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(57) Abstract: A power feeding control device having a power supply path from an external power source to an electric storage
device installed in the electric vehicle is provided. The power supply control device includes : a relay connected in the power supply
path; an electric leakage detection part which detects an electric leakage in the power supply path and makes the relay opened; an
electric leakage generation part that simulates the electric leakage in the power supply path; and a control part that controls opening
and closing of the relay in response to a state notification signal inputted to the control part from the electric vehicle and controls the
electric leakage generation part to simulate the electric leakage when power supply to the electric vehicle is stopped.
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POWER FEEDING CONTROL DEVICE

Field of the Invention

The present invention relates to a power feeding control

device.

Background of the Invention

Conventibnally, there is proposed a power feeding control
device which controls power feeding from an external power source
to an electric wvehicle. The power feeding control device
includes a power side plug connected to the external power source
such as a commercial AC power source, and a vehicle side plug
connected to an electric vehicle, the power side plug being
connected to the vehicle side plug through a cable (see, e.g.,
Japanese Patent Application Publication No. 2009-240053).

In order to cope with a case when a high-voltage side of
the power feeding control device is short-circuited to a vehicle
body while a battery of the electric vehicle is charged, the power
feeding control device includes a relay disposed in a power supply
path for electrically connecting between both of the plugs, and
an electric leakage detection circuit for detecting whether or
not an electric leakage occurs. When the electric leakage
detection circuit detects an electric leakage, the relay is

opened to thereby shut off the power supply to the electric
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vehicle.

In the conventional power feeding control device, in order
to reliably shutting off the power supply to the electric vehicle
when the electric leakage occurs, an electric leakage detection
circuit is checked whenever an electric power is supplied to the
electric vehicle. Specifically, when the power feeding control
device is connected to the electric vehicle and receives a charge
enable signal from the electric vehicle, the power feeding
control device closes the relay and simulates a virtual electric
leakagé to check whether or not the leakage detection circuit
operates normally.

When detecting an electric leakage, the leakage detection
circuit opens the relay and then checks whether or not the relay
is fusion-bonded. Herein, when it is found that the leakage
detection performs normally and the relay has no fusion-bonding,
the power feeding control device starts feeding electric power
to the electric Vehicle by closing the relay.

Thus, the relay incorporated in the power feeding control
device is opened and closed twice when the electric vehicle is
charged once. As the number of times of opening and closing the
relay increases, a lifetime of the power feeding éontrol device

is shortened, which is undesirable.

Summary of the Invention

Inviewof the above, the present invention provides a power
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feeding control device having a long lifetime.

In accordance with an aspect of the present invention,
there is provided a power feeding control device having a power
supply path from an external power source to an electric storage
"device installed in the electric vehicle, the power supply
control device including: a relay connected in the power supply
path; an electric leakage detection part which detects an
electric leakage in the power supply path and makes the relay
opened; an electric leakage generation part that simulates the
electric leakage in the power supply path; and a control part
ithat controls opening and closing of the relay in response to
a state notification signal inputted to the control part from
the electric vehicle and controls the electric Ileakage
generation part to simulate the electric leakage when power
supply to the electric vehicle is stopped. |

Preferably, the power feeding control device further
includes a signal input part to which the state notification
signal for notifying an operational state from the electric
vehicle is inputted, wherein the control part controls the
electric leakage generation part to simulate the electric
leakage when the power supply to the electric vehicle is stopped
and a'charge completion signal for notifying charge completion
is inputted to the signal input part.

The power feeding control device may further includes a
plug detachably connected to a receptacle which is provided in

the electric vehicle, and a signal input part to which the state
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notification signal for notifying the operational state from the
electric vehicle is inputted Vié the plug, wherein the control
part controls the electric leakage generation part to simulate
the electric leakage when the control part determines that the
power supply to the electric vehicle is stopped because the plug
is disconnected by receiving no state notification signal.

‘The power feeding control device may further includes an
operation stop part that outputs, to the control part, a stop
instruction for forcibly stopping the power supply to the
electric vehicle in response to user 's manipulation, wherein the |
control part controls the electric leakage generation part to
simulate the electric leakage when the power supply to the
electric vehicle is stopped based on the stop instruction from
the operation stop part.

The power feeding control device further includes a
fusion-bonding detection part having a capacitor for smoothing
a voltage at secondary side of the relay, which detects whether
or not the relay is fusion-bonded based on a voltage across the
capacitor when the relay is opened, and a discharge circuit part
which provides a discharging path to discharge charges stored
in the capacitor for a period of time when the electric leakage
is simulated by the electric leakage generation part.

Preferably, the power feeding control device further
includes a plug detachably connected to a receptacle provided
at the electric vehicle, and a signal input part to which the

state notification signal for notifying the operational state
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from the electric vehicle is inputted via the plug, wherein, when
a connection confirmation signal for informing that the plug has
been connected to the receptacle is inputted to the signal input
part as the state notification signal, the control part
controls the electric leakage generation part to simulate the
electric leakage in the state where the relay is opened before
the power is supplied to the electric vehicle.

The power feeding control device may further includes a
fusion-bonding detection part which detects whether or not the
relay is fusion-bonded based on a voltage at the secondary side
of the relay when the relay is opened, and an information part
for informing a fusion-bonding occurrence in the relay when the
fusion-bonding detection part detects that the relay is
fusion-bonded and informing an ‘abnormal operation of the
electric leakage detection part in the case where no electric’
leakage detection signal is inputted from the electric leakage
detection part when the electric leakage occurs.

With the above configuration, it is possible to check
whether or not the electric leakage detection part operates
nbrmally without increaéing the number of times of opening and
closing the relay in the power feeding control device. This
prevents the lifetime of the power feeding control device from

being shortened.

Brief Description of the Drawings
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The objects and features of the present invention will
become apparent from the following description of embodiments,
given in conjunction with the accompanying drawings, in which:

Fig. 1 is a schematic circuit diagram showing a power
feeding control device in accordance with an embodiment of the
present invention; |

Fig. 2 is a circuit diagram of L-side and N-side voltage
detectors of the power feeding control device shown in Fig. 1;

Fig. 3 is a perspective view representing an appearance
of the power feeding control device in accordance with the
embodiment;

Fig. 4 is a flow chart for.describing an operation of the
power feeding control device in accordance with the embodiment;

Figs. 5A to 5C are flow charts for describing an operation
of the power feeding control device in accordance with the
embodiment ;

"Fig. 6 is a timing charﬁ for explaining detection
operations of electric léakage and relay fusion-bonding;

Fig. 7 1is a schematic circuit diagram showing a
modification in accordance with another embodiment of the
present invention;

Fig. 8 is a timing chart for explaining an operation of
another embodiment;

Fig. 9 is a flow chart for explaining an operation of
another embodiment; |

Fig. 10 is timing chart for explaining an operation of the
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embodiment; and
Fig. 11 is a schematic block diagram for illustrating

another modification of the embodiment.

Detailed Description of the Embodiment

A power feeding control device in accordance with an
embodiment of the present invention will be described in detail
with reference toFigs. 1 to 10. The power feeding control device
1 of the present embodiment includes a power supply path from
a power source (not shown), e.g., a commercial AC power source,
to an electric storage device provided in an electric vehicle
100, and is used for controlling a powef supply to the electric
storage device.

The electric vehicle 100 includes an electric storage
device 102 having a secondary battery such as.a lithium-ion
battery; and a charging circuit 103 which receives power supply
from the outside via a receptacle 101 to charge the electric
storage device 102. The electric vehicle 100 is driven by an
electric power stored in the electric storage device 102, and
may be an electric automobile, a plug-in hybrid vehicle, a
fuel-cell vehicle or the 1like.

Fig. 3 shows an éxternal perspective view of the power
feeding control device 1. The power feeding control device 1
includes a body part 2 having an elongated rectangular

parallelepiped shape for accommodating a circuit part of the
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power feeding control device shown in Fig. 1 and described below.
The body part 2 has a body 3 formed of a synthetic resin mold
product which has a box-like shape and an opening, and a cover
4 formed of a synthetic resin product for covering the opening
of the body 3. The body 3 and the cover 4 are joined with
conventionally known joint means, e.g., a screw or the like.
A power source side plug P1, which is detachably connected
to a receptacle (not shown) of the commercial AC power source,
is connected to a cable CBl extending from one end in a
longitudinal direction of the body part 2. A vehicle side plug
P2, which is detachably connected to 'a receptacle 101 of the
electric vehicle 100, is connected to a cable CB2 extending from
the other end in the longitudinal direction of the body part 2.
Within the body part 2, there is accommodated a printed
circuit board (not shown) on which a circuit shown in Figs. 1
and 2, déscribed below, is formed. On a front surface of the
body.part 2 (i.e., a front surface of the cover 4), an electric
leakage test button Bl for testing an‘elecﬁric leakage breaking
operation and an operation stop button B2 for forcibly stopping
the power supply to the electric vehicle 100 are provided side
by side, which are operable from outside the body part 2. Further,
on the front surface of the body part 2, there are provided a
power lamp LP1 lit on when the power feeding control device 1
is powered from the commercial AC power source; and an error lamp
LP2 1lit on to inform a user that an abnormal operation in an

electric leakage detection part 22 and a relay RY1 is detected.
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Furthermore, a flexible light-transmitting resin label 5
is attached on the front surface of the body part 2 to cover the
‘buttons B1l, B2, and the lamps LP1l, LP2. On the 1label 5,
characters and graphic symbols are provided so as to represent
usage or the like of the respective buttons Bl, B2, and lamps
LP1, LP2.

| Next, a circuit configuration of the power feeding control
device 1 will be described. As shown in Fig. 1, the power feeding
control device 1 is provided in betwéen an external power source
(a commercial AC power soufce) and the electric vehicle 100, and
includes a voltage side line L1 serving as a conductive line for
a voltage side electrode (L-phase), a ground side line L2 serving
as a conductive line for a ground side electrode (N-phase), and
a ground line L3 serving as a conductive line for a ground.

The power feeding control device 1 includes the relay RY1,
a control part 20, a power supply detection part 21, the electric
leakage detection part 22, an L-side voltage detector 23, an
N-side voltage detector 24, a relay driving unit 25, a signal
input part 26, a signal output part 27, and an electric leakage
generation part 28.

The relay RYi has normally open contacts respectively
inserted into the voltage side line L1 and the ground side line
L2, and turns on and off the power supply from the power source
side plug Pl to the vehicle side plug P2.

The control part 20 includes an integrated circuit (IC)

to thereby control the entire power feeding control device 1.
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The power supply detection part 21 is interposed between
the relay RY1l and the power source side plug Pl and detects a
zero-cross in a voltage generated between the power side line
L1l and the ground side line L2 to check whether or not an electric
power is supplied from the commércial AC power source.

The electric leakage detection part 22 detects an electric
leakage in the power supply path to the electric vehicle 100
(including a circuit of the electric vehicle 100 side) based on
an output of a zero-phase current transformer 22a in which the
power side line L1 and the ground side line L2 passes through
a core thereof. When an imbalance occurs between currents
flowing through the power side line L1l and the ground side line
L2 due to the electric leakage, a current flows in a secondary
side of the zero-phase current transformer 22a corresponding to
the imbalance current . |

Thus, the electric leakage detection part 22 detects the
electric leakage based on an output of the secondary side of the
zero-phase current transfofmer 22a. Whendetecting the electric
leakage, the electric leakage detection part 22 outputs an
electric leakage detection signal to an input terminal PI1 of
the control part 20 and makes the relay RY1l opened.

The L-side voltage detector 23 detects a voltage generated
on the power side line L1 in between the relay RY1 and the vehicle
side plug P2 (i.e., a secondary side of the relay RY1l).

The N-side voltage detector 24 detects a voltage generated

on the ground side line L2 in between the relay RY1 and the vehicle

-10-
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side plug P2 (i.e., the secondary side of the relay RY1).

The relay driving unit 25 opens or closes the relay RY1
in response to a control signal inputted from the control part
20 and a signal from the electric leakage detection part 22.

The signal input part 26 is connected to the electric
vehicle 100 via a conductive line L4 (hereinafter, referred to
as "signal line") provided separately from the conductive lines
Ll to L3. The signal input part 26 receives a so-called CPLT
signal (control pilot signal), and outputs it to the input
terminal PI5 of the control part 20, the CPLT signal including
an operatlonal status notification.

The signal output part 27 outputs the CPLT signal whose
signal level and waveformare modified based on a signal outputted
from the output terminal PO2 of the control part 20 to the electric
vehicle 100 side.

When a voltage at an output terminal PO3 of the control
part 20 becomes L level, the electric leakage generation part
28 simulates a virtual electric leakage by short-circuiting
between the power side line L1 and the ground side line L2.
Eurther,theelectricleakagegene;ationpart28:u;providedwith
a test signal generation circuit 28a for generating a test signal
when the electric leakage test button Bl is pushed. When the
test signal is generated by the test signal generation circuit
28a in the electric leakage generation part 28, as mentioned above,
the power side line L1 is short-circuited to the ground side line

L2, thereby generating the virtual electric leakage.

-11-
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Further, the power feeding control device 1 has the
components 20 to 28 to be connected to the power side line L1,
the ground side line L2, and the ground line L3 at the power source
side of the relay RY1l, thereby supplying an operational power
to each of the components 20 to 28.

Herein, the CPLT signal (i.e., the state notification
‘signal) is changed in voltage level by chanéing, for example,
a voltage dividing ratio in the circuit of the electric vehicle
100 side, and outputted from the signal output part 27 in
accordance with an instruction of the control part 20 (e.g., a
given voltage signal or a duty signal). Table 1, described
below, shows an example of the CPLT signal. When the CPLT signal
has a voltage level of +12 V (state A), it shows that no electric
vehicle 100 is connected to the vehicle side plug'P2 (waiting
for vehicle connection). Further, when the CPLT signal has a
voltage level of (+9V) (state B), it shows that the vehicle side
plug P2 is connected to the electric vehiclé 100 and the
connectiantothecircuitoftheelectricvehicle100iscwnfirmed
(checking for the vehicle connection) .

Furthermore, when the CPLT signal is a duty signal having
a voltage level alternating between (+9V) and (-12V) (state C),
it shows that the connection to the electric vehicle 100 is
completed and a charge enable signal from the electric vehicle
100 side is awaited. Still further, when the CPLT signal is a
duty signal having a voltage level alternating between (+6V)

and (-12V) (state D), it shows that the charge enable signal is

-12-
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inputted from the electric vehicle 100 side.

<TABLE 1>
STATE STATE NOTIFICATION OPERATING STATE

SIGNAL

A +12V WATING FOR VEHICLE CONNECTION

B +9V CHECKINé VEHICLE CONNECTION

C +9V/-12V DUTY | VEHICLE CONNECTION COMPLETION /
SIGNAL CHARGE ENABLE SIGNAL WAIT

D +6V/-12V DUTY | CHARGE ENABLE
SIGNAL

Fig. 2 shows a concrete circuit diagram of the L-side
voltage detector 23 and the N-side voltage detector 24. The
L-side voltage detector 23 includes: a series circuit of a
capacitor Cl, a resistance R1l, and a capacitor C2 which is
connected between the power side line L1 and the ground line L3;
a resistance R2 connected in parallel to the capacitor C2; a
capacitor C3 connected to both ends of thé capacitor C2 with a
diode D1 interposed therebetween; a zener diode ZD1 and a
resistance R5 each of which is connected in parallel to the
capacitor C3; and a comparator CPl.

The comparator CPl compares a voltage across the capacitor
C3 to a reference voltage obtained by dividing a predetermined
voltage suppiied from the power source by a ratio of resistors
R3 and R4, thereby detecting that no power is supplied to the

power side line L1. An output of the comparator CP1 is inputted

. =-13-
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to an input terminal PI3 of the contfol part 20. Herein, in the
state where the power source side plug Pl is connected to a power
receptacle and the relay RY1l is closed, the capacitor C3 is
charged via the diode D1 during a half cycle in which the power
side line L1 is in a positive polarity.

At this time, the voltage across the capacitor C3 exceeds
the reference voltage and the output of the comparatdr CPl is
inverted into H level from L level. Note that, during the other
half cycle for which the power side line L1 is in a negative
polarity, charges stored in the capacitor C3 are discharged
through the resistance R5, so that the voltage across the
capacitor C3 decreases gradually. The capacitor C3 and the
resistor R5 are preferably designed to have a time constant such
that the voltage across the capacitor C3 does not decrease down
to below the reference voltage during the negative half cycle
of the power side line L1. | |

The N-side voltage detector 24, like the L-side voltage
detector 23, includes: a series circuit of a capacitor Cl1, a
resistance R11, and a capacitor C12, which are connected betweeh
the ground side line L2 and the ground line L3; a resistor R12
connected in parallel to the capacitor Cl2; a capacitor C13
connected to both ends of the capacitor Cl2 with a diode D11
interposed therebetween; a zener diode ZD11l and a resistor Rls
each of which is connected in parallel to the capacitor C13; and
a comparator CP1l1.

The comparator CP11l compares a voltage across the capacitor

-14-
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Cl1l3 to a reference voltage obtained by dividing a predetermined
voltage from the power source by a ratio of resistors R13 and
R14, thereby detecting that no power is supplied to the ground
side line L2. The output of the comparator CP11 is inputted into
the input terminal PI4 of the control part 20. Herein, in the
state where ti'le power source side plug Pl is connected to the
power receptacle and the relay RY1l is closed, the capacitor C13
is charged via the diode D11 during a half cycle for which the
ground side line L2 is in a positive polarity.

At this time, the voltage across the capacitor Cl3 exceeds
the reference voltage divided by the resistors R13, R14, and the
output of the comparator CP11 is invertéd toH level from L level.
Note that, in the other half cycle for which the ground side line
L2 is in a negative polarity, charges stored in the capacitor
C13 are discharged through the resistance R15 so that the voltage
acrosé the capacitor C13 decreases gradually. The capacitor C13
and the resistance R15 are designed to have a time constant such
that the voltage across the capacitor C13 does not decrease down
to below the reference voltage during the negative half cycle
of the ground side line L2.

Operation of the power feeding control device 1 of the
present embodiment with the above configuration will be
described.

First, an operation before starting to charge will be
described with reference to Fig. 4. When a user connects the

power source side plug P1 to the power receptacle (S1), the power

-15-
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supply control device 1 is powered from the commercial AC power
source and starts operating. In the state where no vehicle side
plug P2 is connected to the electric vehicle 100, the CPLT signal
outputted from the signal output part 27 has a value of +12 V
(state A), and is inputted to the signal input part 26 (S2). The .
control part 20 determines, based on the CPLT signal inputted |
from the signal input part 26, that no vehicle side plug P2 is
connected to the electric vehicle 100. Note that, in this state,
the relay RY1l is in off state.

Secondly, when the user connects the vehicle side plug P2
to the receptacle 101 of the electric vehicle 100 (S3), the
voltage level of the CPLT signal is changed to +9 V by the circuit
of the vehicle side (state B), and the CPLT signal is inputted
to the control part 20 via the signal input part 26. |

When the CPLT signal turns into the state B (Yes in S4),
the control part 20 determines that the vehicle side plug P2 has
been connected to the electric vehicle 100. Then, the control
part 20 moves into the charge enable waiting state and changes
the CPLT signal to the state C through the signal output part
27 (S5). When the CPLT signal turns into the state C, the charge
circuit 103 in the electric vehicle 100 determines that the power
feeding control device 1 is in the charge enable waiting state.
Accordingly, the charging circuit 103 turns on a charge enable
switch. When the charge enable switch turns on at the electric
vehicle 100 side (S6), the voltage level of the CPLT signal is

changed to +6 V by the circuit of the electric vehicle 100 side,

-16-=



WO 2012/104703 PCT/IB2012/000137

and the CPLT signal for informing the charge enable is outputted
to the control part 20 of the power feeding control device 1.

When the voltage level of the CPLT signal is changed to
+6 V (Yes in S7), the control part 20 determines that the charging
has been enabled by the electric vehicle 100 and changes the CPLT
signal to the state D through the signal output part 27 (S8).
Further, the control part 20 controls the relay driving unit 25
to turn on the relay RY1l (S9). Accordingly, an electric power
is supplied to the electric vehicle 100, thereby starting the
charging (S10).

Next, an operation check of the electric leakage detection
part 22 and detection of a fusion-bonding in the relay at the
timing of stopping the power supply to the electric vehicle 100
will be described with reference to a flow chart in Fig. 5A.

In the state where the electric power is supplied to the
electric vehicle 100 from the power feeding control devicé 1,
the CPLT signal has a voltage level of alternating between +6
V and -12 V (state D) (S11 in Fig. 5A). From this state, when
the charging is completed in the electric vehicle 100 (S12), the
electric vehicle 100 changes the signal level of the CPLT signal
to +9V. The control part 20 of the power feeding control device
1 constantly monitors the CPLT signal inputted through the signal
input part 26, and determines that the charging is completed and
stops the power supply when the control part 20 detects that the
voltage level of the CPLT signal is changed to +9 V (Yes of S13).

That is, the control part 20 controls the signal output

-17-
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part 27 to change the CPLT signal to the state C (S14), and, after
that, controls the electric 1leakage generation part 28 to
simulate the virtual leakage (S15). At this time, if the
electric leakage detection part 22 operates normally the
electric leakage is detected. Accordingly, the electric leakage
detection part 22 makes the relay RY1l opened and outputs the
electric leakage detection signal to the input terminal PI1 of
the control part 20.

After the virtual leakage is simulated by the electric
'leakage generation part 28, the control part 20 checks whether
or not the electric leakage detection signal is inputted to the
input terminal PI1 of the control part 20. When no electric
leakage detection signal is inputted to the input terminal PI1l
of the control part 20, the control part 20 determines that the
electric leakage detection part 22 fails to detect electric
leakage (No of S16), and lights on the error lamp LP2 (S17). In
the present embodiment, an abnormal operation in the leakage
detection is not;ified by turning on the error lamp LP2. However,
it is not limited thereto, and it may be notified by a sound,
e.g., by using a buzzer.

On the other hand, when the electric leakage detection
signal is inputted to the input terminal PI1 of the control part
20, the control part 20 determines that the electric leakage
detection part 22 detects the electric leakage (Yes in S16), and
~ moves . the fusion-bonding check in the relay RYl. When the

electric leakage detection part 22 detects the electric leakage,
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the control part 20 opens the relay RYl. If the relay RY1l is
fusion-bonded, both voltages of the power side line L1l and the
ground side line L2 at the secondary side of the relay RY1 become
zZero.

As described above, the L-side voltage detector 23 and the
N-side voltage detector 24 detect whether or not voltages
exceeding respective predetermined thresholds are generated on
the power side line L1 and the ground side line L2 of the secondary
side of the relay RY1l. The control part 20 checks whether or
not the fusion-bonding occurs based on the detection results of
both voltage detectors 23 and 24 (S18). Namely, when the
voltages exceeding the predetermined thresholds are generated
in the secondary side of the relay RY1l, the control part 20
determines that the relay RY1 is fusion-bonded, and informs of
the fusion-bonding occurrence in the relay RY1l by lighting en
the error lamp LP2 (S19).

On the other hand, when the secondary side voltages of the
relay RY1l are below the predetermined thresholds, the control
part 20 determines that the relay RY1l is not fusion-bonded (the
relay RY1 is opened), and the error lamp LP2 remains 1lit off.
Herein, a fusion-bonding detection part includes the L-side
voltage detector 23, the N-side voltage detector 24, and the
control part 20. An information part includes the error lamp
LP2.

Further; the error lamp LP2 may have different lighting

patterns distinguishing a detection of the fusion-bonding from
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a detection of the abnormal operation of the leakage detection.
Thus, various kinds of failures may be notified ‘by distinguishing
in lighting patterns. Further/ the occurrence of the relay
fusion-boding may be notified by, for example, sounding an alarm
or a buzzer. In this case, the buzzer may be sounded so as to
have a different tone between in detecting the fusion-bonding
and in detecting the abnormal operation of the leakage detection.
Thus, various kinds of failures can be notified by making
differences in tone.

Further, the electric vehicle 100 (or the power feeding
control device 1) informs a user of the completion of charging
by using sound or light. When the user is informed of the
completion of charging and disconnects the vehicle side plug P2
from the receptacle 101 (S20), the CPLT signal is changed to have
a value of +12 V (state A). When the CPLT signal is changed to
have ﬁhe value of +12 V (Yes in S21), the control part 20
determines that the vehicle side plug P2 is disconnected from
the receptacle 101 of the electric vehicle 100, and returns to
the vehicle connection waiting state (S22).

As described above, the control part 26 controls the
electric leakage generation part 28 to simulate a virtual
electric leakage (self-leakage) at the timing of stopping the
power supply to the electric vehicle 100. When the electric
leakage detection part 22 detects an electric leakage, it makes
the relay RY1l opened. Accordingly, without increasing the

number of times of opening and closing of the relay RY1l, the
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leakage detection operation can be checked by the electric
leakage generation part 28 and the electfic leakage detection
part 22, and the fusion-bonding of the relay RY1l can be checked
by the L-side voltage detector 23 and N-side voltage detector
24. Thus, it is possible to prevent the lifetime of the power
feeding control device 1 from being shortened.

In the present embodiment, the control part 20 controls
the electric leakage generation part 28 to simulate the virtual
electric leakage at the timing when the charge completion signal
that notifies the completion of charging as the state
notification signal is inputted to the signal input part 26.
However, it is not limited thereto, and the electric leakage may
be simulated and detected at another time when stopping of the
poWer supply to the electric vehicle can be determined.

For instance, the control part 20 may determine stopping
of the power supply by detecting that no state notification signal
is inputted because of disconnection of the vehicle side plug
P2. This operation will be described below with reference to
Fig. G5B.

In the state where a power is supplied to the electric
vehicle 100 from the power feeding control device 1, the CPLT
signal is in the state D (S11 in Fig. 5A). 1In this state, when
the vehicle side plug P2 is disconnected from the receptacle 101
of the electric vehicle 100 (S23), the C?LT signal is changed
to have a value of +12 V (state A) (Yes in S24). That is, when

no state notification signal is inputted, the CPLT signal changes
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to the state A. Accordingly, when the CPLT signal is changed
to the state A from the state D, the control part 20 determines
that no state notification signal is inputted from the electric
vehicle 100 side, i.e., the vehicle side plug P2 is disconnected
from the receptacle 101 of the electric vehicle 100, and then
moves to a process upon stopping the power supply to the electric
vehicle 100.

The control part 20 controls the electric leakage
generation part 28 to simulate the virtual electric leakage (S25).
At that time, when the electric leakage detection part 22 is found
toopera;enbrmallyanddetecttheelectricleakage,theelectric
leakage detection part 22 opens the relay RY1l and outputs the
electric leakage detection signal to the input terminal PI1 of
the control part 20. After simulating the virtual electric
leakage by the electric leakage generation part 28, the control
part 20 monitors whether or not the electric leakage detection
signal is inputted to the input terminél PI1, and determines
whether or not the leakage detection operates normally.

When no electric leakage detectiop signal is inputted to
the input terminal PI1 of the control part 20, the control part
20 determines that the electric leakage detection part 22 can
detect no electric leakage (No of S26) and lights on the error
lamp LP2. Then, the user is informed of an abnormal of the
leakage detection operation (S27).

On the other hand, when the electric leakage detection

signal is inputted to the input terminal PI1 of the control part
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20, the control part 20 determines that the electric leakage
détection.part 22 detects the electric leakage normally (Yes of
S26) and then.moVes to a fusion-bonding check of the relay RY1.
When the electric leakage detection part 22 detects-the electric
leakagef it opens the relay RYl. TIf the relay RYl is not
fﬁsion-bonded, each of the power side line L1 and ground side
line L2 has a voltage of zero at the secondary side of the relay
RY1.

As described above, the L-side voltage detector 23 and the
N-side voltage detector 24 detect whether or not the power side
line L1 and the ground side line L2 have voltages of respective
predetermined thresholds or more. The control part 20 checks
whether or not the fusion-bonding occurs based on the detection
results of both voltage detectors 23 and 24 (S28). Namely, when
the power side line L1 and the ground side line L2 at the secondary
'side of the relay RY1l have voltages of the predetermined
thresholds or more,. the control part 20 determines that the relay
RY1 is fusion-bonded, and informs of the fusion-bonding of the
relay RY1l by lighting on the error lamp LP (S29).

On the other hand, when the power sidé line L1 and the ground
side line L2 at the secondary side of the relay RY1 have voltages
less than the respective predetermined thresholds, the control
part 20 determines that the relay RY1 is not fusion—bonded (the
relay RY1 is opened normally), and the error lamp LP2 remains
turned off. At this time, the control part 20 controls the signal

output part 27 to output the CPLT signal having the voltage of
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+12 V (state A), and returns to the vehicle connection waiting
state (530).

The control part 20 moves to a process in stopping of the
power supply when the operation stop button B2 (operation stop
part) provided on the power supply control device 1 is pressed.
This operation will be descfibed below with reference to Fig.
5C.

In the state where a power is supplied to the electric
vehicle 100 from the power supply control device 1, the CPLT
signal is in the state D (S11 of Fig. 5A). When the operation
stop button B2 is pressed in this state (S31), the control part
20 controls the electric leakage generation part 28 to simulate
the virtual electric leakage in response to the push operation
V(stop instruction) through the operation stop button B2 (S32).
Atthistime,whentheelectricleakagedetectionpart220perates
normally and detects the leakage, the electric leakage detection
part 22 opens the relay RY1l and outputs the electric leakage
detection signal to the input terminal PI1 of the control part
20.

After simulating the virtual electric leakage by the
electric leakage generation part 28, the control part 20 monitors
whether or not the electric leakage detection signal is inputted
to the input terminal PI1, and determines whether or not the
leakage detection operates normally.

When no electric leakage detection signal is inputted, the

control part 20 determines that the electric leakage detection
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part 22 fails to detect the electric leakage (No in S33), and:
informs the user of the abnormal of the leakage detection
operation by lighting on the error lamp LP2 (S34).

On the other hand, when the electric leakage detection
signal is inputted, the control part 20 determines that the
electric leakage detection part 22 can detect the electric
leakage normally (Yes of S33), and then moves to the
fusion-bonding check of the relay RYl. When detecting the
electric leakage, the electric leakage detection part 22 opens
the relay RY1l. Therefore, if there is no fusion-bonding in the
relay RY1, each of the power side line L1l and the grounding side
line L2 has a voltage of zero at the secondary side of the relay
RY1.

As described above, the L-side voltage detector 23 and the
N-side voltage detector 24 detect whether or not the power side
line L1 and the ground side line L2 have -voltages of the respective
predetermined thresholds or more .at the secondary side of the
relay RY1. The control part 20 determines, based on the
detectionresults qf both the voltage detectors 23 and 24, whether
or not the fusion-bonding occurs (S35). Namely, when the power
side line L1l and the ground side line L2 have the voltages equal
to or more than the predetermined thresholds at the secondary
side of ﬁhe relay RY1l, the control part 20 determines that the
relay RY1l is fusion-bonded (Yes of S35), and informs of the
fusion-bonding of the relay RY1 by turning on the error lamp LP2

(836) .
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On the other hand, when voltages of the power side line
L1l and the ground side line L2 at the secondary side of the relay
RY1l are less than the predetermined thresholds, the control part
20 determines that the relay RY1 is not fusion-bonded (the relay
RY1 is opened), and leaves the error lamp LP2 off. At this time,
the control part 20 controls the signal output part 27 to change
the CPLT signal to 0 V , and informs the electric vehicle 100
side that the power supply has been stopped (S37).

In the above described embodiment, when the charge
completion signal is inputted from the electric vehicle 100, when
the control part 20 determines that the vehicle side plug P2Iis
disconnected from the electric vehicle 100 by detecting no state
notification signal, and when the operation stop button B2 is
pressed in ﬁhe power supply control device 1 side, the power
feeding control device 1 checks the operation of the leakage
detection and the fusion-bonding of the relay RY1l by simulating
the virtual electric leakage. Therefore, it is possible to
prevent increasing the number of times of opening and closing
of the relay RY1.

As for the fusion-bonding of the relay RY1l, the control
part 20 determines whether or not the voltage is generated in
the secondary side of the relay RY1 when the relay RY1 is opened,
based’on the detection results of the L-side voltage detector
23 and the N-side voltage detector 24. Fig. 6 shows the timing
chart for explaining operation check of the electric leakage

detection part 22 and the fusion-bonding check of the relay RY1
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at the time of completing the charging.

Atthetimetﬂ.ofcompletingthecharging,thevoltageievel
of the CPLT signal is changed to +9 V from +6 V at the electric
vehicle 100 side. At the time t2, when a time period of about
30 ms needed for confirming the signal is elapsed since the CPLT
signal has been changed, the control part 20 controls the electric
leakage generation part 28 to simulate the virtual electric
leakage.

When detecting the electric leakage, the electric leakage
detection part 22 outputs the electric leakage detection signal
to the control part, 20 and opens the relay RY1. At the time t3
when a predetermined ‘time period has passed from t2, the control
part 20 checks the operation of the electric leakage detection
part 22. Further, the control part 20 checks the fusion-bonding
of the relay RY1 at the time t5 when a predetermined time period
DT2 elapses after the time t2.

Herein, the control part 20 determines whether or not the
relay RY1 is fusion-bonded based on the detection results of the
L-side voltage detector 23 and the N-side voltage detector 24.
In the L-side voltage detector 23, a voltage of the power side
line L1l is divided and then smoothed by the capacitors C2 and
C3 to provide a DC (direct current) voltage which is compared
with the reference voltage. 1In the N-gide voltage'detector 24,
a voltage of the power side line L2 is divided and then smoothed
by the capacitors Cl12 and C13 to provide a DC voltage which is

compared with the reference voltage.
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Therefore, after the relay RY1l is opened, a time lag will
occur due to residual charges in the capacitors until the outputs
of both the voltage detectors 23 and 24 become L level. Since
the time lag changes with a capacitor capacity, the predetermined
time DT2 is necessary to be set longer than the time lag. Thus,
it takes a longer time until the fusion-bonding is checked.

In order to solve this problem, as shown in Fig. 7, there
may be provided a switching element Q1 for discharging the charges
stored in the capacitors C2 and C3 of the L-side vbltage detector
23; and the switching element Q2 for discharging the charges
stored in the capacitors Cl2 and Cl13 of the N-side voltage
detector 24. That is, the charges stored in the capacitors C2,
C3, _and the capacitors 12, Cl13, are discharged through
discharging paths provided by discharge circuit parts including
the switching elements Q1 and Q2, respectively. These.switching
elements Q1 and Q2 are normally turned off. In the present
embodiment, the switching elements Ql1, Q2 are formed of
transistors, but may include switching elements othef than the
transistors.

When the electric leakage generation part 28 simulates the
virtual electric leakage upon checking the operation of the
leakage detection and the fusion-bonding, the control part 20
turns on the switching elements Q1, Q2 for a period of time to
provide the discharging path. When the switching element Q1 is
turned on, the charges stéred in the capacitors C2, C3 are

discharged. When the switching element Q2 is turned on, the
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charges stored in the capacitors C12, C13 are discharged. This
shortens the time lag until the detection results of the L-side
voltage detector 23 and the N-side voltage detector 24 are changed
toL level, thereby reducing the time laguntil the fusion-bonding
is checked.

Such operation will be described with reference to the
timing chart shown in Fig. 8. When the charging is completed
in the electric vehicle 100 at the time tll, the voltage level
of the CPLT signal is changed to +9 V from +6 V at the side of
the electric vehicle 100. At the time tl1l2, i.e., after about
30 ms since the CPLT signal is changed, the signal becomes stable.

At the time t12, the control part 20 controls the electric
leakage generation part 28 to simulate the virtual electric
leakage. When detecting this electric leakage, the electric
leakage detection part 22 outputs the electric leakage detection
signal to the control part 20 and opens the relay RY1l. Further,
after simulating the virtual electric leakage by the electric
leakage generation part 28, the control part 20 turns on the
switching elements Q1, Q2 during a period of time from the time
t1l3 to the time tl1l5, thereby discharging the charges stored in
the capacitors C2 and C3 of the L-side voltage detector 23, and
the capacitors Cl2 and C13 of the N-side voltage detector 24.

Furthermbre, at the time tl1l3 when a predeterminéd time
period has passed from the time tl1l2, the control part 20 checks
the operation of the leakage detection. Besides, the control

part 20 checks the fusion-bonding at the time tlé when a
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predetermined time period DTS5 elapses after time tl15 at which
the switching elements Q1, Q2 are turned off.

Herein, the time period DT4, starting from the time when
the electric leakage is generated to the time when the switching
elements Q1, Q2 are turned off, is set to be a time period (e.g.,
130 ms) obtained by adding the time period (e.g., 50mS) for which
the virtual electric leakage is simulated and the time period
(e.g., 80mS) for which the charges stored in the capacitors of
the L-side voltage detector 23 and the N-side voltage detector
24 are discharged, in the case where the relay RY1 opens normally.
Further, in the case where the relay RY1l is fusion-bonded, the
switching elements Q1, Q2 are turned off at the time t15 and the
capacitors of the L-side voltage detector 23 and the N-side
voltage detector 24 are charged. Herein, a certain amount of
time 1s needed to change the outputé of the L-side voltage
detector 23 and the N-side voltage detector 24 to the H level.

For that reason, a certain waiting time may be provided
before the fusion-bonding is checked. For.example, when the
power source supplies a voltage of 85V, the waiting time does
not exceed 100mS. Therefore, the waiting time period DT5 needed
before the fusion-bonding is checked after turning off the
switching elements Q1, Q2 may be set to 100mS. Consequently,
a total time period until the fusion-bonding is checked after
the virtual electric leakage is simulated may be set to be 230mS
(a sum of DT4 (=130 mS) and DT5(=100 mS)), for example. Thus,

the total time can be reduced as compared with that of the sequence
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shown in Fig. 6, thereby making it faster to detect and announce
the fusion-bohding in the case where the relay RY1l is
fusion-bonded. This makes it possible to improve safety.

Even when the vehicle side plug P2 is disconnected in the
state where the relay RY1 is fusion-bonded, the vehicle side plug
P2 is powered. With the present embodiment, since checking and
informing the fusion-bonding can be performed before
disconnecting the vehicle side plug P2 by the user is completed
(e.g., one second), the safety can be improved. Note that
Electrical Appliance and Material Safety requests that a voltage
across plug pins has to be 45V or less at one secondvafter the
plug pins are removed from pin receivers. As described above,
in the present embodiﬁent, since the fusion-bonding can be
checked and informed within one second, it is sufficient to
ensuring safety.

Further, in the above power feeding control device 1,
although.the'virtual electric leakage is simulated to check both
the operation of the electric leakage detection part 22 and the
fusion-bonding at the timing of stopping the power supply, the
operation check of the electric leakage detection part 22 may
be performed at the timing of starting the power supply. This
operation will be described with reference to the timing chart
shown in Fig. 9.

When the user inserts the power source side plug P1l into
the power receptacle, anelectric power of the commercial AC power

source is supplied to the power feeding control device 1 and the
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power feeding control device 1 starts operating. In the state
where no vehicle side plug P2 is connected to the electric vehicle
100, a CPLT signal outputted from the signal output part 27 has
a voltage of +12 V (state A), and the CPLT signal is inputted
into the signal input part 26 (S50). At this point, the control
part 20 determines that no vehicle side plug P2 is connected to
the electric vehicle 100 based on the CPLT signal inputted from
the signal input part 26.

Next, when the user inserts the vehicle side plug P2 into
the receptacle 101 of the electric vehicle 100 (S51), the voltage
of the CPLT signal inputted to the signal input part 26 changes
into +9 V (state B).

When the CPLT signal changes into the state B (Yes in S52),
the control part 20 of the power feeding control device 1
determines that the vehicle side plug P2 is connected to the
electric wvehicle 100, and controls the electric 1leakage
generation part 28 to simulate the virtual electric leakage
(853). At this time, When operating normally, the electric
leakage detection part 22 detects the electric leakage and
outputs the electric leakage detection signal to the input
terminal PI1 of the control part 20.

After controlling the electric leakage generation part 28
to simulate the virtual electric leakage, the control part 20
monitors whether or not the electric leakage detection signal
is inputted to the input terminal PI1. When no electric leakage

detection signal is inputted, the control part 20 determines that
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the electric leakage detection part 22 cannot detect the electric
leakage (No in 854), and informs the user of the electric leakage
detection error by lighting on the error lamp LP2 (S55).

On the other hand, when the electric leakage detection
signal is inputted to the input terminal PI1 of the control part
20, the control part 20 determines that the electric leakage
detection part 22 can detect the electric leakage normally (Yes
in 854), and moves to a charge enable waiting state. Then, the
control part 20 controls the signal output part 27 to change the
CPLT signal into the state C (S56).

When the CPLT signal is changed into the state C, the charge
circuit 103 of the electric vehicle 100 determines that the power
feeding control device 1 is in the charge enable waiting state,
and makes a switch for enabling the charging operable. When the
.switch for enabling the charging is turned on at the side of the
electric vehicle 100, the voltage level of the CPLT sighal is
changed to +6 V at the side of the electric vehicle 100, and the
signal for enabling the charging is outputted to the power-feediflg
control device 1.

When the voltage level of the CPLT signal is changed to
+6 V (Yes in 857), the control part 20 determines that the charging
to the electric vehicle 100 is enabled, and controls the signal
output part 27 to change the CPLT signal into the state D (S58).
Further, the control part 20 controls the relay driving unit 25
to close the relay RY1l, thereby starting the charging (859).

As described above, in the state where the relay RY1l is
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opened before the power is supplied to the electric vehicle 100,
a connection confirmation signal (the CPLT signal of +9 V) for
informing that the vehicle side plug P2 is inserted into the
receptacle 101 of the electric vehicle 100, as the state
notification signal, is inputted into the signal input part 26.
At this time, the control part 20 controls the electric leakage
generation part 28 to simulate the virtual electric leakage.

Thus, the power feeding control device 1 can determine
whether or not the electric leakage detection part 22 operates
normally before starting the power supply to the electric vehicle
100. Therefore, after the normal operation of the electric
leakage detection part 22 is checked, the power supply can be
started. Further, since the virtual eleétric leakage is
simulated in the state where the relay RY1l is opened, it is not
necessary to open the relay RY1l upon detecting the electric
leakage. As a result, the number of times of opening and closing
of the relay RY1l is reduced, which prevents the lifetime of the
power feeding control device 1 from being shortened.

In the above embodimgnts, although the portable power
feeding control device 1 is used for connecting to the power
receptacle, it may be of floortype. For instance, as shown in
Fig. 11, the circuit part shown in Fig. 1 may be built in a body
part 10 of standing type installed near a parking space, or in
the body part 10 attached on a wall of dwellings such as a house.
In such power feeding control device 1 of a standing type, the

wiring from the power source may be connected to the primary side
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of the relay RY1l in advance, which eliminates the need for the
cable CBl which connects between the power source and the power
side plug P1l.

While the invention has been shown and described with
respect to the embodiments, it will be understood by those skilled
in the art that various changes and modifications may be made
without departing from the scope of the invention as defined in

the following claims.
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What is claimed is:

1. A power feeding control device having a power supply path
from an external power source to an electric storage device
installed in the electric vehicle, the power feeding control
device comprising:

a relay connected in the power supply path;

an electric leakage detection part which detects an
electric leakage in the power supply path and makes the relay
opened;

an electric leakage generation part that simulates the
electric leakage in the power supply path; and

a control part that controls opening and closing of the
relay in response to a state notification signal inputted to the
control part from the electric vehicle and controls the electric
leakage generation part to simulate the electric leakage when

power supply to the electric vehicle is stopped.

2. The power feeding control device of claim 1, further
comprising:

a signal input part to which the stéte.notification signal
for notifying an operational state from the electric vehicle is
inputted,

wherein the control part controls the electric leakage
generation part to simulate the electric leakage when the power

supply to the electric vehicle is stopped and a charge completion
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signal for notifying charge completion is inputted.td the signal

input part.

3. The power feeding control dévice of claim 1, further
comprising:

a plug detachably connected to a receptacle which is
provided in the electric vehicle; and

a signal input part to which the state notification signal
for nqtifying the operational state from the electric vehicle
is inputted via the plug,

wherein the control part controls the electric leakage
generation part to simulate the electric leakage when the control
part determines that the power supply to the electric vehicle
is stopped because the plug is disconnected by receiving no state

notification signal.

4. The power feeding control device of any one of claims 1
to 3, further comprising:

an_operation stop part that outputs, to the control part,
a stop instruction for forcibly stopping the power supply to the
electric vehicle in response to user's manipulation,

wherein the control part controls the electric leakage
generation part to simulate the electric leakage when the power
supply to the electric vehicle is stopped based on the stop

instruction from the operation stop part.
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5. The power feeding control device of any one of claims 1
to 4, further comprising:

a fusion-bonding detection part having a capacitor for
smoothing a voltage at secondary side of the relay, which detects
whether or not the relay is fusion-bonded based on a voltage
across the capacitor when the relay is opened; and

a discharge circuit part which provides a dischargirig path
to discharge charges stored in the capacitor for a period of time
when the electric leakage is simulated by the electric leakage

generation part.

6. The power feeding control device of claim 1, further
comprising: |

a plug detachably connected to a receptacle provided at
the electric vehicle; and

é signal input part to which the state notification signal
for notifying the operational state from the electric vehicle
is inputted via the plug; |

wherein, when a connection confirmation signal for
informing that the plug has been connected to the receptacle is
inputted to the signal input part as the statenotificationsignal,

the control part controls the electric leakage generation
part to simulate the electric leakage in the state where the relay

is opened before the power is supplied to the electric vehicle.
7. The power feeding control device of any one of claims 1

-38-



WO 2012/104703 PCT/IB2012/000137

to 4, further comprising:

a fusion-bonding detection part which detects whether or
not the relay is fusion-bonded based on a voltage at the secondary
side of the relay when the relay is opened; and

an information part for informing é fusion-bonding
occurrence in the relay when the fusion-bonding detection part
detects that the relay is fusion-bonded and informing an abnormal
operation of the electric leakage detectionpart in the case where
no electric leakage detection signal is inputted from the
electric leakage detection part when the electric leakage

occurs.
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