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A vehicle control device includes: first and second power
supplies, and a control unit controlling to, when a remaining
capacity difference between the first power supply and the
second power supply is large, to reduce a first operating
range, in which the connection state with the electrical load
is controlled to be series connection state of the power
supplies, and increase a second operating range, in which the
connection state with the electrical load is controlled to be
the parallel connection state of the power supplies or the
single connection state of one of the power supplies having
a larger remaining capacity, as compared with a case where
the remaining capacity difference is small.

1
~
3
POWER SUPPLY DEVICE 2
5 §
5 ! = ENG
oo Pl L L x
iTo Vb {1 ‘PwC | vh | |
v_ v v L v i ;
BATTERY | i
TTe > HV-ECU i
NRef
; 7 ;
101 | 102

IGCN



—

-

N4 NOSI

z [A)° " LOL

= § v §

Q r . no3

S m NO3-AH DA AMILIVE

= m m S
% | m Un | OMd | ali gA} AL
s " ! ! m “ ! !
- “ ! ! " ! ] !
5 y | ! ! e S m
2 ON3 “ m v g m
% N

m S

& 32IA3A ATddNS ¥IMOd

&

g )

= 1d -7

1" Old

Patent Application Publication



Patent Application Publication  Jun. 25, 2020 Sheet 2 of 8 US 2020/0198563 A1

FIG.2

PL
§ (
L 2
)
R
.*"\./
1 | N3
B2
N1
—_Cx
s2
N2
B1
s3]
(
4
8 )
NL
L2 L1
A \\:I’ \\’I‘
MOTOR TORQUE - - R13
x
o5
<
g R11
'-‘(D-‘ o

SERIES OR
PARALLEL OR

B1/B2 SINGLE ONLY SERIES

-------

>
MOTOR ROTATIONAL SPEED



Patent Application Publication  Jun. 25, 2020 Sheet 3 of 8 US 2020/0198563 A1

L11 L12  L13 L14
MOTORA & L/ L
TORQUE| | % v
200 VY300 VN, 400V
\\‘ ‘\\\ \\ )
MOTOR ROTATIONAL

SPEED



JINIL

g

- o s T

NOILDIH LS
HIMOd 1Nd1lno

cd

US 2020/0198563 Al

aayinpaxyT T =TT s =

’ H3IMOd  (g)

00s LW _<
HIMOT

Jun. 25,2020 Sheet 4 of 8

(@aoy04)
NOILOANNOD FTIONIS L9

@d33dS TVNOLLVY10Y
HOLONW
<

INDYOL
JHOLON

()

Patent Application Publication

0

1INNONWY
AAVS Ad d30NA3d

(J33dS TVYNOILLVLOH

HOLON HOLOW

Zd

1d

(d33dS TYNOILVY1OH

<;ﬁ_00m ®)

bld
\

«

(32
1422

4R
chd 3INO¥UOL
JHOL0N

(@)

G'old

L

NOILOINNOD s31d3S w NOILOINNOD FTONIS L4

m

iy

r4RY
3NDHOL
JHOLON

(e)




Patent Application Publication  Jun. 25, 2020 Sheet 5 of 8 US 2020/0198563 A1
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VEHICLE CONTROL DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] The present application claims priority to and
incorporates by reference the entire contents of Japanese
Patent Application No. 2018-240938 filed in Japan on Dec.
25, 2018.

BACKGROUND
[0002] The present disclosure relates to a vehicle control
device.
[0003] Japanese Laid-open Patent Publication No. 2014-

3858 discloses a power supply device that includes two
power supplies, at least one reactor element, and a switch
circuit, and that adjusts output voltage relative to the load by
alternately switching a connection state of the two power
supplies between a parallel connection state and a series
connection state. WO 2012/144019 A discloses a control
device that controls, based on a motor rotational speed and
a target output torque, a boost converter so as to output an
inverter input voltage that minimizes motor system loss.
[0004] By applying the control device disclosed in WO
2012/144019 A to the power supply device disclosed in
Japanese Laid-open Patent Publication No. 2014-3858; a
connection state of the two power supplies can be controlled
at operating points other than the operating point at which
the connection state of the two power supplies is only to be
a series connection state, by determining whether a connec-
tion state in which the motor can be efficiently operated
based on the motor rotational speed and the target output
torque is any of a parallel connection state, a series connec-
tion state, or a single driving state of one power supply. Note
that, the operating point at which the connection state of the
two power supplies is only to be the series connection state
includes, for example, a case where the single power of the
two power supplies is less than the required power, and the
single power of the two power supplies is less than the
counter-electromotive power of the motor.

SUMMARY

[0005] There is a need for providing a vehicle control
device capable of preventing an occurrence of output limit
due to imbalance of remaining capacity between two power
sources.

[0006] According to an embodiment, a vehicle control
device includes: a first switch element connected between a
positive line and a first node; a second switch element
connected between the first node and a second node; a third
switch element connected between the second node and a
negative line; a first power supply having a positive elec-
trode and a negative electrode, which are connected to the
first node and the negative line, respectively; a reactor
element connected between the positive line and a third
node; and a second power supply having a positive electrode
and a negative electrode, which are connected to the third
node and the second node, respectively. Further, the vehicle
control device switches, by switching on/off states of the
first switch element, the second switch element, and the third
switch element, a connection state of the first power supply,
the second power supply, and an electrical load between a
series connection state, in which the first power supply and
the second power supply, which are connected in series, are
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connected to the electrical load, a parallel connection state,
in which the first power supply and the second power supply,
which are connected in parallel, are connected to the elec-
trical load, and a single connection state in which only one
of the first power supply and the second power supply is
connected to the electrical load, and the vehicle control
device further includes a control unit reducing, when a
remaining capacity difference between the first power sup-
ply and the second power supply is large, a first operating
range, in which the connection state with the electrical load
is controlled to be the series connection state, and increasing
a second operating range, in which the connection state with
the electrical load is controlled to be the parallel connection
state or the single connection state of one of the power
supplies having a larger remaining capacity, as compared
with a case where the remaining capacity difference is small.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram illustrating a configura-
tion of a vehicle to which a vehicle control device according
to an embodiment of the present disclosure is applied;
[0008] FIG. 2 is a circuit diagram illustrating a configu-
ration of a power supply device of FIG. 1;

[0009] FIG. 3 is a diagram illustrating an example of a
relationship between the motor rotational speed, the motor
torque, and a connection state of a first battery and a second
battery;

[0010] FIG. 4 is a diagram illustrating an example of
curves representing required minimum voltages of a motor;
[0011] FIG. 5 is a diagram illustrating a problem in a
related-art power supply device;

[0012] FIG. 6 is a flowchart illustrating a connection-state
control processing according to an embodiment of the
present disclosure;

[0013] FIG. 7 is a diagram illustrating an effect of con-
nection-state control processing according to an embodi-
ment of the present disclosure;

[0014] FIG. 8 is a diagram illustrating an effect of con-
nection-state control processing according to an embodi-
ment of the present disclosure; and

[0015] FIG. 9 is a diagram illustrating a modification of
connection-state control processing according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0016] In the related-art control, when the connection state
of'the two power supplies is changed from the state in which
the remaining capacities of the two power supplies are
unbalanced (the single driving state by one power supply) to
the series connection state, and when the series connection
state is continued due to steady traveling or the like, the
remaining capacities of the two power supplies are to be
decreased while being unbalanced. As a result, the remain-
ing capacity of one power supply reaches the lower limit
value ahead of the other, and the series connection state
cannot be maintained. Then, the output may be restricted due
to the single driving state of the other power supply.

[0017] Hereinafter, a configuration of a vehicle control
device according to an embodiment of the present disclosure
is described with reference to the accompanying drawings.
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[0018] Configuration of Vehicle

[0019] First, a configuration of a vehicle to which a
vehicle control device according to an embodiment of the
present disclosure is applied is described with reference to
FIG. 1.

[0020] FIG. 1 is a block diagram illustrating a configura-
tion of a vehicle to which a vehicle control device according
to an embodiment of the present disclosure is applied. As
illustrated in FIG. 1, a vehicle 1 to which a vehicle control
device according to an embodiment of the present disclosure
is applied is a Hybrid Vehicle (HV), and includes an engine
(ENG) 2, a power supply device 3, a first inverter (INV1) 4aq,
a second inverter (INV2) 45, a first motor (MG1) 54, and a
second motor (MG2) 5b6. The vehicle 1 is not limited to an
HV vehicle, and may be an Electric Vehicle (EV), a Plug-in
Hybrid Vehicle (PHV), a Fuel Cell Electric Vehicle (FCEV)
or the like.

[0021] The engine 2 is an internal combustion engine that
outputs power using gasoline, light oil or the like as a fuel,
and is drive-controlled by an HV electronic control unit
(hereinafter, referred to as an HV-ECU) 102 to be described
later.

[0022] The power supply device 3 is connected to the first
inverter 4a and the second inverter 45 via a positive line PL.
and a negative line NL, and is controlled by a battery
electronic control unit (hereinafter, referred to as a battery
ECU) 101 to be described later.

[0023] The first inverter 4a and the second inverter 44
each include a plurality of switch elements, and each have
a function for mutually converting direct current (DC)
power and alternating current (AC) power. By the HV-ECU
102 controlling on/off of the switch elements, the first
inverter 4a and the second inverter 45 convert DC power
supplied from the power supply device 3 into AC power to
supply the converted power to the first motor 5a and the
second motor 55, and convert AC power generated by the
first motor 5a and the second motor 56 into DC power to
supply the converted power to the power supply device 3.

[0024] The first motor 5a and the second motor 55 are
synchronous generator motors. The first motor 5¢ and the
second motor 56 function as a motor for driving the vehicle
by being driven by the AC power supplied from the first
inverter 4a and the second inverter 4b, respectively, and
function as a generator that generates AC power using the
driving force of the vehicle 1.

[0025] The vehicle 1 includes the battery ECU 101 and the
HV-ECU 102 as a control system.

[0026] The battery ECU 101 manages charging states of a
plurality of batteries constituting the power supply device 3,
detects abnormalities, and controls the voltage. The battery
ECU 101 receives various electric signals, such as an
electric signal indicating a temperature Tb of each battery,
an electric signal indicating an output voltage Vb of each
battery, and an electric signal indicating an output current Ib
of each battery. The battery ECU 101 calculates the remain-
ing capacity of each battery based on the temperature Tb, the
output voltage Vb, the current Ib and the like. The battery
ECU 101 transmits various signals, such as the output
voltage Vb, the temperature Th, and the remaining capacity
of each battery, to the HV-ECU 102. The battery ECU 101
further outputs a control signal to the power supply device
3 based on a command signal received from the HV-ECU
102.
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[0027] The HV-ECU 102 is capable of mutually commu-
nicating with the battery ECU 101, and transmits and
receives various signals, such as various commands and
detection results of various sensors. The HV-ECU 102
controls the engine 2, the first inverter 4a, the second
inverter 45, and the output voltage of the power supply
device 3 in order to generate a vehicle driving force accord-
ing to the driver’s request when the vehicle 1 travels. The
HV-ECU 102 receives various signals, such as an operation
signal IGCN of an ignition switch, a rotational speed NE of
the engine 2, a rotational speed of each of the first motor 5a
and the second motor 54, a vehicle speed, an accelerator
opening degree, an output voltage Vh of the power supply
device 3, atemperature Tb, and a remaining capacity of each
battery. The HV-ECU 102 further outputs signals calculated
based on the input information, such as a control signal
NRef for the engine 2, signals PWM1 and PWM2, which are
Pulse Width Modulation (PWM) control signals, for the first
inverter 4a and the second inverter 45, a command signal for
switching the output voltage of the power supply device 3 to
a requested voltage, and a signal PWC, which is a PWM
control signal for the switch elements in the power supply
device 3.

[0028] The battery ECU 101 and the HV-ECU 102 are
physically an electronic circuit including, as a main body, a
known microcomputer including a central processing unit
(CPU), a random access memory (RAM), a read only
memory (ROM), and an input/output interface. The func-
tions of the battery ECU 101 and the HV-ECU 102 are
performed by the CPU loading computer programs held in
the ROM into the RAM and executing them to operate the
control target, and reading and writing data from/in the
RAM and the ROM.

[0029] Configuration of Power Supply Device

[0030] Next, a configuration of the power supply device 3
is described with reference to FIGS. 2 and 3.

[0031] FIG. 2 is a circuit diagram illustrating a configu-
ration of the power supply device 3 of FIG. 1. As illustrated
in FIG. 2, the power supply device 3 includes a first switch
element S1 connected between a positive line PL and a first
node N1, a second switch element S2 connected between the
first node N1 and a second node N2, a third switch element
S3 connected between the second node N2 and a negative
line NL, and a first battery B1 having the positive and
negative electrodes respectively connected to the first node
N1 and the negative line NL, a reactor element R connected
between the positive line PL and a third node N3, a second
battery B2 having the positive and negative electrodes
respectively connected to the third node N3 and the second
node N2, and a smoothing capacitor C,, connected between
the positive line PL and the negative line NL. Here, the first
battery B1 and the second battery B2 may be capacitors.
[0032] The first switch element S1, the second switch
element S2, and the third switch element S3 are semicon-
ductor switching elements. As the semiconductor switching
element, an Insulated Gate Bipolar Transistor (IGBT) is
used. Between the collector terminal and the emitter termi-
nal of the IGBT, a diode (rectifying element) having the
anode connected to the emitter terminal is connected. If a
semiconductor switching element other than an IGBT is
used, a diode is connected in parallel to the semiconductor
switching element so that the current flows in an opposite
direction to the current flowing when the switch element is
turned on. The diode may be a parasitic diode accompanying
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the semiconductor switching element. In this specification, a
combination of a semiconductor switching element and a
diode is referred to a switch element.

[0033] Connection State with Electrical Load

[0034] In the power supply device 3, the HV-ECU 102
controls the on/off states of the first switch element S1, the
second switch element S2, and the third switch element S3
to switch a connection state of the first battery B1 and the
second battery B2 with the first inverter 4a and the second
inverter 46 (electrical load) between a series connection
state, a parallel connection state, a single connection state of
the first battery B1, and a single connection state of the
second battery B2.

[0035] Specifically, the HV-ECU 102 controls the first
switch element S1 and the third switch element S3 to be
OFF, and the second switch element S2 to be ON in order to
connect the first battery B1 and the second battery B2
connected in series to the first inverter 4a and the second
inverter 46 (the serial connection state). Alternatively, the
HV-ECU 102 controls the first switch element S1 and the
third switch element S3 to be ON, and the second switch
element S2 to be OFF in order to connect the first battery B1
and the second battery B2 connected in parallel to the first
inverter 4a and the second inverter 45 (the parallel connec-
tion state). Alternatively, the HV-ECU 102 controls the first
switch element S1 to be ON, and the second switch element
S2 and the third switch element S3 to be OFF in order to
connect only the first battery B1 to the first inverter 4a and
the second inverter 45 (the single connection state of the first
battery B1). Alternatively, the HV-ECU 102 controls the first
switch element S1 and the second switch element S2 to be
OFF, and the third switch element S3 to be ON in order to
connect only the second battery B2 to the first inverter 4a
and the second inverter 45 (the single connection state of the
second battery B2).

[0036] Switching of Connection with Electrical Load
[0037] In the power supply device 3, the HV-ECU 102
further switches, based on the rotational speed (hereinafter,
referred to as the motor rotational speed) and the output
torque (hereinafter, referred to as the motor torque) of the
first motor Sa and the second motor 55 (hereinafter, referred
to as a motor), the connection state of the first battery B1, the
second battery B2, the first inverter 4a, and the second
inverter 4b. Note that, the first motor 5a and the second
motor 55 are hereinafter collectively referred to as the motor,
and the first inverter 4a and the second inverter 45 are
hereinafter collectively referred to as the inverter. The
relationship between the motor rotational speed, the motor
torque, and the connection state of the first battery B1, the
second battery B2, and the inverter is described with refer-
ence to FIGS. 3 and 4.

[0038] FIG. 3 is a diagram illustrating an example of a
relationship between the motor rotational speed, the motor
torque, and the connection state of the first battery B1, the
second battery B2, and the inverter. FIG. 4 is a diagram
illustrating an example of curves representing required mini-
mum voltages of the motor. In FIG. 3, a curve L1 represents
one of curves .11 to .14 representing the required mini-
mum voltages of the motor determined from the motor
rotational speed and the motor torque illustrated in FIG. 4.
In a motor operating range R11 in which the output voltage
of the first battery B1 or the output voltage of the second
battery B2, whichever is larger, is smaller than the required
minimum voltage represented by the curve L1, the connec-
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tion state of the first battery B1, the second battery B2, and
the inverter is switched to the series connection state (oper-
ating range R11) in order to supply the sum of the output
voltages of the first battery B1 and the second battery B2 to
the inverter. On the other hand, a curve [.2 represents the
power that can be output by the first battery B1 alone or the
second battery B2 alone. In a motor operating range R12
enclosed by the curve L1 and the curve L2, the connection
state of the first battery B1, the second battery B2, and the
inverter is switched to the series connection state or the
parallel connection state.

[0039] Ina motor operating range R13 in which the motor
rotational speed and motor torque are smaller than the motor
rotational speed and the motor torque corresponding to the
curve L2, the connection state of the first battery B1, the
second battery B2, and the inverter is switched to any one of
the series connection state, the parallel connection state, the
single connection state of the first battery B1, and the single
connection state of the second battery B2. In the motor
operating ranges R12 and R13, the connection state of the
first battery B1, the second battery B2, and the inverter is
determined by calculating, with reference to the map data
indicating the relationship between a motor operating point
and the loss, the circuit loss of the power supply device 3,
the inverter loss, and the motor loss at a motor operating
point for each connection state, and selecting the connection
state in which the lowest sum of the calculated losses, that
is, the connection state for most efficiently operating the
motor.

[0040] However, when the connection state for most effi-
ciently operating the motor in the motor operating ranges
R12 and R13 is selected as described above, a problem as
illustrated in FIG. 5 occurs. FIG. 5 is a diagram illustrating
a problem in a related-art power supply device. When the
connection state for most efficiently operating the motor in
the motor operating ranges R12 and R13 is selected, the state
in which the remaining capacity (SOC, i.e., state of charge)
of the first battery B1 and the remaining capacity of the
second battery B2 are unbalanced as illustrated in FIG. 5,
that is, the single connection state of the first battery B1 or
the single connection state of the second battery B2 (a
requested operating point P11) can be changed to the series
connection state (a requested operating point P12) (time t
illustrated in FIG. 5=t1).

[0041] At this time, when the series connection state is
continued due to steady traveling of the vehicle 1 (time t
illustrated in FIGS. 5=t1 to t2), the remaining capacity of the
first battery B1 and the remaining capacity of the second
battery B2 are reduced by the same amount while the
remaining capacity of the first battery B1 and the remaining
capacity of the second battery B2 are kept unbalanced. As a
result, the remaining capacity of one of the two batteries (the
second battery B2 in the example illustrated in FIG. 5)
reaches the lower limit (SOC) first, and the series connection
state cannot be maintained. Thus, the connection state
becomes the single connection state (the required operating
point P12 is moved to an operating point P13), and the
required output can be restricted (time t illustrated in FIG.
5=t3).

[0042] For this reason, in the present embodiment, the
HV-ECU 102 performs connection-state control processing
described below in order to prevent the output from being
restricted due to the imbalance between the remaining
capacities of the first battery B1 and the second battery B2.
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The operation of the HV-ECU 102 when performing the
connection-state control processing is described below with
reference to FIGS. 6 to 8.

[0043] Connection-State Control Processing

[0044] FIG. 6 is a flowchart illustrating a connection-state
control processing according to an embodiment of the
present disclosure. The flowchart of FIG. 6 starts when the
ignition switch of the vehicle 1 is switched from the off state
to the on state, and the connection-state control processing
proceeds to step S1. While the ignition switch of the vehicle
1 is in the on state, the connection-state control processing
is performed again at a timing when a predetermined time
elapses since the previous connection-state control process-
ing has been terminated.

[0045] In step S1, the HV-ECU 102 determines whether
the output voltage of the power supply device 3 when the
connection state of the first battery B1, the second battery
B2, and the inverter is in the parallel connection state (a
parallel-connection power-supply voltage) is greater than
the minimum required voltage of the motor. The parallel-
connection power-supply voltage can be calculated from the
output voltage of the first battery B1 and the output voltage
of the second battery B2, and the minimum required voltage
of the motor can be calculated from the motor rotational
speed and the motor torque. In addition, the parallel-con-
nection power-supply voltage may be the output voltage of
the first battery B1 or the output voltage of the second
battery B2, whichever is smaller. As the result of the
determination, when the parallel-connection power-supply
voltage is greater than the minimum required voltage of the
motor (step S1: Yes), the HV-ECU 102 advances the con-
nection-state control processing to step S3. On the other
hand, when the parallel-connection power-supply voltage is
equal to or less than the minimum required voltage of the
motor (step S1: No), the HV-ECU 102 advances the con-
nection-state control processing to step S2. The HV-ECU
102 may perform step S1 based on the magnitude relation-
ship between the parallel-connection power-supply voltage
and a predetermined voltage, which is equal to or less than
the minimum required voltage of the motor.

[0046] In step S2, the HV-ECU 102 determines the con-
nection state of the first battery B1, the second battery B2,
and the inverter as the series connection state. The process-
ing of step S2 is thereby completed, and the series of
connection-state control processing is terminated.

[0047] In step S3, the HV-ECU 102 calculates, with ref-
erence to the map illustrating the relationship between the
output voltages of first battery B1 and second battery B2 and
the loss of the power supply device 3, the efficiency when
the connection state of the first battery B1, the second
battery B2, and the inverter is the series connection state
(serial-connection efficiency), and the efficiency when the
connection state of the first battery B1, the second battery
B2, and the inverter is the parallel connection state (parallel-
connection efficiency). Then, the HV-ECU 102 determines
whether the serial-connection efficiency is greater than the
parallel-connection efficiency. As the result of the determi-
nation, when the serial-connection efficiency is greater than
the parallel-connection efficiency (step S3: Yes), the HV-
ECU 102 advances the connection-state control processing
to step S4. On the other hand, when the serial-connection
efficiency is equal to or less than the parallel-connection
efficiency (step S3: No), the HV-ECU 102 advances the
connection-state control processing to step S6.
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[0048] In step S4, the HV-ECU 102 determines the con-
nection state of the first battery B1, the second battery B2,
and the inverter as the series connection state. The process-
ing of step S4 is thereby completed, and the connection-state
control processing proceeds to step S5.

[0049] Instep S5, the HV-ECU 102 calculates a remaining
capacity SOCy, of the first battery B1 and a remaining
capacity SOCg, of the second battery B2 to calculate a
difference ISOC;,-SOC,| between the remaining capacity
SOCg, and the remaining capacity SOCg,. The HV-ECU
102 further identifies the remaining capacity SOCy, or the
remaining capacity SOCg,, whichever is smaller, as an
index correlated with the remaining capacities of the first
battery B1 and the second battery B2. Then, the HV-ECU
102 determines whether the difference |ISOCz,-SOCp,! is
greater than a threshold Al, and whether the remaining
capacity SOCy, or the remaining capacity SOCg,, which-
ever is smaller, is less than a threshold B.

[0050] The HV-ECU 102 may change the threshold Al
and the threshold B depending on the required power of the
motor, the motor rotation number, and the motor torque. In
addition, in the present embodiment, the HV-ECU 102 uses
the difference between the remaining capacity SOCg, and
the remaining capacity SOCp,, but may calculate and use
other parameters correlated with a difference, such as a ratio
of the remaining capacity SOCj, to the remaining capacity
SOCjg,. Furthermore, the HV-ECU 102 may calculate and
use, as an index correlated with the remaining capacities of
the first battery B1 and the second battery B2, the average
value of the remaining capacity SOCg, and the remaining
capacity SOCp, instead of the remaining capacity SOCg, or
the remaining capacity SOCg,, whichever is smaller.
[0051] As the result of the determination, when the dif-
ference ISOCg,—SOCj,| is greater than the threshold A1 and
the remaining capacity SOCg, or the remaining capacity
SOCg,, whichever is smaller, is less than the threshold B
(step S5: Yes), the HV-ECU 102 advances the connection-
state control processing to step S6. On the other hand, when
the difference ISOC,—-SOCj,| is equal to or less than the
threshold Al or the remaining capacity SOCg, or the
remaining capacity SOCp,, whichever is smaller, is equal to
or greater than the threshold B (step S5: No), the HV-ECU
102 advances the connection-state control processing to step
S7. Note that, when the difference ISOCg;,—-SOCg,| is
greater than the threshold Al or the remaining capacity
SOCg, or the remaining capacity SOCg,, whichever is
smaller, is less than the threshold B, the HV-ECU 102 may
advance the connection-state control processing to step S6,
or advance the connection-state control processing to step
S7 otherwise.

[0052] In step S6, the HV-ECU 102 determines the con-
nection state of the first battery B1, the second battery B2,
and the inverter as the parallel connection state. The pro-
cessing of step S6 is thereby completed, and the connection-
state control processing proceeds to step S7.

[0053] In step S7, the HV-ECU 102 determines whether
the difference I1SOCy,-SOCy,| calculated in step S5 is
greater than a threshold A2 (>threshold A1). As the result of
the determination, when the difference ISOCg,—SOC5,! is
greater than the threshold A2 (step S7: Yes), the HV-ECU
102 advances the connection-state control processing to step
S8. On the other hand, when the difference ISOC,-SOCp,|
is less than the threshold A2 (step S7: No), the HV-ECU 102
terminates the series of connection-state control processing.
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The HV-ECU 102 may change the threshold A2 depending
on the required power of the motor, the motor rotation
number, and the motor torque.

[0054] In step S8, the HV-ECU 102 determines whether
the remaining capacity SOCyg, is greater than the remaining
capacity SOCg,. As the result of the determination, when the
remaining capacity SOCy, is greater than the remaining
capacity SOCg, (step S8: Yes), the HV-ECU 102 advances
the connection-state control processing to step S9. On the
other hand, when the remaining capacity SOCyg, is less than
the remaining capacity SOCg, (step S8: No), the HV-ECU
102 advances the connection-state control processing to step
S11.

[0055] In step S9, the HV-ECU 102 determines whether
the required power of the motor is less than a possible output
voltage Woutg, of the first battery B1. As the result of the
determination, when the required power of the motor is less
than the possible output voltage Woutg, of the first battery
B1 (step S9: Yes), the HV-ECU 102 advances the connec-
tion-state control processing to step S10. On the other hand,
when the required power of the motor is greater than the
possible output voltage Woutz, of the first battery B1 (step
S9: No), the HV-ECU 102 terminates the series of connec-
tion-state control processing.

[0056] In step S10, the HV-ECU 102 determines the
connection state with the inverter as the single connection
state of the first battery B1. The processing of step S10 is
thereby completed, and the series of connection-state control
processing is terminated.

[0057] In step S11, the HV-ECU 102 determines whether
the required power of the motor is less than a possible output
voltage Woutg, of the second battery B2. As the result of the
determination, when the required power of the motor is less
than the possible output voltage Woutg, of the second
battery B2 (step S11: Yes), the HV-ECU 102 advances the
connection-state control processing to step S12. On the other
hand, when the required power of the motor is greater than
the possible output voltage Wouty, of the second battery B2
(step S11: No), the HV-ECU 102 terminates the series of
connection-state control processing.

[0058] In step S12, the HV-ECU 102 determines the
connection state with the inverter as the single connection
state of the second battery B2. The processing of step S12 is
thereby completed, and the series of connection-state control
processing is terminated. Thereafter, the HV-ECU 102 con-
trols the connection state of the first battery B1, the second
battery B2, and the inverter based on the results of the
processing of steps S2, S4, S6, S10, and S12.

[0059] As apparent from the above description, in the
connection-state control processing according to an embodi-
ment of the present disclosure, when the remaining capacity
difference (SOC difference) between the first battery B1 and
the second battery B2 is large as illustrated in FIG. 7, the
HV-ECU 102 reduces a range R2a in which the motor
operates in the series connection state and increases ranges
R2bH and R3 in which the motor operates in the parallel
connection state or the single connection state of the battery
having the larger remaining capacity, as compared with the
case where the remaining capacity difference is small. With
this processing, when the requested operating point P1, at
which the connection state is the single connection state of
the first battery B1 or the single connection state of the
second battery B2, is changed to the requested operating
point P2 as illustrated in FIG. 8, and when the difference
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between the remaining capacity of the first battery B1 and
the remaining capacity of the second battery B2 is large, the
motor is operated in the parallel connection. Thus, since
power is consumed from the battery having the larger
remaining capacity first, it is possible to prevent the battery
having the smaller remaining capacity from reaching the
lower limit SOC, and to prevent the required output from
being restricted after time t4 (corresponding to time t2 in
FIG. 5).

[0060] In addition, in the connection-state control process-
ing according to an embodiment of the present disclosure,
when the index correlated with the remaining capacities of
the first battery B1 and the second battery B2 is low as
illustrated in FIG. 7, the HV-ECU 102 reduces the range R2a
in which the motor operates in the series connection state
and increases the ranges R2b and R3 in which the motor
operates in the parallel connection state or the single con-
nection state of the battery having the larger remaining
capacity, as compared with the case where the index is high.
With this configuration, when the remaining capacity has a
room and the output is not immediately restricted, the motor
is able to operate in the series connection state as the original
setting, and it is possible to prevent the loss from being
increased due to the operation in the parallel connection
state.

[0061] Furthermore, in the connection-state control pro-
cessing according to an embodiment of the present disclo-
sure, the HV-ECU 102 reduces the range in which the motor
operates in the series connection state and increases the
range in which the motor operates in the parallel connection
state, in an operating range in which the output is large, or
reduces the range in which the motor operates in the series
connection state and increases the range in which the motor
operates in the parallel connection state or the single con-
nection state of the battery having the larger remaining
capacity, in an operating range in which the output is small.
With this configuration, it is possible to prevent the required
output from not being output by operating in the single
connection state in the operating range in which the output
is large.

[0062] Furthermore, in the connection-state control pro-
cessing according to an embodiment of the present disclo-
sure, in the operating range in which the output is small, the
HV-ECU 102 increases the range in which the motor oper-
ates in the parallel connection state by the reduced amount
of the range in which the motor operates in the series
connection state when the remaining capacity difference is
equal to or greater than the threshold Al and equal to or less
than the threshold A2, and increases the range in which the
motor operates in the single connection state of the battery
having the larger remaining capacity when the remaining
capacity difference is greater than the threshold A2. With
this configuration, it is possible to prevent the loss from
being worse than the operation in the single connection state
by operating in the parallel connection state as much as
possible.

[0063] Note that, since lowering the counter-electromotive
voltage of the motor by d-axis current increase control,
which is called field weakening control, allows the motor to
operate in the parallel connection state even in the range in
which the motor has operated in the series connection state,
the HV-ECU 102 may increase, when the remaining capac-
ity difference between the first battery B1 and the second
battery B2 is large as illustrated in FIG. 9, the percentage of
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the parallel connection state using the field weakening
control, as compared with the case where the remaining
capacity difference is small.

[0064] In addition, it has been described that the connec-
tion-state control processing according to an embodiment of
the present disclosure focusing on the increase and decrease
of the operating range, but connection-state control process-
ing according to an embodiment of the present disclosure
focusing on a specific operation point can be described as
follows.

[0065] That is, in the connection-state control processing
according to an embodiment of the present disclosure, the
HV-ECU 102 operates, in order to obtain a certain output,
the motor in the series connection state when the remaining
capacity difference between the first battery B1 and the
second battery B2 is small, or in the parallel connection state
or the single connection state of the battery having the larger
remaining capacity when the remaining capacity difference
is large. With this configuration, it is possible to prevent the
remaining capacity of only one of the first battery B1 and the
second battery B2 from being reduced, and to prevent the
output from being restricted due to the imbalance of the
remaining capacities of the first battery B1 and the second
battery B2.

[0066] Furthermore, in the connection-state control pro-
cessing according to an embodiment of the present disclo-
sure, the HV-ECU 102 operates the motor in the series
connection state in order to obtain a certain output in the
operating range R1 in which the output is large, or operates
the motor in the series connection state when the remaining
capacity difference between the first battery B1 and the
second battery B2 is small, or in the parallel connection state
or the single connection state of the battery having the larger
remaining capacity when the remaining capacity difference
is large in order to obtain a certain output in the operating
ranges R2a, R2b, and R3 in which the output is smaller than
the output in the operating range. However, when the
remaining capacity of one battery is very low, the motor is
not operated in the series connection state in the operating
range R1.

[0067] The embodiment to which the disclosure made by
the inventors has been applied has been described above, but
the present disclosure is not limited by the description and
the drawings that are part of the disclosure of the present
disclosure based on the embodiment. That is, other embodi-
ments, examples, operation techniques and the like to be
made by those skilled in the art based on the present
embodiment are all included in the scope of the present
disclosure.

[0068] With a vehicle control device according to the
present disclosure, it is possible to prevent the remaining
capacity of only one of two power supplies from being
reduced, and to prevent the output from being restricted due
to the imbalance of the remaining capacities of the two
power supplies.

[0069] According to an embodiment, when the remaining
capacity has a room and the output is not immediately
restricted, the motor is able to operate in the series connec-
tion state as the original setting, and it is possible to prevent
the loss from being increased due to the operation in the
parallel connection state.
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[0070] According to an embodiment, it is possible to
prevent the required output from not being output by oper-
ating in the single connection state in the operating range in
which the output is large.

[0071] According to an embodiment, it is possible to
prevent the loss from being worse than the operation in the
single connection state by operating in the parallel connec-
tion state as much as possible.

[0072] Although the disclosure has been described with
respect to specific embodiments for a complete and clear
disclosure, the appended claims are not to be thus limited but
are to be construed as embodying all modifications and
alternative constructions that may occur to one skilled in the
art that fairly fall within the basic teaching herein set forth.

What is claimed is:

1. A vehicle control device comprising:

a first switch element connected between a positive line
and a first node;

a second switch element connected between the first node
and a second node;

a third switch element connected between the second
node and a negative line;

a first power supply having a positive electrode and a
negative electrode, which are connected to the first
node and the negative line, respectively;

a reactor element connected between the positive line and
a third node; and

a second power supply having a positive electrode and a
negative electrode, which are connected to the third
node and the second node, respectively, wherein

the vehicle control device is configured to switch, by
switching on/off states of the first switch element, the
second switch element, and the third switch element, a
connection state of the first power supply, the second
power supply, and an electrical load between a series
connection state, in which the first power supply and
the second power supply, which are connected in series,
are connected to the electrical load, a parallel connec-
tion state, in which the first power supply and the
second power supply, which are connected in parallel,
are connected to the electrical load, and a single con-
nection state in which only one of the first power supply
and the second power supply is connected to the
electrical load, and

the vehicle control device further comprises a control unit
configured, when a remaining capacity difference
between the first power supply and the second power
supply is large, to reduce a first operating range, in
which the connection state with the electrical load is
controlled to be the series connection state, and
increase a second operating range, in which the con-
nection state with the electrical load is controlled to be
the parallel connection state or the single connection
state of one of the power supplies having a larger
remaining capacity, as compared with a case where the
remaining capacity difference is small.

2. The vehicle control device according to claim 1,
wherein, when an index correlated with the remaining
capacities of the first power supply and the second power
supply is low, the control unit is configured to reduce the first
operating range and increase the second operating range, as
compared with the case where the index is high.

3. The vehicle control device according to claim 1,
wherein the control unit is configured to reduce the first
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operating range and increase an operating range, in which
the connection state with the electrical load is controlled to
be the series connection state, in an operating range, in
which an output is large, and reduce the first operating range
and increase the second operating range in an operating
range, in which an output is small.

4. The vehicle control device according to claim 3,
wherein, in the operating range in which the output is small,
the control unit is configured to increase an operating range,
in which the connection state with the electrical load is
controlled to be the parallel connection state, by the reduced
amount of the first operating range when the remaining
capacity difference is equal to or greater than a first prede-
termined value and equal to or less than a second predeter-
mined value, which is equal to or greater than the first
predetermined value, and increase the operating range, in
which the connection state with the electrical load is con-
trolled to be the single connection state of one of the power
supplies having the larger remaining capacity, when the
remaining capacity difference is greater than the second
predetermined value.

5. A vehicle control device comprising:

a first switch element connected between a positive line

and a first node;

a second switch element connected between the first node
and a second node;

a third switch element connected between the second
node and a negative line;

a first power supply having a positive electrode and a
negative electrode, which are connected to the first
node and the negative line, respectively;

a reactor element connected between the positive line and
a third node; and

a second power supply having a positive electrode and a
negative electrode, which are connected to the third
node and the second node, respectively, wherein

the vehicle control device is configured to switch, by
switching on/off states of the first switch element, the
second switch element, and the third switch element, a
connection state of the first power supply, the second
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power supply, and an electrical load between a series
connection state, in which the first power supply and
the second power supply, which are connected in series,
are connected to the electrical load, a parallel connec-
tion state, in which the first power supply and the
second power supply, which are connected in parallel,
are connected to the electrical load, and a single con-
nection state in which only one of the first power supply
and the second power supply is connected to the
electrical load, and

the vehicle control device further comprises a control unit
configured, in order to obtain a certain output, to
control the connection state with the electrical load to
be the series connection state when a remaining capac-
ity difference between the first power supply and the
second power supply is small, and control the connec-
tion state with the electrical load to be the parallel
connection state or the single connection state of one of
the power supplies having the larger remaining capac-
ity when the remaining capacity difference between the
first power supply and the second power supply is
large.

6. The vehicle control device according to claim 5,
wherein the control unit controls the connection state with
the electrical load to be the series connection state in order
to obtain a certain output in a first operating range, in which
an output is large, and control the connection state with the
electrical load to be the series connection state when the
remaining capacity difference between the first power sup-
ply and the second power supply is small, and control the
connection state with the electrical load to be the parallel
connection state or the single connection state of one of the
power supplies having the larger remaining capacity when
the remaining capacity difference between the first power
supply and the second power supply is large in order to
obtain a certain output in a second operating range, in which
an output is smaller than the output in the first operating
range.



