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(57) Abstract: There is provided a charging device
for a vehicle, which carries out timer charging in
which the charging device, is set in a standby state
without charging until charging start time comes
when the charging start time is set. The charging
device includes a charger that charges an electrical
storage device of the vehicle with electric power
supplied from a device outside the vehicle, a cable
lock mechanism (260) that locks a charging cable in
a state where the charging cable is connected to an
inlet, and an electronic control unit (170) that de-
termines whether to carry out timer charging or
carry out instant charging without carrying out the

,JT timer charging on the basis of a state of a switch as-

sociated with operation of the cable lock mechanism
(260).
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CHARGING DEVICE FOR VEHICLE

' BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a charging device. for a vehicle on which an
electrical storage device is mounted and, more particularly, to a charging device for a

vehicle, which carries out timer charging.

2.‘ Description of Related Art

’ [0002])  In recent years, Vehicies, such as electric Vehieles and plug-in hybrid
vehicles, configured te be able to charge a vehicle-mounted electrical étorage device fronﬂ
an external device have started being widely used.

| [0003] Japanese Patent Application Publication No. 2012-70623 (JP 2012-70623
A) de.scribes' a control device for a vehicle, which is able to adjust a charging schedule for
charging an electrical storage device from an external power supply. |

[0004) An ECU mounted on the vehicle described in this publication includes a

- charge control ‘unit that causes a battery to be charged by controlling a charger and a

start-up commarnd unit that, when charging start time is set, issues a start-up command to
the charge control unit such that the charge control unit is caused to wait until current t.ime
reaches the charging start time and to start charging the battery from the charging start time.
When the start-up command unit has received a start command, the start-up command unit
issues the start-up command to the charge control unit such that the battery starts being
charged from the timihg at which the start command has been received.

- [0005] JP 2012-70623 A describes that the | staft-up command unit executes
control such that the battery starts being charged from the timing at ‘which fhe start
command has been received when the start-up command unit has. received the start
command; however, it does not apparently describe the details of user's operétion for
issuing the start command to the staﬁ-ﬁp command unit.

[0006] It is presumable that a frequency at which a command for can'celling such
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timer reservation or a command for enabling timer reservation is given is extremely low

depending on the way of user's usage. For example, a user who conducts normal
charging without timer éétting or a user who cdnsténtly conducts timer charging in
accordance with timer setting extremely less frequenﬂy provides such a command.

[0007]  Thus, the frequency at which an input switch for issuing a command is
operated is also low, and the user is hard to realize an abnormality éyen when the switch
has a failure. Therefore, in the case where the timer is sef, when-instant chérging is
intended by cqncelliﬁg the timer setting, there is a concern that the timer setting cannot be

cancelled and the instant charging cannot be carried out.

SUMMARY OF THE INVENTION

[0008]  The invention provides a charging device for a vehicle, which increases
the possibility that a failure on timer setting for charging is realized.
[0009] A first aspect of the invention provides a charging device for a vehicle,

which carries out timer charging in which the charging device is set in a standby state

‘without charging until charging start time comes when the charging start time is set. The

charging device includes a charger, a lock mechanism and an electronic control unit. The

* charger is configured to charge an electrical storage device of the vehicle with electric -

power supplied from a device outside the vehicle. - The lock mechanism is configured to

lock a charging cable in a state where the charging cable is connected to an inlet. The

electronic control unit is configured to determine whether to carry out the timer charging or
carry out instant charging without carrying out the timer charging based on a state of a
switch, the state of the switch being associated with operation of the lock nﬁechanism, and
the electronic control unit is configured to cohtrol the chérger.

[0010] In the bharging device, the electronic control unit may be‘ configured to
control the chérger such that the charger carries out the instant charging when the switch is
operated within a predetermined period of time from when the charging cable is connected
to the inlet. |

[0011]  In the charging device, the electronic control unit may be configured to
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control the charger such that the charger carries out the timer charging when the switch is

not operated within a predetermined period of time from when the charging cable is

" connected to the inlet.

.[0012] In the charging device, the electronic control unit rnay be configured to
control the charger such that the charger carries out the instant charging when the'switch is
not operated within a predetermined period of time from when the charging cable is
connected to the inlet. 7

[0013] In fhe charging device, the electronic control unit may be conﬁgured to
control the chelrger such that the charger carries out the timer charging when the switch is
operated within a predeterrnineel period of time from when the charging cablé is connected
to the inlet. |

[0014] In the,c‘l\larging deVivce, the electronic control unit may be conﬁgured to
use the switch as a timer cancellation switch when the charging cable is not connected to
the inlet, and the electronic control unit may be configured to use the switch as a switch for
changing a locked state of the lock mechanism when the charging cable is connected to the
inlet. | |

[0015]  In the charging device, the -electronic control unit may be configured to
use the svyiteh as a timer determination switch when the charging cab_le is not connected to
the inlet, and the. electronic control unit may be configured to use the ewitch as a switch for
ehanging a locked state of the lock mechanism when the charging cable is connected to the
inle‘e. | |

[0016] In the charging dev1ce the electronic control unit may be conﬁgured to

use the sw1tch as a switch for causing the lock mechanism to lock the charglng cable

immediately after the charging cable is connected to the inlet, and the electronic control

unit may be conﬁgured- to control the charger such that the charger carries out the timer

charging when the switch is operated within a predetermined period of time from when the

~lock mechanism is set to a locked state for the first time after the charging cable is

connected to the 1nlet

[0017]  In the chargingi device, the electronic control unit may be configured to
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use the switch as a switch for ca‘u‘sing the lock mechanism to lock the charging cable

o immediately after the charging cable is connected to the inlet, and the/ele'ctrv(‘)nic' control

unit may be configured to control the charger such that the charger carries out the instant -
charging when the switch is not operated within a predetermined period of time from when

the lock mechanism is set to a locked state for the first time after the charging cable is

- connected to the inlet.

[0018]  In the charging device, the electronic control unit may be configured to
use the switch és a switch f(;r causing the lock mechanism to lock the charging cable
immediately after the charging cable is connected to the inlet, and the electronic control
unit may be configured to control the charger such that the charger carries out the inst‘ant
charging when the switch is operated within a predetermined period of time from whf_sn the
lock mechanism is set to a locked state for the first time after the charging cable is
connected to the inlet. | |

[0019] In the charging device, the electronic control unit may be configured to
use the switch as a switvch for ‘causirrlg the lock mechanismvto,lock the charging cable
immediately after the charging cablé is conﬁected to the inlet, and the electronic control
unit may be configured to control the charger such that the charger carries out the t‘ime-r
charging When the switch is not operated within a predefermined period of time from when
the. lock mechanism is set to a locked state fdrvthe first time after the charging cable is |
connected to the inlet. | |

[0020]  According to the invention, it is possible to increase the possibility that a

yfailure on t'imer‘se,tting for charging is realized and to switch between enabled and disabled

states of a timer in the flow of charging operation without any troublesome burden on a

user.

BRIEF DESCRIPTION OF THE DRAWINGS

'[0021]  Features, advantages, and technical and industrial significance of

~ exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:
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FIG. 1 is an O_Verall block diagram of a hybrid vehicle that is shown as én' example of
a vehicle according to an embodiment of the invention,;
FIG. 2 is an overall conﬁgur.ation diagram of an electrical system for the hybfid
vehicle accordiﬁg to the embodiment o'f\t_he invention;

FIG. 3 is a view for illustrating a configuration for charging the hybrid vehiclé from

‘an external power supply according to the embodiment of the invention;

FIG. 4 is a schematic Vie/VVVfOI" illustrating the relationship between a cable lqck
switch and an ECU shown in FIG. 3; |
FIG. 5 is an external appearance of a charging cable unit shown in FIG. 3;

FIG. 6 is a view that shows the configuration of an inlet accommodating portion in

~which aﬁ inlet shown in FIG. 3 is accommodated;

FIG 7isa configuration view for illustrating a configuration relating to connection of |
a connector of the charging cable unit shown in FIG. 3 with the inlet of the vehicle;
FIG. 8 is a flowchart for 1llustrat1ng control for sw1tch1ng between enabled and
dlsabled states of a tlmer accordmg to a first embodiment;

FIG. 9 is a view for 111ustrat1ng a state transition in the case where autolock is not set

~and' the timer is set in the control according to the first embodiment;

FIG. 10 is a view for illustrating a state transition in the case where autolock is not set
énd the timer is not set in the control according to the first _embodirﬁent;

FIG. 11 is a flowchart for illustrating how the ECU uses the switch in different ways ‘
according to an alternative embodiment to the first embodiment;

FIG 12 is a flowchart for illustrating control for switching between the enabled and
disabled states of the timer according to a second embodiment;

FIG. 13 is a flowchart for illustrating a first example of a process in the case where

autolock is not set in the control according to the second embodiment and how the ECU

uses the switch in different ways;
FIG. 14 is a flowchart for illustrating a second example of a process in the case where
autolock is not set in the control according to the second embodiment and how the ECU

uses the switch in different ways; and
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FIG. 15 is a flowchart for illustrating a third example of a process in the case ‘where
autolock is not set in the control according to the second embodiment and how the ECU

uses the switch in different ways.

DETAILED DESCRIPTION OF EMBODIMENTS
[0022] Hereinafter; embodiments of the invention will be described in detail with

reference to the accompanying drawings. Like reference numerals denote the same or

“corresponding components -in the drawings, and the description thereof will not be

,vrepeated.

[0023] Fifst, the conﬁgufation of an externally chargeable vehicle according to a
first embodiment will be described.  FIG. 1 is an overall block diagram of a hybrid vehicle
that is shown as an example of the vehicle according to the embodiment of the invention.
In the following description, the hybrid vehicle may be simply referred to as "vehicle". In
addition, the hy.brid-vehicle is illustrative. The invention is also applicable to an electric

vehicle, a fuel-cell vehicle, and the like, as long as an electrical storage device is mounted -

‘on the vehicle and the vehicle is conﬁgured to be chargeable from a device outside the

vehicle. 7
| [0024] As shown in FIG. 1, the hybrid vehicle 10 includes an engine 100, a motor:
generator (MG) 110, an MG 120; a power split mechanism 130, a speed reduction gear 1.40,
an electrica‘ﬂ storage device 150, drive wheels 160 and an electronic control unit (ECU)
170. | |
[0025] - The engine 100, the MG 110 and the MG 120 are coupled to the power
splif mechénism 130. The hybrid vehicle 10 travels on driving force from at least one of
the engine 100 and the MG 120. Power that is generated by the engine 100 is distributed
between two routes by the power split mechanism 130. That is, one of the routes
transmits power to the drive wheels 160 via the speed reduction gear 140, and the other
one of the routes transmits power to the MG 110.
[0026] The engine 100 is an internal combusﬁon eﬁgine that generates power by

burning fuel, such as gasoline.
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[0027] The MG 110 is an alternating-current rotary electric machine, and is, for
example, a three-phase alternatlng current synchronous motor that includes a U-phase coil,
a V—phase coil and a W-phase coil. The MG 110 generates electric power by using the
power of the engine lOO, which is distributed by the power split mechanism 130. For
example, when the state of charge (SOC) of the electrical storage device 150 becomes
lower than a predetermined value, the engine lOO 1s started, and electric power is generated
by the MG 110. Electric power generated by the MG 110 is converted by an 1nverter
(described later) from alternating-current power to d1rect ¢urrent power. The
direct-current power from the 1nverter‘1,s adjusted in voltage by a converter (described
later), and is stored inthe electrical storage device 150

[0028] The MG 120 is an alternating- current rotary electric machine, and is, for
example,-a three- phase alternatlng current synchronous motor that includes a U- -phase coil,
a V—phase coil and a W-phase coil. The MG 120 generates driving force by using at least
one of electric power stored in the electrical storage device 150 and electric power
generated by the MG 110. The driving force of the»MG 120 is transmitted to the drive
wheels 160 via the speed reduction gear 140. Thus, the MG 120 assists the engine lQO or
the vehicle is caused to travel by using driving force from the MG 120. In FIG. 1, the
drive wheels ‘160 are shown as front wheels. Alternatively, rear wheels instead of the
front wheels or in addrtlon to the front wheels may be driven.

[0029] For example, during braking of the vehicle, the MG 120 is driven by the

drive wheels 160 via the speed reduction gear 140, and the MG 120 operates as a generator.

'Thus? the MG 120 operates as a regenerative brake that converts braking energy to electric

power. Electric.power generated by the MG 120 is stored in the electrical storage device
150. |

| [0030] The power split- mechanism 130 inclu_des a planetary gear unit that
includes a sun gear, pinions, a carrier and a ring gear. The pinions are in mesh with the

sun gear and the ring gear. The carrier supports the pinions such that the pinions are

: rotatable and is coupled to a crankshaft of the engine 100. The sun gear is coupled to a

rotary shaft of the MG 110. The ring gear is coupled to a rotary shaft of the MG 120 and
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the speed reduction gear 140 A ‘

[0031] The engine 100, the MG 110 and the MG 120 are coupled to one another
via the power split mechanism 130 formed of the pianetary gear unit. Thus, the rotation
speeds of the engine 100, MG 110 and MG 120 have a relationship connéqted by a straight
line ih the nomograph. . | ‘

[0032] The electrical storage device 150 is a chargeable and dischargeable
direct-current power supply, and, for example, includes a secondary battery, such as a
nickel metal hydride battery and a lithiﬁfn ion battery. Not only electric power fhat is
generated by the MG 110 and the MG 120 but also electric power' that is supplied from a
power supply outside the vehicle (described later) is stored in the electrical storage device
150. |

[0033] - A large-capacitance capacitor may also be employed as th¢ electrical
storage device 150. The -electrical storage device 150 may be any device as long as the
device is an electric power buffer that femporarily stores electric power genefeited by the

MG 110 and the MG 120 or electric power from a power supply outside the vehicle and.

~ that is able to supply the stored electric power to the MG 120. In addition, the number of

electrical storage devices mounted on the hybrid vehicle 10 is not speciﬁcally limited.
Thus, fhe plurality of electrical storage devices may be mounted on the hybrid Vehiélé 10.
The capacitance of each of the plurality of e‘-lectrical storage devices may be substantially
the same or may be different from each other. -
[0034] The engine 100, the MG 110 and the MG 120 are controlled by the ECU
170. The ECU 170 may be divided into a plurality of ECUs function by function. |
[0035] FIG. 2 is an overall configuration view of an electrical system of the

hybrid vehicle according to the embodiment of the invention. As shown in FIG. 2, the

, hybrid vehicle 10 includes a converter 200, an inverter 210, an inverter 220, a system main

relay (SMR) 230, a charger 240 and an inlet 250.
[0036] The converter 200 includes a reactof, two npn transistors and two diodes.
One end of the reactor is connected to the positive electrode side of the electrical storage.

device 150, and the other end of the reactor is connected to a connection node between the
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two npn transistors. The two npn transistors are connected in series with each other, and
each of the diodes is connected in reverse-paraﬂel with a corresponding onedof the npn
transistors. . |

[0037] For example, an insnlated gate bipolar transistor (IGBT) may be used as
each npn transistor. | In addition, instead of the npn transistor, a power switching element,
such as a power metal oxide semiconductor field-effect transistor (power MOSFET), may
be used. | |

[0038] When electric power discharged from the electrical storage device 150 is

supplied to the MG 110 or the MG 120, the converter 200 steps up voltage supplied from

the electrical storage device 150. On the other hand, when the electrlcal storage devrce

150 is charged with electric power generated by the MG 110 or the MG 120, the converter
200 carries out step- -down operatlon. ‘

- [0039]  Each of the inverters 210_, 220 rncludes a U-phaée arm, a V-phase arm and ‘
a W-phase arm. The U-phase arm, the V-phase arm and the _W-phase arm are connected
in parallel with one another. Each of the U-phase arm, the V—phase arm and the W-phase
arm includes two npn transistors connected in series wrth each other. A diode is
connected between the collector and emitter of each npn transistor, and flows current from
the emitter side to the col.lector side |

| [0040] - The connectlon point between the two npn transistors in each arm of the
inverter 210 is connected to an end portlon corresponding to the arm and different from a
neutral point 112 of stator coils of the MG 110. The connection point between the two
npn transisto'rs’ in .each arm of the inverter 220 is connected to an end portion
corresponding to the arm and different from a neutral point 122 of stator coils of the MG
120, . - |

[0041] The inverter 210 converts direct current, which is éupplied from the

_electrical storage device 150, to alternating current, and supplies the alternating current to

the MG 110. In addition, the inverter 210 converts alternating current, generated by the
MG 110, to direct current. The inverter 220 converts direct current, which is supplied

from the electrical storage device 150, to alternating current, and supplies the alternating
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current to the MG 120. In addition, the inverter. 220 converts alternating current,
generated by the MG 120, to direct curreht}. | |
[0042]  The converter 200, the inverter 210 and the inverter 220 are controlled by
the ECU 170. - ” |
[0043] The SMR 230 is provided between the electrical storage device 150 and

the charger 240. The SMR 230 is switched between an open state and a closed Stat_e

through control that is_ executed by the ECU 170.  When the SMR 230 is in the open state,
the electrical storage device 150 is electrically interrupted from the converter 200 ahd the
charger 240. When the SMR 230 is in the closed state, the electrical storage device 150 is
electrically connected to the converter 200 and the charger 240. , ‘

'[0044]  The inlet 250 is provided in the hybrid vehicle 10 in order to receive.
electric power that is supplied from an external power supply. The inlet 250 is configured
to be connectable to- a cable unit (hot shown) for transferrin’gv electric pewer from the
external power sapply. When the inlet 250.1s con.n'ected to the external power supply via
the cable unit, the inlet 250 receives electric power that 1s supphed from the extemal power
supply |

[0045] An outpat terminal of the charger 240 is connected between the electrical
storage device 150 and the converter 200, The charger 240 converts alternating-current
power, input ro the inlet 250, to direct-current power, and supplies the direct-current power
to the eiectrical storage device 150. When direct-current power from the charger 240 is -
supplied to the electrlcal storage device 150, the electrical storage device 150 is charged |

[0046] The ECU 170 receives a signal IG for starting up or stopping the electrlcal
system shown in FIG 2. When the signal IG is in an on state, the ECU 170 starts up the
electrical system. On the other harrd,_When the signal IG is in an off srate, the ECU 170
stops the electrical system. The signal IG is transmitted from a switch (not shown),
which is operated by a user, to the ECU 170. The ECU 170 allows the charger 240 to
operate when the signal 1G is in the off state.

- [0047]  FIG. 3 is a view for illustrating a conﬁguratien for charging the hybrid

vehicle from an external power supply according to the embodiment of the invention. As
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showﬁ in FIG. 3, a charging system for charging the electrical storage device 150 of fhe
hybrid vehicle 10 includes a charging cable unit 300, the inlet 250, the charger 240, the
ECU 170, a timer charging setting unit 176, a switch 177 for locking the cable, a cable lock
mechanism 260 and a charge 1ndlcator 178. »

[0048] The charger 240 includes an AC/DC conversion circuit 242, a DC/AC
conversion circuit 244, an isolation transformer 246 and a rectifying circuit 248.

[0049]  The AC/DC conversion circuit 242 converts alternating-current power to
direct-current power on the basis of a driving signal from the ECU 170. " In addition, the
AC/DC conversion circuit 242 functions as a step-up chopper circuit that steps up voltage
by using a coil as a reactor. The DC/AC conversion circuit 244 converts direct-current
power to high-frequency altemaﬁng-current power on the baéis of a driving signal from the
ECU 170 and outputs the alternating-current power to the isolation trémsformer 246.

[0050] ‘The isolation transformer 246 includes cores,‘ a primary coil Vand a
secondary coil. Each core is formed of a magnetic material. The prfmary coil and the
secondary coil are respectively W()ﬁnd around fhe cores. Thé prirriary coil and the
secondary coil are electrically isolated ‘from each other, and are respectivély connected to.
the DC/AC conversioh circuit 244 and the rectifying circuit 248. The isolation
transformer 246 converts high-frequency alternating-current power, which is received from
the DC/AC conversion circuit 24"4,.to a voltage level based on the turns ratio of the
primary coil and the secondary coil, and oﬁtputs the converted alternating-current power to
the rectifying circuit 248. The rectifying bircﬁit 248 rectifies alternating-current power,
which is output from the isolation transformer 246, to direct-current power.

[0051] A voltage between the AC/DC conversion circuit 242 and the DC/AC
conversion circuit 244 (a terminal voltage of a smoothing capacitor) is detected by a
voltage sensor 182, and a signal indicating the detected result’is input to the ECU 170. In
addition, an output current of the charger 240 is detected by a current sensor 184, and a
signal ind_iéating the detected result is inpﬁt to the ECU 170.

[0052] = The ECU 170 may have not only the function of controlling the charger

240 but also the function of detecting a failure of the charger 240. For example, when the
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voltage that is detected by the voltage sensor 182 and/or the current that is detected by the
current sensor 184 is higher than or equal to a threshold, a fallure of the charger 240 has
been detected. | , .

[0053] The charging eable unit 300 is used to couple the hybrid vehicle 10 to a
power supply 402. The charging cable unit 300 includes a connector 310, a plug 320, a
charging circuit interrupt device (CCID)'330 and a cable 340. The cable 340 includes a
powet line pair 341, a ground line 342 and signal lines 343, 344.‘ |

[0054] The connector 310 is connected to the inlet 250 provided in the hybrid
vehicle 10. A‘ charging cable connection detection circuit 312 is, for example, a switch,
and is provided in the connector 310. When the connector 310 is eennected to the inlet
250, the switch enters the closed state, ,énd a proximity deteetion signal PISW indicating a
state where the connector 310 is eonnected to the inlet 250 is input to the _ECU 170. | That
is, the charging cable connection detection cifcuit 312 is a signal generator that generates
the proximity detection signal PISW, |

[0055] The plug 320 is connected to an outlet 400 to which alternating-current
power is supplied from the power supply 402. The outlet 400 is, for example, pro{/ided in
a charging station. | | _

[0056] The CCID 330 is inseﬁed in the cable 340 (power line pair 341), and

includes a relay 332 and a control pilot circuit 334. When the relay 332 is open, a route

_ that supplies electric power from the power supply 402 outside the hybrid vehicle 10 to the

hybrid vehicle 10 is interrupted. When the relay 332 is closed, it is allowed to supply
electric power from the eower supply 402 to the hybrid vehicle 10. Wheﬁ the connector
310 is connected tq the inlet 250, the relay 332 is controlled by the ECU 170.
~ [0057] The contrel pilot circuit 334 operates on electric poWer that is supplied
from the power supply 402 when the plug 320 is connected to the outlet 400. The control
pilot eircuit 334 generates a pilot signal CPLT. ‘The pilot signal CPLT' is transmitted to
the ECU 170 of the vehicle via the signal line 343. |
[0058] = The control pilot circuit 334 oscillates the pilot signal CPLT at a

prescribed duty cycle (the ratio of a pulse width to an oscillation period). The duty cycle
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is set on the basis of a rated ‘current‘that is allowed to be supplied from the power supply
402 to the vehicle via the charging cable unit 300. The rated éurrent_ is determined for
each charging cable (p.ow_er line p'air). When the type of charging cable varies, the rated

current also varies, so the duty cycle of the pilot signal CPLT also varies. The ECU 170

_ is able to detect the rated current, which is allowed to be supplied from the power supply

402 to the vehicle via the charging cable unit 300, by detecting.the‘ duty cycle of the pilot.

signal CPLT.

- [0059] An alternating-curfent voltage of the power supply 402 is detected by the
voltage sensor 188 provided inside the hybrid vehicle .10. The detected voltage is
transmitted t(; the ECU 170. | |

[0060) In the present embodiment, when electric power output frorf_1 the power

| supply 402 is supplied to the electrical storage device 150 via the charging cable unit 300,

the electrical storage device 150 is éharged. When the electrical storage ‘de\}ice 150 is

charged, the SMR 230 and the relay 332 in the CCID 330 are closed, and the charger 240

~ operates such that electric power from the power supply 402 is supplied to the electrical

storage device 150.

[0061] - Next, an operation regarding timer charging will be described. FIG. 4 is

’av schematic view for illustrating the relationship between a cable lock switch and the ECU.

As shown in FIG. 4, the cable lock mechanism 260 is a mechanism for locking the

. charging cable such that the charging cable is connected to the inlet and is not disconnected.

The ECU 170 receives sigﬂalé from an autolock setting unit 270, the timer charging Setting
unit 176, the charging cable cdnne_ctio_n detection circuit 312, a lid open/close detection

unit 502 and the switch 177.  In addition, the ECU 170 controls the charge indicator 178

. and the cable lock mechanism 260. The switch 177 is used in order to actuate the cable

lock mechanism 260. In addition, the switch 177 is also used in order to enable or disable
charging start time set by the timer charging setting unit 176. |

[0062] When the switch 177 is in the off state, a high-level signal'is input to the

ECU 170 because of a pull-up resistor 179. When the switch 177 is in the on state, a

low-level signal is input to the ECU 170.
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[0063)  In FIG. 4, the polarity of the on/off state of the switch may be inverted.
In addition, in FIG. 4, the pull-up resistor 179 is provided. However, it is also applicable

that a pull-down resistor is. connected instead of ‘the pull-up resistor 179 and the

- configuration is changed such that a power éupply potential Vcce is supplied instead of a

ground potventiall when the switch is in the on state.

| [0064]  FIG. 5 is an external appearance of the charging cable unit. ~As shown in
FIG. 5, the charging cable unit 300 includes the connector 310, the plug 320, the CCID 330
and the cable 340. The connector 310 includes a release button 314, a fitting portion 315
that is fitted to the inlet 250 of the vehicle, and an engaging portion 316.

'10065] The fitting portion 315 has a plurality of terminals (not shown). when

 the fitting portion 315 is inserted into the inlet 250 of the hybrid vehicle 10, the power line

pair and signal line of the charging cable unit are connected to the vehicle. The engaging
portion 316 is used to fix the connector 310 in a state where the connector 310 is connected
to the inlet 250 of the vehicle. The engaging portion 316 moves in response to operation .
of the release button 314,

[0066] FIG. 6 is a view that shows the configuration of an inlet accommodating
portion in which the inlet is ‘accommodated. As shown in FIG 6, the inlet

accommodating portion 254 is normally covered with a charging lid 252 and is invisible

. from the outside. The inlet accommodating portion 254 accommodates the inlet 250, the

charge indicator 178, the switch 177 for locking the charging cable a body portion 262 and
bar 261 of the cable lock mechanism 260 inside the charging lid 252.

[0067] A pushbutton switch is illustrated as the switch 177 in FIG. 6; instead, a
nonconta_ct switch, such as a proximity switch, may be used.

[0068] As shown in FIG. 4 and FIG. 6, the timer charging setting unit 176, for
example, includes an input button or a touch panel, and allows charging start'tifne or
charging end time to be inpnt. The above ti;ner charging setting unit 176 is desirably, for
example, installed near a driver seat inside a vehicle cabin becausé cost increases if a -
waterproof component is used. For example, a touch panel of a car navigation system, a

meter panel, a mobile terminal, or the like, can operate as the timer charging setting unit
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176.

[0069] In contrast to this, although a location is not specifically limited as long as

the charge indicator 178 can be seen at the time when the charging cable is inserted into the

‘inlet 250. The charge indicator 178 is desirabfy installed near the inlet 250 so as to be

easily visually recognizabie from the outside of the vehicle. In addition, the switch 177
for locking the charging cable is mostly operated immédiétely after the charging cable is
connected to the inlet, so the switch 177 is installed near the inlet 250.

- [0070] Here, assuming the case where the charging cable is connected to the inlet
250 outsidé the vehicle in order to charge the v‘ehicle while timer setting is erroneously set,
if the timer chafgiﬂg setting unit 176 inside the vehicle cabi.n-. needs to be,operafed in order
to cancel the timer setting, it is very inconveniént because the user needs to return into the
vehicle cabin again. | i

[0071] In additioh, depe’nding on the way of user's usual usage of the vehicle, it
may be assumed that operation for cancelling timer setting is rarely perférmed. In such a
case, even when the cancelling switch has a failure, the user is hard to realize the failure,

and it is presumable that the user does not find the failure until the user intends to carry out

instant charging by operating the switch.

[0072] In the present embodiment, focusing on the point that the switch for
cancelling timer setting is arranged at a location at which the switch is easily operated
outdoor and the point that a switch that is frequently used ahd of which a failure is
immediately easily realized also serves as the cancelling switch, the switch 177 for locking
the charging cable also serves as the switch for cancélling timer setting.

[0073]  FIG. 7 is a configuration view for illustrating a conﬁguration relating to -
connection 6f the connector of the charging cable ﬁnit with the inlet of the vehicle. As
shown in FIG. 7, the connector 310 includes the fitting portion 315, a latch mechanism 313,

the release button 314, the charging cable connection detection circuit 312, the ground line

342 and the signal line 344.

'[0074]  For the sake of convenience of description, the power line pair 341 is not

shown in FIG. 7. The latch mechanism 313 includes the engaging portion 316, a rotary
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shaft 317 connected to the engaging portion 316, and a spring 318 connected to the

engaging portion 316. A step 250A is formed in the inlet 250. The engaging portion
316 includes a hook-shaped distal end portion'316A anri a rear end portion 316B. The
retary_shaft 317 extends in a direction perpendicular to a direction (direction indicated by
the arrow A in the drawing) in which the fitting portion 315 is connected to or disconnected
from the inlet 250. |

[0075] ~ The charging cable connection detection circuit 312 includes a button 351,
a terminal 352 connected to the signal line 344, a terminaI 353 connected to the ground
line 342, a movable piece 354 for connecting the terminals 352, 353 to each other, and a
spring 355 for moving the movable piece 354. ‘ |

[0076] When the connector 310 is connected to the inlet 250 of the vehicle, fhe
fitting portlon 315 s 1nserted in the inlet 250. Furthermore the distal end portion 316A
of the engaging portion 316 engages with the step 250A formed in the 1nlet 250. Thus,}
the connector 310 is allowed to be fixed in a state where the connector 310 is connected to

the 1nlet 250. Through the operatron to press the release button 314 along the arrow B

“direction, the dlstal end portlon 316A of the engaging portlon 316 moves away from the

inlet 250. Thus the engaging portion 316 is released from a state where the engaging
portlon 316 is engaged with the inlet 250. '

[0077] The button 351 of the charging cable c.onnection detection circuit 312 is
pressed by the rear end portion 316B of the engaging portion 316. The charging cable
connection’ detection circuity 312 ‘enters the open state when the butron 351 is pressed;
whereas the charging cable connection detection circuit 312 enters the closed state when
the button 351 is riot pressed. When the button 351 is not pressed, the movable pieee 354
contacts the terminal 352 and the terminal 353 due to the spring 355. Thus, the charging
cable connection detecﬁon cireuit 312 enters the closed state.. On the other hand, when
the button 351 is pressed, the movable piece 354 is moved away frorn fhe‘ ferminal 352 and
tne terminal 353 due to the button 351. .Thus, the charging cable connection detection
circuit 312 enters the open state. |

10078] The vehicle includes the cable lock mechanism 260 ‘thnt is actuated
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through control from the ECU 170. The cable lock mechanism 260 includes the bar 261
and the body poftion 262 for moving the bar 261.  When the cabie lock mechanism 260 is
actuated, the body poﬁion 262 causes the bar 261 to protrude into the state indicated by the
dashed line. In a state where fhe bar 261 is protruded, movem'enf of the engaging portion
316 is inhibited, so the charging cable is not disconnected from the inlét' 250. In addition,
the cable lock‘mechanism 260 releases lock of fhe cable through control from the ECU 170.
In this case, the body portion 262 pulls and returns the bar 261 to the state indicated by the
solid line. A direction in which the bar 261 moves is a direction perpendicular to the
direction (that is, the direction indicated by the arrow A in the drawiﬁg) in which the fitting
portion 315 is connected to or disconnected from the inlet 250.

[0079] Furthermore, the vehicle includes the ground line 192 connected ‘to fhe '
ground line 342 of the connector 3.10 anc;lthe signal 1ine 1:94 connected to the sigrial line
344 of the connector 310. .When‘the signal line 194 is conneéted to the signal line 344,
the signal PISW is transmitted from the connector 310 to the ECU 170..

[0080] The-user is allowed to set whether to apply autolock to actuation of the
cable lock mechanism with the use of the autolock setting unit 270 shown in FIG. 4.
While yaﬁtolock is applied, when the user connects the cable to the inlet, the cable lock
mechanism is automatically actuated, and the charging cable is placed in a state Where the
charging cable is not disconneéted_from the inlet. The autolock setting unit 270 does not
always ﬁeed to be provided, and the charging system to which autolock is applied or a
system to which no autolock is applied may be determined by setting at the time of
designing a product or in a factory as needed. | |

[0081] | FIG. 8 is a flowchart for illustrating control for switching between the
enabled and disabled states of the timer according to th¢ first embodiment. This process
is a process in the case where aﬁtolock is set. As shown in FIG. 8,‘initially, when the
process is started, the ECU 170 determines in step S1 whether the charging cable is
connected. The ECU 170 is able to acquire whether the cable is connected on the basis of
the signal PISW or the signal CPLT. |

[0082]  When cable connection has ot been detected in step SI, the process
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remains in step S1, and enters a detection waiting state. In step S1, when cable connected

has been detected, the ECU 170 proceeds with the process to step S2.

[0083] In step S2, the ECU 170 determines whether the charging start time of the

'_tlmer ‘has been set by the timer charging settmg unit 176 shown in FIG. 4 in advance

When the tlmer has not been set in step S2, the process proceeds to step S6, the cable is
locked by the cable lock mechanism 260 due to autolock operatlon, and charging is
immediately started. |

[0084] On the other hand, when the charging start time of the timer has been set

in step S2, the process proceeds to step S3. In step S3, timer determination operation is

waited for a predetermined period of time. The predetermined petiod of time is, for
example, 10 seconds, and may be adjusted as 'needed: ~With this. waiting time, charging is
notstarted immediately for a while after the charging cable is connected to the inlet 250, so
the number of times the relay inb the charging route is. operated does not need to be
increased unnecessarily, and it is possible to extend the life of the relay.

[0085] Subsequently, in step S4, it is-determined whether the switch 177 is
operated within the ptedetermihed peried of time dtlring which timer determination
operation is waited in'step S3. When it is determined in step s4 that the switch 177 is
operated, the process proceeds to step S6, the cable is locked by the cable lock mechanism
260 due to autotock operatlon and charging is immediately started. |

[0086] On the other hand, when it is determmed in step S4 that the switch 177 is |
not operated within the predetermined period ef time, the process proceeds to step S5, the
cable is locked by the cable lock mechanism 260 due to autolock operatlon and the ECU

170 enables timer setting and ernters a standby state Wlthout charging unt11 the set charging

© start time comes.

[0087] After the process of step S5 or step S6, the switch 177 operates as a cable .
unlock switch for tmlocking the cable. That is, in step S7, detection of operation vof the

switch 177 is waited and, when the operation has been detected, the process proceeds to

" step S8, and the ECU 170 executes control for causing the cable lock mechanism 260 to

unlock the cable, after which the process ends in step S9. Desirably, charging is also
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stoppéd in the case Where thé cable is unlocked.
| [0088]  The. characteristic of the process at the time when autolock is applied as
shown in FIG. 8 is that the cable lock mechanism 260 is in a lock released state (unlocked
state) before timer determination and the switch 177 operates as an instant charging sWitch
when the cable lock mechanism 260 1s in the unlocked state. Iﬁ addition, even when the
switch 177 is operated in a state where the charging cable is not connedted to the inlet 250,
it may be recognized that instructioﬁs for instant charging (timer cancellation) have been

input. In this case, specification of timer cancellation may be. cancelled unless the cable -

'is connected within the predetermined period of time (for example, one minute).

[0089]  Next, the case where the switch 177 has a failure will be considered. In

" the process shown in FIG. 8, when the switch 177 has a failure, instant charging (timer

cancellation) does not work, and the charging cable cannot be unlocked. Unlocking of

the charging cable is conventionally mostly disabled in the case where the vehicle is

controlled so as no{ to be allowed to travel in order to prevent drag of the cable. Thus, the
user is able to immedfately realize the failure of the. sWitch 177.

[0090]  When the switch 177 has a failure,“it‘is‘ conceivable to allow‘ the thiéle‘ to
travel to a repair shop by designing the vehicle such that the cable is allowed to be forcibly
unlocked. In this case, because of a state where it is not possible to ‘no'rmally unlock the
cable or carry out instant chafging, autolock and timer setting should be controlled to a
disabied state at the time of forcible unlocki~ng.‘ |

[0091] When suéh a forcible unlocking proéess has been executed three times
successively dufing charging, autolock and timcr setﬁng may'be controlled to the disabled

state thereafter even when forcible unlocking is not carried out. In such a case, the

~ possibility that the switch 177 has a failure is informed, timer setting is disabled and instant

charging is enabled. Thus, it is possible to avoid inconvenience that it is nét possible to

carry out insfént charging. | . “
[0092] However, it is difficult to strictly distinguish user's forcing unlocking

operation (erroneous operation at the time when the system' is normal) from a failure of the

switch 177, so it is desirable that a failure be not recorded and timer setting is recovered to
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the enabled state at the timing at which operation of the switch 177 has been recognized by
the ECU 170.
[0093] Subsequéntly, the casé where autolock is. not set will be described. FIG.
9 is a view for illustréting a state transition in‘ the case where autolock is not set and the
timer is set. | |
[0094]  As shown in FIG. 9, when the switch 177 is operated in an initial state STO,
a transition into a state ST1 occurs, the cable lock mechariism 260 is actuated and is set in

a cable locked state. In the state ST1, when operation of the switch 177 has beén further-

~ deétected, a transition into a state ST2 occurs. In the state ST2, timer setting is disabled,

and instant charging is started. In the state ST2, when operation of the switch 177 has

" been further detected, a transition into a state ST3 occurs. In the state ST3, the cable lock

mechanism 260 is changed into an unlocked state. In the state ST3, when operation of the
switch 177 ha,s been further detected, a transition into the state ST1 -occurs.

[0095] At this time, the ECU 170 fnay’execute confrol such that the timer is reset
(the timer is enabled) in the state ST1 in respdnse to operation of the switch 177 as a
trigger, timer setting is disabled in the state ST2 and charging is stopped in the state ST3.
However, stopping of charging and resetting of the timer may use inserting or
disconnecting the cable to or from the inlet 250 as a trigger. |

[0096] FIG. 10 is a view for illustrating a state transition in the case where

autolock is not set and the timer is not set. As shown in FIG. 10, when the switch 177 is -

~ operated in an initial state ST10, a transition into a state ST11 occurs, and the cable lock

mechanism 260 is actuated and is set in a cable locked state. In-the state STll, when
operation of the .switch 177 has been further detected, a‘transition into a state ST12 occurs.
In the state ST12, the cable lock mechanism 260 is changed _int(_')'an unloéked state. In the
state ST12, V‘vhen operation of the switch 177 hés been further detected, a transition into
the state ST11 Qécurs.

[0097] At this time, charging may be started (resumed when temporarily
interrupted) in thé state ST11 in synchronization ‘with 6perz\ﬁi.0n of the switch 177.- -

However, the switch 177 may not be directly used as a trigger for starting or stopping
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charging. A connection detection signal of vthe charging cable may be used as a trigger.

[0098] FIG 11 is a flowchart for illustrating how the ECU uses ‘the switch in
different ways according to an alternative embodiment to the 'ﬁrst embodiment. As
shown in FIG. 4, FIG. 6 and FIG. 11, 1n1t1ally, when the process. is started, the ECU 170
determlnes in step S11 whether the charglng cable is connected to the inlet 250. The
ECU 170 is able to detennlne whether the cha_rgmg cable »u_nit 300 is connected on the
basis of the state of the signal PISW or the signal CPLT shown in FIG. 3.

[0099] When it is determined in step S11 that the charging cable unit 300 is not
connected to the inlet 250, the process proceeds to step S12, and the ECU 170 uses the |
switch 177 as an instant charging switch (switch for disabling timer setting).

[0100]  When it is determined in step S11 that the charging cable unit 300 is
connected to the inlet 250, the process proceeds to step Slé. In step Sli3,, the ECU 170
uses the switch 177 as a lock/unlock change-over switch. 4

[0101] After the process of step S12 or step S13 is executed the process proceeds
to step S14, and the process is returned to a main routine. ‘ |

[0102] As described above, the use of the switch 177 may be changed on the
basis of whether the charging cable is connected to the inlet.

[0103] Next; a second embodiment will be descri_bed. In the first embcdiment,
an example in which the cable lock switch is also used as the timer cancellation switch is
described. In this case, the ‘charging system is designed or set so as tc carry out timer
charging when the time of the timeris set unless otherwise specified. |

[0104]  However, it is presumable that, depending on the user, a frequency at
which timer charging is carried out is low. In the second emBodi-ment, the case where the
charging system is designed or set so as not to carry out timer charging even when the time
of the timer is set unless otherwise specified and so as to carry out timer charging only
when operation to enable the timer is performed will be described. In such a case,.a
switch for enabling the timer (hereinafter, referred to as timer determination switch) is
required instead of the timer cancellation switch.

[0105] The configurations shown in FIG. 1 to FIG. 5 are al’so the same in the
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second ¢mb0di_ment. However, the way of usage of the switch 177 regarding timer
setting is different. |
[0106]/ FIG. 12 is a flowchart for illustrating control for switching between the

enabled and disabled states of the timer according to the second embodiment. This

_process is a process in the case where autolock is set. As shown in FIG. 12, initially,

when the process is started; the ECU 170 détérmines in step S21 whether the charging
cable is.connected. The ECU 170 is able to acquire whether the cable is conﬁected on the
basis of the signal PISW or the signal CPLT.

[0107] When cable ;:onﬁection has not'b‘egn detected in step S21, the prbcess .
remains in step S21, and enters a detection waiting state. In step S21, when cable
connection has been detected, the ECU 170 proceeds with the process to step S22.

[0108] In step S‘22,’ the ECU 170 determines‘ whether the charging start time of
the timer has been set by the timer charging setting unit 176 shown in FIG. 4 in advance.
When the timer has not been set in step S22, the process proceeds to step S26, the cable is
locked by the cable lock mechanism 260 due to autolock operation, and charging is
immediately started. ’ | | |

[0109] On the other hand, when the charging start time of the timer has been set
in step S22, the process proceeds to step S23. In step S23, timer determination operation
is waited for a predetermined period of time. The predeterminéd period of time is, for
example, 10 seconds, and may be adjusted as needed. With this waiting time, charging is
not started immediately for a while after the charging cable is connected to the inlet 250, so

the number of times the relay in the charging route is operated does not need to be

_ increased unnecessarily, and it is possible to extend the life of the relay.

[0110] Subsequently, in st'ep S24, it is determined whether the switch 177 1s
operated within the predetermined period of time during which timer determination
operation is waited in step S23. When the switch 177 is not operated in step S24, the

process proceeds to step S26, the cable is locked by the cable lock mechanism 260 due to

- autolock operation, and charging is immediately started.

[0111] On the other hand, when the switch 177 is operated within the



10

15

20

25

- WO 2014/132113 . PCT/IB2014/000159

23

predeterminéd period of time in step S24, the process proceeds to step S25, the cable is
locked by the cable lock me_chanisrﬁ 260 due to autolock operation, the ECU 170 enables.
timer setting to determine timer operation and is set in a standby stafe without charging
until the set charging start time comes. . |

[0112] After the process of step S25 or step S'26, the s/witch 177 operates as a
cable unlock switch for unlocking the cable. That is, in step S27, detection of operation
of the switch 177 is waited and, when the operation has been detected, the process
proceeds to step $28, and the ECU 170 executes control fof causing the cable lock
mechanism 260 to unlock the cable, ‘after_whic-:h the process ends in step S29. Desirably,
charging is also stopped in the case where the cable is unlocked. - |

[0113] The characteristic of the précess at the time when autolock is applied as
shown in FIG. 12 is that the cable lock mechanism 260 is in a lock released staté (ﬁhlocked‘

state) before timer determination and the switch 177 )operates as a timer determination

switch when the cable lock mechanism 260 is in the unlocked state. " In addition, even

when the switch 177 is operated in a state where the charging cable is not connected to the
inlet 250, it may ‘be» recognized that instructions for timer determination have been input.
In this' case, specification of timer determination may be cancelled unless the cable is
connected within the predetermined period of time (for example, one minute). |

[0114] Next, the case where the switch 177 has a failure will be considered. ' In
the process shown in FIG, 12, when the switch 177 has a stuck-ON failure, instant charging
(timer cancellaﬁon) does not work, and the charging cable is unlocked, with the result that
charging cannot be carried out. Such a failure should be detected and the user should be
informéd of the fact that charging cannot ‘be-carriedvou_t.» Because charging 1s disabled,

the user is able to immediately realize the failure of the switch 177. In a stuck-OFF

failure of the 'swit.ch 177, timer operation cannot be carried out; however, in this case,

charging is allowed, so the disadvantage of the user is smaller than that in the stuck-ON

. failure.

[0115] Subsequently, the case where autolock is not set will be described. FIG.

- 131s a flowchart for illustrating a first example of a process in the case where autolock is
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- not set and how the ECU uses theﬁswitvch in different ways. As shown in FIG. 4, FIG. 6

and FIG. 13, initially, when the process is started, the ECUrv 170 determines in step S31

whether the charging cable is connected to the inlet 250. The ECU 170 is able to

determine whether the chargingbéable unit 300 is connected on the basis of the state of the
signal PISW or the signal CPLT shown in FIG. 3.

[0116] - When it is determined in step S31 that the charging cable unit 300 is not
connected to the inlet 250, the process proceeds to step S32, and the ECU 170 uses the
switch 177 as a timer determination switch (switch for enabling timer setting). |

[0117] When it is determined in step S31 that the cheirging cable unit 300 is
connected to the inlet 250, the process proceeds to step S33. .In‘ step S33, the ECU 170
uses the switcﬁ 177 as a lock/unlock change-over switch. .

[0118] After the process of step S32 or step S33‘ is executed, the process proceeds
to step-S34, and the process is returned to a main routine. -

[0119] As described ébové, the use of the switch 177 may be changed on the
basis of whether the charging cable is connected to the inlet. | '

[0120] .Furthennore, as will be described below with reference to FIG. 14, the
switch 177 may be ﬁsed as the timer determination switch only when timer determination
operation is- waited and may be used as a lock/unlock change-over switch after timer
determination operation or after starting charging. In this case, switch 6peration should
be ignored before cable connection. ‘ |

[0121]  FIG. 14 is a flowchart for illustrating a seéond example of a process in the
case where autolock is not set and how the ECU uses the switch in different ways.  As
shown in FIG. 4, FIG. 6 and FIG. 14, initially, when th.e process is started, the ECU 170
determines in step S41 whether the charging cable is connected to thel inlet 250. The
ECU 170 is able to acquire whether the cable is connected on the basis of the signal PISW
or the signal CPLT. | |

| [0122] When cable connection has not been detected. in step S41, the process |

remains in step S41, and enters a detection waiting state. In step S41, when cable

‘connection has been detected, the ECU 170 proceeds with the process to step S42.

5
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[0123]  In step S42, the ECU 170 determines whether the charging start time of
the timer is set by the timer charging setting unit 176 shown in FIG. 4 in advance. ‘When
the timer has not‘ been set in étep S42, the process proceeds to step S46, and the timer
setting is disabled sugh that chérging is instantly started.

(0124] On the other hand, when the charging start tim¢ of the timer has been'set
in step S42, the process proceeds to step S43.  In step S43, timer determination operation
is waited for a predetérminéd period of time. The predetermi{led period of time is, for
example, 10 seconds, and may be adjusted as ne‘eded. With thié waiting time, charging is
not started immediately for a while af‘t.e‘r» the charging cable is connected to the inlet 250, so
the number of timés the relay in the chargiﬁg route is operated does not need to. be
increased unnecessarily, and it is possible to éxténd‘the life of the reléy. |

[0125] Subsequently, in step S44, it is determined whether the switch 177 1s
operated within the predetermined period of time during which timer determinatioﬁ‘
operation is waited in step S43. When the switch 177 is not operated in step S44, the
process proceeds to step S46, and the timer setting is disabled such that charging is
instantly started. '

[0126] On the other‘ hand, when the switch 177 is operated within the

predetermined period of time in step S44, the process proceeds to step S45, and the ECU

170 enables timer setting and enters a sfandby state without charging until the set charging
start time comes. | - ; |

[0127]  After the probess‘ of step S45 or step S,46,:the switch 177 operates as a
lock/unlock change-over switch_ for the cable. That is, in step S47, detection of operation
of the switch 177 is waited and, when the operation has .been detected, the process
proceeds to-step S48, and the ECU 170 causes the cable 1ock mechanism 260 to lock the
cable, after which the process proceeds to step S49. |

[01v28]. In step S49, detection of operatiqn of the switch 177 is waited again, and,
when the operation has been detected, the process pr‘oce'eds to step S50, and the ECU 170
causes the cable lock mechanism 260-t0 unlock the cable, after which the process returns to

step S47.
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[0129] Hereinafter, as shown in FIG.'15, the embodiment may be modified into a
mode in which, after the user connects the charging cable to the inlet 250, the cable is
locked through the ﬁrét operation and, after that, timer setting is determined.

[0130] FIG 15is a flowchart for illustrating a third example of a process in the

‘case where autolock is not set and how the ECU uses the switch in different ways. - As

shown in FIG. 4, FIG. 6 and FIG. 15, initially, when the process is started, the ECU 170
determines in stép S61 whether the charging cable is. connected to the inlet 250. The
ECU 170 is able to acquire whether the cable isvcyonnected on the basis of the signal PISW
or the signal CPLT.

i0131] " When cable connecﬁon has not been detected in step S61, the process -
remains in step S61, and enters a detecftiOnlwaiting state. In step 861, when cable
connection has been detected, the ECU 170 proceeds with the process to stép S62.

[0132]  That is, in step S62, detection of operation of the switch 177 is waited and,
when the operation has been detected, the process proééeds to step S63, and the ECU 170
causes the cable lock mechanism 260 to lock the cable, after which the process proceeds to
step S64. "

[0133] In step S64, the ECU 170 determines whether the charging start time of -
the timer is éet by the timer charging setting unit 176 shown in FIG. 4 in advance. “When .
the timer has not been set in step S64, the process proceeds to step S68, and the timer
setting is disébled such that charging is instantly started.

[0134] On the other hand, when the charging start time of the timer has been set

" in step S64, the process proceeds to step S65. In step S65, timer determination operation

is waited for a predetermined period of time’. The predetermined period of time is, for
example, 10 secdnds, and may be adjusted as needed. ~ With thié wa‘i.ting time, charging is
not started immediately for a while after the charging cable is connected to the inlet 250, so
the number of times the relay in the charging route is operated does not need to be
increased uhnecessarily, and it is possible to exfend the life of the relay.

[0135] Subsequently, in step S66, it is rde’termined‘ whether the switch 177 is

operated within the predetermined period of time during which timer determination
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operation is waited in step S65. When the switch 177 is not operated in step S66, the

process proceéds to step S68, and the timer setﬁng is disabled such that charging is

~ instantly started.

[0136] On the other hand, when the switch 177 is operated" within the
predetermined period of time in step S66; the process proceeds to stép S67, and the ECU
170 eﬁables timer setting and enters a éta'ndby state without charging until the set charging
start time cdmes. ' |

[0137] After the process of step S67 or step S68, the switch 177 operates as a

lock/unlock change-over swit'ch for the cable. That is, in step S69, detection of operation

of the switch 177 is waited again, and, when the operation has been detected, the process

proceeds to step S70, and the ECU 170 causes the cable lock mechanism 260 to unlock the
cable, after which the process proceeds to step S71.

[0138] In step S71, detection of operation of the switch 177 is waited again, and,

~ when the operation has been detected, the process proceeds to step S72, and the ECU 170

- causes the cable lock mechanism 260 to lock the cable, after which the prolcess returns to

step S69.

[0139] In order to apply the process of FIG. 15 to the first embodiment, step S67
may be modified into a timer disabling process (instant charging) and step 86% may be
modified into a timér enabling process.

[0140] Lastly, the first and second embodiments will be summarized with
reference tb the drawings agéin. The charging device for the vehicle, described in the
first or second embodiment, is ¢onfigured to be able to carry out tiﬁler charging in which
the charging device is set in a standby state without chérgiﬁg until charging start time
comes when the charging start time is set. The charging device for the vehicle includes
the charger 240 that charges the electrical storage device 150 of the vehicle with electric
power supplied from a device- outéide the vehicle; thé cable lock mechanism 260 that locks
the charging cable in a state where the charging cable is connected to thé inlet ‘250,. and the

ECU 170 that determines whether to carry out the timer charging or carry out instant

charging without carrying out the timer charging on the basis of the state of the switch 177,
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asscciat'ed with operation of the cable lock mechanism 260, and that controls fhe charger
240. | | o |
[0141] Here, as shown in step S3 to stcp S6 in FIG. 8, the ECU 170 may control

-the charger 240 such that instant charging is carried out when the switch 177 is operated

within the predetennined period of time from when the charging cable is connected to the
inlet 250. | | | | |

[0142] 7 In addition, as shown in step $23 to step ‘S26‘ in FIG. 12, the ECU 170 may
control the charger 240 such that instant charging is carried out when the switch 177 is not

operated within the predetermined period of time from when the charging cable is

- connected to the inlet 250.

[0143] In addition, as shown in FIG. 11, the ECU 170 may use the switch 177 as

the timer cancellation switch when the charging cable is not connected: to the inlet 250;

whereas the ECU 170 may use the switch 177 as a switch for changing the locked state of

the cable lock mechanism 260 when the charging cable is connected to the inlet.
[0144] In addition, as shown in FIG. 13, the ECU 170 may use the switch 177 as
the tim_ér determination switch when the charging cable is not connected to the inlet 250;

whereas the ECU 170 may use the switch 177 as a switch for changing the locked state of

~ the cable lock mechanism 260 when the charging cable is connected to the inlet 250.

[0145] Furthermore, in addition, as shown in FIG. 15, the ECU 170 may use the
‘switch 177 as a switch for causing the cable lock mechanism 260 to lock the chafging
cable immediately after the chargmg cable is connected to the 1nlet 250 whereas the ECU
170 may enable or disable tlmer charglng in the case where the switch is operated (YES in
step S66) within the predetermined period of time from when the cable lock mechanism -
260 is set to the locked state (step S63) for the first tlme after the chargmg cable is

connected to the inlet 250.
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CLAIMS:

1. A éhargirig devicé for a vehiéle, which carries out timer charging in which the
charging device is set in a ,standby_ state without charging until charging start time comes
when the charging start time is set, comprising: | |

a charger configured to.éharge an electrical storage device of the vehicle with electric .
power supplied from a device outside the vehicle;

a lock mechanisrﬁ configured to lock a charging cable in a state where the charging
cable is connected to an inlet; and

an electronic control unit conﬁglired to determine whether to carry out the timer
éharging or carry out instaht charging without cafrying out the timer charging based ‘6n a
state of a switch, the state of the switch being associated with operation of the lock

mechanism, and the electronic control unit being configured to control the charger.

2. The charging device according to claim 1, wherein
.the electronic control unit is configured to control the 6harger such that the charger -
carries out the instant charging when the switch is operated within a predetermined period .
of time from when the chargiﬁg cable is c.onnected to the inlet. |
3. The charging- device acpqrding to claim 1, wherein
the ;lectro'nic control unit is configured to éontrol the charger such that the charger
- carries out the timer chafging when the switch is not operatéd within a predetermined

period of time from when the charging cable is connected to the inlet. -

4. The charging device according to claim 1, wherein
the electronic control unit is configured to control the charger such that the charger
carries out the instant charging when the switch is not operated within a predetermined

period of time from when the charging cable is connected to the inlet.
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5. The charging device according to claim 1, wherein
the electronic control unit is configured to_control the charger such that the ch;irger
carries out-the timer charging when the switch is operated within.a predetermined period of

time from when the charging cable is connected to the inlet.

6. The charging device according to claim 1, wherein

~ the electronic control unit is conﬁgﬁred to use the switch as a timer cancellation
switch when the charging gable is not connected to the inlet, and the electronic control unit
being configured to use the switch as a switch for changing a locked state of the lock

mechanism when the_éharging cable is connected to the inlet.

7. The charging device according to claim 1, whérein

the electronic control unit is configured to use the switch as a timer determination
switch when the charging cable is not connected to the inlet, and the electronic control unit
being configured to use the .switch as a switch for changing a locked state of the lock

mechanism when the charging cable is connected to the inlet. .

8. . The charging device according to claim 1, wherein

the electronic control unit is éonﬁgured to use the switch as a switch for céusing the
lock mechanism- to lock. the charging cablei, immediately after the charging cable is
connected to the inlet, énd the electronic control unit being configured to control the
charger such that the charger carries out the timer charging when the switch is operated
within a predetermined period of time from when the lock mechanism is set to a locked

state for the first time after the charging cable is connected to the inlet.

9.  The charging device according to claim 1, wherein
the electronic control unit is configured to use the switch as a switch for causing the
lock mechanism to lock the charging cable immediately after the charging cable is

connected to the inlet, and the electronic control unit being configured to control the
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charger such that the charger‘c_arries out the instant charging when the switch is not
operated within a predetermined period of time from when the lock mechanism is set to a

locked state for the first time after the charging cable is connected to the inlet.

10.  The charging device according fo claim 1, wherein

the electronic control unit is conﬁgured’to use the switch as a switch for cauéing the
lock" mechanism to lock the charging cable immediately after the charging cable is
connected to the inlet, and the electronic éontrol unit being configured to control the
.charger such that the chargef carries out the instant charginé when the .switch is operated
within a predetermined period of time from when‘the. lock mechanism is set to a iockéd
state for the first time‘after the charging cable is connected to the inlet.

11. The charging device according to claim 1, wherein

the electronic coﬁtrol unit is configured to use fhe switch as a switch for causing the
lock mechanism to lock the charging cabie immediately after the charging cable is
conneéted to the inlét, and the’electronic contr@l unit being configured to control the
-charger such that the charger carries out the timer charging when the switch is not operated
within a predetermined period of time from when the lock mechanism is set to a locked

state for the first time after the charging cable is connected to the inlet. - -
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