coil 13b, the
primary resonance coil 13b may be connected by the primary matching unit 12 to the
high frequency power supply 11. Further, instead of forming the secondary coil unit 21
with the secondary coil 21a and the secondary resonance coil 21b, the secondary
resonance coil 21b may be connected by the secondary matching unit 22 to the rectifier
24. However, it is more preferable that the resonance type non-contact power supply
system include all of the primary coil 13a, the primary resonance coil 13b, the
secondary coil 21a, and the secondary resonance coil 21b. This facilitates adjustment
of the resonance state and easily maintains a resonance state even when the distance
increases between the primary resonance coil 13b and the secondary resonance coil
21b.

When the secondary coil 21a is eliminated, the voltage sensor 33, which forms the
distance detector, measures the voltage across the two terminals of the secondary
resonance coil 21b. Further, the vehicle controller 27 detects the distance between the
primary resonance coil 13b and the secondary resonance coil 21b from a map or ex-
pression that indicates the relationship of the measured voltage and the distance

between the primary resonance coil 13b and the secondary resonance coil 21b.
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

The vehicle, which serves as a movable body, refers to an electric vehicle including a
motor that generates power for driving the vehicle. Such a vehicle includes an electric
vehicle, a hybrid vehicle, which uses an engine in addition to a motor as a power
source, and a vehicle that uses a fuel cell in addition to the rechargeable battery 26 as a
DC power supply for driving the vehicle. Further, the vehicle is not limited to a vehicle
that requires a driver and may be an automated vehicle.

The movable body is not limited to a vehicle and may be, for example, a robot,
which moves away from the power supplying equipment when charging is not
performed.

The primary matching unit 12 and the secondary matching unit 22 each do not have
to include two variable capacitors and an inductor. For example, a matching unit may
include a variable inductor that serves as the inductor. Alternatively, a matching unit
may include a variable inductor and two non-variable capacitors.

The primary matching unit 12 and the secondary matching unit 22 may be
eliminated. However, it is preferable that the primary matching unit 12 and the
secondary matching unit 22 be included since power can be efficiently supplied from
the power supplying side to the power receiving side when finely adjusting the
impedance of the resonance system.

Instead of arranging the rectifier 24 and the charger 25 independently from each
other, the rectifier 24 may be incorporated in the charger 25.

The charger 25 may be omitted from the movable body equipment 20. In this case,
the power rectified by the rectifier 24 is supplied directly to the rechargeable battery
26. Whether the charger 25 is omitted or not, the power supplying equipment 10 may
be configured to adjust the output power of the high-frequency power source 11.

The power storage device is not limited to the rechargeable battery 26 as long as it is
a DC power supply that can be charged and discharged. For example, the power
storage device may be a capacitor having a large capacitance.

The high frequency power supply 11 may be formed so that the frequency of the
output AC voltage is variable or invariable.

The capacitors C connected to the primary resonance coil 13b and the secondary
resonance coil 21b may be eliminated. However, connection of the capacitors C
enables the resonant frequency to be decreased, whereas the resonant frequency would
not be decreased when the capacitors C are eliminated. Further, as long as the resonant
frequency is the same, connection of the capacitors C enables miniaturization of the
primary resonance coil 13b and the secondary resonance coil 21b, whereas such minia-
turization would be difficult when the capacitors C are eliminated.

The present examples and embodiments are to be considered as illustrative and not

restrictive, and the invention is not to be limited to the details given herein, but may be
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modified within the scope and equivalence of the appended claims.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]
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Claims

A resonance type non-contact power supply system comprising:
power supplying equipment including an AC power supply, a primary
resonance coil, and a controller, wherein the primary resonance coil
receives power from the AC power supply, and the controller controls
the AC power supply; and

movable body equipment including a secondary resonance coil, a
rectifier, a power storage device, a distance detector, and a high
frequency power supply, wherein the secondary resonance coil receives
power from the primary resonance coil, the rectifier rectifies the power
received by the secondary resonance coil, the power storage device is
supplied with the power rectified by the rectifier, and the distance
detector and the high frequency power supply cooperate with each
other to detect the distance between the primary resonance coil and the
secondary resonance coil;

wherein when the distance detector performs distance detection, the
controller holds the AC power supply in a standby state; and

after the distance detector completes the distance detection, the
controller activates the AC power supply to supply power.

The resonance type non-contact power supply system according to
claim 1, wherein

the power supplying equipment further includes a switch and a terminal
resistor, which is connectable by the switch to a resonance system
including the primary and secondary resonance coils, and

when the distance detection is performed, the switch disconnects the
resonance system from the AC power supply and connects the
resonance system to the terminal resistor.

The resonance type non-contact power supply system according to
claim 1, wherein

the distance detection unit detects the distance between the primary
resonance coil and the secondary resonance coil based on an input
impedance of the resonance system when the high frequency power
supply outputs high frequency power, and

the resonance system includes the primary resonance coil and the
secondary resonance coil.

The resonance type non-contact power supply system according to any

one of claims 1 to 3, wherein the movable body equipment includes:
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a secondary matching unit; and

an adjustment unit that adjusts the secondary matching unit during
charging based on data showing the relationship of a state of charge of
the power storage device and a suitable impedance for the secondary
matching unit.

[Claim 5] The resonance type non-contact power supply system according to any
one of claims 1 to 4, wherein the movable body equipment is installed
and used in an electric vehicle.

[Claim 6] The resonance type non-contact power supply system according to any
one of claims 1 to 5, wherein the movable body equipment further
includes a charger provided between the rectifier and the power storage
device, the power rectified by the rectifier is supplied to the charger,

and the power storage device is connected to the charger.
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[Fig. 2]
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