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Description

Title of Invention: HYBRID VEHICLE
Technical Field

The present invention relates to a hybrid vehicle, and in particular to control of a
hybrid vehicle when a grille shutter fails to operate.
Background Art

In recent years, hybrid vehicles equipped with an engine and a traveling motor as
drive sources are practically used.

In a hybrid vehicle, heat is generated at an engine, a traveling motor, and the like.
Heat is released from the engine, the traveling motor, and the like by cooling a
radiator.

The radiator is arranged, for example, in a vehicle body inner space (within an engine
compartment) equipped with the engine. The radiator is cooled by taking in air outside
the vehicle (outside air) into the engine compartment. Taking-in of the outside air is
performed, for example, through a grille shutter provided at a vent for taking in the
outside air into the engine compartment. The grille shutter is configured to be openable
and closable.

Japanese Patent Laying-Open No. 2011-105219 proposes detecting a failure or

notifying a failure when a grille shutter fails to operate.
Citation List

Patent Literature
PTL 1: Japanese Patent Laying-Open No. 2011-105219
PTL 2: WO 2012/029521

Summary of Invention

Technical Problem

In a hybrid vehicle, electric power of a battery is used not only to drive a traveling
motor, but also to drive an electrically powered compressor of an air conditioning
device (air conditioner). Further, a hybrid vehicle may perform a control such that,
when a remaining capacity (SOC: State Of Charge) of a battery decreases, an engine is
started, a power generator is driven by the engine, and thereby the battery is charged.

In such a hybrid vehicle, when an air conditioner is used, that is, an electrically
powered compressor is driven, in a case where a grille shutter is fixed in a closed state
and cannot shift to an opened state (i.e., the grille shutter has a closed failure), the
following problem may occur. Namely, the SOC of a battery decreases by using the air
conditioner, and an engine is started to charge the battery, generating heat. Since the

grille shutter cannot shift to an opened state even though the engine generates heat, the
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temperature within an engine compartment increases. When the temperature within the
engine compartment increases, outputs of the engine, the traveling motor, and the like

may be limited, for example by activation of a protection function.
One object of the present invention is to make it possible to suppress an increase in

the temperature within an engine compartment while operating an air conditioner in a
hybrid vehicle, even in a case where a grille shutter has the closed failure.
Solution to Problem

In summary, the present invention is directed to a hybrid vehicle equipped with an
engine, a motor, and a power generator, including: a battery which is charged by the
engine driving the power generator when a remaining capacity decreases; an engine
compartment which accommodates the engine and the motor; a shutter which is
provided at a vent for taking in air from outside of the hybrid vehicle into the engine
compartment, and which is openable and closable; an air conditioner which includes an
electrically powered compressor driven by receiving electric power from the battery;
and a control unit which limits an output of the electrically powered compressor when
the shutter has the closed failure in which the shutter cannot be set to an opened state.

In the hybrid vehicle configured as described above, when the shutter can be set to an
opened state, an increase in the temperature within the engine compartment is
suppressed by taking in outside air into the engine compartment. On the other hand,

when the shutter has the closed failure, the output of the electrically powered
compressor is limited. When the output of the electrically powered compressor is
limited, power consumption of the electrically powered compressor decreases, and the
SOC of the battery is suppressed from decreasing. When the SOC of the battery is
suppressed from decreasing, opportunities that the power generator is driven by the
engine in order to charge the battery are decreased. As a result, the possibility that the
temperature within the engine compartment increases due to heat generation by the
engine is also decreased.

Preferably, the air conditioner further includes a coolant. When the coolant has a
pressure higher than a first predetermined value, the control unit decreases the output
of the electrically powered compressor. When the coolant has a pressure higher than a
second predetermined value, the control unit stops the electrically powered
compressor. The second predetermined value is higher than the first predetermined
value.

The pressure of the coolant for the air conditioner may vary in response to the closed
failure of the shutter. According to the above configuration, control over the closed
failure of the shutter, that is, limitation on the output of the electrically powered

compressor, is performed based on the pressure of the coolant for the air conditioner.
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Further, according to the above configuration, the output of the electrically powered
compressor is limited in a stepwise manner based on two thresholds, that is, the first

predetermined value and the second predetermined value.
Preferably, the control unit limits a rotational speed of the electrically powered

compressor when the shutter has the closed failure.

When the rotational speed of the electrically powered compressor is limited, power
consumption of the electrically powered compressor also decreases.
Advantageous Effects of Invention

According to the present invention, it is possible to suppress an increase in the tem-
perature within an engine compartment while operating an air conditioner in a hybrid
vehicle, even in a case where the grille shutter has the closed failure.

Brief Description of Drawings

[fig.1]Fig. 1 is a view for illustrating a schematic configuration of a hybrid vehicle 10
in accordance with an embodiment.

[fig.2]Fig. 2 is a flowchart for illustrating processing performed for the closed failure
of a grille shutter.

Description of Embodiments

Hereinafter, an embodiment of the present invention will be described in detail with
reference to the drawings. It is noted that identical or corresponding parts in the
drawings will be designated by the same reference numerals, and the description
thereof will not be repeated.

Fig. 1 is a view for illustrating a schematic configuration of a hybrid vehicle 10 in ac-
cordance with an embodiment.

Referring to Fig. 1, hybrid vehicle 10 includes an engine compartment 100, an HV
(Hybrid Vehicle) battery 200, an air conditioner unit 300, an ECU 400, drive wheels
500, and a vent 600.

Engine compartment 100 is a vehicle body inner space of hybrid vehicle 10. Engine
compartment 100 accommodates an engine 110 and an engine radiator 111.

Engine 110 is an internal combustion engine which generates a drive force. Engine
110 generates heat when it generates the drive force. Engine 110 is cooled with cooling
water. This cooling water circulates between engine 110 and engine radiator 111.

Engine radiator 111 is a heat exchanger which performs heat exchange between the
cooling water for engine 110 and outside air, and cools the cooling water.

Engine compartment 100 further accommodates an electrically powered driving unit
150. Electrically powered driving unit 150 includes a power control unit (PCU) 160,
motor generators MG1 and MG2, and a motive power split device 170.

Motor generators MG1 and MG2 receive electric power from PCU 160 and generate
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drive forces. Motor generators MG1 and MG2 can also generate electric power using
the drive force of engine 110. Further, motor generators MG1 and MG2 can also
generate electric power using regenerative energy when hybrid vehicle 10 performs re-
generative braking.

PCU 160 converts electric power of HV battery 200 (described later) into electric
power for driving motor generators MG1 and MG2. PCU 160 can also convert electric
power from motor generators MG1 and MG2 into charging power for HV battery 200.

Motive power split device 170 splits motive power from engine 110, and transmits
the split motive power to each of motor generators MG1 and MG2.

PCU 160 includes an inverter 161 and an inverter 162. Inverter 161 is used for
electric power conversion between motor generator MG1 and HV battery 200. Inverter
162 is used for electric power conversion between motor generator MG2 and HV
battery 200.

Electrically powered driving unit 150 including PCU 160 and motor generators MG1
and MG2 generates heat. Thus, electrically powered driving unit 150 is cooled with
cooling water. This cooling water circulates between electrically powered driving unit
150 and an HV (Hybrid Vehicle) radiator 151.

HV radiator 151 is a heat exchanger which performs heat exchange between the
cooling water for electrically powered driving unit 150 and the outside air, and cools
the cooling water.

Engine compartment 100 is further equipped with a condenser 340. Condenser 340 is
a heat exchanger which performs heat exchange between a coolant for air conditioner
unit 300 and the air outside hybrid vehicle 10, and cools the coolant.

Further, engine compartment 100 includes a grille shutter 120, an actuator 121, and a
sensor 122. Grille shutter 120 is provided at vent 600 (described later).

Grille shutter 120 is configured such that it can be switched between an opened state
and a closed state. When grille shutter 120 is set to an opened state, for example, the
air outside hybrid vehicle 10 (outside air) can be taken in into engine compartment
100. Further, when grille shutter 120 is set to a closed state, for example, an
aerodynamic force during traveling can be improved (for example, air resistance can
be reduced).

Actuator 121 opens and closes grille shutter 120. Sensor 122 senses whether grille
shutter 120 is in an opened state or a closed state.

HV battery 200 is a power storage device configured to be chargeable and dis-
chargeable. HV battery 200 is configured to include, for example, a secondary battery
such as a lithium ion battery, a nickel hydride battery, a lead storage battery, or the
like, or a power storage element such as an electric double layer capacitor.

In hybrid vehicle 10, HV battery 200 is charged as necessary. As an example, when
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the SOC of HV battery 200 decreases, engine 110 drives motor generator MG1, and
motor generator MG1 generates electric power. The electric power generated by motor
generator MGl is converted by PCU 160 into the charging power for HV battery 200.
Thereby, HV battery 200 is charged, and the SOC of HV battery 200 is maintained or
increased.

Air conditioner unit 300 includes a compressor 310, an evaporator 320, an expansion
valve 330, condenser 340, a thermistor 350, an inverter 360, and a pressure sensor 370.

Air conditioner unit 300 can perform a cooling operation, a heating operation, and
the like. Air conditioner unit 300 uses a coolant (for example, a coolant gas).

For example, in the cooling operation, the coolant is emitted through expansion valve
330 into evaporator 320. The temperature of evaporator 320 is decreased by the
coolant emitted into evaporator 320. Thereby, the cooling function of evaporator 320 is
exhibited. Air conditioner unit 300 performs the cooling operation using the cooling
function of evaporator 320.

The coolant emitted into evaporator 320 is thereafter compressed by compressor 310,
and transported to condenser 340. The coolant transported to condenser 340 is cooled
by the function of condenser 340 as a heat exchanger. Thereafter, the coolant is emitted
again through expansion valve 330 into evaporator 320.

It is noted that the heating operation is performed by switching the direction of an
output of compressor 310 to a direction opposite to the direction for the cooling
operation. This switching is implemented, for example, by providing compressor 310
with a four-way valve not shown.

In hybrid vehicle 10, compressor 310 included in air conditioner unit 300 is an elec-
trically powered compressor which operates using electric energy. Specifically,
compressor 310 operates by receiving alternating current electric power from inverter
360. Typically, compressor 310 is an electrically powered rotary compressor.

When the output (rotational speed) of compressor 310 increases, the cooling function
and the heating function (cooling/heating functions) of air conditioner unit 300 are
improved, whereas power consumption of compressor 310 increases. On the other
hand, when the output of compressor 310 decreases, the cooling/heating functions of
air conditioner unit 300 declines, whereas power consumption of compressor 310
decreases.

Thermistor 350 is used to detect the temperature of evaporator 320.

Inverter 360 converts direct current electric power from HV battery 200 into al-
ternating current electric power, and outputs the alternating current electric power to
compressor 310. Namely, electric power to be consumed by compressor 310 is
supplied by HV battery 200.

Pressure sensor 370 detects the pressure of the coolant which flows through air con-
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ditioner unit 300. The pressure of the coolant is measured, for example, at a position
before or after compressor 310 or before or after expansion valve 330 at which the
pressure of the coolant changes relatively significantly.

It is noted that, although only condenser 340 of air conditioner unit 300 is shown in
Fig. 1 to be included in engine compartment 100, the present invention is not limited to
such a configuration. For example, air conditioner unit 300 itself may be included in
engine compartment 100.

ECU 400 includes a CPU (Central Processing Unit), a storage device, and an input/
output buffer which are not shown. ECU 400 receives a signal from each sensor or the
like, outputs a control signal to each device, and controls hybrid vehicle 10 and each
device. It is noted that such control can be performed not only by processing with
software but also by processing with dedicated hardware (electronic circuitry).

Drive wheels 500 are used for traveling of hybrid vehicle 10. Drive wheels 500 are
driven by motor generator MG2.

Vent 600 is provided to take in the air from the outside of hybrid vehicle 10.

In hybrid vehicle 10, grille shutter 120 may fail to operate. Examples of failures
include a closed failure in which grille shutter 120 is fixed in a closed state and cannot
be set to an opened state, and an opened failure in which grille shutter 120 is
conversely fixed in the opened state and cannot be set to the closed state.

When air conditioner unit 300 operates, that is, compressor 310 operates, in a case
where grille shutter 120 has the closed failure, the following problem may occur.
Namely, when compressor 310 operates and the electric power of HV battery 200 is
consumed, the SOC of HV battery 200 decreases. When the SOC of HV battery 200
decreases, engine 110 is started to charge HV battery 200. However, when engine 110
is started, engine 110 generates heat. On this occasion, since grille shutter 120 cannot
be set to the opened state, the temperature within engine compartment 100 increases.
When the temperature within engine compartment 100 increases, outputs of engine
110, motor generators MG1 and MG2, and the like may be limited, for example by ac-
tivation of a protection function.

Accordingly, in the present embodiment, when the grille shutter has the closed
failure, the output of compressor 310 of air conditioner unit 300 is limited.

When the output of compressor 310 is limited, the SOC of HV battery 200, which
supplies the electric power to be consumed by compressor 310, is suppressed from de-
creasing. When the SOC of HV battery 200 is suppressed from decreasing, oppor-
tunities that motor generator MG1 is driven by engine 110 in order to charge HV
battery 200 are also decreased. As a result, the possibility that the temperature within
engine compartment 100 increases due to heat generation by engine 110 is also

decreased.
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Further, in the embodiment, the output of compressor 310 is limited based on the
pressure of the coolant which flows through air conditioner unit 300. Specifically,
when the coolant has a pressure higher than a first predetermined value, the output of
compressor 310 is decreased (from a rated magnitude). Further, when the coolant has a
pressure higher than a second predetermined value, compressor 310 is stopped. The
second predetermined value is set to be higher than the first predetermined value.

When grille shutter 120 has the closed failure and cooling of condenser 340 is not
fully performed, the pressure of the coolant which flows through air conditioner unit
300 tends to increase. Therefore, by limiting the output of compressor 310 in a
stepwise manner based on the pressure of the coolant, a decrease in the SOC of HV
battery 200 can be suppressed, and thus, an increase in the temperature within engine
compartment 100 due to heat generation by engine 110 can be suppressed.

The output of compressor 310 is limited, for example, by limiting the rotational
speed of compressor 310.

The output of compressor 310 may also be limited by intermittently operating
compressor 310.

The operation of hybrid vehicle 10 in the embodiment as described above is im-
plemented by control unit 400 controlling each element of hybrid vehicle 10.

According to hybrid vehicle 10 in accordance with the present embodiment, it is
possible to suppress an increase in the temperature within engine compartment 100
while operating air conditioner unit 300, even in a case where grille shutter 120 has the
closed failure.

Fig. 2 is a flowchart for illustrating processing performed for the closed failure of the
grille shutter. The processing in this flowchart is performed as a subroutine invoked
from a predetermined main routine. Further, the processing in this flowchart is
performed by control unit 400 shown in Fig. 1.

Referring to Figs. 1 and 2, first, in step S1, it is determined whether or not grille
shutter 120 has the closed failure. This determination is made, for example, based on a
sensing result of sensor 122. When grille shutter 120 has the closed failure (YES in
step S1), the processing proceeds to step S2. On the other hand, when grille shutter 120
does not have the closed failure (NO in step S1), the flowchart of Fig. 2 ends and the
processing returns to the main routine.

In step S2, it is determined whether or not the pressure of the coolant which flows
through air conditioner unit 300 (coolant pressure) is higher than P1 as the first prede-
termined value. When the coolant pressure is higher than P1 (YES in step S2), the
processing proceeds to step S3. On the other hand, when the coolant pressure is less
than or equal to P1 (NO in step S2), the flowchart of Fig. 2 ends and the processing

returns to the main routine.
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In step S3, an output of air conditioner unit 300 is limited. Specifically, the rotational
speed of compressor 310 is limited. It is noted that, when the rotational speed of
compressor 310 is already limited, the limited rotational speed is maintained.
Thereafter, the processing proceeds to step S4.

In step S4, it is determined whether or not the coolant pressure is higher than P2 as
the second predetermined value. P2 is a value higher than P1 used in step S2. When the
coolant pressure is higher than P2 (YES in step S4), the processing proceeds to step
S5. On the other hand, when the coolant pressure is less than or equal to P2 (NO in
step S4), the flowchart of Fig. 2 ends and the processing returns to the main routine.

In step S5, the output of air conditioner unit 300 is stopped. Specifically, the
operation of compressor 310 is stopped. It is noted that, when the operation of
compressor 310 is already stopped, the stopped state is maintained. After the
processing in step S5 is completed, the flowchart of Fig. 2 ends and the processing
returns to the main routine.

According to the flowchart of Fig. 2, when grille shutter 120 has a closed failure, the
output of air conditioner unit 300 is limited in a stepwise manner in accordance with
the pressure of the coolant which flows through air conditioner unit 300. When the
output of air conditioner unit 300 is limited, the SOC of HV battery 200 is suppressed
from decreasing. As a result, opportunities that motor generator MGl is driven by
engine 110 are decreased, suppressing an increase in the temperature within engine
compartment 100 due to heat generation by engine 110.

Finally, the embodiment of the present invention will be summarized.

Referring to Fig. 1, hybrid vehicle 10 in accordance with the embodiment includes
engine 110, a motor, and a power generator (motor generators MG1 and MG2). Hybrid
vehicle 10 includes: a battery (HV battery 200) which is charged by engine 110 driving
the power generator (motor generator MG1) when a remaining capacity (SOC)
decreases; engine compartment 100 which accommodates engine 110 and the motor
(motor generators MG1 and MG2); a shutter (grille shutter 120) which is provided at
vent 600 for taking in air from outside of hybrid vehicle 10 into engine compartment
100, and which is openable and closable; an air conditioner (air conditioner unit 300)
which includes an electrically powered compressor (compressor 310) driven by
receiving electric power from the battery (HV battery 200); and control unit 400 which
limits an output of the electrically powered compressor (compressor 310) when the
shutter (grille shutter 120) has a closed failure in which the shutter cannot be set to an
opened state.

Preferably, the air conditioner (air conditioner unit 300) further includes a coolant.
As shown in Fig. 2, when the coolant has a pressure higher than a first predetermined

value (P1) (YES in step S2), control unit 400 decreases the output of the electrically
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powered compressor (compressor 310) (step S3). When the coolant has a pressure
higher than a second predetermined value (P2) (YES in step S4), control unit 400 stops
the electrically powered compressor (compressor 310) (step S5). The second prede-

termined value (P2) is higher than the first predetermined value (P1).
Preferably, control unit 400 limits a rotational speed of the electrically powered

compressor (compressor 310) when the shutter (grille shutter 120) has the closed
failure.

It should be understood that the embodiment disclosed herein is illustrative and non-
restrictive in every respect. The scope of the present invention is defined by the scope
of the claims, rather than the above description of the embodiment, and is intended to
include any modifications within the scope and meaning equivalent to the scope of the

claims.

Reference Signs List

MG1, MG2: motor generator; 10: hybrid vehicle; 100: engine compartment; 110:
engine; 111: engine radiator; 120: grille shutter; 121: actuator; 122: sensor; 150: elec-
trically powered driving unit; 151: HV radiator; 161, 162, 360: inverter; 170: motive
power split device; 200: HV battery; 300: air conditioner unit; 310: compressor; 320:
evaporator; 330: expansion valve; 340: condenser; 350: thermistor; 370: pressure

sensor; 400: control unit; 500: drive wheel; 600: vent.
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Claims

A hybrid vehicle equipped with an engine, a motor, and a power
generator, comprising:

a battery which is charged by said engine driving said power generator
when a remaining capacity decreases;

an engine compartment which accommodates said engine and said
motor;

a shutter which is provided at a vent for taking in air from outside of
said hybrid vehicle into said engine compartment, and which is
openable and closable;

an air conditioner which includes an electrically powered compressor
driven by receiving electric power from said battery; and

a control unit which limits an output of said electrically powered
compressor when said shutter has a closed failure in which said shutter
cannot be set to an opened state.

The hybrid vehicle according to claim 1, wherein

said air conditioner further includes a coolant,

when said coolant has a pressure higher than a first predetermined
value, said control unit decreases the output of said electrically
powered compressor,

when said coolant has a pressure higher than a second predetermined
value, said control unit stops said electrically powered compressor, and
said second predetermined value is higher than said first predetermined
value.

The hybrid vehicle according to claim 1 or 2, wherein said control unit
limits a rotational speed of said electrically powered compressor when

said shutter has said closed failure.
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