wO 2015/124980 A 1[I I 00000 O O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

27 August 2015 (27.08.2015)

(10) International Publication Number

WO 2015/124980 A1

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

31

International Patent Classification:
B60L 3/00 (2006.01) B60L 11/18 (2006.01)

International Application Number:
PCT/IB2015/000111

International Filing Date:
4 February 2015 (04.02.2015)

Filing Language: English
Publication Language: English
Priority Data:

2014-031764 21 February 2014 (21.02.2014) JP

Applicant: TOYOTA JIDOSHA KABUSHIKI KAIS-
HA [JP/JP]; 1, Toyota-cho, Toyota-shi, Aichi-ken, 471-
8571 (JP).

Inventors: MINAMIURA, Keiichi; c¢/o TOYOTA
JIDOSHA KABUSHIKI KAISHA, of 1, Toyota-cho,
Toyota-shi, Aichi-ken, 471-8571 (JP). HAYASHI, Tak-

uro; ¢/o TOYOTA JIDOSHA KABUSHIKI KAISHA, of

1, Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: POWER SUPPLY DEVICE FOR ELECTRIC VEHICLE

500
95~1AUXILIARY : SM1,5M2
aROUP Vs I Eou SR1.SR2 100
155p—~ S N J S
15-] ORI V26
COOLER je—! 50
60~mAIN DC/DC| 20
TT}->¢Ra _|CONVERTER
y__~16 1 ISLSP E’ 40
5 o x
10 z 4 w 55
=i SMRI 2 4 5
£ VL 153g
o T }
SMR2 =20
1112 :
v y RL1 152 :
6718 0P8 | Loly L =
9
[Ty
RL2 ég
152 ] 0 405
200 151 —VEHICLE EXTERIOR

(57) Abstract: An ECU (80) of an electric vehicle (100) supplies a target rotation speed RT having a value corresponding to the
temperature TB of a main battery (10) to a cooler (15), controls a main DC/DC converter (60) such that the SOC of an auxiliary bat -
tery (70) is in a predetermined range SOCL to SOCH less than 100% when a cooling fan in the cooler (15) is driven at the target ro-
tation speed (RT), and controls the main DC/DC converter (60) such that the SOC of the auxiliary battery (70) is 100% when the
cooling fan is not driven at the target rotation speed (RT).
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POWER SUPPLY DEVICE FOR ELECTRIC VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a power supply device for an electric
vehicle, and more particularly, to a power supply device for an electric vehicle equipped

with a primary electric storage device and a secondary electric storage device.

2. Description of Related Art

[0002] In the related art, an electric vehicle such as a hybrid automobile or an
electric automobile is equipped with a main battery (primary electric storage device)
storing electric power for driving a motor coupled to vehicle wheels and an auxiliary
battery (secondary electric storage device) storing DC power for driving an auxiliary load
such as an audio device and a navigation device in the vehicle. The voltage across
terminals of the main battery is stepped down and is supplied to the auxiliary battery.

[0003]) In order to suppress the degradation of the main battery, for example, the
electric vehicle is equipped with a cooler maintaining the temperature of the main battery
within a predetermined range. The cooler is driven with the DC power of the auxiliary
battery.

[0004]  Japanese Patent Application Publication No. 2012-80689 (JP 2012-80689
A) discloses an electric vehicle in which the state of charge (SOC) of an auxiliary battery is
maintained in a range less than 100% so as to enhance charging efficiency of the auxiliary
battery and to enhance use efficiency of DC power of a main battery.

[0005] However, when the SOC of the auxiliary battery is maintained in a range
less than 100%, there is a problem in that the cooling capability of the cooler becomes
deficient, the temperature of the main battery rises, and the degradation of the main battery

is promoted.

CONFIRMATION COPY
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SUMMARY OF THE INVENTION

[0006] The invention is made in consideration of the above-mentioned problem
and provides a power supply device of an electric vehicle that has high charging efficiency
of a secondary electric storage device and that can suppress degradation of a primary
electric storage device.

[0007]  According to an aspect of the invention, there is provided a power supply
device for an electric vehicle, including a primary electric storage device, a secondary
electric storage device, a direct cur‘rent/direct current converter, a cooler, a first detector, a
second detector, a third detector, and an electronic control unit. The primary electric
storage device is configured to store electric power for driving an electric motor coupled to
vehicle wheels.  The secondary electric storage device is configured to store direct current
power for driving an auxiliary load. The direct current/direct current converter is
configured to step down a voltage of the primary electric storage device and to supply the
voltage to the secondary electric storage device to charge the secondary electrié storage
device. The cooler is configured to be supplied with a source voltage from the secondary
electric storage device and to be driven depending on a target drive value to cool the
primary electric storage device. The first detector is configured to detect a temperature of
the primary electric storage device. The second detector is configured to detect a state of
charge of the seconda.ry electric storage device. The third detector is configured to detect
an actual drive value of the cooler. (a) The electronic control unit is configured to operate
based on detection results of the first detector, the second detector and the third detector.
(b) The electronic control unit is configured to supply the target drive value to the cooler,
the target drive value being a value corresponding to the temperature of the primary
electric storage device,. (c¢) The electronic control unit is configured to perform a first
charging mode, and the electronic control unit (80) is configured to control the direct
current/direct current converter in the first charging mode such that the state 6f charge of
the secondary electric storage device is in a predetermined range less than a maximum
Qalue when the cooler is driven at the target drive value. (d) The electronic éontrol unit is

configured to perform a second charging mode, and the electric control unit is configufed
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to control the direct current/direct current converter in the second charging mode such that
the state of charge of the secondary electric storage device is a value greater than the
predetermined range when the cooler is not driven at the target drive value.
{0008] According to this power supply device, when the cooler is driven at the
target drive value, the Staté of charge of the secondary electric storage device is limited to a

range less than the maximum value and it is thus possible to enhance charging efficiency of

‘the secondary electric storage device. When the cooler is not driven at the target drive

value, the state of charge of the secondary electric storage device is set to a value greater
than the predetermined range and it is thus possible to enhance the cooling capability of the
cooler and thus to suppress the degradation of the primary electric storage device.

[0009] In the power supply device, the value greater than the predetermined range
may be a maximum value of the state of charge of the secondary electric storage device.
According to this power supply device, it is possible to enhance the cooling capability of
the cooler as much as possible.

[0010] In the power supply device, the electronic control unit may be configured
to determine that the cooler is driven at the target drive value and to perform the first
charging mode when a difference between the target drive value and the actual drive value
is less than a first threshold value. The electronic control unit may be configured to
determine that the cooler is not driven at the target drive value and to perform the second
charging mode when the difference between the target drive value and the actual drive
value is equal to or greater thaﬁ the first threshold value. According to this power supply
device, when the difference between the target drive value and the actual drive value of the
cooler is great, it is possible to enhance the cooling capability of the cooler and thus to
suppfess the degradation of the primary electric storage device.

[0011] In the power supply device, the electronic control unit may be configured
to stop the second charging mode and to perform the first charging mode when the second

charging mode is performed and the target drive value is less than a second threshold value

less by a predetermined value than a minimum value of the target drive valuc in a period in

which the difference between the target drive value and the actual drive value is equal to or
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greater than the first threshold value. According to this power supply device, it is
possible to prevent the charging mode from being frequently switched between the first
charging mode and the second charging mode.

[0012] In the power supply device, the electronic control unit may be configured
to determine that the cooler is driven at the target drive value and to perform the first
charging mode when the target drive value is less than a first threshold value. The
electronic control unit may be configured to determine that the cooler is not driven at the
target drive value and to perform the second charging mode when the target drive value is
equal to or greater than the first threshold value. According to this power supply device,
it is not necessary to detect the actual drive value of‘the cooler and it is possible to enhance
the cooling capability of the cooler and thus to suppress the degradation of the primary
electric stbrage device when the target drive value of the cooler is great.

[0013] In the power supply device, the electronic control unit may be configured
to stop the second charging mode and to perform the first charging mode when the second
charging mode is performed and the target drive value is less than a second threshold value
less by a predetermined value than the first threshold value. According to this power
supply device, it is poésible to prevent the charging mode from being frequently switched
between the first charging mode and the second charging mode.

[0014) In the power supply device, the electronic control unit may be configured
to determine whether the cooler is driven at the target drive value and to perform the first
charging mode or the second charging mode when the temperature of the primary electric
storage device is equal to or higher than a third threshold value. The electronic control
unit may be configured to perform the first charging mode when the temperature of the
primary electric storage device is lower than the third threshold value. According to this

power supply device, it is possible to enhance the cooling capability of the cooler and thus

- to suppress the degradation of the primary electric storage device when the temperature of

the primary electric storage device is high, and it is possible to perform the first charging
mode to enhance the charging efficiency of the secondary electric storage device when the

temperature of the primary electric storage device is low.
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(0015] The power supply device may further include a fourth detector configured
to detect a preésure in the primary electric storage device. The electronic control unit
may be configured to determine whether the ’cooler is driven at the target drive value and to
perform the first charging mode or the second charging mode when the temperature of the
primary electric storage device is lower than the third threshold value and the temperature
of the primary electric storége device is equal to or higher than a fourth threshold value
less than the third threshold value and the pressure in the primary electric storage device is
equal to or greater than a fifth threshold value. According to this power supply device,
when the temperature of the primary electric storage device is low and the pressure in the -
primary electric storage device is high, it is‘possible to perform the second charging mode
to suppress the rise in the temperature of the primary electric storage device.

[0016] In the power supply device, the second detector may be configured to
detect the voltage of the secondary electric storage device as an approximate value of the
state of charge of the secondary electric-storage device. The electronic control unit may
be configured to control the direct current/direct current converter such that the voltage of
the secondary electric storage device is in a predetermined voltage range less than a rated
voltage in the first charging mode.. The electronic control unit may be configured to
control the direct current/direct current converter such that the voltage of the secondary
electric storage device is a value greater than the predetermined voltage range in the
second charging mode. According to this power supply device, it is possible to simply
monitor the state of charge of the secondary electric storage device.

[0017] In the power supply device, the cooler may include a cooling fan that
sends air to the primary electric storage device, the target drive value may be a target
rotation speed of the cooling fan, and the actual drive value may be an actual rotation
speed of the ‘cooling fan. According to this power supply device, it is possible to cool the
primary electric storage device using an air flow.

[0018]  In the power supply device, the cooler may include a pump that circulates
a coolant for cooling the primary‘electric storage device, the target drive value may be a

target rotation speed of the pump, and the actual drive value may be an actual rotation
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speed of the pump. Accordihg to this power supply device, it is possible to cool the
primary electric storage device using a coolant.
[0019] As described above, according to the invention, it is possible to enhance
charging efficiency of a secondary electric storage device and to suppress degradation of a

primary electric storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Features, advantages, and techniéal and industrial significance of
exemplary embodiments of the invention will be described below with reference to the‘
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1 is a circuit block diagram illustrating a configuration of an electric vehicle
according to Embodiment 1 of the invention;

FIG. 2 is a flowchart illustrating a method of charging an auxiliary battery illustrated
in FIG. 1;

FIGS. 3A to 3E are timing diagrams illustrating operations of the electric vehicle
illustrated in FIG. 1; -

FIGS. 4A to 4F are other timing diagrams illustrating operations of the electric
vehicle illustrated in FIG. 1;

FIG. 5 is a circuit block diagram illustrating a configuration of an electric vehicle
according to Embodiment 2 of the invention;

FIG. 6 is a flowchart illustrating a method of charging an auxiliary battery illustrated
in FIG. 5;

FIGS. 7A and 7B are timing diagrams illustrating a first modification example of
Embodiment 2;

FIGS. 8A and 8B are timing diagrams illustrating a second modification example of
Embodiment 2;

FIGS. 9A to 9C are timing diagrams illustrating a third modification example of
Embodiment 2;

FIGS. 10A to 10C are timing diagrams illustrating a fourth modification example of
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FIGS. 11A to 11C are timing diagrams illustrating a fifth modification example of
Embodiment 2;

FIG. 12 is a flowchart illustrating a method of charging an auxiliary battery in an
electric vehicle according to Embodiment 3 of the invention;

FIGS. 13A to 13C are timing diagrams illustrating operations of the electric vehicle
illustrated in FIG. 12;

FIGS. 14A and 14B are timing diagrams illustrating a first modification example of
Embodiment 3; and

FIGS. 15A and 15B are timing diagrams illustrating a second modification example
of Embodiment 3.

{

DETAILED DESCRIPTION OF EMBODIMENTS

[0021] Embodiment 1 of the‘ invention will be described below. FIG. 1 is a
circuit block diagram illustrating a configuration of an electric vehicle 100 according to
Embodiment 1 of the invention. In FIG. 1, the electric vehicle 100 includes a main
battery 10, a power control unit (PCU) 20, a motor-generator set 30, a power transmission
gear unit 40, vehicle wheels 50, a braking mechanism 55, and an electronic control unit
(ECU)80.

[0022]  The main battery 10 is an example of the “primary electric storage device”
and is typically constituted by a secondary battery such as a lithium ion battery or a nickel
hydrogen battery. For example, the output voltage of the main battery 10 is about 200 V.
The main battery 10 is provided with a temperature detector 11 and a pressure detector 12.

[0023]  The temperature detector 11 detects the temperature TB of the main
battery 10 and supplies a signal ¢PB indicating the detected value to the ECU 80. The
pressure detector 12 detects the pressure PB in the main battery 10 and supplies a signal
¢PB indicating the detected value to the ECU 80. In order to suppress the degradation of
the main battery 10, the temperature of the main battery 10 is maintained in a

predetermined range on the basis of the signal $TB, and the pressure in the main battery 10
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is maintained in a predetermined range on the basis of the signal $PB.

(0024]  The PCU 20 converts charging and discharging power of the main battery
10 into electric power for comrolling‘the driving of the motor-generator set 30. For
example, the motor-generator set 30 is constituted by a permanent magnet type three-phase
synchronous electric motor and the PCU 20 is configured to include an inverter 26.

[0025] The output torque of the motor-generator set 30 is transmitted to the
vehicle wheels 50 via a power transmission gear unit 40, which is constituted by a
reduction gear or a power splitting mechanism, to cause the electric vehicle 100 to travel.
The motor-generator set 30 can generate electric power using the rotational force of the
vehicle wheels 50 at the time of regenerative braking of the electric vehicle 100. The
generated electric power is converted into charging power of the main battery 10 by the
PCU 20. |

[0026] The braking mechanism 55 generates a mechanical braking force for the
vehicle wheels 50. The braking mechanism 55 is typically constituted by a hydraulic
brake configured to generate a frictional braking force with.a supply of a hydraulic
pressure. At the time of operating a brake pedal of the electric vehicle 100, the total
braking force corresponding to the operation of the brake pedal is secured by the sum of
the mechanical braking force based on the braking mechanism 55 and the regenerative
braking force based on the motor-generator set 30.

[0027] That is, the ECU 80 generates the régeﬁerative braking force based on the
motor-generator set 30 on the basis of the detection results of the detectors 11, 12, and the
like and the upper limit Win of the charging power of the main battery 10 within a range in
which the main battery 10 is not overcharged. On the other hand, the difference between
the total braking'force and the regenerative braking force is secured by the mechanical
braking force based on the braking mechanism 55. Accordingly, when the charging of the
main battery 10 is inhibited, only the braking mechanism 55 needs to be continuously
operated. In this. case, there is a possibility that the braking mechanism 55 will be
overheated.

[0028]  In a hybrid vehicle equipped with an engine (not illustrated) in addition to
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the motor-generator set 30, a necessary vehicle driving force of the electric vehicle 100 is
generated by causing the engine and the motor-generator set 30 to operate in cooperation
with each other. At this time, the main battery 10 may be charged with the electric power
generated by the rotation of the engine.

[(0029] That is, the electric vehicle 100 means a vehicle equipped with an electric
motor for generating a vehicle driviﬁg force and examples thereof include a hybrid
automobile that generates the vehicle driving force using the engine and the electric motor
and an electric automobile and a fuel cell vehicle not equipped with an engine.

[0030] The elements other than the motor-generator set 30, the power
transmission gear unit 40, and the vehicle wheels 50 in the configuration of the illustrated
electric vehicle 100 constitute the “power supply device of an electric vehicle”™. The
configuration of the power supply device will be described below in detail.

[0031] The PCU 20 includes a converter CNV, a smoothing capacitor CH, an
inverter 26. The converter CNV is configured to switch the DC voltage between a DC
voltage VL between power lines 153p, 153g and a DC voltage VH between power lines
154p, 153¢.

[0032] The power lines 153p, 153g are electrically connected to the positive
electrode terminal and the negative electrode terminal of the main battery 10 via system
main relays SMR1, SMR2, respectively. The smoothing capacitor CH is connected to the
power lines 154p, 153g and smooths the DC voltage. Similarly, the smoothing capacitor
CO0 is connected to the power lines 153p, 153g and smooths the DC voltage VL.

[0033] The converter CNV is constituted as a chopper circuit including power
semiconductor switching elements Qa, Qb, a reactor L0, and a smoothing capacitor CO0.
Examples of the power semiconciuctor switching element (hereinafter, simply referred to as
*switching elemént’;) include an insulated gate bipolar transistor (IGBT), a power metal
oxide semiconductor (MOS) transistor, and a power bipolar transistor.

[0034] A diode is connected in antiparallel to each of the switching elements Qa,
Qb. The converter CNV can perform bidirectional voltage conversion between the power

line 153p a‘nd the power line 154p. Alternatively, by fixing the switching element Qa as
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an upper arm element to an ON state and fixing the switching element Qb as a lower arm
element to an OFF state, the converter CNV may be made to operate so as to cause the
voltages of the power lines 154p, 153p to be equal to each other (VH=VL).

[0035] The inverter 26 is a known three-phase inverter and thus the detailed
circuit configuration thereof is not illustrated. For example, the inverter 26 is configured
such that an upper arm element and a lower arm element are arranged for each phase and a
connecting point of the upper and lower arm elements for each phase is connected to a coil
winding of a stator in the corresponding phase of the motor-generator set 30.

[0036] When the electric vehicle 100 travels, the inverter 26 converts the DC
voltage of the power line 154p into a three-phase AC voltage and supplies the converted ‘
voltage to the motor-generator set 30 by causing the ECU &80 to control the ON/OFF states
of the respective switching elements. Alternatively, when the electric vehicle 100
performs a regenerative braking operation, the ON/OFF states of the respective switching
elements are controlled by the ECU 80 such that the inverter 26 converts the AC voltage
from the motor-generator set 30 into a DC voltage and outputs the converted DC voltage to
the power line 154p.

[0037] The ECU 80 is constituted by an electronic control unit including a central
processing unit (CPU) and a memory, which are hot illustrated, and is configured to
perform operating processes using the detected values of the detectors 11, 12, 16, 71, and
the like on the basis of a map and a program stored in the memory. Alternatively, at least
a part of the ECU 80 may be configured to perform predetermined numerical and logical
operating processes using hardware such as an electronic circuit. The ECU 80 is
comprehensively marked as ‘a block having a control function when the electric vehicle
100 travels and is externally charged. The ECU 80 operates with a supply of a source
voltage of a low voltage system from a pbwer line - 155p. The ECU 80 constitutes the
“control device”. |

[0038]  The power supply device of the electric vehicle 100 includes a main direct
current/direct current converter (hereinafter called-as DC/DC converter) 60, an auxiliary

battery 70, and a power line 155p as the configuration of a low voltage system (auxiliary
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system). The auxiliary battery 70 is connected to the power line 155p. The auxiliary
battery 70 is an example of the “secondary electric storage device”. For example, the
auxiliary battery 70 is constituted by a lead battery. The output voltage of the auxiliary
battery 70 corresponds to the source; voltage Vs of the low voltage system. The rated
value of the source voltage Vs is lower than the output voltage of the main battery 10 and
is, for example, about 12 V.

[0039] The auxiliary battery 70 is provided with an SOC detector 71 detecting the
SOC of the auxiliary battery 70. The SOC detector 71 detects the SOC of the auxiliary
battery 70 on the basis of the voltage across terminals Vs, the current, and the temperat“ure
of the auxiliary battery 70, and supplies a signal ¢SB indicating the detected value to the
ECU 80. The SOC detector 71 includes, for example, a voltage‘detector detecting the
voltage across terminals Vs of the auxiliary battery 70, a current detector detecting a
charging current and discharging current of the auxiliary battery 70, a temperature detector
detecting the temperature of the auxiliary battery 70, and a computing unit calculating the
SOC of the auxiliary battery 70 on the basis of the detected values of three detectors and
outputting a signal SB indicating the calculated SOC.

[0040] The SOC of the auxiliary baktery 70 is adjusted on the basis of the signal
¢SB so as to be 100% or to be in a predetermined range (a range between a lower limit
SOCL and an upper limit SOCH) less than 100%. The limiting of the SOC of the
auxiliary battery 70 to the predetermined range SOCL to SOCH less than 100% is
performed to enhance the charging efficiency of the auxiliary battery 70. When the DC
power of the auxiliary battery 70 is insufficient, the limiting of the SOC of the auxiliary
battery 70 is stopped and the auxiliary battery 70 is charged such that the SOC of the
auxiliary battery 70 is 100%. When charging power is supplied from the outside of the
electric vehicle 100, the SOC of the auxiliary battery 70 is set to 100% to refresh the
auxiliary battery 70.

[0041] The output side of the main DC/DC converter 60 is connected to the
power line 155p. The input side of the main DC/DC converter 60 is connected to the

power lines 153p, 153g.  The main DC/DC converter 60 converts the output power of the
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main battery 10 into auxiliary-system power (level of the source voltage Vs) and outputs
the converted power to the power line 155p. The output voltage (DC voltage VL) of the
main battery 10 is stepped down to the source voltage Vs of the auxiliary system by this
power conversion. The main DC/DC converter 60 is typically constituted by a switching
regulator‘ including a semiconductor switching element (ﬂot illustrated) and can employ an
arbitrary circuit configuration. The main DC/DC converter 60 is controlled by the ECU
80 so as to adjust the‘ source voltage Vs such that the SOC of the auxiliary battery 70 is
100% or in the predetermined range SOCL to SOCH. | |

[0042]  The power line 155p is connected to an auxiliary load group 95 of the low
voltage system. The auxiliary load group 95 includes, for example, an audio unit, a
navigation unit, and an illumination unit (such as a hazard lamp, an interior lamp, and a
head lamp). The auxiliary load group 95 operates in response to a user’s operation to
consume the power of the auxiliary battery 70 when the vehicle travels and is externally
charged.

[0043] The power line 155p is connected to a cooler 15 cooling the malin battery
10 to maintain the temperature of the main battery 10 in a predetermined rangé. The
cooler 15 includes a cooling fan sending air to the main battery 10. The cooling fan is
driven with the source voltage Vs and rotates at a rotation speed based on a target rotation
speed (target drive value) RT from the ECU 80. When the source voltage Vs is a rated
voltage, an actual rotation speed RA. (actual rotation speed) of the cooling fan is
approximately equal to the target rotation speed RT. However, the SOC of the auxiliary
battery 70 is limited to the predetermined range SOCL to SOCH. Accordingly, when the
source voltage Vs is lower than the rated voltage and the target rotation speed RT is high,
the actual rotation speed RA of the cooling fan is lower than the target rotation speed RT. |

[0044]  The cooler 15 is provided with a rotation speed detector 16. The rotation
speed detector 16 detects the actual rotation speed RA (revolutions/second) of the cooling
fan and supplies a siénal ®RA indicating the detected value to the ECU 80. The ECU 80

generates the target rotation speed RT having a value based on the temperature TB of the

main battery 10 on the basis of the output signal ¢TB of the temperature detector 11.
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[0045] When the cooling fan of the cooler 15 is driven at the target rotation speed
RT, the ECU 80 controls the main DC/DC converter 60 such that the SOC of the auxiliary
battery 70 is in the predetermined range SOCL to SOCH. When the cooling fan of the
cooler 15 is driven at a rotation speed lower than the target rotation speed RT, the ECU 80
controls the main DC/DC converter 60 such that the SOC of the auxiliary battery 70 is
100%. | .

[0046] The power supply device of t‘he electric vehicle 100 includes a charging
connector 105, an LC filter 130, a charger 200, and relays RL1, RL_2 as the configuration
of an external charging system of the main battery iO.

[0047] The charging connector 105 is electrically connected to an external power
supply 400 by connection to a charging plug 410 of a charging cable which has been
connected to the external power supply 400. It is assumed that a relay 405 for cutting off

a charging path of the external power supply 400 is built in the charging cable. In general,

_ the external power supply 400 is a commercially-available AC power source.

[0048] A configuration in which power is supplied by electromagnetically

coupling the external power supply 400 and the electric vehicle 100 to each other without

‘coming in direct contact with each other may be employed instead of the configuration

illustrated in FIG. 1. Specifically, a primary coil may be disposed on the external power
supply 400 side, a secondary coil may be disposed on the electric vehicle 100 side, and
electric power may be supplied from the external power supply 400 to the electric vehicle
100 using mutual inductance between the primary coil and the secoﬁdary coil. When this
external charging is performed, the configuration subsequent to the LC filter 130 switching
the electric power supplied from the external power supply 400 can be communized.
[0049] A power line 151 electrically connects the charging connector 105 and the
charger 200 to each other. The LC filter 130 is inserted into the power line 151 and
removes a harmonic component of the AC voltage. The charger 200 converts the AC
voltage, which has been transmitted to the power line 151 from the external power supply
400, into a DC voltage for éharging the main battery 10. The converted DC voltage is

output to between power lines 152p, 152g. At this time, the DC voltage of the power
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lines 152p, 152g is controlled to a voltage level suitable for charging the main battery 10.

[0050] The relay RL1 is electrically connected between the power line 152p and
the positive electrode of the main battery 10. The relay RL2 is electrically connected
between the power line 152g and the negative electrode of the main battery 10.

[0051] Each of the relays RL1, RL2 and the system main relays SMR1, SMR2 is
typically constituted by an electronic relay that is connected (turned on) when an excitation
current is supplied by an excitation circuit not illustrated and that is disconnected (turned
off) when an excitation current is not supplied. Here, an arbitrary circuit element can be
used as the relay or the system main relay as long as it is a switch that can control
connection (turning-\on)/disconnection (turning-off) of the power supply path.

[0052] The ECU 80 generates control command signals SM1, SM2, SR1, SR2 for
controlling the turning-on/turning-off of the system main relays SMR1, SMR2 and the
relays RL1; RL2. In response to the control command signals SM1, SM2, SR1, SR2, the
excitation current of the corresponding system main relay or the corresponding relay is
generated using the auxiliary battery 70 as a power source.

[0053] FIG. 2 is a flowchart illustrating a method of charging the auxiliary battery
70. In step S1 of FIG. 2, the ECU &80 det-ermines whether the temperature TB of the main
battery 10 is equal to or higher than a first threshold temperature Tthl (TB=Tthl). The
first threshold temperatufe Tth1 is a temperature lower by a predetermined temperature T1
than an input and output limit start temperature TU of the main battery 10 (Tth1=TU-T1).

[0054] Step S1 is provided for the following reason. That is, when the
temperature TB of the main battery 10 is equal to or higher than the input and output limit
start temperature TU, the input and output of the main battery 10 is limited and the
operation frequency of the engine increases to degrade the fuel efficiency of the electric
vehicle 100. Accordingly, by setting the SOC of the auxiliary battery 70 to 100% to
enhance the cooling capability of the cooler 15 before the temperature TB is equal to or
higher than the temperature TU, the temperature TB of the main battery 10 is maintained to
be lower than the first threshold temperature Tthl.

[0055] When it is determined in step S1 that TB=Tth1 is not established, it is
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determined in ste‘p S2 whether the pressure PB in the main battery 10 is equal to or greater
than a threshold pressure Pth (PB=Pth) and the temperature TB of the main battery 10 is
equal to or higher than a second threshold temperature Tth2 (TB=Tth2). The second
threshold temperature Tth2 is a temperature lower by a predetermined temperature T2 than
the input and output limit start temperature TU of the main battery 10 ~(Tth2=TU-T2).
Here, T2>T1 is established.

[0056] Step S2 is provided for the following reason. That is, when the
temperature TB of the main battery 10 rises by side reaction heat (that is, when PB=Pth),
the amount of heat emitted from the main battery 10 is great. Accordingly, the cooling
capability of the cooler 15 is enhanced with the temperature Tth2 lower than the first
threshold temperature Tthl in step S1 to suppress the rise in the temperature of the main
battery 10.

[0057]‘ When it is determined in step S2 that PB=Pth and TB=Tth2 are not
established, the main DC/DC converter 60 is controlled such that the SOC of the auxiliary
battery 70 is in the range SOCL to SOCH less than 100% in step S3 and then the process
flow is returned to step S1.  When the SOC of the auxiliary battéry 70 is limited to the
range SOCL to SOCH less than 100%, the charging efficiency of the auxiliary battery 70 is
enhanced and the fuel efficiency of the electric vehicle 100 is improved.

{0058] When it is determined in step S1 that TB=Tthl is ’established, it is
determined in step S4 whether the difference between the target rotation/speed RT and the
actual rotation speed RA of the cooling fan in the cooAler 15 is equal to or greater than a
first threshold rotation speed Rth1l (RT-RAzRth1). When RT-RA=Rthl1 is not established,
the cooling fan is rotationally driven at the rotation speed RA close to the target rotation -
speed RT and thus the process flow goes to step S3. |

[0059] When it is determined in step S4 that RT-RA=Rth1 is established, the
voltage Vs of the auxiliary battery 70 is lowered and the cooling fan is not rotationally
driven at the target rotation speed RT. Accordingly, in step S5, the main DC/DC
converter 60 is controlled such that the SOC of the auxiliary battery 70 is 100%, and the

process flow is returned to step S1.
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[0060] FIGS. 3A to 3E are timing diagrams illustrating the operation of the
electric vehicle 100. Particularly, FIG. 3A illustrates the target rotation speed RT and the
actual rotation speed RA of the cooling fan of the cooler 15, FIG. 3B illustrates the
temperature TB of the main battery 10, FIG. 3C illustrates the charging mode of the
auxiliary battery 70, FIG. 3D illustrates input power to the main battery 10, and FIG. 3E
illustrates the fuel efficiency FC. '

[0061] In FIGS. 3A to 3E, the invéntion is marked by a solid line and the related
art is marked by a dotted line. It is assumed that the target rotation speed RT of the
cooiing fan is changed in a triangular waveform with a predetermined cycle, so as to
increase from a minimum value to a maximum value with a constant slope and to decrease
from the maximum value to the minimum value with a constant slope. The charging
mode in which the SOC of the auxiliary battery 70 is maintained in the predetermined
range SOCL to SOCH is referred to as first charging mode M1, and the charging mode in
which the SOC of'the au*iliary battery 70 is set to 100% is referred to as second charging
mode M2. ‘

[0062] It is assumed that constant power is supplied to the main battery 10 and
the temperature TB of the main battery 10 slowly rises. It is assumed that the pressure PB
in the main battery 10 is lower than a threshold pressure Pth (PB<Pth). Accordingly, in
the flowchart illustrated in FIG, 2, the process flow goes from step S2 to step S3.

[0063] At times 0 to t1, the temperature TB of the main battery 10 slowly rises in
a range (TB<Tthl) lower than the first threshold temperature Tthl. Since TB<Tthl is
established, the first charging mode M1 is performed, the input power Win of the main
battery 10 is maintained at the maximum value, and the fuel efficiency FC is maintained at
the maximum value.

[0064]  When the target rotation speed RT of the cooling fan is lower than a
predetermined value RTM (a median value between the maximum value and the minimum
value in the drawing), the cooling fan is rotationally driven to follow the target rotation
speed RT and the actual rotation speed RA becomes equal to the target rotation speed RT.

However, when the target rotation speed RT of the cooling fan is higher than the
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predetermined value RTM, the power of the auxiliary battery 70 is insufficient, the cooling
fan is not rotationally driven to follow the target rotation speed RT, and the actual rotation
speed RA is kept constant at the predetermined value RTM.

[0065] When the temperature TB of the main battery 10 reaches the first
threshold temperature Tth1 (TB=Tth1) and the difference between the target rotation speed
RT and the actual rotation speed RA of the cooling fan reaches the first threshold rotation
speed Rthl (RT-RA=Rthl), the charging mode is switched from M1 to M2 (at time t1).
In the second charging mode M2, since the SOC of the auxiliary battery 70 is 100%, the
insufficiency in power is solved, the cooling fan is rotationally driven to follow the target
rotation speed RT, and the actual rotation speed RA is equal to the target rotation speed RT.

[0066]  In the related art, only the first charging mode M1 is provided.
Accordingly, when the power of the cooling fan is insufficient, the cooling fan is not
rotationally driven to follow the targét rotation speed RT and the actual rotation speed RA
is saturated at a vale lower than the target rotation speed RT. As a result, the temperature
TB of the main battery 10 is higher in the related art than in the invention. Here, at the
time point at which the charging mode is switched from M1 to M2, the fuel efficiency FC
of the invention is slightly lower than the fuel efficiency in the related art.

- [0067] When the target rotation speed RT of the cooling fan is lowered and
reaches the predetermined value RTM (at time t2), the actual rotation speed RA is
substantially equal to the target rotation speed RT, thus the charging mode is switched from
M2 to M1, and the fuel efficiency FC is maintained at a relati\;ely high level.

[0068] In the electric vehicle according to the related art, the temperature TB of
the main battery 10 reaches the input and output limit start témperature TU (at time t2), the
input power Win of the main battery 10 decreases, and the fuel efficiency FC suddenly
decreases.

{0069] ' In the invention, when the target rotation speed RT of the cooling fan
becomes higher than the predetermined value RTM again, the power of the auxiliary
battery 70 is insufficient, the cooling fan is not rotationally driven to follow the target

rotation speed RT, the actual rotation speed RA is kept constant at RTM, and the charging
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mode is switched from M1 to M2 (at time t3). At time t4, the terﬁperature TB of the main
battery 10 reaches the input and output limit start temperature TU, the input power Win of
the main battery 10 decreases, and the fuel efficiency FC decreases.

[0070] As can be seen from FIGS. 3A to 3E, according to the invention, it is
possible to suppress the increase rate of the temperature TB of the main battery 10 to be
lower than that in the related art.  Accordingly, it is possible to delay the reaching of TB
to the input and output limit start temperature TU, it is possible to maintain the input power
Win of the main battery 10 at a high level, and it is possible to improve the fuel efficiency
FC. In FIG. 3E, the area of region A represents the decrease in the fuel efficiency FC in
the invention and the area of region B represents the increase in the fuel efficiency FC in
the invention. Accordingly, the fuel efficiency FC is further improved than that in the
related art.

[0071] FIGS. 4A to 4F are timing diagrams illustrating the operation of the
evlectric vehicle 100. Particularly, FIG. 4A illustrates the target rotation speed RT ar.\d the
actual rotation speed RA of the cooling fan of the cooler 15. FIG. 4B illustrates the
pressure PB in the main battery 10. FIG. 4C illustrates the temperature TB of the main
battery 10. FIG. 4D illustrates the charging mode of the auxiliary battery 70. FIG. 4E
illustrates input power to the main battery 10.  FIG. 4F illustrates the fuel efficiency FC.

[0072] FIGS. 3A to 3E illustrate a case in which the pressure PB in the main
battery 10 is lower than the threshold pressure Pth, but FIGS. 4A to 4F illustrate a case in
which the pressure PB in the main battery 10 slowly increases and the pressure PB reaches
the threshold pressure Pth at time t1.

[0073] In FIGS. 3A to 3E, since PB<Pth is established, the magnitudes of the
temperature TB of the main battery 10 and the second threshold temperature Tth2 are not
determined. However, in FIGS. 4A to 4F, since PB=Pth may be established, the
magnitudes of the temperature TB and the second threshold temperature Tth2 are
determined. |

[0074] That is, at times tO to t1, the pressure PB and the temperature TB of the‘

main battery 10 slowly increase. At time t1, when the pressure PB in the main battery 10



10

15

20

25

WO 2015/124980 PCT/IB2015/000111

19
reaches the threshold pressure Pth (PBzPth), the temperature TB of the main battery 10
reaches the second threshold temperature Tth2 (TB=Tth2), and the difference between the
target rotation speed RT and the actual rotation speed RA of the cooling fan reaches the
first threshold rotatioﬁ speed RThl (RT-RA=Rth1), the charging mode is switched from
M1 to M2.

[0075] In the second charging mode M2, since the SOC of the auxiliary battery
70 is 100%, the insufficiency in power is solved, the cooling fan is rotationally driven to
follow the target rotation speed RT, and the actual rotation speed RA is equal to the target
rotation speed RT.  The other operations are the same as described with reference to FIGS.
3A to 3E and thus description thereof will not be repeated.

[0076] As described above, in Embodiment 1, when the cooling fan of the cooler
15 is driven at the target rotation speed RT, the SOC of the auxiliary battery 70 is limited to
the range SOCL to SOCH less than 100% and it is thus possible to increase the charging
efficiency of the auxiliary battery 70 and to improve the fuel efficiency FC.

(00771 When the cooling fan is not driven at the target rotation speed ‘RT, thé
SOC of the auxiliary battery 70 is 100% and it is thus possible to enhance the cooling
capability of the cooier 15 to delay the degradation of the main battery 10.

[0078] In Embodiment 1, the main DC/DC convérter 60 is controlled such that
the SOC of the auxiliary battery 70 is in the predetermineq range SOCL to SOCH less than
100% in the first charging mode M1, but the invention is not limited to this embodiment.
The main DC/DC converter 60 may be controlled such that the SOC of the auxiliary
battery 70 is equal to a predetermined target value (for example, a median value between
the lower limit SOCL and the upper limit SOCH) of the predetermined range SOCL to
SOCH.

[0079] In the second charging mode M2, the SOC of the auxiliary battery 70 is set

to 100%, but may be set to a value less than 100% but greater than the predetermined range

SOCL to SOCH. For example, in the second charging mode M2, the SOC of the

auxiliary battery 70 may be set to 90%.
[0080]  Steps S1, S2 out of steps S1 to S5 illustrated in FIG. 2 may be skipped and
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only steps S3 to S5 may be performed. That is, it is first determined in step S4 whether
RT-RA=Rth1 is established, the first charging mode M1 is performed in step S3 when
RT-RA=Rth1 is not established, and the second charging mode M2 is performed in step S5
when RT-RA=Rthl is established. In this case, it is possible to achieve simplification of
the device configuration.

[0081] Step S2 out of steps S1 to S5 illustrated in FIG. 2 may be skipped and only
steps S1 and S4 to S5 may be performed. That is, it is determined in step S1 whether
TB=Tthl is established, the first charging mode M1 is performed in step S3 when
TB=Tth1 is not established in step S1, and the process flow goes to step S4 when TB=Tth1
is established. 1In this case, it is possible to achieve simplification of the device
configuration. |

[0082] In Embodiment 1, the cooler 15 includes the cooling fan cooling the main
battery 10 by sending air to the main battery 10, but the invention is not limited to this
configuration. The cooler 15 may cool the main battery 10 using another method. For
example, the cooler 15 may include a pipe wound around the main battery 10, a cooler
cooing a coolant, and a pump circulating the coolant to the pipe and the cooler. The
coolant may be liquid such as water, or gas, or mixture of liquid and gas. The pump is
supplied with the voltage Vs of the auxiliary battery 70 and is rotationally driven at a
rotation speed corresponding to the target rotation speed RT.  The rotation speed detector
16 detects the actual rotation speed RA of the pump. In this‘case, the same advantages as
in Embodiment 1 can be achieved. ‘ |

[0083] Embodiment 2 will be described below. In Embodiment 1, the SOC of

the auxiliary battery 70 is detected by the SOC detector 71, and the charging mode is

" switched between the first charging mode M1 and the second charging mode M2 on the

basis 6f the temperature TB of the main battery 10 or the like. However, in Embodiment
1, since the SOC of the auxiliary battery 70 is calculated on the basis of the voltage across
terminals Vs, the charging and discharging éurrents, and the temperature of the auxiliary
battery 70, therey is a problem in that the device configuration is complicated. In

Embodiment 2, such a problem is solved.
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[0084]  That is, since the SOC of the auxiliary battery 70 varies mainly depending
on the voltage across terminals Vs, ‘the SOC of the auxiliary battery 70 can be
approximated with the voltage across terminals Vs. Accordingly, in Embodiment 2, the
voltage across terminals Vs is detected as the approximate value of the SOC ‘of the
auxiliary battery 70, and the charging mode is switched between a first charging mode M1
in which the voltage Vs of the auxiliary battery 70 is set to the range between a lower limit
VD lower than a rated voltage VR and an upper limit VU and a éecond charging mode M2
in which the voltage Vs of the auxiliary battery 70 is set to the rated voltage VR.

[0085] FIG. 5 is a circuit block diagram illustrating a configuration of an electric
vehicle 101 according to Embodiment 2 of the invention, and corresponds to FIG. 1.
Referring to FIG. 5, the electric vehicie 101 is different from the electric vehicle 100
illustrated in FIG. 1, in that the SOC detector 71 is replaced with a voltage detector 72.
The voltége detector 72 detects the voltage across terminals Vs of the auxiliary battery 70
and outputs a signal ¢Vs indicating the détected value to the ECU 80.

[0086] FIG. 6 is a flowchart illustrating the operation of the electric vehicle 101
and corresponds to FIG. 2. The flowchart illustrated in FIG. 6 is different from the
flowchart illustrated in FIG. 2, in that steps S3, S5 are replaced with steps S3A, S5A.

[0087] In step S3A, the ECU 80 controls the main DC/DC converter 60 such that
the voltage Vs of the auxiliary battery 70 is in the range between the lower limit VD lower
than the rated voltage VR and the upper limit VU. In step S5A, the ECU 80 controls the
main DC/DC converter 60 such that the voltage Vs of the auxiliary battery 70 is equal to
the rated voltage VR. The other configurations and operations are the same as in
Embodiment 1 and description thereof will not be repeated.

[0088] In Embodiment 2, when the cooling fan of the cooler 15 is rotatioﬁally
driven at the target rotation speed RT, the voltage Vs of the auxiliary battery 70 is limited
to the range VD to VU less than the rated voltage VR anﬂd it is thus possible to increase the
chafging efficiency of the auxiliary battery 70 and thus to improve the fuel efficiency FC.

.[0089] When the cooling fan is not rotationally driven at the target rotation speed

RT, the voltage Vs of the auxiliary battery 70 is set to the rated voltage VR and it is thus
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possible to increase the cooling capability of the cooler 15 to delay the degradation of the
main battery 10.

[0090] Since the voltage across terminals Vs is detected instead of the SOC of the
auxiliary battery 70, it is possible to achieve simplification of the device configuration.

[0091] In Embodiment 2, the main DC/DC converter 60 is controlled such that
the voltage Vs of the auxiliary battery 70 is in the predetermined range VD to VU less than
the rated voltage VR in the first charging ’mode M1, but the invention is not limited to this
configuration. The main DC/DC converter 60 may be controlled such that the voltage Vs
of the auxiliary battery 70 is equal to a predetermined target value (for example, a median
value between the lower limit VD and the upper limit VU) of the predetermihed range VD
to VU. |

[0092] In the second charging mode M2, the voltage Vs of the auxiliary battery

70 is set to the rated vbltage VR, but may be set to be less than the rated voltage VR as

_ ldng as it is a value greater than the predetermined range VD to VU. For example, in the

second charging mode M2, the voltage Vs of the auxiliary battery 70 may be set to a 90%
voltage of the rated voltage VR.

[0093]  FIGS. 7A, 7B are timing diagrams illustrating a first modification example
of Embodiment 2. In the first modification example, in order to prevent erroneous

detection due to the influence of noise, sudden variation, and variation based on feedback,

“an smoothed target rotation speed RTS and an smoothed actual rotation speed RAS are

used as the-target rotation speed RT and the actual rotation speed RA of the cooling fan,
respectively, as illustrated in FIG. 7A. The smoothed value is calculated by a calculation
expression such as ““present smoothed value=actual value+(previous smoothed value-actual
value)x smoothing rate”. |

[0094] When the difference between the smoothed target rotation speed RTS and
the smoothed actual rotation speed RAS is equal to or greater than a predetermined value a,
a cooling insufficiency determination flag F1 is raiséd from a “L” level to a “H” level and
the charging mode is switched from M1 to M2, as illustrated in FIG. 7B. A value

obtained by adding a gain of about 0.8 to 0.9 determined from a hardware deviation or the
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like to an original value is used as the predetermined value . The predetermined value o
is set to a value which is considered not to be affected when the rotation speed varies but
the hardware is not changed ‘in order to reduce a labor for changing the value for each
vehicle and for each phase. In this modification example, it is possible to reduce an
influence of noise.

[0095] FIGS. 8A, 8B are timing diégrams illustrating a second modification
example of Embodiment 2 and correspond to FIGS. 7A, 7B.  When the cooling fan is
started in a stopped state, the operation of the cooling fan is delayed with respect to the
target rotation speed RT. When the smoothed actual rotation speed RAS is calculated
from the first time using the actual rotation speed RA, there is a possibility to erroneously
detect that the difference between RTS and RAS is large due to the influence of the delay
at the time of starting the cooling fan. Accordingly, in this modification example, the
smoothed actual rotation speed RAS is calculated using the actual rotation speed RA after
the cooling fan is stably operated (after time t2) and it is determined whether the difference
between the‘smoothed target rotation speed RTS and the smoothed actual rotation speed
RAS is equal to or greater than the predetermined value . In this modification example,
it is possible to prevent an erroneous operation at the time of starting the cooling fan.

[0096] In the first modification example illyustrat‘ed in FIGS. 7A, 7B and the
second modification eXample illustrated in FIGS. 8A, 8B, in order to prevent erroneous
determination due to a response delay of hardware and an influence of noise, it may be
determined that the cooling capability is insufficient when a state in which the cooling
capability is insufficient is continued for a predetermined time.

[0097] FIGS. 9A, 9B and FIGS. 10A, 10B are timing diagrams illustrating a third
modification example and a fourth modification example of Embodiment 2. FIGS. 9A,
10A illustrate the voltage across terminals Vs of the auxiliary battery 70, FIGS. 9B, 1.0B
illustrate the smoothed target rotation speed RTS and the smoothed actual rotatioﬁ speed
RAS, and FIGS. 9C, 10C illustrate the cooling insufficiency determination flag F1. FIGS.
9A, 9B are different from FIGS. 10A, 10B, in a variation pattern of the voltage across

terminals Vs of the auxiliary battery 70 or the like.
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[0098] In the third modification example and the fourth modification example,
when the period in which the difference between smoothed target rotation speed RTS and
the smoothed actual rotation speed RAS is equal to or greater than the predetermined value
o is greater than a predetermined time, the cooling insufficiency determination flag F1
rises from the “L” level to the “H™ level (at time t1). When the flag F1 is at the “H™ level,
the charging modé is sw‘itched,from M1 to M2 and the voltage across terminals Vs of the
auxiliary battery 70 increases from 12.5 V to 14 V (rated voltage). |

[0099] By causing the flag F1 to fall to the “L" level to decrease the voltage
across terminals Vs of the auxiliary battery 70 immediately when the insufficiency of the
cooling capability of the cooler 15 is solved by increasing the voltage across terminals Vs
of the auxiliary battery 70, the cooling capability becomes insufficient, the flag F1 rises to
the “H” level, and the charging mode is frequently switched between M1 and M2.
| [0100] Therefore, in the third modification example and the fourth modification
example, when the flag F1 is at the “H” level, the difference between the smoothed target
rotation speed RTS and the smoothed actual rotation speed RAS becomes less than the
predetermined value a.  When the RTS is equal to or less than a cooling capability return
determination rotation speed RD, the flag F1 is made to fall to the “L" level. RD is set to
a value obtained by subtracting a predetermined value y from the minimum smoothed
target rotation speed RTSL in a state in which the difference between the smoothed target
rotation speed RTS and the smoothed actual rotation speed RAS is equal to or greater than
the predetermined value o. v is set to a value obtained by multiplying an original value
by a gain of about 0.8 to 0.9 determined from a hardware deviation or the like.

[0101] FIGS. 11A, 11B are timing diagrams illustrating a fifth modification
example of Embodiment 2 and correspond to FIGS. 10A, 10B. FIGS. 11A, 11B are
different from FIGS. 10A, 10B, in a variation pattern of the voltage across terminals Vs of
the auxiliary battery 70 or the like.

[0102] In the fifth modification example, the lower limit ® of the cooling
capability return determination rotation speed RD is determined in advance. In the state

in which the difference between the smoothed target rotation speed RTS and the smoothed
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actual rotation speed RAS is equal to or greater than the predetermined value «, a value
RDA obtained by subtracting the predetermined value y from the minimum smoothed
target rotation speed RTSL is calculated. When the calculated value RDA is greater than
the lower limit w, the cooling capability return determination rotation speed RD is set to
RDA. When the calculated value RDA is equal to or less than the lower limit o, the
cooling capability return determination rotation speed RD issetto w. ‘In FIGS. 114, 11B;
a case in which the flag F1 falls from the “H" level to the “L” level when RTS is equal to @
is illustrated. In this modification example, the cooling capability return determination
rotation speed RD can be limited to be equal to or greater than the lower limit w.

[0103] Embodiment 3 of the invention will be described below. In Embodiment
1, as illustrated in FIG. 2, it is determined in step S4 whether the difference between the
target rotation speed RT and the actual rotation speed RA of the cooling fan is equal to or
greater than the first threshold rotation speed RThl. However, in Embodiments 1,2, since
the difference between the target rotation speed RT and the actual rotation speed RA of the
cooling fan needs to be calculated, there is a problem in that the devicé configuration is
complicated. In Embodiment 3, this problem is solved.

[0104] That is, as can be seen from FIGS. 3A, 4A, when the térget rotation speed
RT is equal to or greater than a certain value (this value is defined as a second threshold
rotatibn speed RTh2) in the first charging mode Mi, the actual rotation speed RA does not
follow the target rotation speed RT. Accordingly, in Embodiment 3, the charging mode is
switched from the first charging mode M1 to the second charging mode M2 when
RT=zRth2 is established.

[0105] FIG. 12 is a flowchart illustrating an operation of an electric vehicle
according to Embodiment 3 and corresponds to FIG. &2. The flowchart illustrated in FIG.
12 is different from the flowchart illustrated in FIG. 2, in that step S4 is replaced with step
S4A. in step S4A, the ECU 80 determines whether RTthhZ is established, sets the SOC
of the auxiliary battery 70 to 100% in step S5 when RT=Rth2 is established, and sets the
SOC of the auxiliary battery 70 to 100% in step S3 when RTéRch is not established.

[0106] FIGS. 13A to 13C are timing diagrams illustrating the operation of the
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clectric vehicle according to Embodiment 3 and corresponds to FIGS. 3A to 3C. In FIGS.
13Ato 13C, in Embodiment 3, when the temperature TB of the main battery 10 is equal to
or higher than the first threshold temperature Tth1 and the target rotation speed RT is equal
to or greater than the second threshold rotation speed RTh2, the charging mode is switched
from M1 to M2. The other configurations and operations are the same as in Embodiment
1 and description thereof will not be repeated.

[0107] In Embodiment 3, the same advantages as in Embodiment 1 can be
obtained. In addition, since the charging mode can be switched on the basis of the target
rotation speed RT regardless of the actual rotation speed RA, it is possible to achieve
simplification of the configuration.

{0108] Steps S3, S5 illustrated in FIG. 12 may be replaced with steps S3A, S5A
illustrated in FIG. 6.

-10109] FIGS. 14A, 14B are timing diagrams illustrating a first modification
example of Embodiment 3. In the first modification example, in order to prevent
erroneous detection due to the influence 6f noise, sudden variation, and variation based on
feedback, an smoothed target rotation speed RTS is used as the target rotation‘speed RT of
the cooling fan as illustrated in FIG. 14A.  When the smoothed target rotation speed RTS
is equal to or greater than a predetermined value 3, the cooling insufficiency determination
flag F1 is raised from a “L” level to a *H” level and the charging mode is switched from
M1 to M2,~ as illustrated in FIG. 14B. A value obtained by adding a gain of about 0.8 to
0.9 determined from a hardware deviation or the like to an original value is used as the
predetermined value 3. The predetermined value {3 is set to a value which is considered
not to be affected when the rotation speed varies but the hardware is not changed in order
to reduce a labor for changing the value for each vehicle and for each phase. In this
modification example, it is possible to reduce an influence of noise.

[0110] In the first modification example illustrated in FIGS. 14A, 14B, in order to
prevent erroneous determination due to a response delay of hardware and an influence of
noise, it may be determined that the cooling capability is insufficient when a state in which

the cooling capability is insufficient is continued for a predetermined time.
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[0111] FIGS. 15A, 15B are timing diagrams illustrating a second modification
example of Embodiment 3. By switching the flag F1 to the “L" level to switch charging
mode from M2 to M1 immediately when the’ insufficiency of the cooling capability of the
cooler 15 is solved after the charging mode is switched from M1 to M2 by causing the flag
F1 to rise to the “H” level, the cooling capability becomes insufficient, the flag F1 rises to
the “H" level, and the charging mode‘ is frequently switched between M1 and M2.

[0112] Accordingly, in the second modification example, when the flag F1 is at
the “H” level and the smoothed target rotation speed RTS is equal to or less than o less
than the predetermined value 3, the flag F1 is made to fall to the “L” level. As a result, it
is possible to prevent the charging mode from being frequently switched between M1 and

M2.
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CLAIMS:

1. A power supply device for an electric vehicle, the power supply device comprising:

a primary electric storage device configured to store electric power for driving an
electric motor coupled to Wheels of the electric vehicle; |

a secondary electric storage device configured to store direct current power for
driving an auxiliary load;

a direct current/direct current converter configured to step down a voltage of the
primary electric storage device, the direct current/direct current converter being configured
to supply the voltage to the secondary electric storage device to charge the secondary
electric storage device;

- a cooler configured to be supplied with a source voltage from the secohdary electric
| storage device, the cooler being configured to be driven depending on a target drive value
to cool the primary electric storage device;

a first detector configured to detect a temperature of the primary electric storage
device;

a second detector configured to detect a state of charge of the secondary electric
storage device;

a third detector configured to detect an actual drive value of the cooler; and

an electronic control unit configured to:

(a) operate based on detection results of the first detector, the second detector
andv the third detector,

(b) supply the target drive value to the cooler, the target drive value being a
value corresponding to the temperature of the primary electric storage device,

: (c) pe;rforrﬁ a first charging mode, the electronic control unit being configured
to control the direct current/direct current converter in the first charging mode such that the
state of charge of the secondary electric storage device is in a prédetermined range’ less
than a maximum value, when the cooler is driven at the target drive value, and

(d) perform a second charging mode, the electronic control unit being
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configured to control the direct current/direct current converter in the second charging
mode such that the state of charge of the secondary electric storage device is a value
greater than the predetermined range, when the cooler is not driven at the target drive

value.

2. The power supply device according to claim 1, wherein
the value greater than the predetermined range is a maximum value of the state of

charge of the secondary electric storage device.

3. The power supply device according to claim 1, wherein

the electronic control unit is configured to determine that the cooler is driven at the
target drive value and to perform the first charging mode, when a difference between the
target drive value and the actual drive value is less than a first threshold value, and

the electronic control unit is configured to determine that the cooler is not driven at
the target drive value and to perform the second charging mode, when the difference
between the target drive value and the actual drive value is equal to or greater than the first

threshold value.

4. The power supply device according to claim 3, wherein

the electronic control unit is configured to stop the second charging mode and to
perform the first charging mode, when the second charging mode is performed and the
target drive value is less than a second threshold value less by a predetermined value than a
minimum value of the target drive value in a period, the difference between the target-drive
value and the actual drive vélue is equal to or greater than the first threshold value in the

period.

5. The power supply device according to claim 1 or 2, wherein
the electronic control unit is configured to determine that the cooler is driven at the

target drive value and to perform the first charging mode, when the target drive value is
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less than a first threshold value, and
the electronic control unit s configured to determine that the cooler is not driven at
the target drive value and to perform the second charging mode, when the target drive

value is equal to or greater than the first threshold value.

6. The power supply device according to ctaim 5, wherein

the electronic control unit is configured to stop the second charging mode and to
perform the first charging mode, when the second charging mode is performed and the
target drive value is less than a second threshold value less by a predetermined value than

the first threshold value.

7. The power supply device according to any one of claims 1 through 6, wherein

the electronic control unit is configured to determine whether the cooler is driven at
the target drive value and to perform the first charging mode or the second charging mode,
when the temperature of the primary electric storage device is equal to or higher than a
third threshold value, and

the electronic control unit is configured to perform the first charging mode, when the

temperature of the primary electric storage device is lower than the third threshold value.

8. The power supply device according to claim 7, further comprising:

a fourth detector configured to detect a pressure in the primary electric storage device,
wherein

the electronic control unit is configured to determine whether the cooler is driven at
the target drive value and to perform the first charging mode or the second charging mode,
when the temperature of the primary electric storage device is lower than the third
threshold value and the temperature of the primary electric storage device is equal to or
higher than a fourth threshold value less than the third threshold value and when the
pressure in the primary electric storage device is equal to or greater than a fifth threshold

value.
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9. The power supply device according to any one of claims 1 through 6, wherein

the second detector is configured to detect the voltage of the secondary electric
storage device as an approximate value of the state of charge of the secondary electric
storage device,

the electronic control unit is configured to control the direct current/direct current
converter such that the voltage of the secondary electric storage device is in a
predetermihed voltage range less than a rated voltage in the first charging mode, and

the electronic control unit is configured to control the direct current/direct current
converter such that the voltage of the secondary electric storage device is a value greater

than the predetermined voltage range in the second charging mode.

10. The power supply device according to any one of claims 1 through 9, wherein
the cooler includes a cooling fan that sends air to the primary electric storage device,
the target drive value is a target rotation speed of the cooling fan, and the actual drive value

is an actual rotation speed of the cooling fan.

11. The power supply device according to any one of claims 1 through 9, wherein
the cooler includes a pump that circulates a coolant for cooling the primary electric
storage device, the target drive value is a target rotation speed of the pump, and the actual

drive value is an actual rotation speed of the pump.
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