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(57)  When a control apparatus (60) determines,
based on asignal IG, thatanignition key has been turned
to the OFF position, the control apparatus (60) outputs
to an actuator (103) an operation command of an inform-
ing apparatus (102) based on the SOC of a main battery
(B). The informing apparatus (102) is disposed at a lo-
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cation where it can easily be seen by the driver when the
driver has exited from the vehicle, and driven by the ac-
tuator (103). The informing apparatus (102) changes its
projectionamount fromthe external surface of the vehicle
or an angle relative to the external surface of the vehicle
based on the SOC of the main battery (B).
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Description
Technical Field

[0001] The present invention relates to an electric-
powered vehicle, and particularly, to an electric-powered
vehicle such as an electric vehicle or a hybrid vehicle
incorporating as a motive power source a battery that
can be charged and discharged.

Background Art

[0002] Inrecentyears, electric-powered vehicles such
as electric vehicles or hybrid vehicles are receiving wide-
spread attention as environmentally friendly vehicles. An
electric vehicle uses an electric power storage apparatus
(battery), aninverter, and an electric motor (motor) driven
by the inverter as its motive power source. A hybrid ve-
hicle uses, in additionto a conventional engine, a battery,
aninverterandamotor driven by the inverter as its motive
power source.

[0003] In such an electric vehicle or hybrid vehicle in-
corporating a battery as a source of energy, it is neces-
sary for the driver to grasp the state of charge (SOC) of
the battery.

[0004] Japanese Patent Laying-Open No. 7-87607
discloses a charge display apparatus for an electric ve-
hicle with which the state of charge can be checked at
the outside of the vehicle. The charge display apparatus
includes display means arranged near a charging con-
nector on the external surface of the vehicle body for
displaying the SOC of a battery. With the charge display
apparatus, the SOC of the battery can easily be checked
while performing the charging work, at the location where
the charging work is performed Accordingly, it is not nec-
essary for the driver to check the same by sitting on the
driver’s seat and looking at the instrumental panel or the
like.

[0005] However, the charge display apparatus dis-
closed in Japanese Patent Laying-Open No. 7-87607 is
for checking the SOC of the battery while performing the
charging work, at the location where the charging work
is performed. Therefore, if the driver forgets to charge
the battery in the first place when he exits the vehicle
despite the lowered SOC of the battery, the chargingwork
itself will not be performed. As a result, such a problem
occurs that the next traveling becomes impossible.

Disclosure of the Invention

[0006] The present invention has been made to solve
such a problem, and an object thereof is to provide an
electric-powered vehicle that can effectively inform auser
about lowering of the SOC of a battery.

[0007] According to the present invention, an electric-
powered vehicle includes: a first motive power apparatus
of which energy source is electric power; an electtic pow-
er storage apparatus supplying electric power to the first
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motive power apparatus; an information portion provided
at the exterior of the vehicle for informing a vehicle user
about necessity of charging the electric power storage
apparatus; and a control portion outputting an operation
command to the information portion based on a state of
charge (SOC) of the electric power storage apparatus,
when a system of the vehicle is stopped.

[0008] Inthe electric-powered vehicle according to the
present invention, an operation command is output from
the control portion to the information portion provided at
the exterior of the vehicle based onthe SOC of the electric
power storage apparatus, when the system of the vehicle
is stopped. Then, the information portion operates. By
the operations of the information portion provided at the
exterior of the vehicle, the user of the vehicle after exiting
the vehicle can easily recognize at the outside of the ve-
hicle the necessity of charging the electric power storage
apparatus.

[0009] Therefore, withthe electric-poweredvehicle ac-
cording to the present invention, it is possible to effec-
tively inform the vehicle user about lowering of the SOC
of the electric power storage apparatus. As a result, the
vehicle user can be prevented from forgetting to charge
the electric power storage apparatus despite the lowered
SOC of the electric power storage apparatus.

[0010] According to the present invention, an electtic-
powered vehicle includes: afirst motive power apparatus
of which energy source is electric power; an electric pow-
er storage apparatus supplying electric power to the first
motive power apparatus; an information portion provided
atthe exterior of the vehicle; an exit determination portion
determining whether or not a driver has exited from the
vehicle; and a control portion outputting an operation
command to the information portion based on a state of
charge of the electric power storage apparatus, when a
system of the vehicle is stopped and the exit determina-
tion portion determines that the driver has exited from
the vehicle.

[0011] Inthe electric-powered vehicle according to the
present invention, an operation command is output from
the control portion to the information portion provided at
the exterior of the vehicle based onthe SOC of the electric
power storage apparatus, when the system of the vehicle
is stopped and the exit determination portion determines
that the driver has exited from the vehicle. Then, the in-
formation portion operates. By the operation of the infor-
mation portion provided at the exterior of the vehicle, the
user of the vehicle exiting from the vehicle can easily
recognize the necessity of charging the electric power
storage apparatus.

[0012] Therefore, withthe electric-powered vehicle ac-
cording to the present invention, it is possible to more
surely and effectively inform the vehicle user about low-
ering of the SOC of the electric power storage apparatus.
As aresult, the vehicle usercan more surely be prevented
from forgetting to charge the electric power storage ap-
paratus despite the lowered SOC of the electtic power
storage apparatus.
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[0013] Preferably, the information portion is configured
to change its position in accordance with the operation
command from the control portion. The control portion
outputsto the information portionthe operation command
that varies in accordance with the state of charge of the
electric power storage apparatus.

[0014] With the electric-powered vehicle, since the in-
formation portion changes its position in accordance with
the operation command that varies in accordance with
the SOC of the electric power storage apparatus, the
vehicle user can easily recognize the necessity of charg-
ing the electric power storage apparatus and also can
easily check the SOC of the electric power storage ap-
paratus.

[0015] Preferably, whenthe state of charge of the elec-
tric power storage apparatus becomes not greater than
a prescribed value, the control portion outputs to the in-
formation portion the operation command that is different
than when the state of charge of the electric power stor-
age apparatus is greater than the prescribed value. The
information portion informs the vehicle user by an infor-
mation pattern that is different between when the state
of charge of the electric power storage apparatus is not
greater than the prescribed value and when it is greater
than the prescribed value, based on the operation com-
mand from the control portion.

[0016] With the electric-powered vehicle, since the in-
formation portion informs the vehicle user by an informa-
tion pattern that is different between when the SOC of
the electric power storage apparatus is not greater than
the prescribed value and when it is greater than the pre-
scribed value, the vehicle user can easily determine at a
glance the necessity of charging the electric power stor-
age apparatus.

[0017] Preferably, the control portion outputs the op-
eration command to the information portion, when the
state of charge of the electric power storage apparatus
becomes not greater than a prescribed value.

[0018] With the electric-powered vehicle, since the in-
formation portion operates when the SOC of the electric
power storage apparatus becomes not greater than a
prescribed value, the vehicle user can easily determine
at a glance the necessity of charging the electric power
storage apparatus.

[0019] Preferably, the electric-powered vehicle further
includes a vehicle position detection portion detecting
whether or not the electric-powered vehicle is parked at
a location where charging equipment is installed. The
control portion outputs the operation command to the in-
formation portion, when the vehicle position detection
portion detects that the electric-powered vehicle is
parked at the location where the charging equipment is
installed.

[0020] With the electric-powered vehicle, since the op-
eration command is output from the control portion to the
information portion only when the vehicle position detec-
tion portion detects that the electric-powered vehicle is
parked at the location where the charging equipment is
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installed, the information portion will not unnecessarily
operate at a location without charging equipment where
charging is impossible. Therefore, with the electric-pow-
ered vehicle, unnecessary power consumption can be
prevented.

[0021] Preferably, the electric-powered vehicle further
includes a second motive power apparatus of which en-
ergy source is fuel. The control portion outputs the oper-
ation command to the information portion based on the
state of charge of the electric power storage apparatus
and a remaining amount of the fuel.

[0022] Inthe present electric-powered vehicle thatcan
travel if the fuel of the second motive power apparatus
remains despite the lowered SOC of the electtic power
storage apparatus, the operation command is output
from the control portion to the information portion based
on the SOC of the electric power storage apparatus and
the remaining amount of the fuel. Hence, such a situation
can be prevented that the information portion operates
even though the vehicle is capable of traveling by the
second motive power apparatus. Therefore, with the
electric-powered vehicle, an unnecessary operation of
the information portion can be prevented.

[0023] Preferably, the information portionis configured
to change its position in accordance with the operation
command from the control portion. The control portion
outputs to the information portion an operation command
that varies in accordance with the SOC of the electric
power storage apparatus and the remaining amount of
the fuel.

[0024] With the present electric-powered vehicle,
since the information portion changes its position in ac-
cordance with the operation command that varies in ac-
cordance with the SOC of the electric power storage ap-
paratus and the remaining amount of the fuel, the vehicle
user can easily check the total energy remaining amount
of the electric power storage apparatus and the fuel.
[0025] Preferably, whenthe state of charge ofthe elec-
tric power storage apparatus becomes not greater than
a first prescribed value and the remaining amount of the
fuelbecomes not greaterthan a second prescribed value,
the control portion outputs to the information portion the
operation command that is different than when at least
one of the state of charge of the electric power storage
apparatus and the remaining amount of the fuel is greater
than the respective corresponding first and second pre-
scribed values. The information portion informs the ve-
hicle user by an information pattern that is different be-
tween when the state of charge of the electric power stor-
age apparatus is not greater than the first prescribed val-
ue with the remaining amount of the fuel being not greater
than the second prescribed value, and when at least one
of the state of charge of the electric power storage ap-
paratus and the remaining amount of the fuel is greater
than the respective corresponding first and second pre-
scribed values, based on the operation command from
the control portion.

[0026] W.ith the electric-powered vehicle, since the in-
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formation portion informs the vehicle user by the infor-
mation pattern that is different between when the total
energy remaining amount of the electric power storage
apparatus and the fuel is lowered and when it is not, the
vehicle user can easily determine at a glance the neces-
sity of charging the electric power storage apparatus or
supplying the fuel.

[0027] Preferably, the control portion outputs the op-
eration command to the information portion, when the
state of charge of the electric power storage apparatus
becomes not greater than a third prescribed value and
the remaining amount of the fuel becomes not greater
than a fourth prescribed value.

[0028] With the electric-powered vehicle, since the in-
formation portion operates when the total energy remain-
ing amount of the electric power storage apparatus and
the fuel is lowered, the vehicle user can easily determine
at a glance the necessity of charging the electric power
storage apparatus or supplying the fuel.

[0029] Preferably, the electric-powered vehicle further
includes a vehicle position detection portion detecting
whether or not the electric-powered vehicle is parked at
a location where charging equipment is installed. The
control portion outputs the operation command to the in-
formation portion, if the remaining amount of the fuel is
not greater than a fifth prescribed value when the vehicle
position detection portion detects that the electric-pow-
ered vehicle is parked at the location where the charging
equipment is installed.

[0030] Withthe electric-powered vehicle, since the op-
eration command is output from the control portion to the
information portion only if the remaining amount of the
fuelis lowered when the vehicle position detection portion
detects that the electric-powered vehicle is parked at the
location where the charging equipment is installed, the
information portion will not operate unnecessarily, such
as at alocation without charging equipment where charg-
ing is impossible or when the vehicle can travel using
fuel. Therefore, with the electric-powered vehicle, unnec-
essary power consumption can be prevented.

[0031] Preferably, the electric-powered vehicle further
includes: an electric power generation apparatus gener-
ating electric power using an output from the second mo-
tive power apparatus; and an electric power input portion
receiving electric power provided from a source outside
the vehicle for charging the electric power storage appa-
ratus. The first motive power apparatus includes a first
rotating electric machine. The second motive power ap-
paratus includes an internal combustion engine. The
electric power generation apparatus includes a second
rotating electric machine having its rotation shaft me-
chanically linked to a crankshaft of the internal combus-
tion engine. The electric-powered vehicle further in-
cludes: first and second inverters provided respectively
corresponding to the first and second rotating electric
machines; and an inverter control portion controlling the
first and second inverters. The first and second rotating
electric machines respectively include first and second
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three-phase coils as stator coils. The electric power input
portion includes a first terminal connected to a neutral
point of the first three-phase coil, and a second terminal
connected to a neutral point of the second three-phase
coil. The inverter control portion controls the firstand sec-
ond inverters so that AC power provided across the first
and second terminals is converted into DC power and
provided to the electric power storage apparatus.
[0032] Inthe present electric-powered vehicle, charg-
ing from a source outside the vehicle to the electric power
storage apparatus is realized by using the first and sec-
ond rotating electric machines, the first and second in-
verters provided respectively corresponding to them, and
the inverter control portion. Therefore, with the present
electric-powered vehicle, it is not necessary to include a
separate charging converter, and reduction in the size of
the vehicle as well as an improvement in the fuel efficien-
cy owing to the reduction in the weight of the vehicle can
be realized.

[0033] As above, according to the present invention,
the vehicle user can easily recognize at the outside of
the vehicle the necessity of charging the electtic power
storage apparatus, by the operation of the information
portion provided at the exterior of the vehicle. According-
ly, the user is effectively informed about lowering of the
SOC of the electric power storage apparatus. As a result,
the vehicle user can be prevented from forgetting to
charge the electric power storage apparatus despite the
lowered SOC of the electric power storage apparatus.

Brief Description of the Drawings
[0034]

Fig. 1 is a schematic block diagram of a hybrid ve-
hicle shown as an exemplary electric-powered vehi-
cle according to a first embodiment of the present
invention.

Fig. 2 shows a manner of an informing apparatus
shown in Fig. 1 changing its position.

Fig. 3 shows another manner of the informing appa-
ratus shown in Fig. 1 changing its position.

Fig. 4 is a flowchart showing control of the informing
apparatus by a control apparatus shown in Fig. 1.
Fig. 5is acircuitdiagram of the powertrain of a hybrid
vehicle shown in Fig. 1.

Fig. 6 is a functional block diagram of a control ap-
paratus shown in Fig. 5.

Fig. 7 is a functional block diagram of a converter
control portion shown in Fig. 6.

Fig. 8isafunctional block diagram of firstand second
inverter control portions shown in Fig. 6.

Fig. 9 shows the simplified circuit diagram of Fig. 5
focusing on the portion related to charging.

Fig. 10 shows a control state of transistors in the
charging mode.

Fig. 11 is a flowchart showing a control structure of
aprogram related to determination of starting charg-
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ing by the control apparatus shown in Fig. 5.

Fig. 12 is another flowchart showing the control of
the informing apparatus by the control apparatus
shown in Fig. 1.

Fig. 13 is another flowchart showing the control of
the informing apparatus by the control apparatus
shown in Fig. 1.

Fig. 14 is a schematic block diagram of a hybrid ve-
hicle shown as one exemplary electric-powered ve-
hicle according to a second embodiment of the
present invention.

Fig. 15 is a flowchart showing the control of an in-
forming apparatus by a control apparatus shown in
Fig. 14.

Fig. 16 is a schematic block diagram of a hybrid ve-
hicle shown as one exemplary electric-powered ve-
hicle according to a third embodiment of the present
invention.

Fig. 17 is a schematic block diagram of a hybrid ve-
hicle shown as one exemplary electric-powered ve-
hicle accordingto afourthembodiment of the present
invention.

Best Modes for Carrying Out the Invention

[0035] In the following, embodiments of the present
invention are described in detail referring to the drawings.
In the drawings, the same or corresponding portions are
denoted by the same character, and description thereof
will not be repeated.

First Embodiment

[0036] Fig. 1is a schematic block diagram of a hybrid
vehicle shown as an exemplary electric-powered vehicle
according to a first embodiment of the present invention.
Referring to Fig. 1, a hybrid vehicle 100 includes a main
battery B, a motive power output apparatus 101, an in-
forming apparatus 102, an actuator 103, a DC/DC con-
verter 104, an auxiliary equipment battery 105, a power
supply line 106, a connector 50, and a control apparatus
60.

[0037] Main battery B is a direct current (DC) power
supply that can be charged and discharged, and config-
ured with a secondary battery such as a nickel-hydride
battery, a lithium-ion battery orthe like, for example. Main
battery B supplies DC power to motive power output ap-
paratus 101 and DC/DC converter 104. Main battery B
is charged by a DC voltage output from motive power
output apparatus 101. A capacitor of large capacitance
can be used as main battery B.

[0038] Motive power output apparatus 101 includes an
engine and a motor-generator (both not shown, herein-
after the same applies) as its motive power source, and
generates the driving force of hybrid vehicle 100 based
on a command received from control apparatus 60.
Based on a command received from control apparatus
60, motive power output apparatus 101 converts alter-
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nate current (AC) power that is from a commercial power
supply 55 located outside the vehicle and that is received
at a connector 50 into DC power, and outputs the con-
verted DC power to main battery B.

[0039] Connector 50 is a terminal for receiving AC
power from commercial power supply 55 located outside
the vehicle. When main battery B is charged using com-
mercial power supply 55 located outside the vehicle,
charging plug 56 is connected to connector 50, and AC
power from commercial power supply 55 is provided to
connector 50.

[0040] Informing apparatus 102 is an apparatus pro-
vided at the exterior of the vehicle for informing the ve-
hicle user outside the vehicle about the necessity of
charging main battery B. That is, even if the SOC of main
battery B is displayed on the console panel in the vehicle,
the vehicle user may exit from the vehicle without check-
ing the console panel, and forget to charge main battery
B. In this case, the next traveling may be impossible if
the SOC of main battery B is low. Accordingly, even in
such a case where the vehicle user exit from the vehicle
without checking the SOC of main battery B on the con-
sole panel, informing apparatus 102 disposed at a loca-
tion where it can easily be seen outside the vehicle by
the vehicle user allows the vehicle user to easily recog-
nize the necessity of charging main battery B.

[0041] Informing apparatus 102 is driven by actuator
103, and changes its position based on the SOC of main
battery B as will be described later. Actuator 103 drives
informing apparatus 102 based on a command from con-
trol apparatus 60. Actuator 103 is configured with, for
example, a small electricmotor, and supplied with electric
power from auxiliary equipment battery 105 via power
supply line 106 to operate.

[0042] DC/DC converter 104 reduces the voltage of
DC power supplied from main battery B to a voltage for
auxiliary equipment, and supplies the DC power of re-
duced voltage to auxiliary equipment battery 105. Auxil-
iary equipment battery 105 is a battery that can be
charged and discharged, and configured with, for exam-
ple, a lead battery. Auxiliary equipment battery 105 is
charged by DC/DC converter 104. Auxiliary equipment
battery 105 supplies the electric power for operation to
actuator 103 and other auxiliary equipment (not shown).
[0043] Control apparatus 60 exerts control for allowing
motive power output apparatus 101 to generate driving
force, by a method that will be described later. Control
apparatus 60 also exerts control for allowing motive pow-
er output apparatus 101 to convert AC power received
at connector 50 from commercial power supply 55 into
DC power and to output the same to main battery B, by
a method that will be described later.

[0044] Furthermore, control apparatus 60 receives a
signal IG from a not-shown ignition key (or an ignition
switch, hereinafter the same applies). When control ap-
paratus 60 determines, based on the received signal IG,
that the ignition key has been turned to the OFF position,
control apparatus 60 outputsto actuator 103 an operation
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command of informing apparatus 102 based on the SOC
of main battery B, by a method that will be described later.
[0045] The ignition key being at the OFF position cor-
responds to "stop of the vehicle system" in the present
invention.

[0046] Fig. 2 shows a manner of informing apparatus
102 shown in Fig. 1 changing its position. Referring to
Fig. 2, the projection amount of informing apparatus 102
from the external surface of the vehicle changes based
on whether or not the SOC of main battery B is smaller
than a reference value representing lowering of SOC of
main battery B. That is, when the SOC of main battery B
is not greater than the reference value, the projection
amount is small as indicated by the solid line. When the
SOC of main battery Bis greaterthanthe reference value,
the projection amount is greater as indicated by the
dashed line.

[0047] Conversely, the projection amount can be
greater when the SOC of main battery B is not greater
than the reference value so asto attract the vehicle user’s
attention, andthe projection amountcan be smaller when
the SOC of main battery B is greater than the reference
value. Also, the projection amount of informing apparatus
102 can be varied in accordance with the SOC of main
battery B.

[0048] Fig. 3 shows another manner of informing ap-
paratus 102 shown in Fig. 1 changing its position. Refer-
ring to Fig. 3, the angle of informing apparatus 102 rela-
tive to the external surface of the vehicle changes based
on whether or not the SOC of main battery B is smaller
than the reference value representing lowering of SOC
of main battery B. That is, when the SOC of main battery
B is not greater than the reference value, informing ap-
paratus 102 tilts as indicated by the solid line. When the
SOC of main battery B is greaterthan the reference value,
informing apparatus 102 is upright as indicated by the
dashed line.

[0049] Conversely, informing apparatus 102 can be
upright when the SOC of main battery B is not greater
than the reference value, and it can tilt when the SOC of
main battery B is greater than the reference value. Also,
the tilt amount of informing apparatus 102 may be varied
in accordance with the SOC of main battery B.

[0050] Fig. 4 is a flowchart showing the control of in-
forming apparatus 102 by control apparatus 60 shown in
Fig. 1. The process shown in this flowchart is called from
the main routine and executed, at regular time intervals
or every time a prescribed condition is satisfied.

[0051] Referring to Fig. 4, control apparatus 60 deter-
mines, based on signal |G from the ignition key, whether
ornotthe ignition key has been turnedto the OFF position
(step S10). When control apparatus 60 determines that
the ignition key has not been turned to the OFF position
(NO in step S10), it ends the series of operations.
[0052] When it is determined that the ignition key has
been turned to the OFF position in step S10 (YES in step
S10), based on the SOC of main battery B, control ap-
paratus 60 outputs to actuator 103 an operation com-
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mand of informing apparatus 102 (step S20). Specifically,
it may output different operation commands based on
whether or not the SOC of main battery B is smaller than
the reference value representing lowering of the SOC of
main battery B, or it may output different operation com-
mands in accordance with the SOC of main battery B.
[0053] Outputting the operation command to actuator
103, control apparatus 60 counts time T, and determines
whether or not time T has exceeded a preset threshold
value Tth (step S30). When control apparatus 60 deter-
minesthattime T has exceededthresholdvalue Tth (YES
in step S30), it stops the output of the operation command
of informing apparatus 102 (step S40). The purpose of
stopping the operation of informing apparatus 102 after
the prescribed time has elapsed is to prevent exhaustion
of auxiliary battery 105, since informing apparatus 102
operates by using electric power for auxiliary equipment
from auxiliary equipment battery 105 after the ignition
key is turned OFF and the vehicle system is stopped.
Then, stopping the output of the operation command of
informing apparatus 102, control apparatus 60 ends the
seties of operations.

[0054] Fig. 5 is a circuit diagram of the powertrain of
hybrid vehicle 100 shown in Fig. 1. Referring to Fig. 5,
hybrid vehicle 100 includes main battery B, a boost con-
verter 10, inverters 20, 30, power supply line PL1, PL2,
an earth line SL, U-phase lines UL1, UL2, V-phase lines
VL1, VL2, W-phase lines WL1, WL2, motor-generators
MG1, MG2, an engine 4, a power split mechanism 3, and
wheels 2. In this circuit diagram, the portions except for
main battery B, connector 50 and control apparatus 60
correspondto motive power outputapparatus 101 shown
in Fig. 1. In Fig. 5, DC/DC converter 104 and auxiliary
equipment battery 105 are not shown.

[0055] Power splitmechanism 3 is amechanism linked
to engine 4 and motor-generators MG1, MG2 for distrib-
uting motive power among them. For example, as the
power split mechanism, a planetary gear mechanism
having three rotation shafts of a sun gear, a planetary
carrier,and aring gear can be used. These three rotation
shafts are connected to the rotation shafts of engine 4,
and motor-generators MG1, MG2, respectively. For ex-
ample, by inserting the crankshaft of engine 4 through
the center of a hollow rotor of motor-generator MG1, en-
gine 4 and motor-generators MG1, MG2 can mechani-
cally be connected to power split mechanism 3.

[0056] Motor-generator MG2 has its rotation shaft
linked to wheels 2 by not-shown reduction gear, differ-
ential gear and the like. A speed reducer to the rotation
shaft of motor-generator MG2 can further be incorporat-
ed inside power split mechanism 3.

[0057] Motor-generator MG1 is incorporated in hybrid
vehicle 100 as an element that operates as a generator
driven by engine 4 and that operates as an electric motor
that can start engine 4. Motor-generator MG2 is incorpo-
rated in hybrid vehicle 100 as an electric motorthat drives
wheels 2 that are the driving wheels.

[0058] Motor-generators MG1, MG2 are, for example,
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three-phase AC synchronous motors. Motor-generator
MG1 includes, as a stator coll, a three-phase coil formed
with U-phase coil U1, V-phase coil V1 and W-phase coil
W1. Motor-generator MG2 includes, as a stator colil, a
three-phase coil formed with U-phase coil U2, V-phase
coil V2 and W-phase coil W2.

[0059] Motor-generator MG1 uses the output of engine
4 1o generate a three-phase AC voltage, and outputs the
generated three-phase AC voltage to inverter 20. Motor-
generator MG1 generates drive force by the three-phase
AC voltage receivedfrominverter 20, and starts engine 4.
[0060] Motor-generator MG2 generates drive torque
of the vehicle by three-phase AC voltage received from
inverter 30. In regenerative braking mode of the vehicle,
motor-generator MG2 generates three-phase AC voltage
and outputs the same to inverter 30.

[0061] Boost converter 10 includes a reactor L, npn
transistors Q1, Q2 and diodes D1, D2. Reactor L has one
end connected to power supply line PL1 and the other
end connected to a connection point between npn tran-
sistors Q1, Q2. Npn transistors Q1, Q2 are connected in
series between power supply line PL2 and earth line SL
and receives at their base a signal PWC from control
apparatus 60. Diodes D1, D2 for passing current from
the emitter side to the collector side are respectively con-
nected between collectors and emitters of npn transistors
Q1, Q2.

[0062] As the aforementioned npn transistors and as
npn transistors described in the following, for example
IGBTs (Insulated Gate Bipolar Transistors) can be used.
Also, in place of npn transistors, electric power switching
elements such as power MOSFETs (Metal Oxide Sem-
iconductor Field-Effect Transistors) can be used.
[0063] Inverter 20 includes a U-phase arm 22, a V-
phase arm 24 and a W-phase arm 26. U-phase arm 22,
V-phase arm 24 and W-phase arm 26 are provided in
parallel between power supply line PL2 and earth line SL.
[0064] U-phase arm 22 includes npn transistors Q11,
Q12 connected in series. V-phase arm 24 includes npn
transistors Q13, Q14 connected in series. W-phase arm
26 includes npn transistors Q 15, Q 16 connected in se-
ries. Diodes D11-D16 for passing currentfrom the emitter
side to the collector side are respectively connected be-
tween collectors and emitters of npn transistors Q11-
Q16. Connection points ofnpn transistors in respective
phase arms are respectively connected to respective
ends, not being neutral point N1, of the U, W, and W-
phase coils of motor-generator MG1, via U, V, and W-
phase lines UL1, VL1, WL1.

[0065] Inverter 30 includes a U-phase arm 32, a V-
phase arm 34 and a W-phase arm 36. U-phase arm 32,
V-phase arm 34 and W-phase arm 36 are provided in
parallel between power supply line PL2 and earth line SL.
[0066] U-phase arm 32 includes npn transistors Q21,
Q22 connected in series. V-phase arm 34 includes npn
transistors Q23, Q24 connected in series. W-phase arm
36 includes npn transistors Q25, Q26 connected in se-
ries. Diodes D21-D26 for passing current from the emitter
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side to the collector side are respectively connected be-
tween collectors and emitters of npn transistors Q21-
Q26. In inverter 30 also, connection points in respective
phase arms are respectively connected to respective
ends, not being neutral point N2, of the U, W, and W-
phase coils of motor-generator MG2, via U, V, W-phase
lines UL2, VL2, WL2.

[0067] Hybrid vehicle 100 further includes capacitors
C1, C2, a relay circuit 40, a connector 50, a control ap-
paratus 60, AClinesACL1,ACL2, voltage sensors 71-74,
and current sensors 80, 82.

[0068] Capacitor C1is connected between power sup-
ply line PL1 and earth line SL, and reduces the effect of
voltage fluctuation to main battery B and boost converter
10. A voltage VL between power supply line PL1 and
earth line SL is measured by voltage sensor 73.

[0069] Capacitor C2is connected between power sup-
ply line PL2 and earth line SL, and reduces the effect of
voltage fluctuationto inverters 20, 30 and boost converter
10. A voltage VH between power supply line PL2 and
earth line SL is measured by voltage sensor 72.

[0070] Boost converter 10 boosts a DC voltage sup-
plied from main battery B via power supply line PL1 and
supplies the result to power supply line PL2. More spe-
cifically, based on signal PWC from control apparatus
60, boost converter 10 stores the current that flows in
accordance with the switching operation of npn transistor
Q2 as magnetic field energy in reactor L. Then, boost
converter 10 discharges the stored energy by passing
current to power supply line PL2 via diode D1, synchro-
nizing with the timing where npn transistor Q2 is turned
OFF. In this manner, boost converter 10 performs the
voltage boost operation.

[0071] In addition, based on signal PWC from control
apparatus 60, boost converter 10 reduces a DC voltage
received from one of or both of inverters 20 and 30 via
power supply line PL2 to the voltage level of main battery
B, and charges main battery B.

[0072] Based on signal PWM1 from control apparatus
60, inverter 20 converts a DC voltage supplied from pow-
er supply line PL2 into a three-phase AC voltage and
drives motor-generator MG1.

[0073] Thus, motor-generator MG1 is driven to gener-
ate torque specified by a torque command value TR1.
Based on signal PWM1 from control apparatus 60, in-
verter 20 converts the three-phase AC voltage, having
been generated by motor-generator MG1 receiving the
output of engine 4, into a DC voltage, and outputs the
converted DC voltage to power supply line PL2.

[0074] Based on signal PWM2 from control apparatus
60, inverter 30 converts a DC voltage supplied from pow-
er supply line PL2 into a three-phase AC voltage and
drives motor-generator MG2.

[0075] Thus, motor-generator MG2 is driven to gener-
ate torque specified by a torque command value TR2.
Based on signal PWM2 from control apparatus 60, in-
verter 30 converts the three-phase AC voltage, having
been generated by motor-generator MG2 receiving the
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rotation force of the drive shaft inthe regenerative braking
mode of hybrid vehicle 100, into a DC voltage, and out-
puts the converted DC voltage to power supply line PL2.
[0076] Itisto be noted that, the "regenerative braking”
used herein includes breaking involving regeneration
when a foot brake operation is performed by the driver
of hybrid vehicle 100, or deceleration (or stopping of ac-
celeration) of the vehicle with regeneration by turning-off
of an accelerator pedal during driving rather than by the
operation of the foot brake.

[0077] Relay circuit 40 includes relays RY1, RY2. As
relays RY1, RY2, mechanical contact relays can be used,
for example. Semiconductor relays can also be used.
Relay RY1 is provided between AC line ACL1 and con-
nector 50, and turned ON/OFF based on signal CNTL
form control apparatus 60. Relay RY2 is provided be-
tween AC line ACL2 and connector 50, and turned
ON/OFF based on signal CNTL form control apparatus
60.

[0078] Relay circuit 40 performs connection/discon-
nection between AC lines ACL1, ACL2 and connector
50, in response to a signal CNTL from control apparatus
60. That is, when relay circuit 40 receives signal CNTL
of H (logic high) level from control apparatus 60, relay
circuit 40 electrically connects AC lines ACL1, ACL2 to
connector 50. When it receives signal CNTL of L (logic
low) level from control apparatus 60, relay circuit 40 elec-
trically disconnects AC lines ACL1, ACL2 from connector
50.

[0079] Connector 50 includes not-shown first and sec-
ond terminals for receiving AC power from an external
commercial power supply 55. The first and second ter-
minals are respectively connected to relays RY1, RY2 of
relay circuit 40. The voltage VAC between AC lines ACL1
and ACL2 is measured by voltage sensor 74, and the
measured value is transmitted to control apparatus 60.

[0080] Voltage sensor 71 detects a battery voltage VB
of main battery B, and outputs detected battery voltage
VB to control apparatus 60. Voltage sensor 73 detects a
voltage between both ends of capacitor C1, that is, an
input voltage VL to boost converter 10, and outputs de-
tected voltage VL to control apparatus 60. Voltage sensor
72 detects a voltage between both ends of capacitor C2,
that is, an output voltage VH (corresponding to the input
voltage of inverters 20, 30, hereinafter the same applies)
from boost converter 10, and outputs detected voltage
VH to control apparatus 60.

[0081] Current sensor 80 detects motorcurrent MCRT
1 passing through motor-generator MG1, and outputs
detected motor current MCRT1 to control apparatus 60.
Current sensor 82 detects motor current MCRT2 passing
through motor-generatorMG2, and outputs detected mo-
tor current MCRT2 to control apparatus 60.

[0082] Based on torque command values TR1, TR2
and motor rotation speeds MRN1, MRN2 of motor-gen-
erators MG1, MG2 output from an externally provided
ECU (Electronic Control Unit), voltage VL from voltage
sensor 73, and voltage VH from voltage sensor 72, con-

20

25

30

35

40

45

50

55

trol apparatus 60 generates signal PWC for driving boost
converter 10, and outputs generated signal PWCtoboost
converter 10.

[0083] Additionally, based on voltage VH and motor
current MCRT1 and torque command value TR1 of mo-
tor-generator MG1, control apparatus 60 generates sig-
nal PWM1 for driving motor-generator MG1, and outputs
generated signal PWM1 to inverter 20. Furthermore,
based on voltage VH and motor current MCRT2 and
torque command value TR2 of motor-generator MG2,
control apparatus 60 generates signal PWM2 for driving
motor-generator MG2, and outputs generated signal
PWM2 to inverter 30.

[0084] Here, based on signal IG from the ignition key
and the SOC of main battery B, control apparatus 60
generates signals PWM1, PWM2 for controlling inverters
20, 30 so that AC power from commercial power supply
55 provided across neutral points N1, N2 of motor-gen-
erators MG 1, MG2 is converted into DC power and main
battery B is charged with the same.

[0085] Furthermore, control apparatus 60 determines,
based on the SOC of main battery B, whether or not
charging from a source outside the vehicle is possible.
When control apparatus 60 determines that charging is
possible, it outputs signal CNTL of H level to relay circuit
40. On the other hand, when control apparatus 60 deter-
mines that main battery B is almost fully charged and
charging is not possible, it outputs signal CNTL of L level
to relay circuit 40. When signal |G indicates a stop state,
control apparatus 60 stops inverters 20 and 30.

[0086] Fig. 6 is a functional block diagram of control
apparatus 60 shown in Fig. 5. Referring to Fig. 6, control
apparatus 60 includes a converter control portion 61, a
first inverter control portion 62, a second inverter control
portion 63, and an AC input control portion 4. Converter
control portion 61 generates, based on battery voltage
VB, voltage VH, torque command values TR1, TR2, and
motor rotation speeds MRN1, MRN2, signal PWC for
turning ON/OFF npn transistors Q1, Q2 of boost convert-
er 10, and outputs generated signal PWC to boost con-
verter 10.

[0087] First inverter control portion 62 generates,
based on torque command value TR1 and motor current
MCRT1 of motor-generator MG1 and voltage VH, signal
PWM1 for turning ON/OFF npn transistors Q11-Q16 of
inverter 20, and outputs generated signal PWM1 to in-
verter 20.

[0088] Second inverter control portion 63 generates,
based on torque command value TR2 and motor current
MCRT2 of motor-generator MG2 and voltage VH, signal
PWM2 for turning ON/OFF npn transistors Q21-Q26 of
inverter 30, and outputs generated signal PWM2 to in-
verter 30.

[0089] AC inputcontrol portion 64 determines the drive
state of motor-generators MG1, MG2 based on torque
command values TR1, TR2 and motor rotation speeds
MRN1, MRN2. In accordance with signal IG andthe SOC
of main battery B, AC input control portion 64 coopera-
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tively controls two inverters and converts an externally
supplied AC voltage into a DC voltage and boosts the
same, and charges main battery B.

[0090] Here, signal IG of H level is a signal meaning
that hybrid vehicle 100 is activated. Signal IG of L level
is a signal meaning that hybrid vehicle 100 is stopped.
[0091] Whenthe drive state of motor-generators MG1,
MG2 is the stop state and signal IG also indicates that
hybrid vehicle 100 is stopped, AC input control portion
64 permits a charging operation if the SOC of main bat-
tery B is lower than a prescribed level. Specifically, AC
input control portion 64 brings relays RY1, RY 2 into con-
duction by signal CNTL. If there is any input of voltage
VAC, AC input control portion 64 generates control signal
CTL1 in accordance therewith. AC input control portion
64 cooperatively controls inverters 20, 30 to convert an
externally supplied AC voltage into a DC voltage and
boost the same, and permits charging of main battery B.
[0092] On the other hand, when the motor-generators
MG1, MG2 is in the driving state or signal IG indicates
that hybrid vehicle 100 is driven, and when the SOC of
main battery B is higher than a prescribed level, AC input
control portion 64 does not permit a charging operation.
Specifically, AC input control portion 64 opens relays
RY1, RY2 by signal CNTL. AC input control portion 64
generates control signal CTLO and causes boost con-
verter 10 and inverters 20, 30 to perform the normal op-
eration of the vehicle driving mode.

[0093] Fig. 7 is a functional block diagram of converter
control portion 61 shown in Fig. 6. Referting to Fig. 7,
converter control portion 61 includes an inverter input
voltage command operation portion 112, afeedback volt-
age command operation portion 114, a duty ratio oper-
ation portion 116, and a PWM signal convert portion 118.
[0094] Based ontorque commands TR1, TR2 and mo-
tor rotation speeds MRN1, MRN2, inverter input voltage
command operation portion 112 performs an operation
to obtain an optimum value (target value) of the inverter
input voltage, that is, voltage command VH_com, and
outputs obtained voltage command VH_comto feedback
voltage command operation portion 114.

[0095] Based on output voltage VH of boost converter
10 detected by voltage sensor 72 and voltage command
VH_com from inverter input voltage command operation
portion 112, feedback voltage command operation por-
tion 114 performs an operation to obtain feedback volt-
age command VH_com_fb for controlling output voltage
VH to voltage command VH_com, and outputs obtained
feedback voltage command VH_com_fb to duty ratio op-
eration portion 116.

[0096] Based on battery voltage VB from voltage sen-
sor 71 and feedback voltage command VH_com_fb from
feedback voltage command operation portion 114, duty
ratio operation portion 116 performs an operation to ob-
tain a duty ratio for controlling output voltage VH of boost
converter 10 to voltage command VH_com, and outputs
the obtained duty ratio to PWM signal convert portion
118.
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[0097] Based onthe duty ratio received from duty ratio
operation portion 116, PWM signal convert portion 118
generates a PWM (Pulse Width Modulation) signal for
turning ON/OFF npn transistors Q1, Q2 of boost convert-
er 10, and outputs the generated PWM signal as signal
PWC to npn transistors Q1, Q2 of boost converter 10.
[0098] By increasing the ON duty of npn transistor Q2
of the lower arm of boost converter 10, the electric power
storage in reactor L can be increased, and therefore an
output of higher voltage can be obtained. On the other
hand, by increasing the ON duty of npn transistor Q1 of
the upper arm, the voltage of power supply line PL2 is
reduced. Accordingly, by controlling the duty ratio of npn
transistors Q1, Q2, the voltage of power supply line PL2
can be controlled to any voltage equal to or greater than
the output voltage of main battery B.

[0099] Furthermore, when control signal CTL1 is acti-
vated, PWM signal convert portion 118 brings npn tran-
sistor Q 1 into conduction and npn transistor Q2 out of
conduction irrespective of the output of duty ratio oper-
ation portion 116. Thus, charging current can be passed
from power supply line PL2 to power supply line PL1.
[0100] Fig. 8 is a functional block diagram of first and
second inverter control portions 62, 63 shown in Fig. 6.
Referring to Fig. 8, first and second inverter control por-
tions 62, 63 each include motor control phase voltage
operation portion 120 and PWM signal convert portion
122.

[0101] Motor control phase voltage operation portion
120 receives input voltage VH of inverters 20, 30 from
voltage sensor 72. Motor control phase voltage operation
portion 120 receives motor current MCRT1 (or MCRT2)
passing through each phase of motor-generator MG1 (or
MG2) from current sensor 80 (or 82). Motor control phase
voltage operation portion 120 receives torque command
value TR1 (or TR2) from ECU. Then, based on these
input values, motor control phase voltage operation por-
tion 120 performs an operation to obtain a voltage to be
applied to each phase coil of motor-generator MG1 (or
MG2), and outputs the obtained each phase coil voltage
to PWM signal convert portion 122.

[0102] When PWM signalconvert portion 122 receives
control signal CTLO from AC input control portion 64,
based on each phase coil voltage command received
from motor control phase voltage operation portion 120,
PWM signal convert portion 122 generates signal
PWM1_0 (one type of signal PWM1) (or PWM2_0 (one
type of signal PWM2)) for actually turning ON/OFF npn
transistors Q11-Q16 (or Q21-Q26) of inverter 20 (or 30),
and outputs generated signal PWM1_0 (or PWM2_0) to
npn transistors Q11-Q16 (or Q21-Q26) of inverter 20 (or
30).

[0103] Thus, npn transistors Q11-Q16 (or Q21-Q26)
are switching-controlled, and the current passing through
each phase of motor-generator MG1 (or MG2) is control-
led so that motor-generator MG1 (or MG2) outputs the
specified torque. As a result, motor torque according to
torque command value TR1 (or TR2) is output.
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[0104] Additionally, when PWM signal convert portion
122 receives control signal CTL1 from AC input control
portion 64, irrespective of the output of motor control
phase voltage operation portion 120, PWMsignal convert
portion 122 generates signal PWM1_1 (onetype of signal
PWM1) (or PWM2_1(one type of signal PWM2)) for turn-
ing ON/OFF npn transistors Q11-Q16 (or Q21-Q26) so
that AC current of the same phase is passed through
each ofU-phase arm 22 (or 32), V-phase arm 24 (or 34),
and W-phase arm 26 (or 36) of inverter 20 (or 30), and
outputs generated signal PWM 1_1 (or PWM 2_1) to npn
transistors Q11-Q16 (or Q21-Q26) of inverter 20 (or 30).
[0105] When AC current of the same phase passes
through each of U, V, W-phase coils, rotation torque is
not generated in motor-generators MG1, MG2. By the
cooperative control of inverters 20 and 30, AC voltage
VAC is converted into a DC charging voltage.

[0106] Next, a method of generating a DC charging
voltage from commercial power supply 55 (having a volt-
age level of AC voltage VAC) located outside the vehicle
in hybrid vehicle 100 is described.

[0107] Fig. 9 shows the simplified circuit diagram of
Fig. 5 focusing on the portion related to charging. In Fig.
9, the U-phase arms in inverters 20 and 30 are repre-
sentatively shown. Similarly, the U-phase coils of the
three-phase coils of the motor-generators are represent-
atively shown. The U-phase is representatively de-
scribed, since the circuits of the othertwo phases passing
current of the same phase perform similarly as in the U-
phase. As can be seen from Fig. 9, the set of U-phase
coil U1 and U-phase arm 22, and the set of U-phase coil
U2 and U-phase arm 32 are each configured similarly to
boost converter 10. Accordingly, they are capable of not
only converting an AC voltage of, for example, 100V into
a DC voltage, but also further boosting the voltage to be
converted into a battery charging voltage of, for example,
about 200V.

[0108] Fig. 10 shows a control state of transistors in
the charging mode. Referring to Figs. 9 and 10, when
voltage VAC > 0, that is, when voltage V1 of line ACL1
is higher than voltage V2 of line ACL2, transistor Q1 of
the boost converter is brought into the ON state while
transistor Q2 is brought into the OFF state. Thus, boost
converter 10 becomes capable of passing charging cur-
rent from power supply line PL2 to power supply line PL1.
[0109] In the first inverter, transistor Q12 is switched
in the cycle and duty ratio in accordance with voltage
VAC, and transistor Q 11 is controlled to be in the OFF
state or to be in a switched state where it is brought into
conduction synchronizing with the conduction of diode
D11. Here, in the second inverter, transistor Q21 is
brought into the OFF state, while transistor Q22 is con-
trolled to be in the ON state.

[0110] When voltage VAC > 0, in the ON state of tran-
sistor Q12, current passes through the route of coil U1
— transistor Q12 — diode D22 — coil U2. Here, the en-
ergy stored in coils U1, U2 is discharged when transistor
Q12 is brought into the OFF state, and current passes
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10

through power supply line PL2 via diode D 11. In order
to reduce the loss by diode D1 1, transistor Q11 may be
brought into conduction synchronizing with the conduc-
tion period of diode D11. Based on the values of voltage
VAC and voltage VH, a boost ratio is obtained, and
switching cycle and duty ratio of transistor Q12 are de-
termined.

[0111] Next, when voltage VAC < 0, that is, when volt-
age V1 ofline ACL1 is lowerthan voltage V2 of line ACL2,
transistor Q1 of the boost converter is brought into the
ON state and transistor Q2 is brought into the OFF state.
Thus, boost converter 10 becomes capable of passing
charging current from power supply line PL2 to power
supply line PL1.

[0112] In the second inverter, transistor Q22 is
switched in the cycle and duty ratio in accordance with
voltage VAC, and transistor Q21 is controlled to be in the
OFF state or to be in a switched state where it is brought
into conduction synchronizing with the conduction of di-
ode D21. Here, in the first inverter, transistor Q11 is
brought into the OFF state, while transistor Q12 is con-
trolled to be in the ON state.

[0113] When voltage VAC < 0, in the ON state of tran-
sistor Q22, current passes through the route of coil U2
— transistor Q22 — diode D12 — coil U1. Here, the en-
ergy stored in coils U1, U2 is discharged when transistor
Q22 is brought into the OFF state, and current passes
through power supply line PL2 via diode D21. In order to
reduce the loss by diode D21, transistor Q21 may be
brought into conduction synchronizing with the conduc-
tion period of diode D21. In this case also, based on the
values of voltage VAC and voltage VH, a boost ratio is
obtained, and switching cycle and duty ratio of transistor
Q22 are determined.

[0114] Fig. 11 is a flowchart showing the control struc-
ture of the program related to determination of starting
charging by control apparatus 60 shown in Fig. 5. The
process shown in this flowchart is called from the main
routine and executed, at regular time intervals or every
time a prescribed condition is satisfied.

[0115] Referring to Fig. 11, control apparatus 60 de-
termines, based on signal IG fromthe ignition key, wheth-
er or not the ignition key has been turned to the OFF
position (step S1). When control apparatus 60 deter-
mines that the ignition key has not been turned to the
OFF position (NO in step S1), it is inappropriate to per-
form charging by connecting the charging cable to the
vehicle, and therefore the process proceeds to step S6
where the control moves to the main routine.

[0116] When itis determined that the ignition key has
been turned to the OFF position (YES in step S1), it is
determined to be appropriate to perform charging, and
therefore the process proceeds to step S2. In step S2,
relays RY1 and RY2 are controlled from the nonconduc-
tive state to the conductive state, and voltage VAC is
measured by voltage sensor 74. When an AC voltage is
not observed, it is considered that the charging cable is
not connected to the socket of connector 50. Therefore,
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the charging operation is not performed and the process
proceeds to step S6 where the control moves to the main
routine.

[0117] On the other hand, when an AC voltage is ob-
served as voltage VAC in step S2, the process proceeds
to step S3. In step S3, it is determined whether or not the
SOC of main battery B is smaller than threshold value
Sth(F) representing the fully charged state.

[0118] When SOC of main battery B < Sth(F) is satis-
fied, it is the state where charging is possible. Accord-
ingly, the process proceeds to step S4. In step S4, control
apparatus 60 cooperatively control two inverters and
charges main battery B.

[0119] In step S3, when SOC of main battery B < Sth
(F) is not satisfied, main battery B is in the fully charged
state and need not to be charged. Accordingly, the proc-
ess proceeds to step S5. In step S5, a charging stop
process is performed. Specifically, inverters 20 and 30
are stopped and relays RY1, RY2 are opened so that
input of AC power to hybrid vehicle 100 is shut off. Then
the process proceeds to step S6 where the control returns
to the main routine.

First Variation of First Embodiment

[0120] As hybrid vehicle 100 is equipped with engine
4 and motor-generator MG2 as its motive power source,
the drive force for the vehicle can be ensured if the fuel
of engine 4 is left, even when the SOC of main battery B
is low. Accordingly, informing apparatus 102 may be op-
erated when the fuel remaining amount of engine 4 is
small.

[0121] Fig. 12is another flowchart showing the control
of informing apparatus 102 by control apparatus 60
shown in Fig. 1. The process shown in this flowchart is
also calledfromthe main routine and executed, at regular
time intervals or every time a prescribed condition is sat-
isfied.

[0122] Referring to Fig. 12, control apparatus 60 fur-
ther includes step S15 in the process shown in Fig. 4.
That is, when it is determined that the ignition key has
been turned to the OFF position in step S10 (YES in step
S10), control apparatus 60 determines whether a fuel
remaining amount of engine 4 is smaller than a reference
value representing lowering of the fuel remaining amount
of engine 4 (step S 15). When control apparatus 60 de-
termines that the fuel remaining amount of engine 4 is
greaterthan the reference value (NO in step S15), it ends
the series of operations without outputting an operation
command of informing apparatus 102.

[0123] On the other hand, when control apparatus 60
determines that the fuel remaining amount of engine 4
is not greater than the reference value (YES in step S
15), the process proceeds to step S20, and control ap-
paratus 60 outputs an operation command of informing
apparatus 102 to actuator 103 based onthe SOC of main
battery B.
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Second Variation of First Embodiment

[0124] The operation pattern of informing apparatus
102 may be changed based on whether or not the SOC
of main battery SOC is smaller than the reference value
representing lowering of the SOC of main battery B, so
that the vehicle user is more surely informed about low-
ering of the SOC of main battery B.

[0125] Fig. 13 is another flowchart showing the control
of informing apparatus 102 by control apparatus 60
shown in Fig. 1. The process shown in this flowchart is
also called fromthe main routine and executed, at regular
time intervals or every time a prescribed condition is sat-
isfied.

[0126] Referring to Fig. 13, control apparatus 60 in-
cludes steps S22, S24, and S26 in place of step S20 in
the process shown in Fig. 12. That is, when it is deter-
mined that the fuel remaining amount of engine 4 is not
greater than the reference value representing lowering
of the fuel remaining amount in step S 15 (YES in step
S 15), control apparatus 60 determines whetherthe SOC
of main battery B is smaller than reference value Sth(E)
representing lowering of the SOC of main battery B (Step
S22). When control apparatus 60 determines that the
SOC of main battery B is not greater than the reference
value (YES in step S22), it outputs to actuator 103 an
operation command of informing apparatus 102 formed
in a first information pattern (step S24).

[0127] On the other hand, when it is determined that
the fuel remaining amount of engine 4 is greater than the
reference value representing lowering thereof in step S
15 (NO in step S15), or when it is determined that the
SOC of main battery B is greater than the reference value
representing lowering thereof in step S22 (NO in step
S22), it outputs to actuator 103 an operation command
of informing apparatus 102 formed in a second informa-
tion pattern being different from the first information pat-
tern (step S26).

[0128] Exemplary first and second information pat-
terns may be to vibrate informing apparatus 102, with the
amplitude of vibration varied between the first and sec-
ond information patterns. Alternatively, a light emitting
apparatus may be provided to informing apparatus 102
andturned on or flashed as the first or second information
pattern.

[0129] Then, after the operation of step S24 or S26,
control apparatus 60 proceeds to step S30.

[0130] As above, according to the first embodiment,
when the system of the vehicle is stopped, informing ap-
paratus 102 provided at the exterior of the vehicle is op-
erated based on the SOC of main battery B. Thus, the
vehicle user after exited from the vehicle can easily rec-
ognize atthe outside of the vehicle the necessity of charg-
ing main battery B. As a result, the vehicle user can ef-
fectively be informed about lowering of the SOC of main
battery B, and the vehicle user is prevented from forget-
ting to charge the battery despite the lowered SOC of the
battery.
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Second Embodiment

[0131] Fig. 14 is a schematic block diagram of a hybrid
vehicle shown as one exemplary electric-powered vehi-
cle according to a second embodiment of the present
invention. Referring to Fig. 14, hybrid vehicle 100A fur-
ther includes a seat sensor 107, and a control apparatus
60A in place of control apparatus 60, in the configuration
of hybrid vehicle 100 in the first embodiment shown in
Fig. 1.

[0132] Seatsensor 107 senses whether or notthe driv-
eris seated in the driver’s seat. Seat sensor 107 outputs
a signal of H level to control apparatus 60A when the
driver is seated in the driver's seat, and outputs a signal
ofL level to control apparatus 60A when the driver is not
seated in the driver's seat. As seat sensor 107, a load
sensor disposed in the seat or an optical sensor optically
sensing whether the driver is seated may be used.
[0133] Control apparatus 60A receives signal |G from
the ignition key, and receives a detection signal from seat
sensor 107. When control apparatus 60A determines,
based on the signal IG, that the ignition key has been
turned to the OFF position, it determines, based on the
signal from seat sensor 107, whether or not the driver
has exited from the vehicle, by the method described
later. When control apparatus 60A determines that the
driver has exited from the vehicle, it outputs an operation
command of informing apparatus 102 to actuator 103.
[0134] The rest of the configuration of control appara-
tus 60A is the same as control apparatus 60 in the first
embodiment.

[0135] Fig. 15 is a flowchart showing the control of in-
forming apparatus 102 by control apparatus 60A shown
in Fig. 14. The process shown in this flowchart is called
from the main routine and executed, at regular time in-
tervals or every time a prescribed condition is satisfied.
[0136] Referring to Fig. 15, control apparatus 60A fur-
ther includes steps S 11-S13 in the process shown in
Fig. 12. That is, when it is determined that the ignition
key hasbeenturnedtothe OFF positioninstep S10 (YES
in step S10), control apparatus 60A determines whether
or notthe door atthe driver’s seat has been opened (step
S11). The opening and closing of the door at the driver's
seat is detected by a not-shown opening/closing sensor.
[0137] When control apparatus 60A determines that
the door at the driver's seat has been opened (YES in
step S 11), it detects, based on the signal from seat sen-
sor 107, whether or not the driver has left the seat, and
determines whether or not the driver has exited from the
vehicle (step S12). Specifically, control apparatus 60A
determines that the driver has exited from the vehicle if
the signal from seat sensor 107 is L level.

[0138] Thereafter, control apparatus 60A determines
whether or not the door at the driver's seat has been
closed (step S13). When control apparatus 60A deter-
mines that the door at the driver’s seat has been closed
(YES in step S13), the process proceeds to step S20.
[0139] While the foregoing description has been given
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based on the process shown in Fig. 12, the control can
be based on the process shown in Fig. 4. That is, step S
15 may not necessarily be included in the process shown
in Fig. 15.

[0140] As above, according to the second embodi-
ment, exiting of the driver from the vehicle is determined.
Therefore, the vehicle user can more surely be informed
about lowering of the SOC of main battery B.

Third Embodiment

[0141] Fig. 16 is a schematic block diagram of a hybrid
vehicle shown as one exemplary electric-powered vehi-
cle according to a third embodiment of the present inven-
tion. Referring to Fig. 16, hybrid vehicle 100B further in-
cludes a vehicle position detecting apparatus 108, and
a control apparatus 60B in place of control apparatus
60A, in the configuration of hybrid vehicle 100A in the
second embodiment shown in Fig. 14.

[0142] Vehicle position detecting apparatus 108 de-
tects whether or not hybrid vehicle 100B is parked at the
location where charging equipment is installed. Vehicle
position detecting apparatus 108 may be, for example,
a car navigation apparatus. Alternatively, it may sense
that the vehicle is parked at the location where charging
equipment is installed based on the communication with
a radio apparatus (not shown) provided at the location
where the charging equipment is installed.

[0143] When vehicle position detecting apparatus 108
detects that the vehicle is parked at the location where
charging equipment is installed, it outputs a signal of H
level to control apparatus 60B.

[0144] Control apparatus 60B receives signal IG from
the ignition key, and receives a detection signal from seat
sensor 107. Control apparatus 60B also receives a de-
tection signal from vehicle position detecting apparatus
108. When control apparatus 60B determines, based on
signal |G, that ignition key has been turned to the OFF
position, it determines, based on the signal from seat
sensor 107, whether the driver has exited from the vehi-
cle. When control apparatus 60B determines that the
driver has exited from the vehicle, it outputs, only when
the signal received from vehicle position detecting appa-
ratus 108 is H level, an operation command of informing
apparatus 102 to actuator 103.

[0145] As above, according to the third embodiment,
informing apparatus 102 is operated only when vehicle
position detecting apparatus 108 detects that hybrid ve-
hicle 100Bis parked atthe location where charging equip-
ment is installed. Therefore, informing apparatus 102 will
not unnecessarily operate atthe location with nocharging
equipment where charging cannot be performed. Thus,
unnecessary power consumption can be prevented.

Fourth Embodiment

[0146] Fig. 17 is a schematic block diagram of a hybrid
vehicle shown as one exemplary electric-powered vehi-
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cle according to a fourth embodiment of the present in-
vention. Referring to Fig. 17, hybrid vehicle 100C is not
provided with informing apparatus 102 and actuator 103,
butfurther provided with a charging lid 52 and a charging
lid opener motor 54, as well as a control apparatus 60C
in place of control apparatus 60, in the configuration of
hybrid vehicle 100 in the first embodiment shown in Fig.
1. In Fig. 17, main battery B, DC/DC converter 104 and
auxiliary equipment battery 105 are not shown.

[0147] Charging lid 52 is a lid for closing an opening
where connector 50 is accommodated. Charging lid 52
is opened and closed by charging lid opener motor 54.
Charging lid opener motor 54 is a small electric motor,
andwhenitreceives an opencommand OPN from control
apparatus 60C, it opens charging lid 52.

[0148] Control apparatus 60C receives signal IG from
the ignition key. When control apparatus 60C deter-
mines, based on received signal |G, that the ignition key
hasbeenturnedtothe OFF position, it determines, based
on the SOC of the main battery, whether or not to open
charging lid 52. Specifically, control apparatus 60C de-
termines whether or not the SOC of main battery B is
smaller than the reference value representing lowering
of the SOC of main battery B. When the SOC of main
battery B is not greater than the reference value, it de-
terminesto open charginglid 52. When control apparatus
60C determines to open charging lid 52, it outputs an
open command OPN to charging lid opener motor 54.
[0149] Control apparatus 60C may output open com-
mand OPN to charging lid opener motor 54 if the SOC
of main battery B is not greater than the reference value
thereof when the fuel remaining amount of engine 4 is
smaller than the reference value representing lowering
of the fuel remaining amount of engine 4.

[0150] While it has been described that charging lid 52
is electrically operated by charging lid opener motor 54
to open and close, the actuator of charging lid 52 is not
limited to such a configuration. For example, a resilient
member biasing charging lid 52 in the opening direction
and a lock mechanism for maintaining charging lid 52 in
the closed state may be provided as an actuator, and
lock by the lock mechanism may be releasedin response
to open command OPN from control apparatus 60.
[0151] As above, according to the fourth embodiment,
charging lid 52 is forcibly opened based on the SOC of
main battery B when the system of the vehicle is stopped.
Therefore, the vehicle user can easily recognize at the
outside of the vehicle the necessity of charging main bat-
tery B after exiting the vehicle.

[0152] While it has been described in the first to fourth
embodiments that information apparatus 102 changes
its position based on the SOC of main battery B, a light
emitting apparatus may be provided to informing appa-
ratus 102 to be turned on or flashed in order to more
positively attract the attention of the vehicle user. Provid-
ing such a light emitting apparatus, the vehicle user's
attention can more positively be attracted even in the
night. Also, a sound source may be provided to informing
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apparatus 102 for emitting informing sound.

[0153] While it has been described that informing ap-
paratus 102 and charging lid 52 operate based on the
SOC of main battery B, a distance that the vehicle can
travel may be calculated from the SOC of main battery
B, and informing apparatus 102 and charging lid 52 may
operate based thereon. Furthermore, the distance that
the vehicle can travel may be calculated from the SOC
of main battery B and the fuel remainingamount of engine
4, and informing apparatus 102 and charging lid 52 may
operate based thereon.

[0154] Whileithasbeen describedthat AC power from
commercial power supply 55 is provided across neutral
points N1, N2 of motor-generators MG1, MG2, and main
battery B is charged using each phase coil of motor-gen-
erators MG1, MG2 and inverters 20, 30, the present in-
vention is also applicable to a hybrid vehicle provided
with aseparate external charging apparatus (AC/DC con-
verter) in its interior or at its exterior. On the other hand,
provision of the separate external charging apparatus is
not necessary accordingto each embodimentabove, and
therefore reduction in costs and weight of the vehicle can
be attained.

[0155] In the foregoing, motor-generator MG2 corre-
sponds to "a first motive power apparatus” and "a first
rotating electric machine” in the present invention, and
main battery B corresponds to "an electric power storage
apparatus” in the present invention. A pair of informing
apparatus 102 and actuator 103, and a pair of charging
lid 52 and charging lid opener motor 54 each constitute
"an informing portion” in the present invention, and con-
trol apparatus 60 corresponds to "a control portion” in
the present invention. The process of steps S11-S13 ex-
ecuted by control apparatus 60A in the second embodi-
ment corresponds to the process executed by "an exit
determination portion” in the present invention, and ve-
hicle position detecting apparatus 108 corresponds to "a
vehicle position detection portion” in the present inven-
tion. Engine 4 corresponds to "a second motive power
apparatus” and "an internal combustion engine" in the
present invention, and motor-generator MG1 and invert-
er 20 constitute "an electric power generation apparatus”
in the present invention. Connector 50 corresponds to
"an electric power input portion" in the present invention,
and motor-generator MG1 corresponds to "a second ro-
tating electric machine" inthe presentinvention. Inverters
20, 30 respectively correspondto "a secondinverter" and
"a first inverter” in the present invention, and first and
second inverter control portions 62, 63 and AC input con-
trol portion 64 constitute "an inverter control portion” in
the present invention.

[0156] It should be understood that the embodiments
disclosed herein are illustrative and non-restrictive in
every respect. The scope of the present invention is de-
fined by the claims, rather than the description of the
embodiments above, andis intended to include any mod-
ifications within the meaning and scope equivalent to the
terms of the claims.

IPR2025-00153
Tesla EX1005 Page 13



25 EP 1 920 968 A1 26

Claims

1.

An electric-powered vehicle, comprising:

a first motive power apparatus of which energy
source is electric power;

an electric power storage apparatus supplying
electric power to said first motive power appa-
ratus;

information means provided at the exterior of
the vehicle for informing a vehicle user about
necessity of charging said electric power stor-
age apparatus; and

control means for outputting an operation com-
mand to said information means based on a
state of charge of said electric power storage
apparatus, when a system of the vehicle is
stopped.

2. An electric-powered vehicle, comprising:

a first motive power apparatus of which energy
source is electric power;

an electric power storage apparatus supplying
electric power to said first motive power appa-
ratus;

information means provided at the exterior of
the vehicle;

exit determination means for determining
whether or not a driver has exited from the ve-
hicle; and

control means for outputting an operation com-
mand to said information means based on a
state of charge of said electric power storage
apparatus, when a system of the vehicle is
stopped and said exit determination means de-
termines that the driver has exited from the ve-
hicle.

The electric-powered vehicle according to claim 1 or
2, wherein

said information means is configured to change its
position in accordance with said operation command
from said control means, and

said control means outputs to said information
means the operation command that varies in accord-
ance with the state of charge of said electric power
storage apparatus.

The electric-powered vehicle according to claim 1 or
2, wherein

when the state of charge of said electric power stor-
age apparatus becomes not greater than a pre-
scribed value, said control means outputs to said
information means the operation command that is
differentthan whenthe state of charge of said electric
power storage apparatus is greater than said pre-
scribed value, and
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said information means informs said vehicle user by
aninformation pattern thatis different between when
the state of charge of said electric power storage
apparatus is not greater than said prescribed value
and when it is greater than said prescribed value,
based on the operation command from said control
means.

The electric-powered vehicle according to claim 1 or
2, wherein

said control means outputs said operation command
to said information means, when the state of charge
of said electric power storage apparatus becomes
not greater than a prescribed value.

The electric-powered vehicle according to claim 1 or
2, further comprising

vehicle position detection means for detecting
whether or not said electric-powered vehicle is
parked at a location where charging equipment is
installed, wherein

said control means outputs said operation command
to said information means, when said vehicle posi-
tion detection means detects that the electric-pow-
ered vehicle is parked at the location where said
charging equipment is installed.

The electric-powered vehicle according to claim 1 or
2, further comprising

a second motive power apparatus of which energy
source is fuel, wherein

said control means outputs said operation command
to said information means based on the state of
charge of said electric power storage apparatus and
a remaining amount of said fuel.

The electric-powered vehicle according to claim 7,
wherein

said information means is configured to change its
position in accordance with said operation command
from said control means, and

said control means outputs to said information
means an operation command that varies in accord-
ance with the state of charge of said electric power
storage apparatus and the remaining amount of said
fuel.

The electric-powered vehicle according to claim 7,
wherein

when the state of charge of said electric power stor-
age apparatus becomes not greater than a first pre-
scribed value and the remaining amount of said fuel
becomes not greater than a second presctibed val-
ue, said control means outputs to said information
means the operation command that is different than
when at least one of the state of charge of said elec-
tric power storage apparatus and the remaining
amount of said fuel is greater than the respective
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corresponding first and second prescribed values,
and

said information means informs said vehicle user by
an information pattern that is different between when
the state of charge of said electric power storage
apparatus is not greater than said first prescribed
value with the remaining amount of said fuel being
not greater than said second prescribed value, and
when at least one of the state of charge of said elec-
tric power storage apparatus and the remaining
amount of said fuel is greater than the respective
corresponding first and second prescribed values,
based on the operation command from said control
means.

The electric-powered vehicle according to claim 7,
wherein

said control means outputs said operation command
to said information means, when the state of charge
of said electric power storage apparatus becomes
not greater than a third prescribed value and the re-
maining amount of said fuel becomes not greater
than a fourth prescribed value.

The electric-powered vehicle according to claim 7,
further comprising

vehicle position detection means for detecting
whether or not said electric-powered vehicle is
parked at a location where charging equipment is
installed, wherein

said control means outputs said operation command
to said information means, if the remaining amount
of said fuel is not greater than a fifth prescribed value
when said vehicle position detection means detects
that the electric-powered vehicle is parked at the lo-
cation where said charging equipment is installed.

The electric-powered vehicle according to claim 7,
further comprising:

an electric power generation apparatus gener-
ating electric power using an output from said
second motive power apparatus; and

an electric power input portion receiving electric
power provided from a source outside the vehi-
cle for charging said electric power storage ap-
paratus, wherein

said first motive power apparatus includes a first
rotating electric machine,

said second motive power apparatus includes
an internal combustion engine, and

said electric power generation apparatus in-
cludes a second rotating electric machine hav-
ing its rotation shaft mechanically linked to a
crankshaft of said internal combustion engine,
said electric-powered vehicle further compris-
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first and second inverters provided respec-
tively corresponding to said firstand second
rotating electric machines; and

inverter control means for controlling said
first and second inverters, wherein

said first and second rotating electric ma-
chines respectively include first and second
three-phase coils as stator coils,

said electric power input portion includes
a first terminal connected to a neutral point
of said first three-phase coil, and

a second terminal connected to a neutral
point of said second three-phase coil, and
wherein

said inverter control means controls said
first and second inverters so that AC power
provided across said first and second ter-
minals is converted into DC power and pro-
vided to said electric power storage appa-
ratus.

13. Amethod of controlling an electric-powered vehicle,

said electric-powered vehicle including:

a first motive power apparatus of which energy
source is electric power;

an electric power storage apparatus supplying
electric power to said first motive power appa-
ratus; and

an information portion provided at the exterior
of the vehicle for informing a vehicle user about
necessity of charging said electric power stor-
age apparatus, said method comprising:

a first step of determining whether or not a
system of said vehicle is stopped; and

a second step of outputting an operation
command to said information portion based
on a state of charge of said electric power
storage apparatus, when it is determined
that said system is stopped.

14. A method of controlling an electric-powered vehicle,

said electric-powered vehicle including:

a first motive power apparatus of which energy
source is electric power;

an electric power storage apparatus supplying
electric power to said first motive power appa-
ratus; and

an information portion provided at the exterior
of the vehicle, the method comprising:

a first step of determining whether or not a
system of said vehicle is stopped,;
asecond step of determining whether or not
a driver has exited from the vehicle; and

a third step of outputting an operation com-
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mand to said information portion based on
a state of charge of said electric power stor-
age apparatus, when it is determined that
said system is stopped and that the driver
has exited from the vehicle.
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