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(57) Abstract: The power supply device for a vehicle includes a power supply (110) an alternating current coupling unit (220), a dir-
ect current coupling unit (702), a communication unit (370), and an electronic control unit (300). The alternating current coupling
unit (220) is contigured to transmit and receive alternating current power between the power supply (110) and an external device for
the vehicle. The direct current coupling unit (702) is configured to transmit and receive direct current power between the power sup -
ply (110) and the external device. The communication unit (370) is configured to obtain information on the external device from the
external device through communications. The electronic control unit (300) is configured to determine: whether to discharge electric
power from the power supply (110) to the external device via the alternating current coupling unit (220); and whether to discharge
electric power from the power supply (110) to the external device via the direct current coupling unit (702), based on the informa-
tion obtained from the communication unit (370).
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POWER SUPPLY DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

' [0001]  This invention relates to a power supply device for a.vehicle.

2. Description of Related Art

[0002]  Recently, various electricity supply systems that supply electric power in \
an electric storage device mounted in a vehicle to a household side and thét chargé the
electric storage device‘mounted- in the vehicle with electric power at the household side
Ahave been proposed. Japanese Patent Application Publicétion No. 2012-228034 (JP
- 2012-228034 A) discloses that an electric vehicle with an AC power cable for normal -
charge and a plug for DC fast cH_arge supplies a house with electric power. |

[0003] It is considered that the vehicle disclosed in JP 2012-228034 A
di’sch‘arges to th/e‘ outside in bpth alternating current and direct current. However, which
of discharge iﬁ alternating current or direct éurrent is appropriate fs unclear.

[0004] In an electric vehicle v;f\ith an alternating cuﬁent charging inlet and a
direct current charging inlet, both charging inlets can be simultaneously coppled from the
house and charge and dischargé facility. In this case, to feed power from the vehicle to
the house and the facility; it is necessary to appropriately determine that from which of

the alternating current charging inlet and the direct current charging inlet power should be

fed.

| SUMMARY OF THE INVENTION
- [0005] In view of the above-dés‘cribed problems, this invention provides a
power >supply device for a vehicle that allows power feeding from a vehicle to an external
device in an aspect of output apprppriate for the external device to which power is fed
from the vehicle. | |

. [0006]- Therefore, according to one aspect of the invention, a power supply

CONFIRMATION COPY
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device for a vehicle that includes a power supply, an alternating current coupling unit, a
direct current coupling unit, a communication unit, and an “electronic contfol unit is
provided. Here, the alternating current coupling unit is configured to transmit and
_receive alternating current power between the power supply and an external device;for a
vehicle. The direct current coupling unit is configured to transmit and receive diréct
current power b-etwee'n the power supply and the exter\nal device. The communication
unit is configured to obtain information on the external device from the external device
- through communications. The electronic coﬁtrol unit is configured to determine
~whether or not to discharge electric power frorh the power supply to the external device
- via the alternating current coupling uhiti based on the information obtained from the
communication unit and whether or not to discharge electric power from the power
supply to the external dev‘ic_e via the direct current coupling unit based on the information -
obtained from the communication unit. |

[0007] " With the power supply device for the vehicle, the external device may
include‘a first power conversion unit, a second poWér conversion .unit, and an external
control unit. The first power conversion unit is coupled to the ,alfern’ating current
coupling unit. The first power conversion unit is cénﬁgured to convert electric power.
The second power conversion hnit is coupléd to the direct current coﬁplfng uhit. The
second power conversion unit is COnfigﬁred to convert electric power. The external
control unit is cdnﬁgured to monitor states of the first power convérsion unii and the
second power conversion unit. The external control unit is configured to transmit a
monitoring result to the communication ‘unit‘.. The electronic control unit may be
configured to obtain the monitoring result from the external control unit as the
information. .

[0008]  With the power supplly dev.ice for th"e vehicle, when both the first power
convérsion unit and the second power conversion unit normally operate, the electronic
control unit may be c‘onﬁguréd to perform a control to discharge electric power from the
power supply to the external device via the direct current coupling unit without use of the

alternating current coupling unit. |
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[0009]  With the power supply device for the vehicle, when the monitoring result
shows that the first power conversion unit normally operates and the second power
conversion unit does not normally operate, .thé electronic control unit may be configured
to perform a control to discharge electric power from the power supply to the external
device via the alternating current coupiing unit without use of the direct current coupling
unit. | v

[0010]  With the power supply devi_ce for the vehicle, when the monitoring result
shows that both the first power conversion unit and the second power conversion unit are
not able to normally operaté, the electronic contrdl unit may be configured to inhibit
discharge from the powér supply to the external device. |

[0011]  With the power supply device for the vehicle, when thé electronic control
unit does not obtain the information from the communication unit, ‘when.an operator °
inputs an emergency power feeding command, the electronic control unit may be
éonﬁgured to perform a control to dischaijrge ele’ctric power from the power supply to the
external device using both of a path via the alternatiﬁg cufrent coupling unit and a.path
via the direct current coupling unit. ‘

[0012j - With the power supply device for the vehicle, when the electronic control
unit does not obtain the information from the communication unit, when an operator does
not input an emergency pO\;ver feeding~ command, the electronic control unit may be
configured to inhibit discharge of eléctric power from the power ksupply to the external
device. _ | -

[0013]  With the power supply. device for a ;/ehicle of the present invention as
describéd above, power feeding from a vehicle to an external deviqe is possible in an

aspect of output appropriate for the external device coupled to the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]  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 overall Block diagram of a vehicle 100;
FIG. 2 is a view for describing charge and discharge of 'altemating current power
erm the vehicle; | ‘ | |
FIG. 3 isa vieW for describing an outline of a direct current cﬁairge' mode and a
direct current discharge mode from the vehicle; |
FIG. 4 illustrates a state where charging and discharging cables are coupled
simultaneously to an AC inlet and a ’DC inlet illustrated in FIG. 2 and FIG. 3;
FIG Sisa Bloc_k diagré_m illustrating a schematic c,onstitution' of the vehicle and a
" house when a direct current path and an alternating current path are coupled
. simultaneously; | |
FIG. 6 is a block diagfam‘ illustratihg a schematic éonStitution of when an
emergency outlet is provided to a house side with the constitution illustrated in_‘FIG. 5;
-FIG. 7 is a flowchart for desc;ribing a process of selecting a charge control'and a
discharge control performed by an ECU 300 in Embodi_ment ‘1 of the present invention;
FIG. 8 is a flowchart for describing a first process of éelecting AC discharge and DC
discharge in the discharge control performed by the ECU 300 in Embodiment 1 of the
present invention; | | ' |
~ FIG 9 is a flowchart for describing a second process of selectihg AC discharge and -
DC dischargé in the discharge control pérfbrmed by the ECU 300 in Embodiment 2 of the
present invéntioné and , | '
FIG 10 is a ﬂchhart for describing a process .of determining whether the AC
discharge .and the DC discharge are simultaneouslyr performed or not in the discharge

control performed by the ECU 3001in Embodiment 3 of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
| [0015]  The following de‘s‘cribes embodiments of the present invention in detail
~ with reference to the drawin'gs. Like reference numerals designate corresponding or
identical elements throughouf the drawings, and therefore sﬁch elements will not be

further' elaborated here.
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[0016] | First, the folloWing describes a vehicle and an alternating current
. charging cable. F IG.-l is an overall block diagram of a vehicle 100. Now referring to
FIG. 1, the vehicle 100 iﬁcludes an on-vehicle battery 110, a System Main Rélay (SMR)
115, a Power Control Unit (PCU) 120, a motor 135, a drivinnghee'l 150, and an
Electronic Control Unit (ECU) 300. The on-vehicle battery 110 is an electric storage
device as well as a po‘w‘er‘ supply. The ECU 300 isa control unit. The PCU 120 (not
illustrated) includes a converter, an inverter, and a cabaci'_[or. _
. [0017]  The on-vehicle battery "110 is an electric power storage element
constituted to be chargeable and dischérgeable. The on-vehicle battery 110 is, for
- example, constituted including a secondary battery such asv a lithium ,‘ion battery, a
nickel-metal hydride battery, or a lead-acid battéry; or a power storage element such as an
ele‘ctric double l’ayer._caparlcitor.v _ | | '
[0018]  The on-vehicle battery 110 is coupled to ‘the PCU 120 via a positive
power line P.Ll and a negative power line NLIQ Then, the on-vehicle battery 110
supplies electric power for generéting driving power of the vehicle 100 to the PCU 120.
The on-vehicle Battery 110 stores electric power vre’generated by the motor 135. An
output from the on-vehiclg béttery‘ 110 is, for example, aﬁproxifnately 200 V.
. [0019] ~The on—vehicle battery 110 includes a voltage sensor and a current sensor
~(both are not illustrated). - The on-vehicl_e‘ battery 110 outputs a voltage VB\ and a current
IB of the Qn;vehicle battery 110 detected by the Voltage\ sensbr and the currenf sensor to
the ECU 300. |
[0020]  One side of relays inclﬁded in an SMR 115 is coupled between a positive,
electrode Vof the on-vehicle battery 110 and the posiﬁve power line PL1 coupled to the
PCU 120. The other side of relays included in the SMR 115 is coupled Between’ the
hegative eléctrode‘ of the on-vehicle battery 110 and the negative power line NL1. Then,
based on a épntrol_ signal SE! from the ECU 300, the SMR 115 switches supply and
cutoff of electric power between the on-vehicle battery 110 and the PCU 120.
[0021]  The PCU internally includes an inverter; The inverter converts direct

current power into alternating current power based on the control signal from the ECU
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300, and drives each motor 135.

[0022] /Thev motor 135 is an alternating current rotary electric machine. For
example, the motor 135 is a permanent-magnet synchronous motor including a rotor
where a permanent maghet is embedded.

[0023] Driving power of the motor 135 is transmitfed to the driving wheél 150
to cause the\ vehicle 100 to run. When the vehicle 100 is in regenerative braking
operation, the motor 135 can generate electric power by rotational force of the driving
wheel 150. The PCU 120 converts the generated electric power into charging power of
~ the on-vehicle battery 110. | |

[(0024]  The vehicle 100 may be a hybrid vehicle. In this case, the vehicle 100
further includes an engine and an electric generator. The electric generator can generate
electric power by rotation of the engine. The use of the generated electric power allows
charging the on-vehicle battery 110.

[0025] The Vehicle 100 may be an electric véhicle without an engine and may
be a fuel cell vehicle. |

[0026] As a constitution for charging the on-vehicle battery 110 by electric
poWer' from an external alternating current power supply 500, the vehicle 100 includes a
‘ charger'200, a charge relay (CHR) 210 éln AC inlet (hereinafter also referred to as an
alternating current charging inlet or an alternating current coupling unit) 220, a charge
and discharge relay 707, and a DC inlet (hereinafter also referred to as a direct current
charging inlet or a direct current coupling unit) 702. To the DC inlet 702, a connector
for performing direct current charge and discharge, which will be described later with FIG. |
3 to FIG. 6, is coupled. |

[0027]  To the AC inlet 220, an AC connector 410 of a charging cable 400 is
coupled. t Then, electric power from the extemai alternating current power supply 500 is
transmitted to the vehicle 100 via the charging cable 400.

[0028] The charging cable 400 inciudes a plug 420 and a poWer line 440 in
addition to the AC connector 410. The plug 420 is to be coupléd to an outlet 510 of the

external alternating current pofWer supply 500. The power line 440 couples the AC
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connector 410 and the plug 420. To. the power line 44Q, a Charging Circuit Interrupt
Device (hereinafter also “referred to as a CCID) 430 to switch supply and cutoffyof electric |
power from the external alternating current power supply 500 is interposed. |
| [0029]  The charger 200 is coupled to the AC inlet 220 via the power lines ACL1

and ACL2. The charger 200 is coupled to the on-vehicle battery 110 via the CHR 210.

[0030]  The charger 200 converts alternating current 'powef supplieci from the
AC inlet 220 into charging power of the on-vehicle battery‘ 110 by being controlled by a
control signal PWD from the ECU 300.. |

[0031] . As a constitution for supplying electric power to the outside, the vehicle
100 further includes a 100.V AC inverter 201 and a discharging reléy (DCHR) 211.1 The
| AC inlet 220 is also-used as a coupling unit for outputting alternating current power.

(0032]  The 100 V AC inverter 201 also can_cénvert direct current power from
the on-vehicle battery 110 or direct current power generated.by the fnotor 135 and
cvonv‘erted by the -PCU 120 into alteméting current power and can feed power to the
outside of the vehicle. Instead of the 100 V AC invefter 201, a device for outpufting
other alternating current voltages may be disposed. - The charger 200 and the 100 V AC
inverter 201 may be one device where bidirectiohal power cohversion of charge and
power feeding is possible. |

[0033] The CHR 210 is controlled by a control sfgnal SE2 from the ECU 300
and switches supply and cutéff of electric power befween | the charger 200 and the
on-v‘ehi‘cle Battery 110. The discharging relay (DCHR) 211 is confrolled by a control
signal SE3 from the ECU 300 and switches coupling and cutoff of an electric power péth
between the AC inlet 220 and the 100 V AC inverter 201. When charged as illustrated
in FIG. 1, the CHR 210 is controlled to be in a coupling statevv‘vhile the DCHR 211 is
controlled to be in a cutoff state. ‘ | o

[0034] The ECU 300 includes a Central vProcessing Unit (CPU), a storage
device, and an input/output buffer (all of them are not illustrated in FIG. 1). The ECU
300 inputs a signal from each sénsor ora similar.corhpdnent, outputs a contfo] signal to

each device, and controls each device of the on-vehicle battery 110 and the vehicle 100.
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These controls are not limited to be processed by software, but can be processed by
~dedicated hardware (an electronic c1rcu1t) _

[0035] The ECU 300 operates a , State Of Charge (SOC) of the onfvehicle battery
110 based on detected valdes of the voltage VB and the current IB from the on-vehicle
~ battery 110. | | | '
| [0036]  The ECU 300 receives a preximate detection signal PISW (hereinafter
referred to as‘ a detection signal PISW) indi'eating a coupling state of the charging cable
400 from the AC connector 410. | The’ ECU 300 receives a control pilot signal CPLT
'(hereinafter referred to as a pilot eignal CPLT) from the CCID 430 of the eharging cable
400. The ECU 300 perforrﬁs a charge operetion based on these signals.

[0037)  The censtitution of FIG. 1 includes one control unit as the ECU 300.
However, for example, like a control unit for the PCU 120 and a control unit fer the
on-vehicle battery 110V, individual control units may be disposed for each function and
each controlled equipment.

[0038] | Next, the vfollowing describes an alternating -‘cu’rrent chérge mode.
Society .of Aﬁtofnotive Engineers (SAE) of the United States of America, International
Electrotechnical Commission (IEC), ahd a siﬁlilar organization standardize the pilot
signal CPLT and the detection signal PISW, the shape of the AC inlet 220 and the AC
‘connector 410, a terminal layout, and similar constitutions. .

[0039] The CCID 430 includes a CPU, a storage dev1ce and an mput/output'
buffer (all of them are not illustrated). The CCID 430 1nputs/outputs each sensor and a
control pilot signal and controls a charging operation o‘f the charging cable 400.

[6040]  The ECU 300 operates the electric potential of tﬁe pilet signal CPIT. A
duty cycle is set based on a rated current that can be supplied from the external
alternating current power supply 500 to the vehicle 100 via the charging cable 400.

[0041]  When the electric potential of the pilot signal CPLT decreases from a
spemﬁed electric potent1a1 the pilot signal CPLT oscﬂlates at a specified cycle. Here, |
based on the rated current that can be supphed from the external alternating current

power supply 500 to the vehicle 100 via the charging cable 400, a pulse width of the pilot
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signal CPLT is set. That is, according to a duty indicated by a pulse width ratio with
~ respect to the oscillating cycle, the use ‘of the pilot signal CPLT notiﬁes. the rated current
from a confrol pilot circuit in the CCID 430 to the ECU 300 in the vehicle 100.

[0042] A rated current is defined to each charging cable. The charging cab_ie
400 .of different .type has a different rated current. 'Accordingly, the duty of the pilot
signal CPLT differs depending on each charging cable 400. |

[0043] The ECU 300 can sense é rated current that caﬁ be supplied to the
| ~vehicle 100 via the charging cable 400 based on the duty of the received pilot signal

CPLT. | |
[0044] When a contact of internal relay of the CCID 430 is closed, ’altemating
current powef from the external alterhating" curreht power supply 500 is provided to the.
charger 200, thus preparation bf charge from the external alternating current ,pov(1_er
~ supply 500 to the on-vehicle battery 110 is completed. The ECU 300 outputs the
control signa.l PWD to the charger 200 to convert alternating current power from the
external éltemating current powef supply 500-into a direct Acur.‘rent power chargeable into
the on-vehicle battery 110.. Then, the ECU 300 outputs the control signal SE2 and
closes the contact of the CHR 210, thus the on-vehicle battery-110 is charged.

[0045]. FIG. 2- is a view for describing charge and discharge of altefnating
current power from the vehicle. As i_llustrated in the upp'er‘ side of the view in FIG. 2,
the vehicle 100 allowing external chargvi‘ng can store electric power from a power éupply
outside of the vehicle, such as‘the extemal‘altemating current power supp.ly' 500, into the
on-vehicle battery 110 ih the vehicle via an external Power Conditioning System (PCS) -
900, the AC connector 410,‘andvthe‘ charger 200.

[0046]  Next, the following describes an alternating cﬁrrent discharge mode.
Meanwhile, like what is called a’ smart grid, the following "has been examined. A
vehicle is considered as electric power supply source, and electric powéf stored in the
vehicle i:s supplied to an electrical device outside of the vehicle. As a power supply in
the case where an electrical device is used in a camp, oﬁtdoor work or a similar purpose,

a vehicle is employed in some cases.
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[0047]  In this case, as illustrated at the lower drawing in FIG. 2, the vehicle
operates in the alternating ‘current discharge: mode.‘ Insofar as the alternating current
discharge mode can supply electric power from the vehicle via the AC inlet 220, an dutlet f
for coupling an electrical device needs not to be disposed ' separately. Thérefore,
modification at the vehicle side is not necessarily or can be reduced, thus the alternating
current discharge mode is preferable.

[0048]  The 100 V AC inverter 201 in the vehicle 100 converts direct current
power stored in the on-vehicle battery 110, which is a power-generating device, into
alternating current power (for examplev, 100 V. AC and 200 V AC). The 100 V AC
inverter 201 supplies the electric powef to an electrical pfoduct 810 or a household
battery 820 via an external PCS 900.

[0049] Asan electric power generating device for the vehicle 100 in addition _tb
* the above-described on-vehicle battery 110, in the case of a hybrid vehicle with an engine,

an engine and. an electric génerator are included. Further, electric power from an
auxiliary battery (not illustréted in FIG. 1) to supply an auxiliary ’device included in the
vehicle 100 with power supply voltage can alsb be used. Alternatively, in the case
where the vehicle 100 is a fuel cell v‘e‘hicle, electric power gener_ated by fuel cell can also
be supplied. |

[0050] Next, the following describes the direct current cvharge mode and the
direct curre‘nt discharge mo‘de.‘ FIG.'V 3 is a view for describing aﬁ outline of a direct
current chargé mode and a direct current discharge mode. ‘Now referring to FIG. 3, the
direct currcnf charge mode ié a mode for charging an electric storage device of a vehicle
using ellectr‘ic power from an external direct current power supply. The direct ;:urrent
charge mode allows high-speed charge compared with the alternating current cha_rge'
mode in many cases. |

(0051]  Usually, the direct current ch.arge‘v mode converts alteméting current‘
power from the external aitemating current power supply 500 into direct curvrentA power at
the extemal PCS 900. The direct current power is suppliéd fo‘ the on-vehicle battery 110

via a DC connector 901 and the DC inlet 702, In this case, usually none is coupled to
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the AC inlet 220. N | |

[0052]  On the other hand, supplying electric power from the vehicle 100 to the
electrical product 810 and the household battery 820 via the external PCS 900 is also
considered. Since a direct current charging path can handle large electric power
compared with an alternating current charging path in many cases, the direct current
charging path is preferable to feed comparatively large electric power from the vehicle to
the outside. :

[0053] = Next, the following describes when the direct ‘current path and the
alternating current path are coupled simultaneously. FIG. 4 illustrates a state where
charging and discharging cables are coupled simultaneously to an AC inlet and a DC inlet.
Now referring to FIG. 4, the AC connector 410 is coupled to the AC inlet 220, and the DC
connector 901 is coupled to the DC inlet 702. Thus the external PCS 900 is coupled to
the veh1cle 100 With two paths (cables).

[0054] In the case where the coupling with two paths is available, the following
cases are possible. Discharge from the orl-vehicle battery 110 to the external PCS 900 is
performed by only the use of the AC path. Discharge from the on-vehicle battery 110 to
the external PCS 900 is performed by only the use of the DC path. | Discharge from the
on-vehicle battery 110 to the external PCS 900 is performed by the use of both paths.

[0055] | Thus, when a plurality of paths are coupled, it is preferred to determine
which path is tlie most appropriate and use the 'rnost appropriate path.

[0056] FIG S is a block diagram illustrating a schematic constitution of the
veliicle and a house when a direct current path and an alternating current path are coupled
simultaneously. Now referring to FIG. 5, the vehicle 100 includes aYDC charging inlet

702, an AC charging inlet 220, an AC/DC inverter 201", the on-vehicle battery 110, the
| communication unit 370, and the ECU 300. The AC/DC inverter 201' performs DC-AC
conversion. '

[0057]  Direct current power from the on-vehicle battery 110 can be output from
the AC charging inlet 220 to the outside after being converted into alternating current

power by the AC/DC inverter 201'. Direct current power from the on-vehicle battery



WO 2014/199203 PCT/IB2014/000868
12

110 can be output from the DC charging inlet 702 to the outside remaining as .direct
current power. | ,

[0058] A house 1000 includes the electrical product (a load) 810, the household
Battefy 820, the PCS 900, a communication unit 870, and an external control unit 800.
The ‘PCS 900 includes an AC/DC inverter 906, a DC/DC convertér 902, and a DC/AC
converter 904. The AC/DC inverter 906 perforrhs DC-AC conversion. The DC/DC
converter 902 performs D_CDC conversion. The DC/AC converter 904 performs
AC-DC coh\}er_sion.- I |

| ,[005‘9] The DC connector 901 and a power cable for direct current can couple
the DC/DC converter 902 and the DC cha{ging {hlet 702. The AC connector 410 aﬁd a
- power cable for altematihg current can couple the DC/AC converter 904 and the AC
charging inlet 220. The power cable for alternating current iﬁcludes a cbmrﬁﬁnications
line for transmitting the control pilot signal CPLT as well as the power line. The AC
connector 410 aﬁd the AC charging inlet 220 include connecting terminals for the
communications iine as well as terminals for the power line.

[0060] The AC cOnnectof 410 and the DC connector 901 may be‘ like an
integrated combo connector of SAE J1772 standard. The AC charging inlet 220 and the
DC charging inlet 702 may be; like an integrated port for combo conhector of SAE J1772
standard. ,

| [0061]  The communication unit 370 is constituted so as té cause a control pilot
signal CPLTC to superimpose information JC to produce a control pilot signal CPLT.
The communication unit 370 is also constituted s0 as to separate the information JC from
the control pilot signal CPLT with the information JC superimpdsed and produce a
control‘ pilot signal CPLTC or CPLTH. The information JC is transmitted/received
between the éommunication unit 370 and the ECU 300 over, for example, an in-vehicle
corﬁmunications network. | | o |

[0062] The éommuﬁication'unit 870 is constituted so as to cause the control
pilot signal CPLTH to superimpose information JH to produce the control pilot signal

'CPLT. The communication unit 870 is also constituted so as to separate the information
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- JH from the control pilot signal CPLT with the information JH sﬁperimposed and produce
the control pilot. signal CPLTH. The 'separated information JH is tranomitted/received
between the comttiunication unit 870 and the external control unit 800 over, for example,
a domestic communications network. ‘

[0063]  FIG.6 is a block diagram illustrating a schematic constitution of when an
“emergency outlet is provided to a house side with the constitution illustrated in FIG. 5.
Now referring to FIG. 6, an emergency AC outlet 920 is installed to the houso 1000.
Tho emergency AC outlet 920 can be coupled to the AC connector 410 via a switch 922.
For example, when power is fed from the vehicle 100 in case of emergency, coupling of
the switch 922 is switched from the DC/AC converter 904 to the emergency AC outlet
920. A user may switch the svyitch 922, or the switch 922 may be constituted so as to
automatically switch upon detection of a poWer failure. | |

-[0064]  Now, the following describes Embodiment 1 in charge and discharge
controls of the present invention. FIG 7 is a ﬂotvchartl for describing -a‘ process of
selecting a charge control and a discharge control performed by the ECU 300.

[0065] Now referring to FIG. 5 and FIG. 7, when a pfocess is started, the ECU
300 detects whether a discharge request is ma_de‘ or not in Step S1. For example, when
the discharge request is input from the external control unit 800 in the house 1000 to the
ECU 300 via the communication units 870 and 370' or when the user inputs a discharge
command to an operating unit (not illustrated) in case of a power failure or a similar
failure and then the operating unit inputs a dischargé request to the ECU 300, the
discharge request is determined to be made in Step S1. » |

[0066] .More specifically, the following is considered. The external control
unit 800 charges electric power of cheap unit price during nighttime in the on-vehicle
battery 110. For consuming electric power charged in the electrical produot 810 during
daytime, the external control unit 800 transmits a discharge request to the vehicle 100.
In case of a power failure or a similar failure, the following is considered. The user
operates ‘the operating unit to input the discharge request to the vehicle ’1700, and the

electric power from the on-vehicle battery 110 can be used for the electrical product 810
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in the houée. |

[0067] When the discharge requést is made in Step S1, the process proceeds to
Step S2, the ECU 300 performs discharge control of the on-vehicle. battery 110.
- Meanwhile, when the discharge request is not made in Step S1, the process proceeds to
Step S3. |

[0068] In Step S3, the ECU 300 detects whether the chargé requést is made or
not. - For example, when the discharge request is input frdm the external control unit 800
‘in the hbuse 1000 to the ECU 300 via the communication ﬁnits 870 and 370v0r when the
user inputs the discharge command to the operating unit‘(n.ot illustrated) when -the vehicle
100 that has been out returns or a similar situation, and thé operating unit inputs the
discharge reduest to the ECU 300, the discharge request is determined to be made in Step
S3. . |

10069] When the dischérge request is made in Step S3, thevprocess proceeds to
Step S4, the ECU 300 performs discharge control of the on-vehicle battery 110.
Meanwhile, when the discharge request is hot made‘-in Step S3, the procerss proceeds to
Step S5, and the process is returned to the main routine.

[0070]. FIG. 8 is é flowchart -for describing a first process of selecting AC
discharge and DC discharge in thé discharge control performed by the ECU 300. Now
referring to FIG. 5 and FIG. 8, when the process in the flowchart is started, fhe ECU 300
obtains inforfnatioh on' the house 1000 side from the external control unit 800 via the
communication units 870 and 370 in Step S11. The obtained information includes
information on: 1) whether PCS 900 is present in the house 1000 or not; 2) whether the
PCS 900 can receive DC discharge or not (whether thé DC power path is dedicated for
charge of an on-vehicle battery or not); 3) whether the PCS 900 can receive AC discharge ,
or not (whether the AC power path is dedicated for charge of the on-vehicle battery or
not); 4) whether an emergency outlet is present in the Ihouse or not, or similar
informaﬁon. | ;

[0071] In Step S12, the ECU 300 determines whether the PCS 900 is preseﬁt a'ft

the house side or not, based on the obtained informaﬁ_on. For example, the house with
: - \ .
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the constitution illustrated in FIG. 5 is determined that the PCS 900 is present in Step S12,
and the brocess proceeds to Step S13.- | } .

- [0072]  In Step S13, the ECU 300 determines whether the PCS 900 can receive
-DC discharge orvno_t, based on the obtained information. Even if the PCS 900 includes
the DC connector 901, the PCS 900 may have a specification chargeable only to the
on-vehicle battery 110. |

| [0073] In Step S13, When it is determined that the PCS 900 can receive the DC
discharge, the.process proceeds to Step‘Sl4.r To perform discharge using the DC path,
the ECU 300 conducts the relay 707 in FIG. 1, stops the inverter 201, separates the relay
211, or performs similar control. | _ o ‘

[0074] In Step S13, if it is determined that the PCS 900 cannot receive the DC
dlscharge the process proceeds to Step S1e.
[0075] - In Step S16, the ECU 300 determmes whether the PCS 900 can receive
AC discharge or not, based on the obtained information. Even if the PCS 900 includes
the AC connector 410, the PCS 900 may have a specification chargeable only to the
on-vehicle battery 110. In Step S16, when it is determined that the PCS 900 can receive
the AC discharge, the process proceeds to Step S17. -In Step S16, when it is determined ,‘
that the PCS -900 cannot receive the AC discharge, the'process proceeds to Step S18.
[0076] When the process proceeds from ‘Step S12 to Step SIS,‘ the ECU 300
determines whether an emergency outlet is pfesent at the house side or not, based on the
information obtained in Step S11. Fer example, the house with the constitution
illustrated iﬁ FIG. 5 is determined that the emergency outlet is absent ih'Step S15, and the
process‘ proceeds to Step S18. The house with the constitution illustrated in FIG. 6 is
~determined that the emergency outlet is present in Step S15, and the process' proceeds to
 Step S17. | o
| [0077] In Step S17, to perform discharge using the AC path, the ECU 300
separates th‘e relay 707 in FIG. 1, operates the inverter 201, couples the relay 211, or
' perforrhs similar control. | |

[0078] .  When the process proceeds to Step S18, discharge from the on-vehicle
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battery 110 is not performed.

[0079] = As described above, the power supply device for a vehicle of “
Embodiment 1 can obtain information regardihg speéiﬁcations of an external device
coupled over communications and can discharge the external device with optimum -
aspect. . | .

[0080] In Embodirﬁent 1, in the case where the house and the vehicle are
coupled with both the DC power path and the AC power path, in particular, like the case -
where a combo connector of SAE J1772 standard-is used, which path should be selected
for discharge is clarified. | | |

[0081]  Next, the following describes Embodiment 2. FIG. 9 is a flowchart for .
~ describing a second process of selecting AC discharge and DC discharge in the dischargé
control perfdrmed by tﬁe ECU 300. Now referring to FIG.- 5 and FIG. 9, when the
procéss in the flowchart is started, the ECU 300 ﬁrst‘ obtains a failure situation of the PCS'
900 at the house 1000 side from thé external control unit 800 via tﬁe communication.
units 870 and 370 in Step S31. V’Thc obtained inf_brmation includes information on
preserice/absence of a. failure in the DC/DC con\\/erter\ 902, presénce/ébsence of a failure -
in the DC/AC converter 904, or similar information. ,_

[0082] In Step S32, the ECU 300 determines whether the DC/DC convertér 902
is faulfy or not_baécd on the obtained information. When it is determined that the
DC/DC converter 902 is not faulty in Step S32, the process procéeds to Step S36 and DC
diécharge is performed. Since DC discharge cah output electric power of the on-vehicle
- battery 110 without éonversiOn into alternating current,” the numbef of éonversions is
small. Therefore, DC dischargé is efficient and is preferentially selected.v On the other
hand, when it is determined that the DC/DC converter 902 has a fault in Step S32, the
process proceeds to Step S33. A , '
| [0083] In Step S33, the ECU 300 de_términes whether the DC/AC cbnvertgr 904
is faulty or not, based on the obtained information. When it-is determined that the
DC/AC converter 904 is not faulty in Step S33, the process proceeds to Step S35 and AC

discharge is performed. AC discharge is less efficient than DC diséharge; however, the
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AC discharge is selected because electric power of the on-vehicle battery 110 can be
supplied to the PCS 900. On the other hand, when it is determined that the DC/AC
‘converter 904 has a fault in Step S33, the process proceeds to Step S34. The ECU 300
does not perform discharge from the orr-vehicle battery 110. | |

[0084] - With the power supply device for a vehicle of Embodiment 2, as long as -
the PCS 900 at the ho.use_: side normally operates, the number of conversions is small.
Therefore, efficient DC discharge is performed. Even .if DC dischargé cannot be
pérformed due to a failure, AC discharge is performed and power can be fed from the
vehicle to the PCS 900 in the house.

[0085’]’ In Embodiment 2 as well, in thevcase where the house and the vehicle are
coupled with both the DC power path and the AC power path, in particular, like the case
where the combo1connector of SAE J1772 standard is used, which path should Be
‘selected for discharge is clarified.

' [0086] [Embodiment 3] Embodiment 3 _simultaneously performs AC discharge
and DC discharge in case of a power failure. During a power failure, a commercial
power Supply is not‘supplied to the house side. This tends to cause shortage of electric
’power‘; therefore, it is designed that the maximum electric power can be suppliedfrom
the vehicle.

-[0087] ~ FIG. 10 is a flowchart for describing a procesé r)f determining whether
the AC discharge and the DC discharge are simultaneously performed or ndt in the
discharge control performed by the ECU 300. Now referring to FIG. 5 and FIG. 10,
| after starting the process of this flowchart, first, éorrrmunic'ations are attempted to the
éommunicaﬁon unit 870 at the house 1000 side, and it is determined whethcr the
communication unit 870 responds to it or not in Step S51. R

[0088]  When the 'communication unit 870 résponds in Step 'SSI, th.e process
proceeds to Step S54 and control is returned to the main routine. On the other hand,
when there is rro response in Step Sv51, i't is determined that a power failure occurs in the
house 1000, and the process proceeds to Step S52. | For example, if the communication

unit 870 obtains its power supply from 'the commercial power supply, a power failure
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caﬁses the communicatioh unit 870 to stop responding.

[0089] In Step S52, thel ECU 300 determines whether ah emergency poWer
feeding command is input or not. The user inputs the emergency power feeding
command from the operating unit (not illustrated). This operating - unit rha-y not be
 dedicated for input of the emergency power feeding command. - Any operating unit may
be employed as lbng as discharging the ECU 300 in the vehicle is-allowed.with the
dperating unit émployed for another function. For example, a vehicle may be
constituted such that striking a vehicle }start switch (a start buttoh) repéatedly inpufs the
~ emergency power -feeding command. In Step S52, if the emergency power feeding
. command is not input, the process proceeds to Step S55 and discharge is not performed.
On the other hand, in the case where the emergency power feeding command is ihput in
Step S52, the process proceeds to Step S53. To simultaneously perform AC discharge /
and DC discharge, the ECU 300 conducts the relays 211 and 707 in FIG. 1 to operate the
inverter .2(‘)1. ' | - |

[0090] " In Embodiment 3 as well, in the case where the house émd the vehicle are
coupled with both the DC power path and the AC power path, i.n particular, like the case
where the combo connector of SAE J 1772 standard is used, when to perform discharge
from both paths can be determined, thus both paths can supply large electric power‘ to the
house. | | | | |

~ [0091]  Finally, the following summarizes Embodiments 1 to 3 with reference to
the drawings again. Now referring to FIG. 1, the power .supply device for a Vehiclé
includes the on-vehicle battery 110, Which is a power supply, the alternating current’
coupling unit (the alternating current inlet) 220, the direct current coupling unit (the DC
inlet) 702, the communication unit 370, and the control unit (the ECT) 300. The
alternating current coupling unit 220 is configured to transmit and receive alternating
current power betwéen'the on-vehicle battéry 110 and an external device for a vehicle. -
The direct current coupling unit 702 is conﬁguréd td transmif and receive direct current
power between the on-vehicle battery 110 and the external device. - The ,communicaﬁon

unit 370 is configured to obtain information on the extetnal device for a house or a
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similar building from the external device through communications. The control unit
300 is configured to determine whether to discharge electric power from the on-vehicle
battery 110 to the external device via the alfemating current coupling urﬁt 220 or not and
whether to discharge electric power from the on-véhicle battéry 110 to the external device
via the direct currént coupling unit 702 or not, based on the‘information obtained from -
" the communication unit 370. ,
- [0092] - Preferably, as illustrated in FIG. 5 7and FIG. 6, the external device»
includes the DC/AC converter 904, the DC/DC converter 902, and the external control
“unit 800. The DC/AC converter 904 is coupled to the alternating current coupling unit
220. The DC/AC converter 904 is cdnﬁgured to conveﬁ electric power. | The DC/DC
. converter 902 is coupled to the direct cutrent coupling unitv702. The DC/DC conveﬁer :
| 902 is conﬁ,éured to convert electric power.  The external cbntrol unit 800 is configured
_to monitor a state of the DC/AC converter 904 and the DC/DC converter 902.  The
extemal control unit 800 is configured to transmit a monitoring result to the
communication unit 370. The ECU 300 is configured to obtain the monitoring result
from the external control unit 800 as the information.
| [0093] More preferably, aé illustrated in FIG. 9, when both the DC/AC converter
904 and the DC/DC converter 902 'no/rmally operate, the ECU 300 performs a control_to H
~ discharge electric power from the on-vehicle battery 110 to the external device via the ‘
~ direct current coupling unit 702 vwi"[hout use of the alternating current coupling unit 220.
[0094] @ More preferably, as illustrated in _FIG._ 9, when the monitorihg result
shows that the DC/AC converter 904 normally operates and the DC/DC converter 902
- does not normally operate, the ECU 300 performs control to discharge electric power
from the on-vehicle battery 110 to the externql device via the altemating current coupling
unit 220 without use of the direct current coupling unit 702.
[0095]  More preferably, as illustrated 1n FIG. 9, when the monitoring result
shows that both the DC/AC converter 904 and the DC/DC cbnverter 902 are not able to
- normally operate, the ECU 300 inhibits d.iséharge from the on-vehicle battery 110 to the

external device.
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[0096] Preferably, as illustrated in FIG. 10, in the case where the ECU 300 does
not obtain the information from the communicaﬁon unit 370, when an operator pfovidés
an emergency power feéding command, the ECU 300 performs control to discharge
~electric power fro)m the on-vehicle battery 110 to the external device using both of a pafh
‘via the altemating c'urrenf.coupling unit 220 and a path via the direct current coupling -

unit 702.
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CLAIMS |
1.A power supply‘d‘evice for a vehicle, the power supply deVice édmprising:
a power supply; - |
an alternating current coupling unit configured to transmit and receive alternating
currerit power between the power supply and an external device for the vehicle; -
‘a direct current coupling unit .cnonﬁguréd' to transmit and receive direct current
power between the power supply and the external device; |
a communication unit configured to obtain information on the exfemal device from
‘ the ‘e'xternal device through communications; and |
~ an electronic control unit conﬁgured to determine: @) whether Qr not to discharge
electric power from the power supply to the extemgl device via the alternating current
coupling unit based on the information obtaiﬁed from the communication unit; and (ii)
whethér or not to diséharge electric power from the power supply to the external device
via the direct current coupling unit based on the information obtained from the

communication unit.

2. The power supply device for a vehicle according td claim 1, wherein:.
“the external device includes:
. a first power conversion unit coupled to the alternatiﬂg current coupling unit,
the first poWer conversion unit being coﬁﬁgured to convert electric pbwer;
a second power conversion unit coupled to the direct current coupling unit,‘the
second power conversion unit being configured to‘ convert electric power; and -
an external control unit édnﬁgured to monitor a state of the first power
conversion uhit_ and the second power conversion unit to frénsmit a moniforing result to
the communication unit, wherein |
‘the, electronic control unit is configured to obtain' the monitoriné result from the

external control unit as the information. _



WO 2014/199203 PCT/IB2014/000868
22

3. The power supply device for a vehicle gccording to claim 2, wherein

the electronic control unit is configured to. perform ’cbntrbl to discharge electric
power from the power supply .to the extefr;al device via the direct current coupling unit
without use of the alternating current coupling unit when both the first power conversion -
unit and second power conversion unit normally operate. |

} _v

4. The power supply device for a vehicle according to claim 2, \;Vherein

the electronic control unit is configured to perform control to diséharge electric
power from the power supply to tﬁe external device via the alternating current coupling
- unit without use of the direct current coupling unit when the monitoring result shows that
the first power conversion unit normally operates and the second power conversion unit

does not normally operate.

5. The power supply device for a vehicle according to claim 2, wherein
the electronic control unit is configured to inhibit discharge from the power.supply
to the external device when the monitorihg result shows that both the first power

conversion unit and the second power conversion unit are not able to normally operate.

6. The power suﬁply device for a vehicle according to claim 1, wherein

the electronic control unit is conﬁvgured to perform control to discharge électric
power from the power supply .to the external device using both of a path via the
alternating current coﬁpling unit and a path via the direct current coupling unit when the -

electronic control unit does not obtain the information from the communication unit and

an emergency power feeding command is input by an operator.

7. The power supply device for a vehicle according to claim 1, wherein
the electronic control unit is configured to inhibit discharge of electric power from
the power supply to the external device when the electronic control unit does not obtain

the information from the communication unit and an emergency power feeding command

)
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is not input by an operator. -
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