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(57) Abstract: A vehicle including an auxiliary load, an auxiliary battery, at least one electric power output unit, and a controller is
provided. The auxiliary battery supplies electric power to the auxiliary load. The at least one electric power output unit supplies elec -
tric power to the auxiliary load. The controller predicts a maximum electric power consumption of the auxiliary load based on a us -
age state of the auxiliary load. When the predicted maximum electric power consumption exceeds a threshold value, the controller
supplies the electric power from the electric power output unit, in addition to the electric power from the auxiliary battery, to the
auxiliary load.
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- VEHICLE AND METHOD FOR CONTROLLING THE VEHICLE
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001]  The invention relates to a vehicle and a method for controlling the vehicle,
and more partlcularly relates to electric power supply control for supplymg electric power :

to an auxiliary load installed on the vehlcle

2. Description of Related Art

[0002] . . In recent years, vehicles (electric vehicles) each installed with a power
storage device (such as a secondary battery or a capacitor) and adapted to run using driving
force generated from electric, power stored in the power storage device have been attracting
attention, as environmentally-friendly vehicles. These vehicles include, for example,

electric automobiles, hybrid automobiles, and fuel cell vehicles. Technologies for

| charging the power storage device installed on these vehicles by use of a commercial

power supply having a high power generation efficiency have been proposed.

SUMMARY OF THE INVENTION

[0003] | In the electric Vehicles electric power used for driving the aimiliar}t load
installed on the vehicle is generally supphed from ‘an aux111ary battery. However, as .
descnbed in Japanese Patent Application Publ1cat10n No. 2013 018420 (JP 2013-018420
A), some VGhtClCS are arranged to lower the voltage of electric power from a hlgh-voltage
power storage device (main battery) for generating driving force, via a DC/DC converter,
and supply the resulting electric power to the auxiliary load or auxiliary machines.

[0004]  In the vehicle in which the auxiliary load can be driven with the electric
power from the main battery, as described above, it may be considered to reduce the size of
the auxiliary battery as compared with the conventional one, from a cost-cutting standpoint,
and make the battery capacity relatively small.
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[0005] In the meantime, electric power consumption of a particular auxiliary load, -
éuch as a power steering, or an electronically controlled brake (ECB} system, varies
according to the amount of 'Qperaﬁon by the user. Thereere, large electric powef may be
temporarily needed depending on operating conditions. At this time>, if the electric power
requiréd by the entire auxiliary system exceeds the maximum output power determined
from electric power that can be generated from the auxiliary battery and the DC/DC
converter, the auxiliary load may not be appropriately operated due to reduction of the |
voltage of the auxiliary syste‘m,. or the auxiliary‘battery may run out. When the size of the
auxiliary battery is redubed, fhis situation is more likely to occur. |

[0006]  The invention provides-a vehicle in which appropriate electric powér is
supplied to an auxiliary sysiem even when required electric power o‘f the auxiliary system
is temporarily increased, and a method of controlling the vehicle.

[0007] A first ashect of the invention is concerned- with a vehicle including an

auxiliary load, an auxiliary battery, at least oneé electric power output unit, and a controller.

The auxiliary battery is configured to supply electric power to the auxiliary load. The
electric power output unit is configured to supply electric power to the auxiliary load.
The controller is conﬁgured to predict a maximum electric power consﬁmption of the
auxiliary load. based on a usage state of the auxiliary load and supply the electric power
from the electric power output unit, in addition to thé electric powér from the auxiliary
battery, to the auxiliary load, when the predicted maximum electric power consumf)tion
exbeéds a threshold value..

[0008] With the above arran-gemeﬂt, beiven when electric pow‘er‘consurhption'of
the auxiliary load temporarily becomes excessively lafge, and‘it is thus predicted that the

electric power supplied to the -auxiliary load becomes insufficient, electric power supplied

_ from the electric power output unit can make up for the shortage of electric power.

[0009] - The vehicle according to the above aspect of the invention may further
include a power storage device, a drive unit, and a first power conversion deyice that is
different from the electric power output unit. The drive unit is configured to generate
driving force for running the vehi'cle,,using electric power from the power storage deﬂ/ice.
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The first poWer conversion device is configured to convert electric power from the power
storage device and supply the electric power to the auxiliary load. The thresholdv value is
determined as a sum of a maximum value of electric power that can be generated from the
auxiliary battery, and a maximum value of electric power that can be generated from the
first power conversion device. -

~ [0010] With the above arrangement, when it is predicted, in the electric vehicle,
that electric power that exceeds the sum of the maximum output power of the auxiliary
battery and the maximum output power of the power _eonversion rlevice for supplying
electric power to the auxiliary load is needed, electric power from the electric power output
unit can be‘ additionally supplied to the auxiliary load. |

[0011] The vehicle as described above may further include a charging device.

- The charging device is configured to convert electric power from an external power supply

provided outside the vehicle, and perferm external charging for supplying charging power
to the power storage device. The charging ~device may include -a second power ‘
eonversion device. Also, the charging device may be used as the electrie power output
unit. The second‘ power conversion device may be configured to lower a voltage of one
of the converted electric power from the external power supply and the electric pewer from
the power storage device, and supply the ele'etric power to the auxiliary load.

[0012] With the above arrangement, in the electric Vehiele capable of external
charging, electric power can be additionally supplied from the power conversion device
included in the charging device, to the auxiliary load.

[0013] The vehicle as described ~above may . further include a solar power
generation system cOnﬁgured to generate electric power using solar light,_ and supply the
generated electric power to the auxiliary load. Then, at least one of the second power
conversion device and the solar power generation system is used as the electric power
output unrt. |

[0014] With the above arrangement, electric. power can be additionally supplied
from at least one of the power conversion device included in the charging device and the
solar power generation system to the auxiliary load.
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[0015] - In the vehicle Ias described above, wheﬁ the predicted maximum electric
power consumption exceeds the threshold value.during execution of the external charging,
the controller may be configured to use the electric power from the second power
conversion device at‘ a higher priority than the electric power from the solar power
generation system. Since the ohargihg device has already been started during external

charging, it will not be necessary to additiohally start another device or system if the power

“conversion device'in the charging device is used.

[0016] In the vehicle as described above,. the controller may be configured to
obefate in one of a running mode for 'ruhning the vehicle, énd a charging mode for
executing the external charging. The controller may be configured to, when Operatingv in
the running mode, set a sum of a maximum \}alue of electric power that can be generated
from the auxiliary battery and a maximum value of g:leétric power that can be generatéd
from the first power conversioh device, as the threshold valué, and use at least one of the
second power conversion device and the solar power generation system as the electric
powér output unit. The controller may Be configured to, when operating in the charging
mode, syet a sum of the maximum value of electric power that can be generated from the -
auxiliary battery and a maximum value of electric power that can be generated from the

second power conversion device as the threshold value, and use the solar power generation

~ system as the electric power output unit.

[0017] When' the controller operates in the charging mode, the first power

conversion'device‘ is generally not started. Therefore, when the electric power from the

‘second power conversion device in the charging device and the electric power from the

- auxiliary battery are supplied to the auxiliary load, the sum of the maximum value of

electric power that can be generated from the auxili_ary battery and the maximum value of
electric power that can be generated from the second power conversion device is set as the
threshold value, and the solar power genération system is used as the electric power output
unit. This arrangement makes it possible to appropriately make up for a shortage of
electric power. '

[0018] In the vehicle as described ébove, the controller may be configured to
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operate in one of a running mode for running the vehicle, and a charging mode for

executing the external charging. The controller may be configured to, when operating in

the running mode, set a sum of a maximum- value of electric power that can be generated
from the auxiliary battery and a maximum value of electric power that can be generated

from the first power eonversion device, as the threshold value. The controller may be

configured to, when operating in the charging mode, set the maximum value of electric

power that can be generated from the auxiliary battery as the threshold value.-

| [0019] - When the eentroller unit operates in the cherging mode, no electric’ power
is supplied from the first power conversion device to the auxiliary load. Therefdre, when
only the electric power from the auxiliary battery is supplied, the maximum value of
electric power that can be generated from the auxiliary battery is set as the threshold value,
so that a snortage of electric power can be appropriately made up for.

[0020] | The vehicle a.ccording to the first aspect .orf the invention may further
include .a solar power generation system that is used as the electric power output unit.
The solar power generation system may be configured to generate electric power using
solar light, and supply the generated electric power to the auxiliary load.

| [0021] Even when the electric vehicle does not have an external charging functio/n,
it is possible to appropriately make up for a shortage of electric power, by using the solar:
power generation system as the electric power outpnt unit. | |
10022] The vehicle according to the first aspect of the invention may further
include an engine that generates driving force for running the vehicle, a generator that is
operatediby the engine to generate electric power, and a solarlpower' generation system.
The solar power generation system is configured to generate electric power using solar
1ight, and supply the generated electrie power to the auxiliary load. The threshold value
may be defined as a sum of a maXirnum value of electric power that can be generated from
the auxiliary battery and electric power than can be generated from the generator, and the
solar power generation system may be used as the electric power output unit.

[0023] | Thus, in the vehicle having the solar poWer generetion system and adapted

to run with driving force generated by the engine, too, when it is predicted that the electric
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power required by the auxiliafy load becomes smaller than the electric power generated
from the auxiliéry battery and the generator, it ié possible to appropriafely make up for the
shortage of electric power, by using electric power from the soiar powerv generation system.

[0024] A second éspect of the inventioh is ‘concerned with a method for

controlling a vehicle. The vehicle includes an auxiliary load, an auxiliary battery, at least

- one electric power output unit, and controller. The auxiliary battery supplies electric

' power to the auxiliary load. The el_eétric poWer output unit is configured to supply

electric power to the auxiliary load. The method includes (A) predicting a maximum
electric power consumption of the auxiliary load, based on a usage state of the auxiliary -
load by the cbntroller, (B) dete;‘mining whether the predictedmaximum electric power

consumption exceeds a predetermined threshold val‘ue by the contrbller, and‘ © supplyiﬁg '
electric powervfrom 'thé electric power output unit, in addition to electric power from the '

auxiliary battery, to the auxiliary load by the controller, when the Vpredicted maximum

~ electric power consumption exceeds the threshold value.

[0025] According to the control method as described above, the electric power
from the electric power output unit can make up \fdr a shortage of electric power, even
when the electric power consumption of the auxiliary load temporarily becomes
excessively large and it is predicted that the electric power supplied to the -auxiliary load.
becomes insufficient. | -

- [0026] - According to the above aspects of the invention, it is possible to provide
the vehicle in whiéh electric pbwer can be appropriately supplied to the auxiliary system,
even when required electric power of the auxiliary system is temporarily increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] | Features, ad\}antages, and technical and industrial signiﬁcance of
exemplary embodimenﬁs of the invention will berdesc_fibed below with reference to the »;
accompanyihg drawings, in which like numerals denote like elemients, and wherein: |

FIG. 1 is an overall block diagram of an electric vehicle according to one embodiment

of the invention,
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FIG. 2 is a view showing the detailéd configuration of a charging device and a solar
power generation system in FIG. 1;
| FIG. 3 is a view useful for explaining the summary of auxiliary electric power control
according to the embodiment'of FIG. 1;
FIG. 4 is a functional block diagram useful for explaining auxiliary electric power
control performed by an ECU; |
FIG S is a ﬂo‘wchart illustraﬁng an auxiliary electric power control routine executed
by the ECU; | '\
| FIG. 6 is a view useful for explaining the summary of auxiliary electric power control
during execution of external chargih_g; : |
FIG. 7 is a flowchart illustrating an auxiliary electric pbwer control routine executed
by the ECU durihg external charging; | | | |
FIG. 8 is an overall block diagram of an electric vehicle having no external charging
function, to which the auxiliary electric power control of the above embodiment éan be
applied; and - |
 FIG. 9 is an overall block diagram of a vehfcle that runs using driving force generated

by an engine, when the auxiliary electric power control of the above embodiment is

applied to the vehicle.

DETAILED DESCRIPTION OF EMBODIMENTS |

! [0028] Onei,embod‘imer‘ltv of the invention will be described in detail with

* reference to the drawings. In the drawings, the same numerals or syfnbols are assigned to

the same or corresponding portions or elements, which will not be ‘rep’eatedly explained.
[0029] FIG 1 is an overall block diagram of an electric vehicle 100 éccording to
one efnbodim’ent of the invention. In the following description, a hybrid vehicle having
an engine and rotating electric machines will be described as an example of electric vehicle.
However, the electric vehicle is not limitéd to this type of vehicle, but fhe invention. may
also be applied to other typeé of electric vehicles, such as an electric automobilé or fuel
cell automobile capable of running with electric power suppliéd frofn a powér sforage
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device. < |

| [0030] Referring to FIG. 1, the vehicle 100 ihcludes a power stofage device 110, a
system main relay (SMR) 115, a PCU (Power Control Unit) 120 as a drive unit,
motor-generatofs 130, 135, power transmission gears 140, drive wheels 150, an engine 160
as an internal combustion engine, and an ECU (Electronic Control Unit) 300 as a controller.
The PCU 12‘0 includes a converter 121, inverters 122, 123, and capacitors Cl1,C2.

[0031] The power storage device 110 is an electric power storage element

arraoged to be rechargeable .and dischargeabl‘e. The power storage device 110 may

include a secondary battery, such as a lithium-ion battery, nickel-metal-hydride battery, or a

" lead-acid storage battery, or a power storage element, such as an electric double layer

capacitor, for example.

[0032] The power storage device 110 is electrically connected to the PCU 120 via

'power lines PL1, NL1. The power storage device 110 supplies electric power for

generating drlvmg force of the vehlcle 100 to the PCU 120. Also, the power storage
device 110 stores electric power generated by the motor-generatOrs 130, 135. - The output
voltage of the power storage device 110 is, for example about 200V,

[0033] The power storage dev1ce 110 1ncludes a voltage sensor and a current

“sensor (both of which -are not shown), and the voltage VB and current IB of the power

storage device 110, which are detected by these sensors, are transmitted to the ECU 300.

[00/34] The SMR 1’15 ineludes relays SMR-B, SMR-P, SMR-G, and a limiting
resistor R1. The relay SMR-B is connected to a positive terminal of tﬁe power storage
device 110 and the power line P‘Ll.- The relay SMR-G is connected to a negative terminal
of the power storage device 110 and the power line NLL. A portion of the SMR 115 in
which the relay SMR-P and the limiting resistor R1 are connected in series is connected in
parallel with the relay SMR-G.

- [0035] The relays included in the SMR 115 can be individually operated based
on a control signal SE1 from the ECU 300, and -are switched between positions for

allowing supply of electric power between the power storage device 110 and the PCU 120,

-and positions for cutting the electric power. The limiting resistor R1 is a current-limiting
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" resistor that is adapted to prevent large current from instantaneously flowing to the PCU

120 when electric power starts being supplied from the power storagve device 110 to the
PCU 120.

[0036] The converter 121 performs voltage conversion between the voltage

between the power lines PL1, NL1 and the voltage between a power line PL2 and the

po'wgr line NL1, based on a control signal PWC from the ECU 300. ‘

[0037] = The inverters 122, 123 are co;lnected in parallel to the power line PL2 and
the power line NL1." The inverters, 125; 123 convert DC power Supplied from the
converter 121 to AC power, based on respéc_tivé éontro’l signals PWI1, PWI2 from the
ECU 300, and drive the motor-generators 130, 135, re.spectively.‘ |

[0038] . The cépacitor Clis pr‘ovided betWeen the power line PL1 and the power |
line NL1, for reducing ﬁuctuations 1n voltage between the pbWer line PL1 and the power
line NL1. The capacitor C2 is provided between the power line PL2 and the power line
NLI1, for reducing fluctuations in voltage between the power line PL2 and the power line
NL1. |

[0039] The motor-generators 130, 135 are AC rotating electric machines. For

- example, the motor-generators 130, 135 are permanent magnet type synchronous motors

having rotors in which permanent magnets are embedded.
[0040]  The output torque of the motor-generators 130, 135 is transmitted to the

drive wheels 150;via the powerl transmission gears 140 including a reducer and a power

| split device, so as to run the vehicle 100. . ‘When the vehicle 100 operates in a regenerative

braking mode, the motor-generators 130, 135 can generate electric power, using rotary

force of the drive wheels 150. The electric power thus generated is converted via the
PCU 120 to electric power for chafging the power stqrége device 110. |
[0041]  The motor-generators 130; 135 are also coupled to the engine 160 via the

power transmission gears 140. The motor-generators 130, 135 and the engine 160 are

\ operated by the ECU 300 in a coordinated manner', so as to generate required vehicle

driving force. Furthermore, the motor-generators 130, 135 are able to generate electric
power by utilizing rotation of the engine 160, and the electric power thus generated can be

9
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used for charging the power storage device 110. In this embodiment, the motor-generator
135 is used exclusively as an electric motor for driving the drive wheels 150, and the

motor-generator 130 is used exclusively as a generator driven by the engine 160. The

"engine 160 is controlled by the ECU 300, -according' to a control signal DRV.

[0042]  While the vehicle 100 as shown in FIG. 1 is provided with two motor
generators by way of example, the number of motor-generators is not limited to two, but
the vehicle of the invention may be provided with one motor-generator, or may be
provided with more than two motor—generators |

[0043]  The vehicle 100 further includes a DC/DC converter 170 an auxiliary load
180, and an auxiliary battery 190, as a low-voltage system (auxiliary system).

| [6044] The DC/DC converter 170 is a power conversien device that is connected ‘
to the power lines PL1, NL1, and operates to lower the DC voltage supplied from the

power storage device 110, based on a control signal PWD from the ECU 300. The

- DC/DC converter 170 then supplies the electric power to the low- Voltage system, such as

the auxiliary load 180 and the auxiliary battery 190, of the vehicle as a whole, via a power
line PL4. The DC/DC converter 170 may be included in the PCU 120.

- {0045} " The auxiliary load 180 1ncludes various devices or systems, such as lamps, |
wipers, heater, audlo system navigation system, power steering, power window, and an
ECB." Each of the devices or systems-included in the auxiliary load 180 transmits a state
signal STAT indicative of whether the device is inb operation or stopped, to the ECU‘ 300.

,[0046] A current sensor 195 is provided in a power line of a system to which the
auxiliary load 180 is connected. The current sensor 195 detects the total current
consumed by the entire auxiliary load 180, and transmits the detection Yalue IAUX to the
ECU 300. |

[0047]  The auxiliary batter}r ‘190 is typically formed by a lead-acid storagebattery.‘
The output voltage of the auxiliary battery 190 is lower than the output voltage of the
power storage device 110, and is equal to about 12V, for example. '

[0048] The vehicle 100 includes a charging device 200, a charging relay CHR
210, and an inlet 220 as a connecting portion, which constitute a system for charging the
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- power storage device 110 with electric power from an external power supply 500.

[0049] A charging connector 410 of a charging cable 400 is connected to the inlet

220. In operation, electric power is transmitted from the external power supply 500 to the
vehicle 100 via the charging cable 400. | A

. [0050] The charging cable 400 includes a plug 420 to be connected to a receptacle

outlet 510 of the external power sup‘ply 500, and a cable portion 430 that connects the

charging connector 410 with the plug 420, in addition to the charging connector 410. A

charging circuit interrupt device (which will also be calle‘d. “CCID”) 440 for selectively

,alloWing supply of electric power from the external power supply4500 and cutting the

powervfrom the external power supply 500 is inserted in the cable portion 430.

[0051] The charging device 200 is connected ‘to the inlet 220, via power lines

-ACLI, ACL2. The charging device 200 is also connected to the power storage device

110 through a poWer line PL3 and a power line NL3, via the CHR 210.

[0052] The charging device 200 is controlled according to a control signal PWE

from the ECU 300, so as to convert AC power supplied from the inlet 220, to charging

poWer for charging the power storage device 110.

[0053] The charging device 200 includes a DC/DC converter 205, and supplies

~ power-supply voltage for battery management and operation of other auxiliary load 180

wh.'ile external chérging is carried out. The output of the DC/DC converter 205 is
electrically connected to the auxiliary battery 190 via a power line PL5.
[0054] The CHR‘.ZIO includes relays CHR-B, CHR-P, CHR-G, and a limiti,ng

resistor R2.  The relay CHR-B is connected to the pdsitive‘ terminal of the power storage

device 110 and the power line PL3. The relay CHR-G is connected to the negative

terminal of the poweri storage device 110 and the power line NL3.‘ A portion,of the CHR
210 in which the relay CHR-P and the limiﬁng resistor R2 are connected in series is
connected in parallel with the relay C_HR-G. o

[0055]  The relays included in the CHR 210 can be individually operated, based .
on a control signal SE2 from the ECU 300, and are switched between positions for
allowing supply of electric power from the charging device 200 to the pov;/er storage
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device 110, and positions for cutting the electric power. The limiting resistor R2‘ is a
current-limiting resistor adapted to prevent excessively large current from instantaneousl_}‘/
flowing to the charging device 200, when the power storage de\.Iice 110 and the charging
device 200 are connected.

[0056] A solar power generation system 280 capable of generating electric power
utilizing solar light is install‘ed on the vehicle 100 according to this embodiment. The
solar power generation system 280 includes a solar panel 250 and a solar unit 260.

[0057] The solar panel 250 generates electric power when receiving solar light,
and provides the electric power thus generated to the solar unit 260. The solar unit 260

stores the electric power produ(;ed at the solar panel 250. Also, the solar unit 260

. converts the voltage of the electric power produced at the solar panel 250 and/or the.

electric.power stored therein, to a given letage, based on a control signal PWF from the
ECU 300, and provides the reSulting power to the auxiliary battefy 190 via the pdwer line
PL5. | | |

| [0058] The ECU 300 includes a CPU (Central Processing Unit), a storage device,

and an input-output buffer, none of which is illustrated in FIG. 1. In operation, the ECU

300 receives signals from various sensors, etc., and - outputs control signals to various

devices and systems, so as to control the power storage device 110 and various devices and
systems of the vehicle 100. These controls may be implemented not only by software,
but may also be implemented by exclusive hardware (such as electrohic circuits).

[0059]' The ECU 300 computes the state of charge SOC of the_powef storage

vdevice 110, based on the detection values of voltage VB and current IB from the power

étorage device 110. _

[0060] In the embodiment of FIG. 1, one controller is providéd as the ECU 300.
However, individual controlleré, such as a controller for the PCU 120 and a controller for ‘
the power storage device 110, may be provided for resbective fun‘ctio'ns or respective
devices or systems to be controlled. - |

[0061] FIG. 2 is a view usefﬁl for describing the detailed configuration of the
charging device 200 and solar power generation system 280 shown in FIG. 1. -
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[0062] " The charging device 200 includes an AC/DC converter 202, in addition to
the DC/DC converter 205. The AC/DC converter 202 converts the AC power received
from the external power supply 500 via power lines ACL1, ACL2, to DC power. The |
AC/DC converter 202 then transmits the resulting DC poWer to the power storage device
110, via the power lines PL3, NL3', éo that the power-storage device 110 is »charged with
the DC power. | | |

| [0063]  The DC/DC converter 205 is connected to the power lines PL3, NL3.
Thé DC/DC converter 205 lowers thé DC Voltage réceived from the power lines PL3, NL3,
and proVides the resulting power to the auxiliary battery 190 via the powef line PLS.

[0064] The solar unit 260 includes a solar battery 262 and a DC/DC converter

264. The solar béttery 262 stores electric power generated by the solar panel 250. The

DC/DC converter"264 converts the DC voltage produced at the solar panel 250 and/or the

DC voltage from the solar battery 262, and provides the resulting power to the auxiliary

' battery 190 via the power line PL5.

[0065] The DC/DC converter 264 is also connected to the pchr lines PL3, NL3,

~and is operable to convert the DC voltage from the power lines PL3, NLB_ and provides the

resulting power to the auxiliary battery 190. Furthermore, the DC/DC converter 264 is

~operable to convert the electric power generated by the solar panel 250, and supply the

resulting power to the powervlines PL3, NL3.

[0066]  Itisto be uﬁderstood that the configuration of the solar power genération
system 280 as shown in FIG. 2 is a mere example, and the solar battery 262 and the DC/DC
converter 264 are not necessarily provided. For example, the solar battery 262 may not
be provided. .. If the output voltage is 12V, for example, the DC/DC converter 264 may not

be provided, and the electric power generated by the solar panel 250 may be directly

~ supplied to the power line PL5.  Also, the DC/DC converter 264 may not be connected to

the power lines PL3, NL3. | _
[0067) ~ With the érrangément as shown in FIG. 2, during external charging, for
example, the voltage of electric power received from the external power supply 500 and

converted by the AC/DC Converter 202 can be reduced using the DC/DC converter 205
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and/or the DC/DC converter 264, and supplied to the auxiliary battery 190. During
running of the vehicle 100, too, the CHR 210 is closed, so that the DC voltage from the

power storage device 110 can be reduced, and supplied to the ahxiliary battery 190. In

this embbdiment, the solar power generation System 280, and the DC/DC converter 205

included in the charging device 200, correspond to one example of “electric power output

unit” according to the invention.

[0068] FIG. 3 is a view useful for explaining the summary of auxiiiary'electric
power control according to this embodiment. In FIG. 3, the vertical axis indicates the
system maximum output current that can be pro?ided to thé auxiliary load. Since the
system of the auxiliary load generally has a constant voltage of, for example, DC 12V-or
24V, change of the output current of the system represents or corresponds to change of
electric power supplied to the auxiliary load. Therefore, in the follpwing descfiption, it
should be noted that the term “current” can be replaced with the term “electric power”.

1[0069] When the vehicle system is started to run the vehicle, electric power from
the auxiliary battery 190, and electric power from the powér storage device 110, whose

voltage has been lowered via the DC/DC converter 170 (which will also be called “main

.DC/DC”), are supplied to the auxiliary load 180. Accordingly, the system maximum

output current (electric power) is the sun'lu of the maximum output current of the auxiliary
battery 190 and the maximum output current of the DC/DC conQerter 170. |

» [0070] When the size of the auxiliary battery 190 is'reduced,.fr_om‘ the Viewpoiﬁts_
of cost reduction and savihg" of in-vehicle space, the capacity of the auxiliary battery 190 is
reduced, and the maximum output current that can be produced is reduced; therefore,

electric power (current) that can be supplied to the entire auxiliary load is reduced (see the

~ middle bar in the graph of FIG. 3).

[0071] Since the auxiliary load 180 includes devices, such as headlights and
wipers, which are used only under particular situations, the system maximum output
current is generally set to be smaller than the current with which the entire auxiliary load .
can be operated. -

' [0072] . | On the other hand, the auxiliary load 180 includes one type of devices or
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systerhs that consume substantially constant electric power during operation; and another
typé of devices or systems, such as the power steering and the electronically controlled
brake (ECB) system, whose electric power consumpﬁoﬁ varies according to the amount of
the user operation. For the latter type of auxiliary load whose power consumption ‘\{'aries
in this manner, large electric powef may be instantaneously required, depehding on the
user operation, and flow of large current in a short period of time, or inrush current, may be
produced.

- [0073] In the condition where the auxiliary battery 190 is reduced in size, and the

system maximum output current is reduced, the current required to operate the entire

auxiliary load may exceed the system maximum output current, and the auxiliary load 180 .
may not be normalIy operated, or the auxiliary battery 190 may be excessively _discharged
to run out, which may result in a failure or deterioration. |

10074] In this émbodiment,/ when the" system is temporarily brought info fhe
abo;/e-described‘ condition where the current required to operate the entire auxiliary load
exceeds the system rﬁaximum output current, auxiliary electric power confrol is
impleinented so that ¢lectric powér from the power‘stora.ge de;}ice 110, or the solar battery
262 or solar panel 250, is supplied to the system of thé auxiliary load (see the right-hand
bar in the graph of FIG. 3). This auxiliary electric power control is implemented under
which the electric power output unit (which will be qompréhensively called “sub-DC/DC”)
included in other devices or systems, likev the solar power generation system 280 and/or the
DC/DC converter 205 included in the charging device 200 as shown in FIG. 2 is operated.
This makes it possible to compensatéfor -a temporary shortage of the electric power, and
théreby stabilize the‘ operation of the auxiliary load 180 by preventing reduction of the
system voltage d.f the auxiliary load system, while achi‘eving'the increased lifetime of the
auxiliary battery 190. | |

[0075]  FIG 4 is a functional block diagram useful for éxplaining the auxiliary‘
electric poWer control executed by the ECU 300 in this embodiment. Each functional
block illustrated ’ in the functional block diagram of FI\G.’ 4 is imblemented tﬁrough
hardware or software processing of the ECU 300. ‘
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[0076] Referring to FIG. 4, the ECU 300 includes a steady current computing unit
310, a maximum current prediéting unit 320, a defermining ﬁnit :330, a sub-DC/DC
controller 340, and a storage unit 350. |

[0077]  The steady current computing unit 310 receives the state signal STAT

indicative of an operating state of each auxiliary device or system from the auxiliary load

180, and computes electric current that steadily flows in the auxiliary load 180, depending

on whether each auxiliary device or system is in use (the ON/OFF stéte). For example,
the steady curfent computing unit 31’0 sums up steady current values for the auxiliary
devices or systems that are Currently used, using a steady current value for each auxiliary
device or system stored in advancejin the storage unit -350. When the current sensor 195
is provided, the steady current computing unit 310 may us“e‘ the curfent vavluev JAUX
6btaiﬁed by the current sensor 195 and representing,current flowing in the entire auxiliary

load 180, as the steady current value, in place of or in addition to 'the above-described

- computation. The steady current computing unit 310 outputs the obtained steady current

value Icon to thé maximum current predicting unit 320.

[0078] The maximum current predicting unit 320 receives the steady current
value Icon from the steady current computing unit 310. Also, the maximum current
predicting unit 320 obtains inforﬁlation concerning inrush current associated with each of
the auxiliary devices or systems whose current consumption can Vary, from the storage unit
350. On the basis of the information, the maximum current pfedicting unit 320 computes
the system maximum current Imax that would appear on the assumption that the inrush
current is produced dﬁe to the conditions' of the auxiliafy devices or systems that are
currently used. For example, the system maximum current Imax can be calculated as the
sum of the steady current value Icon and the information of the inrush current recei\-/ed
from the storage uhit 350. The maximum current predicting unit 320 oﬁfputs the system
maximum current Imax thus computed, to the determining unit 330. | |

[0079]  The determining unit 330 receives the computed system maximum current
Imax from the maximum current predicting unit 320. The detefmining unit 330 compares
the received system maximum current Imax, with a threshold value o that represents the
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sum of the maximum output current of the auxiliary battery 190 and the maximﬁm output
current of the DC/DC converter 170 stored in the storage unit 350, and determi.n.es whether
current can be ~sufﬁcientlyl supplied to the auxiliary load 180 when the inrush current is
produﬂced. |

[0080] When the system maximum current Imax is equal to or smaller than the
threshold value a, the _determining ur'1it’3/30 determines that current can be sufficiently
supplied to the auxiliary load 180, and sets a determinatioﬁ flag FLG to OFF, for example.
On the cher‘ hand, when the system maximum cburrent Imax exceeds the threshold value o,
the 'determining unit 330 determines that the current supplied to the auxiliary load 180
becomes insufficient, and set the determination flag FLG to ON. Then, the determining.
unit 330 outputs the determinatioﬁ flag FLG to the sub‘-DC/DC controller 340.

[0081] When thé determination flag FLG is4 ON, namély, when the . current
supplied to the auxiliary load 180 becomes insufficient upon occurrence of thé infush
current, the suB-DC)DC controller 340 créates control signals PWE, PWF so as to operate
at least one of the DC/DC converter 205 in the charging device 200 for extémal charging
and the DC/DC converter 264 in the solar power generaﬁon syétgm 280. Thus, relevant
devices to be operated so as to generate electric power from the sub-DC/DC fo the
auxiliary load 180 are controlled, so as to make up for a shortage of th‘e current required by
the entire auxiliary load. |

[0082] When the determination flag FLG is OFF, the auxiliary load 180 can
operate with electric current received from the auxiliary battery: 19‘0 and the main DC/DCv,
and therefore the sub-DC/DC controller 340 | stops the sub-DC/DCl When the
sub-DC/DC is in the stopped state, it is kept in the stopped state.

[0083] - FIG. Sisa ﬂowChért illustrating an auxiliary electric power con;[rol routfne
executed by the ECU 300. The control routines illustrated in the flowcharts of FIG, 5 aﬁd
FIG. 7 are impleménted by calling progfamé stored in advance in the ECU 300, from a
main routine, and executing the programs at given intervals. It is also possible to
implement some steps Vin tﬁe flowcharts, by use of exclusive hardware (electronic circuits).

[0084]  Referring to FIG. 1 and FIG. 5, the ECU 300 computes steady current
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currently consumed by the auxiliary load 180, in step S100.  As explained above referring
to FIG. 4, the steady consumption current may be obtained by computation from the usage
state of each device or system of the auxiliary load, or the detection value IAUX of the
current sensor '195 may be uséd as the steady consumption current.

5 b [0085] The ECU 300 predicts the maximum consumption current Imax of the
auxiliary load 180 in step S110, in view of inrush current associated with the auxiliary load
thse electric power lconsumpﬁon is variable, in addition tov‘the steady consumption
current obtainéd in step S100. Then,b the ECU 300 determines in stép S120 whethér the

| predicted maxirﬁum consumption current Imax is larger than the threshold value a.
10 [0086] When the maximum consumption current Imax is equal to‘ or smaller than
the threshold value o (NO in step S120), the ECU 300 determines that the current supplied
"~ from the auxiliary battery 190 and the main DC/DC 170 is sufficiently large, aﬁ’d skips
subsequent steps so that the control returns to the main routine.
[0087] | On the other hand, when the maximum consumption current Iméx exceeds
15. the threshold value o (YES in step S120), the control proceeds to step S130, and the ECU
300 drives the sub-DC/DC so as to increase ‘elec‘tric current that can be used by the.
~auxiliary load system. " | ‘
[0088] Although not illustrated in FIG. 5, when other devices or systems of the
‘auxilia‘ry load are sth)ped after the sub-DC/DC is once started, and the maximum
20 consundption current Imax is reduced to be equal to or smaller than the threshold value o
(NO in step S120), the sub-DC/DC is stopped, and the control ends.
[0089] - With the control performed according to the routine as déscribed above,
Wheh the electric power required by the .auxiliary load is temporarily increased, it is
‘I:;dssible to appropriately supply electric power to the auxiliary load, byv driving the existing |
25 . other power output unit (sub;DC/DC), without adding any exclusive device or system.
"This makes it possible to achieve reduction of the size of the auxiliary battery, re.duced cost,
and irﬁproVémént in the energy efficiency due to feduction of the vehicle‘weight, which
leads to increase in lifetime of the auxiliary battery.
| [0090] = In the above-described émbodiment, the auxiliary electric power control
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performed in a condition where the vehicle system is started and enables the vehicle to run,
namely, where the SMR 115 is closed, and the DC/DC converter 170 is driven, has been
explained.’ | ‘ |

[0091]  In the vehicle having the extérnal charging function as shoWn in FIG. 1,1 '
the aUXiliary'load may be used during execution of external charging. When the external
charging is conducted, the system of the drive system of the vehicle is generally placed in a

stopped state, the SMR 115 is opened, and the DC/DC converter 170 is also placed in a

stopped state. At this time, electric power ¢annot be supplied from the DC/DC converter

170 to the auxiliary load 180; therefore, the system maximum output current of the
auxiliary load system is reduced as compared with that at the time when the vehicle system
is started.

[0092] During execution of external charging, the charging device 200 is driven, -

and the DC/DC converter 205 in the charging device 200 is in operation. Accordingly,

the system maximum output current during external charging is the sum of the maximum
output current of the auxiliary battery 190 and the maximum output current of the DC/DC
converter 205. | |

[0093] If the size of the auxiliary battery 190 is reduced, fhe»system maximum
outpm current is further reduced as shown in FIG. 6; therefore, sufficient electric power
may 'noi[ be supplied to the auxiliary load 180, dépending on the usage state of the auxiliary -
lc;ad 180.

[0094]  Thus, in the case where the vehicle further includes any electric power
output unit, such és the solar power generation system 280 as shown in FIG. 1, other than
the DC/DC converter 205 of the charging device 200, when the electric power required by
the auxiliary load 180 exceeds the electric power than can be supplied from the auxiliary
battery 190 and the DC/DC converter 205‘, it is possible, even during external charging“, to
make up for a shortage of the electric power by driving the other elec_tri'c» power output
unit. |

[0095]  FIG 7 is a flowchart illustrating an auxiliary electric power control roﬁtine
éxecuted by the ECU 300. In the flowchart of FIG. 7 , steps S120, S130 in the flowchart
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of FIG. 5 are replaced with steps SIZOA? S130A. In FIG. 7, the same steps as those of
FIG. 5 will not be repeatedly described. /

[0096] Referring to FIG. 7, the ECU 300 computes steady consumption current
that is currently consumed by the auxiliary load 180 during execution of external charging
(SIO'O).' Then,.the maximum consumption current Imax is predicted in view ef the inrush
curren{ in the auxiliary load that can be operated dﬁring execution of external charging
(S110). |

[0097}  Then, the ECU 300 determines in step S120A whether the predicted
maximum consumption current Imax 1s 1afger than a threshold value f3. ‘For' example the
threshold value. B is set as the sum of the maximum output c‘urrentlof the auxiliary battery

190 and the maximum output current of the DC/DC converter 205 in the charging device -

, 200, and is generally set to a value smaller than the threshold value o in FIG. 5.

- [0098] When the maximum eonsumption current Imax is equal to or smaller than
the threshold value B (NO in step S120A), the ECU 300 determines that sufficient current
is supplied from the auxiliary battery 190 and the DC/DC converter 205, and skips
subsequent steps so that the control returns to the main routine.

- [0099] Ovn the other hand, when the maximum conéumptien current Imax exeeeds

the threshold value B (YES in step S120A), the control proceeds to step S130A, and the

ECU 300 drives the solar power generation system 280 so as to increase the current that

]
i

can be used by the auxiliary load system.’

[0100] With the control perfonhed aceording to the above-described routine, it is
possible to appropriately supply electric pow_er to the auxiliary load in the vehicle, by
driving the existing other eiectfic power output unit (‘s.ub-DC/D‘C) when the electric power
required by the ‘alixiliary load is temporarily increased during external char‘ging.

[0101]  In the system in which the DC/DC converter 205 in the charging device
200 is not started during execution of external charging, when the electric 'power required
by the aukiliary load in use exceeds the maxi‘m_um output power of the euxiliafy battery
190, at least one of the DC/DC converter 205 and _the solar power generation system 280
may be driven so es to make li_p for a shortage of the electric power. At this time, the
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charging device has already been started to permit external charging; therefore, it is.
preferable to use the DC/DC converter 205 of the charging dévice 200 at a higher priority
than the solar po'wer generation system 280, since there is no need to start an additional
device or system. -

[0102] While, the electric vehicle 100 as described above referring to FIG. 1 has

the external charging furiction, the auxiliary electric power control of this embodiment may

be applied to an elgctric vehicle having no external charging function.

[0103] FIG. 8 is an overall block diagram showing the case where the -
above-described auxiliary electric ‘power control is applied to an electric vehicle 100A
having no external charging function. The conﬁguratidn of the vehicle 100A shown ih
F IG; 8 is substantially identical with that of the vehicie 100 shown in FIG. 1, except that the
vehicle 100A is not provided with devices b(char’giﬁg device,v CHR, inlet, etc.) for
performing external charging. In FIG. 8, the same elements as those of FIG. 1 will not be
repeatedly described. | - | |

[0104] ':In the vehicle 100A, when the electric power consumed by the au;iliary‘
load 180‘during running of the vehicle is temporarily increased, a control routine similar to
that of the flowchart of FIG. 7 as described above is executed, so that electric power is
supplied from the solar power generation system 280 to the auxiliary battery 190, so as to
make' up for a shortage of the electric power for driving the auxiliary load 180.

[0105] Thus, when the vehicle has an electric power output unit, such as the solar :

- power generation system 280, which is different from the power storage device 110 and the

DC/DC converter 170, the auxiliary electric power control of this embodiment can be
applied to the vehicle that is not provided with the external charging function. |

[0106] [Ap}ﬁlication of Auxiliary Electric Power Control to Ndn—Electﬁc Vehicle]
Referring to FIG. 9, the case where the auxiliary electric power control of this embodiment
is applied to a vehicle 100B that runs using only driving force generated by the engine 160,
rather than an electric vehicle, will be described. In FIG.Y 9, the same elements as those of
FIG. 1 will not be repeatedly described. -

[0167] Referring to FIG. 9, ih the Vehicle‘IOOB, the output shaftvof the gngine 160
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is mechanically coupled to the drive wheels 150, via a power transmission mechanism 145
includingv a clutch and a transmission. The vehicle 100B runs using driving force
génerated by the engine 160.

[0108]’ A gepe;rator 165 capable of génerating electric power utilizirig rotation of

the engine is mounted on the engine 160. The electric power generated by the genefator

165 is provided to the auxiliary load 180 and the auxiliary battery 190.

[0109] When a predicted ‘v_alue of the maximum electric power consumed by the

- auxiliary load 180 exceeds a threshold value determihed‘from the sum of the maximum

value of electric power that can be generated from the auxiliary battery 190 and the

maximum value of electric power than can be generated from the generator 165, electric

power from the solar power generation system 280 is supplied to the auxiliary load 180, 50

as to make up for a vshortage of electric power for dfiving the auxiliary load 1 80.

- [0110) Thus, the auxili‘ary electric power control of this embodiment can be
applied to the vehicle that runs using only the driving force from the engine 160, where the
vehicie; has anoth.er electric power output -unit, such as the solar power genération sysiem |
280. -

[0111] It should be appreciated that the illustrated efnbbdiment is‘ exemplary in all
réspects and not restrictive. The scope of this invention is not defined by the above |
explanation but defined by the appended claims, and is intended to include all changes or

modifications that fall within the range of the claims and equivalents thereof.
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CLAIMS:

1. A vehicle, comprising:‘
an auxiliary load‘;
an auxiliary battery conﬁgufed to supply electric power to the auxiliary load; ‘
at least one electric power output unit conﬁgured to supply electric power to the
auxiliary load; and ‘ | |
_a controller configured té:
(a) predict é ﬁ1aximum electric power consumption of the duxiliary load based
ona usage state of the éuxiliéry load; | | |
(b) supply the electric power from the electric power output unit; in addition to
. the electric péwer from the aux-iliary. Battery, to the auxiliary load, when the predicted
maximum electric power consumption exceeds a threshold value; and

() control the electric power output unit.

2. The vehicle according to claim 1, further comprising:
~a power storage device; |

a drive‘ unit configured to genérate driving force for running the Vehicie, using
electric power from the power storage device; and

a first power conversion device different from the electric power output unit; the first
power conversion device being configured to convert electric power from ' the poWer
storage device and 'supply the electric power to the auxiilivary load, |

wherein the threshold value is determined as a sum of a maximum valué of electric
power that can be genérated from the auxiliary battery, and a maximum value of electric

power that can be generated from the first power conversion device.

3. The vehicle according to claim 2, further comprising:
a charging device configured to convert electric power from an external power supply
provided outside the vehicle, and perform external chargihg for supplying charging power
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to the power storage device, -

wherein the charging device includes a second power conversion device that is used
as the electric power output unit, the second power conversion device being configured to
lower a voltage of one of the converted electric power from the external power supply and
the electric power from the power storage device, and supply the electric power to the

- auxiliary load.

4. The vehicle according to claim 3, further cOmprising:

a solar power generation 'syStem conﬁgured to generate electric power using solar
light, and supply the generated electrlc power to the aux111ary load, |

wherein at least one of the second power conver51on dev1ce and the solar power -

generation system is used as the electric power output unit.

5. The vehrcle according to clarm 4, wherein

when the predicted maximum electric power consumptron exceeds the threshold
value during execution of the external chargmg, the controller is configured to use the
electric power from the second power conversion device at a higher priority than the

- electric power from the solar power generation system.

6. The vehicle according to claim 4, wherein:
the controller is eonﬁguredvto operate in one of a running mode for running‘the
vehicle, and a charging mode for executing the external charging;
the controller is configured to, when operating in the runmng mode, set a sum ofa
‘manrmum value of electric power that can be generated from the aux1hary battery and a
maximum value of electric power that can be generated from the first power conversion
device, as the threshold value, and use at least one of the second power conversion device
and the solar power generation system as the electric power output unit; and
the controller is configured to, when operatingin the charging mode, set a sum of the
- maximum value of electric power that can be generated from the auxiliary batter}r and a
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maximum value of electric power that can be generated from the second power conVersion
device as the threshold value, and use the solar power genération system as the electric

" power output unit.

7. The vehicle according to claim 3, wherein:

the controller is configured to operate in one of a running modé for running the
vehicle, and a ‘c.harging_mode ‘fvor executing the external charging;

| the controller is configured to, whe'n operating in the running mode, set a sum of a

maximum value of electric power-that can be generéted from the auxiliary battery and a
maximum value of electric power that can be generated from the first power conversion
device, as the threshold value; and |
| the controller is conﬁ‘g_ured to, when operating in the charging mode, set the
maximum Valu‘e of electric poweljyth'at‘can. be generated from the auxiliary battery as the

threshold Valué. '

8. The vehicle according to claim 2, further comprising:
a solar power generation system that is used as the electric power output unit, the
solar power generation system being configured to generate electric power using solar light,

and supply the generated electric power to the auxiliary load.

9. The vehicle according to claim 1, further"compriéing:

an engine that generates driving force for running the vehicle;

a ge.nerator that is operated by the engine to generate electric power; and

a solar power generation system clonﬁgured to generate electric po§ver using solar

light, and supply the genera@éd electric power to thé auxil‘ia‘ry load,

wherein the threshold value is defined as a sum of a maximum value of electric
powef that cah be generated from the auxiliary battery and ¢lectric power that can be
generated from the genefator, and the solar power generation sySteni is used as the electric

power output unit.
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10. A method for controliing a vehicle, the Vehicvle including an auxiliary load, an
auxiliary battery that supplies electric power to the auxiliary load, at leastvone electric.
power output unit conﬁgured to supply electric i)ower to the auxiliary load, and a controller,
the method cdmprising: | |

(A) predicting by the controller a maximum electric power consumption of the
auxiliary load, based on a usage stéte of the auxiliary load; |

(B) determining by the controller whefhef the predicted maximum electric power
consumptién exceeds a predetermined threshold value; and |

(C) supplying by the controller_eiéctric power from the electric power output unit, in "
addition to ¢leétric power from the auxiliary battery, to tﬁe auxiliary load, ‘whe‘.n the

predicted maximum electric power consumption exceeds the threshold value.
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FIG.5
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FIG.7
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