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(57) Abstract: An electric power unit for a vehicle mounted on a vehicle (2) includes a base battery (100), a boost converter (200)
that converts the voltage supplied from the base battery (100) to a target voltage to supply electric power to an inverter (202), an
electric power line (PL1) that connects the inverter (202) with the boost converter (200), and a first battery (150) and a second
battery (160) whose respective positive electrodes are connected with a node (212) provided on the electric power line (PL1) to
supply electric power to the inverter (202).
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VEHICULAR ELECTRIC POWER UNIT AND METHOD OF CONTROLLING THE
 SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a vehicular electric power unit that supplies electric

_power to a motive power source of a vehicle from a plurality of ¢lectric storage devices,

‘and more particularly, to an art for easily mounting the electric storage devices and

smoothly switching between different sources of electric power supply among the electric
storage devices.
2. Description of the Related Art

{0002] In recent years, hybrid vehicles, fuel-cell-powered vehicles, electric
vehicles and the like, all of which use a motor as a ﬂrive power source, have been
drawing attention as a measure against environmental issues.

[0003]  For example, Japanese Patent Application Publication No. 2004-364481
(JP-A-2004-364481) describes an electric vehicle that can run with its running distance
not limited depending on the capacity of a main battery as well as reducing the cost
thereof. In addition to the main battery, the electric vehicle may also be equipped with a
storage battery used to charge the main battery, and running by outputs from these
batteries.

[0004]  According to the above-described electric vehicle, by changing the main
battery with the storage battery, a long journey can be driven by the Ielectric vehicle .

- [0005]  However, if a plurality of the electric storage devices mounted on the
vehicle are .connected in parallel with one another, the case where one of a plurality of
electric storage devices connected in parallel with one another is selected to supply
electric power to an electric load, and the like, arc discharge may occur due to a
difference in vbltage amdng the plurality of the electric storage devices at the time of
electric conduction among the electric storage devices, or current circulation may occur

zimong the electric storage devices. In order to solve such problems, additional parts

CONFIRMATION COPY
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such as coils, diodes, converters or the like, are generally needed. The addition of these
parts contributes to increases in manufacturing cost.

[0006] In particular, electric storage devices constructed as batteries or the like
cannot be manufactured completely identically due to the states of charge, the properties
of battery cells, and the like. Therefore, when a conductive state is established among
the electric storage devices, a difference in voltage inevitably arises, and current
circulation may occur.

[0007]  In the above-described electric vehicle, such problems are not considered

at all.

SUMMARY OF THE INVENTION

[0008] The invention provides a vehicular electric power unit that makes it
possible to easily mount a plurality of electric storage devices and smoothly switching
between different sources of electric power supply among the electric storage devices,
and a method of controlling the vehicular eléctric power unit. |

[0009] A first aspect of the invention relates to an electric power unit for a
vehicle mounted on the vehicle. The electric power unit for vehicle includes: a first
electric siorage device; a converter for converting voltage supplied from the first electric
storage device to a target voltage and supplying the voltage converted electric power to
an electric component; an electric power line that connects the electric component with
the converter; and a second electric storage device that has a positive electrode connected
with a node provided on a positive electrode electric power line of the electric power line,
for supplying electric power to the electric component.

[0010] In the foregoing aspect of the invention, the second electric storage
device may have a lower threshold voltage that is set higher than an upper threshold
voltage of the first electric storage device.

[0011) In the foregoing aspect of the invention, the positive electrode electric
power line of the electric power b'ﬁe may be connected to the positive electrode of the

second electric storage device, the positivc electrode of the electric component, and the
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positive electrode of the converter. Further, a negative electrode electric power line of
the electric power line may be connected to the negative electrode of the first electric
storage device, the negative electrode of the second electric storage device, the negative
electrode of the electric component, and the negative electrode of the converter.

[0012]  In the foregoing asbect of the invention, the positive electrode of the first
electric storage device may be connected to the node provided on the positive electrode
electric power line of the electric power line via the converter.

[0013]) In the foregoing aspcct‘ of the invention, the electric power unit for a
vehicle may further include: a first relay that is provided in series with the second electric
storage device, for connecting and disconnecting the second electric storage device with
the electric power line; a system main relay that is provided between the first electric
storage device and the converter, for connecting and disconnecting the first electric
storage device and the converter; and a relay comroi unit that controls the first relay and
the system main relay. The relay control unit may control the system main relay to
connect the first electric storage device and the converter until the voltage supplied from

the first electric storage device reaches the target voltage. The relay control unit may

control the first relay to connect the second electric storage device with the electric power

line when the voltage supplied from the first electric storage device reaches the target
voltage.

[0014] In the foregoing aspect of the invention, the electric power unit. for a
vehicle may further include: a first relay that is provided in series with the second electric
'storage device, for connecting and disconnecting the second electric storage device with

the electric power line; a third electric storage device; a second relay that is provided in

“series with the third electric storage device, for connecting and disconnecting the third

électric storage device with the electric power line; and a relay control unit that controls
the first and second relays. The second electric storage device and the first relay, and
the third electric storage device and the second relay may be oonncctcd'in parallel with
one another. The relay control unit may control the first relay and the second relay in

such a manner as to individually connect the first relay and second relay with the electric
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power line.

[0015) In the foregoing aspect of the invention, the electric power unit for a
vehicle may further include: a detection unit for detecting a current between the positive
electrode of the second electric storage device and the node; and a converter control unit
for controlling the converter in accordance with the current detected by the detection unit.
The converter control unit may control the converter such that the current detected by the
detection unit becomes equal to or smaller than a threshold current, when switching a
source of electric power supply from one of the second electric storage device and the
third electric storage device to the other electric storage device. The converter control
unit may command the relay control unit to switch the electric power supply source when
the current detected by the detection unit falls to or below the threshold current.

[0016] In the foregoing aspect of the invention, the electric power unit for a
vehicle may further include: a first relay that is provided in series with the second electric
storage device, for connecting and disconnecting the second electric storage device with
the electric power line; a system main relay that is provided between the first electric

storage device and the converter, for connecting and disconnecting the first electric

_storage device and the converter; a relay control unit for controlling the first relay and the

system main relay; a converter control unit for controlling the converter; and a charge
control unit that controls the relay control unit and the converter control unit. The
charge control unit may control the converter control. unin such that the voltage supplied
from the first electric storage device approaches the voltage supplied from the second
electric storagé device when a storage amount of the second electric storage device falls
below a lower threshold. The charge controller may control the first relay to oonﬁect the

second electric storage device with the electric power line and controls the system main

. relay'to connect the first electric storage device and the convei'ter, when a difference

between the voltage supplied from the first electric storage device and the voltage
supplied from the second electric storage device falls below a predetermined value.
. [0017] A second aspect of the invention relates to a method of controlling an

electric power unit for a vehicle that includes at least a first electric storage device and a
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second électric storage device that can be connected with an electric component. The
method of controlling the electric power unit for a vehicle includes: controlling the
voltage supplied from the second electric storage device to match the voltage supplied
from the first electric storage device when the first electric storage device is connected
with the electric component; and disconnecting the first electric storage device from the
electric component and connecting the second electric storage device with the electric
component, when a difference between the voltage supplied fliom the second electric
storage device and the voltage supplied from the first electric storage device falls below a

predetermined value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The features, advantages, and technical and industrial significance of this

_invention will be described in the following detailed description of an example

embodiment of the invention with reference to the accompanying drawings, in which like
numerals denote like eleménts, and wherein: |

FIG. 1 is a view showing the overall configuration of a vehicular electric power unit
according to the embodiment of the invention;

FIG 2 is a view showing the relationship between SOC and open-circuit voltage
OoCV;

FIG 3 is a first functional block diagram of an ECU of the vehicular electric power

unit according to the embodiment of the invention;

FIG. 4 is a first flowchart showing a control structure of a program executed by the
ECU of the vehicular electric power unit;

FIG. § is a first set of timing charts showing the operation of the vehicular electric
power unit ECU ; -

" FIG. 6 is a second functional block diagram of the vehicular electric power unit

‘ ECU;

FIG. 7 is a second flowchart showing the control structure of the program executed

by the vehicular electric power unit ECU;

PCT/IB2010/002807
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FIG 8 is a second set of timing charts showing the operation of the vehicular
electric power unit ECU; | ‘ |

FIG. 9 is a third funcu'onal‘ block diagram of the vehicular electric power unit ECU;
and ‘

FIG 10 is a third flowchart showing the control structure of the program executed

by the vehicular electric power unit ECU.

DETAILED DESCRIPTION OF EMBODIMENT

[0019] An embodiment of the invention will be described below with reference

to the dréwings. In the following description, like components are denoted by like

reference symbols. The components denoted by the same reference symbol are identical
in pame and function. Accordfngly, a detailed description of such components will not
be repeated.

{0020} A vehicle 2 according to this embodiment of the invention includes a
battery assembly 10, a power control unit (a PCU) 20, and a motor-generator 30.

[0021]  The PCU 20 converts direct-current electric power (DC power) supplied
from the battery assembly 10 into alternating-current electric power (AC power), and
supplies the AC power o fhe motor-generator 30, thereby driving the motor-generator 30.

[0022] The motor-generator 30 is a motive power source of the vehicle 2, and
drives the drive wheels using electric power drawn from the PCU 20. The
motor-generator 30 may be, for example, a three-phase alternating-current synchronous
motor. ‘

[0023]  The battery assembly 10 includes a base battery 100, a first (optional)
battery 150, and a second (optional) battery 160. The first battery 150 is provided in
parallel with the second battery 160.

| [0024] The PCU 20 includes an inverter 202 that drives the motor-generator 30;
an electric power line PL1 that supplies electric power to the inverter 202; a boost
converter 200 that performs a voltage conversion, and that is provided between the base

battery 100 and the electric power line PL1, a smoothing capacitor‘ 204, and a discharge

PCT/IB2010/002807



10

‘16

20

26

WO 2011/055217

7
resistor 206, It should be noted that resistors in the drawings are denoted by zigzag

lines.

(0025]  The boost converter 200 converts the voltage supplied from the base
battery 100 to a target voltage in accordance with a control signal sent from an electronic
control unit (an ECU) 300. The boost converter 200 is connected to the inverter 202 via
the electric power line PL1 and a grounding line SL1. |

[0026]) The boost converter 200 includes a reactor 208 that is connected at one
end thereof to an electric power line PL2; IGBT elements Q1, Q2 that are connected in
series with each other between the electric power line PL1 and the grounding line SL1;
and diodes. D1, D2 that are connected in parallel with the IGBT elements Q1, Q2
respectively. ' '

[0027] The other end of the reactor 208 is connected to an emitter bf the IGBT
element Q1 and a collector of the IGBT element Q2. A cathode of the diode D1 is
connected with a collector of the IGBT element Q1, and an anode of the diode D1 is
connected with the emitter of the IGBT element Q1. A cathode of the diode D2 is
connected with the collector of the IGBT element Q2, and an anode of the diode D2 is
connected with an emitter of the IGBT element Q2.

[0028] The smoothing capacitor 204 is connected between the electric power
line PL1 and the grounding line SL1. The smoothing capacitor 204 smoothes the
voltage butput from the boost »converteru200 to the inverter 202.

[0029] A voltage sensor 214 detects the output voltage Vc of the boost converter
200 on the inverter 202 side. The voltage sensor 214 detects the voltage Vc between the
electric power line PL1 and the grounding line SL1, and sends a signal indicatj'ng the
detected voltage Vc to the ECU 300,

[0030] The discharge resistor 206 is connected between the electric power line
PLi and the grounding line SL1 in parallel with the boost converter 200, the inverter 202,

and the smoothing capacitor 204 reSpectivcly. The discharge resistor 206 is used to

. discharge electric charge accumulated on the smoothing capacitor 204 after the stoppage

of a system of the vehicle 2 or the like.
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[0031]. A current sensor 210 detects a current Ia on the electric power line PL1

between the battery assembly 10 and the boost converter 200. The current sensor 210

'sends a signal indicating the detected current Ia to the ECU 300.

[0032]  The inverter 202 converts a DC voltage given from the boost converter
200 to a three-phase AC voltage in accordance with a control signal received from the
ECU 300, and outputs the three-phase AC voltage to the motor-generator 30.

[0033] The base battery 100 includes a base battery body 102; system main

‘relays SMR1, SMR2 and SMR3; a limiting resistor 110 that is connected in series with

~ the system main relay SMR1; a voltage sensor 114 for detecting a voltage Vb of the base

battery 100; and a current sensor 116 for detecting the current Ib of the electric power line
PL2.

[0034) The voltage sensor 114 sends to the ECU 300 a signal indicating the
detected voltage Vb of the base battery 100. The current sensor 116 sends to the ECU
300 a signal indicating the detected current Ib.

[0035] The system main relay SMR2 is arranged between a positive electrode of
the base battery body 102 and the electric power line PL2. The system main relay
SMR1 and the limiting resistor 110 are connected in parallel with the systém main relay
SMR2. The system main relay SMR3 is arranged between a negative electrode of the
base battery body 102 and the grounding liné SL1.

[0036) The energization state of the system main relays SMRI1, SMRZ, and

' SMR3 is controlled in accordance with control signals CONT1, CONT2, and CONT3

respectively given from the ECU 30,

[0037] The first battery 150 includes a first battery body 154; a first relay 152
connected in series with the first battery body 154; and a voltage sensor 156 for detecting
a voltage Vopl of the first battery 150. The second battery 160 includes a second
battery body 164; a second relay 162 connected in series with the second battery body
164; and a voltage sensor 166 for detecting a voltage Vop2 of the second battery 160.

[0038]  The voltage sensor 156 sends a signal indicating the detected voltage
Vopl to the BCU 300. The voltage sensor 166 sends a signal indicatihg the detected

PCT/IB2010/002807
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voltage Vop2 to the ECU 300.

[0039] A positive electrode of the first battery body 154 is connected via the
first relay 152 with a node 212 provided on the electric power line PL1. The second
battery body 164 is connected with the node 212 via the second relay 162.\ The node
212 is provided on the electric power line PL1 between the boost converter 200 and the
inverter 202. . ‘

[0040] That is, the first battery body 154 and the first relay 152 are connected
between the electric power line PL1 and the grounding line SL1. 'Further, the second
battery body 164 and the second relay 162 are connected betweeﬁ the electric power line |
PL1 and thé grounding line SL1.

[0041] That is, the first battery 150, the second battery 160, the boost converter
200, and the inverter 202 are connected in parallel with one another.

[0042] The first relay 152 is energized in accordance with a control signal
CONT4 given from the ECU 300. The second relay 162 is energized in accordance
with a control signal CONTS given from the ECU 300.

[0043] In this embodiment of the invention, the base battery body 102, the first
battery body 154, and the second béttery body 164 are not limited in particular as long as
they are electric storage devices. For example, the base battery body 102, the first
battery body 154, and the second battery body 164 may be secondary batteries such as
lead storage batteries, nickel hydride battéries, lithium ion batteries or the like.
Alternatively, large-capacity capacitors such as electric double layer capacitors or the like
may be employed instead of the batteries.

[0044] The vehicle 2 equipped with the vehicular electric power unit according
to this embodiment of the invention is characterized in that the positive electrode of either
the first battery 150 or the second battery 160 is connected with the node 212 between the
boost converter 200 and the inverter 202 to supply ah electric power to the inverter 202,

[0045)  Further, in the vehicular electric power unit according to this
embodiment of the invention, the lower limit voltages of each of the first battery 150 and

the second battery 160 are set higher than the upper limit voltage of the base battery 100.

PCT/IB2010/002807



10

15

.20

26

WO 2011/055217

10

In this embodiment of the invention, the lower limits of the voltages of the first battery

~150 and the second battery 160 are set to predetermined lower limit thresholds according

to respective capacities. '

[0046)  For example, FIG. 2 shows the relationship between a state of charge (an
SOC) and an open-circuit voltage OCV in the first battery 150. The ordinate in FIG 2
represents the open-circuit voltage OCV, and abscissa in FIG 2 represents the SOC. As
shown in FIG. 2, the open-circuit voltage OCV tends to fall as the SOC decreases.

{0047} As shown in FIG. 2, the first battery 150 is desigqed such that the voltage
Vd of the first battery 150 when the SOC of the first battery 150 equals a predetermined
lower limit threshold b is higher than the voltage Vb of the base battery 100. It should
be noted that the second battery 160 is also designed in the same manner as the first
battery 150. Therefore, the detailed description of the second battery 160 will not be
repeated.

[0048]  Furthermore, the ECU 300 of the vehicular electric power unit according
to this embodiment of the invention controls the first relay 152 and the second relay 162
such that the first relay 152 and the second relay 162 are not energized at the same time.

[0049] Further, the ECU 300 controls the boost converter 200 so that When the
source of electric power supply for the inverter 202 is switched from one of the first
battery 150 and the second battery 160 to the other, the current detected by the current

sensor 210 becomes equal to or smaller than a predetermined value indicating that a

voltage of one of the electric storage devices is equal to an output voltage output from the

boost cbnverter 200 to the inverter 202 side. When the cﬁrrent detcéted by the current
sensor 210 is equal to or below the prescribed current, the ECU 300 controls the first
relay 152 and the second relay 162 in such a manner as to switch the electric power
supply source.

(0050]  The operation of the vehicular electric power unit in adopting the first
battery 150 as the electric power suﬁply source in activating the system of the vehicle 2
will be described. |

| [0051]  FIG. 3 shows a functional block diagram for switching the electric power

PCT/IB2010/002807
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supply source from the base battery to either of the first battery or the second battery in
activating the system of the vehicle by means of the vehicular electric power unit ECU
300. '

[0052] The ECU 300 includes a system activation determination unit 302, a base
battery relay control unit 304, a boost control unit 306, a voltage determination portion
308, an optional battery relay control unit 310, and a‘converter shutoff control unit 312,

[0053] The system activation determination unit 302 determines whether there
is a request to activate the system of the vehicle 2. For example, if the system activation
determination unit 302 receives an operation signal from a start switch, the system

activation determination unit 302 determines that there is a request to activate the system

-of the vehicle 2. The system activation determination unit 302 may turn an activation

request determination flag on if it determines that there is a request to activate the system
of the vehicle 2.

[0054] If it is determined that there is a request to activate the system of the
vehicle 2, the base battery relay control unit 304 connects the system main relays SMR1,
SMR3. The base battery relay control unit 304 may connect the system main relays
SMR1, SMR3, for example, when the activation request determination flag is turned on.

[0055]  The base battery relay control unit 304 connects the system main relay
SMR2 and disconnects the system main relay SMR1 after a predetermined time period
has elapsed after connecting the system main rel‘ays SMR1, SMR3.

[0056] When the system main relays SMR1, SMR3 afe connected, the boost
control unit 306 controls the boost converter 200 With the voltage Vop1 of the first battery
150, The voltage Vopl of the first béttery 150, which is detected by the voltage sensor
156, is set as a target voltage. More specifically, the boost control unit 306 controls the
boost converter 200 so that the output voltage Vc of the boost converter 200 on the
inverter 202 side, which is detected by the voltage sensor 214, coincides with the target
voltage Vopl.‘

[0057]  The voltage determination unit 308 determines whether an absolute

value of a difference between the output voltage Vc and the voltage Vopl of the first
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battery 150 is equal to or smaller than a predetermined value “A. The predetermined

value A is a value that indicates the output voltage Vc equals the voltage Vopl, and is not

limited to a particular value. It should be noted that the voltage determination unit 308
may, for example, turn a voltage determination flag on when the absolute value of the
difference between the output voltage Vc and the voltage Vopl is equal to or smaller than

the predetermined value A.

[0058] If the absolute value of the difference between the output voltage V¢ and

the voltage Vopl is equal to or below the predetermined value A, the optional battery

relay control unit 310 controls the first rélay 152 such that energizes the first relay 152.
The battery relay control unit 310 may control the first relay 152 so that the first relay
152 is energized, for example, when the Voltage determination flag is turned on.

[0059] The converter shutoff control unit 312 shuts the boost converter 200 off
simultaneously with or before or after the conduction of tﬂe first relay 152, More
specifically, the converter shutoff control unit 312 stops switching operations of the IGBT
elements Q1, Q2.

[0060] In this' embodiment of the invention, the system activation determination
unit 302, the base battery relay control unit 304, the boost control unit 306, the voltage

~determination unit 308, the optional battery reléy control unit 310, and the converter

~shutoff control unit 312 are all described as functioning as pieces of software realized
through the execution of programs stored in a memory by a CPU of the ECU 300, but
: may also be realized by pieces of hardware, The programs may recorded on a storage
medium and mounted on the vehicle. |

[0061] Referring to FIG. 4, the control structure of a program for switching‘thc
electric power supply source from the base battery to the battery in aétivating the system
of the vehicle, which is executed by the vehicular electric powef unit ECU 300, will be
described. , ‘

[0062] In step (which will be referred to hereinafter as S) 100, the ECU 300
determines whether the system of the vehicle 2 is activated. If it is determined that the

system of the vehicle 2 is activated (YES in S100), the process proceeds to S102.
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Otherwise (NO in S100), the process returns to S100.

[0063) In S102, the ECU 300 connects the system main relays SMR1, SMR3 of -
the base battery 100. In S104, the ECU 300 controls the boost converter 200 so that the
output voltage Vc of the boost converter 200 becomes equal to the target voltagc‘Vopl.

[0064] In S106, the ECU 300 determines whether the absolute value of the
difference between the output voltage Vc and the voltage Vopl is equal to or below the
predetermined value A. If the absolute value of the difference between the output
voltage ‘Vc and the voltage Vopl of the optional battery is equal to ‘or below the
predetermined vﬂuc A(YES in 8106); the process proceeds to S108.  Otherwise (NO in
S106), the process returns to S104, '

[0065] InS108, the ECU 300 connects the first relay 152 such that the first relay
152 becomes conductive. In S1 10, the ECU 300 shuts the boost converter 200 off.

[0066] The switéh to the first battery 150 as the of electric power supply source

. in activating the system of the vehicle 2 when the vehicle 2 is activated as performed by

the vehicular electric power unit ECU 300 described above, will be described with
reference to FIG. 5. .

| [0067)  For example, it is assumed that the system of the vehicle 2 is off. When
the driver operates the start switéh to activate the vehicle 2 (YES in S100) at a time Ta (0),
the system main relays SMR1, SMR3 of the base battery 100 are activated (S102), and
boost control for the boost converter 200 is started (S104).

[0068]  Thus, the output voltage Vc approaches the voltage Vopl of the first
battery 150. ’fherefore, the absolute value of the difference between the output voltage
Vc and the voltage Vop1 decreases. |

[0069]  When the absolute value of the difference between the output voltage Vc
and the target voltage Vopl1 is equal to or below the predetermined value A (YES in S106)
at a time Ta(1), the first relay 152 is energized (S108), and the boost converter 200 is shut
off (S110).

[0070] By thus controlling the boost converter 200 so that the output voltage Ve

approaches the voltage of the first battery 150, arcing is less likely to occur at the.contact
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portion when the first relay 152 is connected.

[0071])  Although the operation of switching the electric power supply source to
the first battery 150 when activating the system of the vehicle 2 has been described above,
the same holds true for switching the electric power supply source to the second battery

150 when activating the system of the vehicle 2. Therefore, the detailed description of

- this operation will not be repeated. In activating the system of the vehicle 2, the ECU

300 may, for example, adopt either of the first battery 150 or the second battery 160 that
has an SOC below that of the other, or adopt the one that has an SOC higher than that of
the other, as the source of electric power supply.

[0072) The operation of switching the electric power source to the second
battery 160 when the SOC of the first battery 150 has fallen below a lower threshold B
will be described next.

[0073]  FIG. 6 shows a functional block diagram for switching the source of
electric power supply from the first battery 150 to the second battery 160 using the ECU
300 included in the vehicular electric power unit.

[0074] The ECU 300 includes an SOC determination unit 352, a first boost

control unit 354, a current determination unit 356, a first relay control unit 358, a second

~boost control unit 360, a voltage determination unit 362, a second relay control unit 364,

and a converter shutoff control unit 366.

[0075) The SOC determination unit 352 determines whether the SOC of the first

_ battery 150 has fallen below the lower threshold B. The SOC determination unit 352

estimates the SOC of the first battery 150 based on, for example, the voltage Vop1 of the -
first battery 150 and a current la, and determines whether the estimated SOC has fallen
below the lower threshold B. It should be noted that the SOC determination unit 352
may, for example, turn a first SOC decrease determination flag on if it determines that the
estimated SOC has fallen below the lower threshold B.

[0076] When the SOC of the first battery 150 has fallen 5elow the lower

threshold B, the first boost control unit 354 sets the voltage Vopl of the first battery 150

as a target voltage, and controls the boost converter 200 so that the output voltage Vc of
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the boost converter 200 on the inverter 202 side approaches the target voltage Vopl.

[0077] It should be noted that the first boost control unit 354 may control the
boost converter 200 so that the output voltage Vc of the boost converter 200 on the
inverter 202 side approaches the target voltage Vopl, for cxam'ple, when the first SOC
decrease determination flag is turned on. |

[0078)  The current determination unit 356 determines whether the current la is
equal to or below a threshold current C. The value of the threshold current C may be a
value at which the output voltage Vc is equal to the target voltage Vopl, namely, a value

that indicates no current is flowing through the electric power line PL1 between the

battery assembly 10 and the boost converter 200. For example, the threshold current C

may be zero, or may be a value larger than zero which takes an error of the current sensor

210 and the like into account.

[0679]  The current determination unit 356 may, for example, turn a current
determination flag on if it determines that the current Ia is equal to or below the threshold
current C. | '

[0080]  If it is determined that the current Ia is equal to or below the threshold

current C, the first relay control unit 358 sends a control signal CONT4 to command the

disconnection of the first relay 152. The first relay control unit 358 may disconnect the
first relay 152, for example, when the current determination flag is turned on.

[0081]  After the first relay 152 is disconnected, the second boost control unit
360 sets the voltage Vop2 of the second battery 160 as a target voltage, and controls the
boost converter 200 so that the output voltage Vc of the boost converter 200 on the
inverter 202 side becomes equal to the target voltage Vop2.

{0082) The voltage determination unit 362 determines whether the absolute
value~of the difference between the output voltage Vc and the voltage Vop2 of the second
battery 160 is equal to or below a predetermined value D. It should be noted that the
predetermined value D may be a threshold that makes it possible to determine that the
output voltage Vc and the voltage VopZ are approximately equal to each other. For

example, the predetermined value D may be set to zero, or may be to a value larger than
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zero to account for possible errors in the readings of thé voltage sensors 166 and 208 and
the like.

[0083] If the absolute value of the difference between the output voltage V¢ and
the voltage Vop2 is equal to or below the predetermined value D, the second relay control
unit 364 sends the control signal CONTS to the second relay 162 to disconnect the
second relay 162. It should be noted that the second relay control unit 364 may connect
the second relay 162, for example, if the voltage determination flag is turned on.

[0084] The converter shutoff control unit 366 shuts the boost converter 200 off
after the second relay 162 is turned on. More specifically, the converter shutoff control
unit 366 stops the switching operations of the IGBT elements Q1, Q2.

[0085] In this embodiment of the invention, the SOC determination unit 352, the
first boost control unit 354, the current determination unit 356, the first relay control unit
358, the second boost control unit 360, the voltage determination unit 362, the second
relay control unit 364, and the converter shutoff control unit 366 are all described as
implemented through software stored in the memory by the CPU of the ECU 300, but
may also be implemented through hardware. It should be noted that such programs may
also be recorded on a storage medium and mounted on the vehicle.

[0086] Next, referring to FIG 7, the control structure of a program executed by
me vehicular electric power unit ECU 300 to switch the electric power supply source
from the first battery 150 to the second battery 160 when the SOC of the first battery 150
has fallen, will be described.

[0087] In S200, the BCU 300 determines whether the SOC of the first battery
150 has fallen below the lower threshold B. If the SOC of the first béttery 150 has
fallcn below the lower threshold B (YES in S200), the process proceeds to S202.
Otherwise (NO in S200), the process returns to S200.

[0088] In S202, the ECU 300 executes the first boost o&lmtrol. That is, the ECU

300 sets the voltage Vopi of the first battery 150 as a target voltage, and controls the

- boost converter 200 to boost the output voltage Vc of the boost converter 200 on the

.inverter 202 side to the target voltage Vopl1.
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[0089]  In S204, the ECU 300 determines whether the current Ia is equal to or

below the threshold current C. If the current la is equal to or below the threshold
- current C (YES in S204), the process proceeds to S206. Otherwise (NO in S204), the
process returns to S202,

[0090] In S206, the ECU 300 disconnects the first relay 152. In S208, the

. ECU 300 executes the second boost control. That is, the ECU 300 sets the voltage Vop2
of the second battery 160 as the target voltage, and controls the boost converter 200 to
boost the output voltage Ve of the boost converter 200 to the target voltage Vop2.
| [0091] In S210, the ECU 300 determines whether the absolute value of the
difference between the output voltage Ve and the voltage Vop2 of the second battery 160
is equal to or smaller than the predetermined value D.. If it is determined that the

- absolute value of the difference between the output voltage Vc and the voltage Vop2 of
the second Battery 160 is equal to or below the predetermined value D (YES in $210), the
process proceeds to $212.  Otherwise (NO in S210), the process returns to $208.

[0092} In S212, the ECU 300 disconnects the second relay 162 of the second
battery 160. In $214, the ECU 300 shuts the boost converter 200 off.

[0093] The operation of switching the electric power supply source from the
first battery 150 to the second battery 160 when the SOC of the first battery 150 has
fallen during the activation of the system of the vehicle 2 executed by ihe vehicular
electric power unit ECU 300 will be described with reference to FIG. 8. '

[0094)  For example, if the vehicle 2 is traveling with the motor-generator 30
driven by drawing electric power from the first battery 150 , the SOC of the first battery
150 will fall over time.

[0095] When the SOC of the ﬁrst battery 150 has fallen below the lower
thrgshold B (YES in S200) at a time Tb(O), the boost converter 260 is turned on, and first
boost confrol is executed (S202). Therefore, the current Ia starts falling at the time
Tb(0).

{0096]  If the current Ia falls to or below the lower threshold B (YES in 5204) at
a time Tb(1), the first relay 152 of the first battery 150 is disconnected (S206), and
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second boost control is executed (S208).

[0097]  The output voltage Vc will approach the voltage Vop2 over time by the
second boost control. Therefore, the absolute value of the difference between the output
voltage Vc and the voltage Vop?2 of the second battery 160 starts ‘falling at the time Tb(1).

[0098] | Further, at this moment, both the first relay 152 and the second relay 162

are disconnected. Therefore, the electric power of the base batt'ery 100, boosted by the

‘boost converter 200, is supplied to the inverter 202,

[0099]  If the absolute value of the difference between the output voltage Vc and
the voltage Vop?2 of the second battery 160 is equal to or below the predetermined value d

at a time Tb(2), the second relay 162 of the second battery 160 is connected, and the

 boost converter 200 is shut off. At this moment, the electric power of the second battery

16

20

25

160 is supplied to the inverter 202,

[0100] By thus making sure that there is no period in which the first relay 152
and the second relay 162 are connected at the same time and switching the electric power
supply source from the first battery 150 to the second battery 160, arcing at a contact
portion in disconnecting the first relay 152 and connecting the second relay 162 and the
like may be suppressed. Further, in a period in which both the first relay 152 and the
second relay 162 are ‘disconnected before the switching of the electric power supply
source to the second battery 160 is completed, the vehicle may continue to run without
causing a fall in driving force, by drawing electric power from the base battery 100.

[0101]  The operation of chahging over the electric power supply source from

~ the first battery 150 to the second battery 160 in accordance with the decrease in the SOC

of the first battery 150 when the motor-generator 30 is driven by drawing electric power
from the first battery 150 has been described above. However, the same holds true for

the operation of swifching the electric power supply source from the second battery 160

to the first battery 150 in accordance with a decrease in the SOC of the second battery

160 when the motor-generator 30 is driven by drawing electric power from the second
battery. Therefore, the detailed description of this operation will not be repeated.

[0102]) The operation of the vehicular electric power unit when the SOC of the
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base battery 100 has fallen below a lower threshold E while the power from the first

battery 150 is being drawn as described below.

[0103]  FIG. 9 shows a functional block diagram for the operation of charging
the base battery 100 performed by the vehicular electric power unit ECU 300 when the
SOC of the base battery 100 has fallen below the lower threshold E while the power from
the first battery 150 is being drawn, according to this embodimcn? of the invention.

[0104] The ECU 300 includes an SOC determination unit 402, a base battery

charge control unit 404, and a charge completion determination unit 406.

[0105] The SOC determination unit 402 determines whether the SOC of the
base battery 100 has fallen below the lower threshold E. For example, the SOC

determination unit 402 estimates the SOC of the base battery 100 based on the voltage Vb

and current Ib of the base battery 100 to determine whether the estimated SOC has fallen
below the lower threshold E. It should be noted that the SOC determination unit 402

may, for example, turn a second SOC decrease determination flag on if it determines that

the estimated SOC has fallen below the lower threshold E.

[0106) If the SOC of the base battery 100 has fallen below the lower threshold E,
the base battery charge control unit 404 starts charging the base battery 100. For

example, the base battery charge control unit 404 controls the boost converter 200 to

~ draw electric power from the first battery 150 to charge the base battery 100.

[0107] More specifically, when the first relay 152 of the first battery 150 and the

second relay 162 of the second battery 160 are both turned on, the base battery charge

control unit 404 sets a predetermined voltage that is lower than the voltage Vopl of the
first 150 as a target voltage, and controls the boost converter 200 so that the sct target
voltage is obtained. | The voltage set as the target voltage should not be limited in
particular as long as it is a voltage at which the base battery 100 is appropriately charged
by drawing power from the first battery 150. '

| [0108] Thé base battery charge control unit 404 may set the target voltage and
oont;ol the boost converter 200 such that the set target voltage is obtained, for example,

when the second SOC decrease determination flag is on.
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{0109])  Further, in addition to or instead of the charging of the base battefy 100

by drawing electric power from the first battery 150, the base battery charge control unit
404 may charge the base battery 100 using electric power generated by the inverter 202
during,' for example, regenerative brake by the vehicle 2. In this manner as well, the
base battery 100 can be charged.

[0110] The charge completion determination unit 406‘ determines whether the
charging of the base battery 100 has been fully charged. The charge completion
determination unit 406 may determine that the charging of the base battery 100 is fully
charged, for example, when the SOC of the base battery 100 equals or exceeds than an
upper threshold F, or after a predetermined period of time has elapsed after the base
battery charge control unit 404 has started the charging of the base battery 100. The
upper threshold F should not be limited in particular as long as it is greater than the lower
threshold E. The upper threshold F may be determined empirically or estimated
theoretically.

(0111} The charée completion determination unit 406 may, for example, turn a
charge completion determination flag on when it is determined that of the base battery
100 has been full charged.

{0112] ‘Next, referring to FIG. 10, the operation of the vehicular electric power

unit ECU 300 when the SOC of the base battery 100 has fallen below the lower threshold

-E while drawing power from the first battery 150, will be described next.

[0113] In S300, the ECU 300 determines whether the SOC of the base battery
100 has fallen below the lower threshold E. If the SOC of the base battery 100 has
fallen below the lower threshold E (YES in S300), the process is proceeds to S302.
Othcrmse (NO in S300), the process returns to S300.

[0114]} In S302, the ECU 300 executes a base battery chargc control. That is,

the ECU 300 controls the boost converter 200 to draw electric power from the first

~ battery 150 to charge the base battery 100.

[0115] In S304, the ECU 300 determinés whether the charging of the baée

‘battery 100 has been completed. If the charging of the base battery 100 has been
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completed (YES in S304), this process is terminated. Otherwise (NO in $304), the

‘ process returns to S302.

[0116]  The operation performed by the vehicular electric power unit ECU 300
when the SOC of the base battery 100 has fallen below the predetermined lower threshold
E while drawing power from the first battery 150will be described next.

[0117] For example, if the vehicle 2 is traveling with the motor-generator 30
driven by drawing electric power from the first battery 150, the SOC of the base battery
100 may continue to fall over time even if no electric power is supplied to the motor
generator 30 due to the operation of a DC/DC converter or the opcratibn of an
air-conditioner inverter.

[0118] If the SOC of the base battery 100 has fallen below the threshold value e
(YES in S300), the base B.attery 100 is charged by drawing electric power from the first
battery”?] 150 (8302). Thus, the SOC of the base battery 100 is increased.

[0119]  The voltage of the battery 150 is higher than the voltage of the base
battery 100 even when the SOC of the first battery 150 approaches the lower threshold B,
which indicates the lower limit, and that the base battery 100 may therefore be charged
by drawing electric power from the first battery 150 until the switch to the second battery
160 is completed.

[0120) When the SOC of the base battery 100 reaches at least the upper
threshold F or when a prescribed peridd of time has. elapsed after charging has

commenced, it is determined that the base battery 100 has bee fully charged (YES in

- [0121]  The charge control of the base battery 100 may be suspended when
switching from the first battery 150 to the second battery 160 due to the decrease in the
SOC of the first battery 150 during operation of the vehicle.

[0122] As described above, even when the SOC of the base battery 100 has
fallen during the use of the first battery 150, the base battery 100 may be charged by
drawing electric power from the first battery 150.

[0123]  Although the operation of charging the base battery 100 by drawing
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electric power of the first battery 150 when the SOC of the base battery 100 has fallen

during the use of the first battery 150 has been described abave, the same holds true when

charging the base battery 100 by drawing electric power of the second battery 160 when
‘ the SOC of the base battery 100 has falien during the use of the second battery 160.
‘Therefore, the detailed description of this operation will not be repeated.

[0124] In the manner described above, according to the vehicular electric power
unit, that has the configuration of the base battery, the converter, and the inverter,
according to this embodiment of the invention, the positivé electrode of the first battéry is
connected with the node provided on the electric pbwer line between the boost converter
and the inverter. Therefore, in the production process of a vehicle or during after-sales
service for the vehicle, arcing at the time of mounting [??]the battery is suppressed in

- comparison to the first battery is connected in parallel with the base battery. Further,
because a single grounding line SL1 may be shared by the base battery and the first
battery or the second battery,lthe battery assembly may be connected with the PCU using
only three power cables. Furthermore, a single current sensor 21 may be employed to
monitor the current flowing through both the first battery and the second battery.
Therefore, an unnecéssary increase in the number of parts due to the addition of the
.optional batteries may bé suppressed.
| [0125]  Furthermore, the lower threshold voltage of the first battery is set higher
than the upper threshold voltage of the base battery even when the SOC of the first
battery approaches the lower threshold voltage. Therefore, even when the SOC of the
base battery has fallen, the base battery may be charged using the electric power of the
first battery.

[0126] Furthermore, the first relay and the second relay are controlled so that

both are not enefgized at the same time. Therefore, the arcing when connecting or
~ disconnecting the first relay and second relay, and the circulatioﬂ of current between the
first battery and the second battery may be suppressed. -

[0127]  Furthermore, when receiving a request to switch the electric power

supply source from the first battery to the second battery, the ECU sets the voltage of the
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first battery as a target voltage, controls the boost converter so that the current Ia becomes
approximately equal to zero, and controls the first relay and the second relay to switch the
electric power supply‘ source, thereby making it possible to suppress arcing when
disconnecting the first relay. Further, after the first relay is turned off, the ECU sets the
voltage of the second battery as a target voltage, and controls the boost converter such
that the difference between the output voltage and the target voltage approaches zero,
thereby making it possible to suppress arcing when disconnecting the second relay.

[0128]  In the above-described embodiment of the invention, electric power is
supplied from at least one of the first battery and the second battery to the base battery.
However, the invention is not restricted to this configuration. For example, it is also
appropriate to adopt a configuration in which electric power is supplied from the base
battery to at least one of the first battery and the second battery.

[0129]  While the invention has been described with reference to the example
embodiment thereof, it is to be understood that the invention is not restricted to the
described embodiment. To the contrary, the invention is. intended to cover various
modifications and equivalent arrangements.. In addition, while the various elements of
the disclosed invention are shown in various example combinations and configurations,
other combinatl"ons and configurations, including more, less or only a single element, are

also within the smpe of the appended claims.
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CLAIMS:

1. An electric power unit for a vehicle mounted on the vehicle, the electric power
unit characterized by comprising:

a first electric storage device;

a converter for converting voltage supplied from the first electric storage device to a
target voltage and supplying the voltage converted electric power to an electric
component;

an electric power line that connects the electric component with the converter; and

a second electric storage device that has a positive electrode connected with a node

provided on a positive electrode electric power line of the electric power line, for

supplying electric power to the electric component,

2. The electric power unit for a vehicle according to claim 1, wherein the second
electric storage device has a lower threshold voltage that is set higher than an upper

threshold voltage of the first electric storage device.

| 3. The electric power unit for a vehicle according to claim 1 or 2, wherein:
the positive electrode electric power line of the electric power line is connected to
the positive electrode of the second electric storage device, the positive electrode of the
electric component, and the positive élcctrode of the converter, and

a negative electrode electric power line of the electric power line is connected to the

negative electrode of the first electric storage device, the negative electrode of the second

electric storage device, the negative electrode of the electric component, and the negative

electrode of the converter.

4, The electric power unit for a vehicle according to claim 3, wherein the positive
electrode of the first electric storage device is connected to the node provided on the

positive electrode electric power line of the electric power line via the converter.
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5. The electric power unit for a vehicle according to any one of claims 1 to 4,
further comprising:

a first relay that is provided in series with the second electric storage device, for
connecting and disconnecting the second electric storage device with the electric power

5 line; |

“a system main relay that is provided between the first electric storage device and the
convertér, for connecting and disconnecting the first electric storage device and the
converter; and

a relay control unit that controls the first relay and the system main relay,

10 " wherein the relay control unit controls the system main relay to connect the first
electric storage device and the converter until the voltage supplied from the ﬁrst electric
storage device reaches the target voltage, and

wherein the relay control unit coﬁtrols the first relay to connect the second electric
storage device with the electric power line when the voltage supplied from the first

15  electric storage device reaches the target voltage.

6. The electric power unit for a vehicle according to any one of claims 1 to 4,
further comprising:
a first relay that is provided in series with the second electric storage device, for
20  connecting and disconnecting the second electric storage device with the electric power
- line; | |
a third electric storage device;
a second relay that is provided in series with the third electric storage device, for
connecting and disconnecting the third electric storage device with the electric power
25 line;
a relay control unit that controls the first and second relays,
wherein the second electric storage device and the first relay, and the third electric
storage device and the second relay are connected in parallel with one another, and

wherein the relay control unit controls the first relay and the second relay in such a
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manner as to individually connect the first relay and second relay with the electric power

line.

7. The glectrié.power unit for a vehicle accTording to claim 6, further comprising:
5 a detection unit for detecting a current between the positive electrode of the second
eiectric storage device and the node; and
a converter control unit for controlling the converter in accordance with the current
detected by the detection unit, - |
wherein the converter control unit controls the converter such that the current
10  detected by the detection unit becomes equal to or smaller than a threshold current, when
switching a source of electric power supply from one of the second electric storage
devige and the third electric storage device to the other electric storage device, and
wherein the converter control unit commands the relay control unit to switch the
electric power supply source when the current detected by the detection unit falls to or

15  below the threshold current.

8. The electric power unit for a vehicle according to any one of claims 1 to 4,
further comprising:
a first relay that is provided in serics with the second electric storage device, for
20 connecting and disconnecting the second electric storage device with the electric power
line; |
a system main relay that is provided between the first electric storage device and the
converter, for connecting and disconnecting the first electric storage device and the
converter;
25 a relay control unit for controlling the first relay and the system méin relay;
| a converter control unit for controlling the converter; and
a charge control unit that controls the relay control unit and the converter ‘control
unit,

wherein the charge control unit controls the converter control unit such that the
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voltage supplied from the first electric storage device approaches the voltage supplied
from the second electric storage device when a storage amount of the second electric
storage device falls below a lower threshold, and

wherein the charge controller controls the first relay to connect the second electric
storage device with the electric power line and controls the system main relay to connect
the first electric storage device and the converter, when a difference between the voltage
supplied from the first electric storage device and the voltage supplied from the second

electric storage device falls below a predetermined value.

9. A method of controlling an electric power unit for a vehicle that includes at least

a first electric storage device and a second electric storage device that can be connected

~ with an electric component, the method characterized by comprising:

controlling the voltage supplied from the second electric storage device to match the
voltage supplied from the first electric storage device when the first electric storage
device is connected with the electric component; and

" disconnecting the first electric storage device from the electric component and

connecting the second electric storage device with the electric component, when a

difference between the voltage supplied from the second electric storage device and the

voltage supplied from the first electric storage device falls below a predetermined value.
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FIG.2
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FIG.4
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FIG.S
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FIG.7
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