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(54) VEHICLE AIR CONDITIONING SYSTEM

(57) An object of a vehicular air-conditioning system
is to efficiently perform air-conditioning of a vehicle inte-
rior and cooling of a heat generating element device
mounted in a vehicle, and prevent damage of the device
by reliably setting a temperature of a device cooling me-
dium to be equal to or less than a predetermined tem-
perature. The vehicular air-conditioning system includes:
a vehicle interior air-conditioning apparatus which in-
cludes a device cooling circuit of a heat generating device
mounted in a vehicle, and a refrigeration cycle circuit;
and an intermediate heat exchanger for heat exchange
between a device cooling medium of the device cooling
circuit and an air-conditioning cooling medium of the re-
frigeration cycle circuit, wherein, when a temperature of
the cooling medium of the device cooling circuit becomes
equal to or higher than a predetermined temperature, a
control cycle of the vehicular air-conditioning system is
set to a short time, and the predetermined temperature
is less than an upper limit temperature of the device cool-
ing medium and is determined from a heat capacity of
the device cooling circuit and an amount of heat gener-
ated by the heat generating device.
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Description

Technical Field

[0001] The present invention relates to a vehicular air-
conditioning system applied to an electric drive vehicle
such as an electric vehicle, a hybrid vehicle, or an electric
railway.

Background Art

[0002] Regarding a vehicular air-conditioning system
of a hybrid vehicle, for example, in PTL 1, a vehicular
cooling system including: a cooling circuit which has a
circulation pump that circulates a cooling medium and
cools an in-vehicle heat generating element using the
cooling medium circulated by the circulation pump; and
a refrigeration cycle apparatus which has a compressor
that compresses the cooling medium, a cooling medium
cooler that cools the cooling medium from the compres-
sor, a depressurizer that depressurizes the cooling me-
dium from the cooling medium cooler, and evaporator
that evaporates the cooling medium from the depressu-
rizer by absorbing heat from the cooling medium in the
cooling circuit, wherein the cooling circuit includes a ve-
hicle interior  air-conditioning heat exchanger for heat
exchange between the cooling medium and air blown out
to a vehicle interior, is described.
[0003] In addition, regarding a vehicular air-condition-
ing system in which a heat pump type cooling apparatus
and a heating circulation apparatus are combined, for
example, in PTL 2, in order to simplify the configuration
of a heat pump type cooling apparatus in a system in
which heating and cooling are performed using the heat
pump type cooling apparatus, a vehicular air-condition-
ing system which includes: a heat pump type cooling ap-
paratus A having a first circulation pathway; and a heating
circulation apparatus B having a second circulation path-
way, wherein a water-cooled condenser in the first circu-
lation pathway is disposed in the second circulation path-
way 8 and dissipates heat of a first cooling medium to a
second cooling medium, a flow path switching valve that
switches a flow path between a radiator side and a radi-
ator bypass flow path is provided in the second circulation
pathway 8, during a heating operation, the second cool-
ing medium is caused to flow to the radiator bypass flow
path by the flow path switching valve and air heated by
a heater core is introduced to a vehicle interior as air-
conditioned air, and during a cooling operation, the sec-
ond cooling medium is caused to flow to the radiator by
the flow path switching valve and  air cooled by an evap-
orator is introduced to the vehicle interior as air-condi-
tioned air, is described.

Citation List

Patent Literature

[0004]

PTL 1: Japanese Patent No. 4285292
PTL 2: JP-A-2008-230594

Summary of Invention

Technical Problem

[0005] In the vehicular air-conditioning system that is
known according to the related art, there is a demand for
a system which ensures an efficient operation of a device
by causing the temperature of a cooling medium for cool-
ing the heat generating element device related to vehicle
travel to be a predetermined temperature or less and
reliably cooling the device, and is further improved to
prevent damage thereof and perform comfort air-condi-
tioning of a vehicle interior.

Solution to Problem

[0006] (1) According to the invention of claim 1, a ve-
hicular air-conditioning system includes: a vehicle interior
air-conditioning apparatus which includes a device cool-
ing circuit of a heat generating device mounted in a ve-
hicle, and a refrigeration cycle circuit; and an intermedi-
ate heat  exchanger for heat exchange between a device
cooling medium of the device cooling circuit and an air-
conditioning cooling medium of the refrigeration cycle cir-
cuit, wherein, when a temperature of the device cooling
medium of the device cooling circuit becomes equal to
or higher than a first predetermined temperature, a con-
trol cycle of the vehicular air-conditioning system is set
to a short time, and the first predetermined temperature
is less than an upper limit temperature of the device cool-
ing medium and is determined from a heat capacity of
the device cooling circuit and an amount of heat gener-
ated by the heat generating device.
[0007] (2) According to the invention of claim 2, a ve-
hicular air-conditioning system includes: a vehicle interior
air-conditioning apparatus which includes a device cool-
ing circuit of a heat generating device mounted in a ve-
hicle, and a refrigeration cycle circuit; and an intermedi-
ate heat exchanger for heat exchange between a device
cooling medium of the device cooling circuit and an air-
conditioning cooling medium of the refrigeration cycle cir-
cuit, wherein, in a case where a compressor of a refrig-
eration cycle is driven at minimum revolutions and in a
case where an inside temperature reaches a target tem-
perature, when a temperature of the device cooling me-
dium becomes equal to or less than a second predeter-
mined temperature, the compressor is stopped.
[0008] (3) According to the invention of claim 3, in the
vehicular air-conditioning system according to claim 2,
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an amount of heat generated by the heat generating de-
vice is predicted on the basis of travel plan information
such as road information or destination information, and
the second predetermined temperature of the device
cooling medium is changed on the basis of the predicted
amount of heat generated.
[0009] (4) According to the invention of claim 4, in the
vehicular air-conditioning system according to claims 1
and 2, the predetermined temperature of the device cool-
ing medium is set to be equal to or greater than an outside
air temperature.
[0010] (5) According to the invention of claim 5, in the
vehicular air-conditioning system according to claim 2,
in a case where the device cooling medium reaches an
upper limit temperature or higher during a stop of the
compressor, an output of the heat generating device is
limited.
[0011] (6) According to the invention of claim 6, in the
vehicular air-conditioning system according to claim 2, a
time after a stop of the compressor is measured so that
restarting is not performed until a predetermined time
has passed.
[0012]   (7) According to the invention of claim 7, a
vehicular air-conditioning system includes: a vehicle in-
terior air-conditioning apparatus which includes a device
cooling circuit of a heat generating device mounted in a
vehicle, and a refrigeration cycle; and an intermediate
heat exchanger for heat exchange between a device
cooling medium of the device cooling circuit and an air-
conditioning cooling medium of the refrigeration cycle cir-
cuit, wherein, in a case where there is a request of a
motor that drives the vehicle for a high-torque operation
and in a case where a temperature of the device cooling
medium of the device cooling circuit is equal to or less
than a third predetermined temperature, the motor is driv-
en in the high-torque operation, and in a case where the
temperature of the device cooling medium exceeds the
predetermined temperature, the vehicular air-condition-
ing system is operated to reduce the temperature of the
device cooling medium, and the high-torque operation is
not performed. Advantageous Effects of Invention
[0013] According to the present invention, it is possible
to provide a vehicular air-conditioning system including
a control apparatus capable of efficiently performing in-
side air-conditioning and device cooling.

Brief Description of Drawings

[0014]

Fig. 1 illustrates the schematic configuration of a ve-
hicular air-conditioning system of the present inven-
tion.
Fig. 2 illustrates the schematic configuration of Ex-
ample 1 of an air-conditioning apparatus 60 accord-
ing to the present invention.
Fig. 3 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a de-

vice cooling operation mode.
Fig. 4 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a cool-
ing operation mode.
Fig. 5 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a cool-
ing and device cooling operation mode.
Fig. 6 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a heat-
ing operation mode.
Fig. 7 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a heat-
ing and device cooling operation mode.
Fig. 8 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a de-
humidifying operation mode.
Fig. 9 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a heat-
ing and  dehumidifying operation mode.
Fig. 10 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a heat-
ing operation mode.
Fig. 11 illustrates the schematic configuration of the
air-conditioning apparatus 60 of Example 1 in a de-
frosting operation mode.
Fig. 12 illustrates the arrangement of an indoor air-
conditioning heat exchanger 7 and an indoor cooling
heat exchanger 6 according to the present invention.
Fig. 13 illustrates the arrangement of an indoor air-
conditioning heat exchanger 7 and an indoor cooling
heat exchanger 6 according to the present invention.
Fig. 14 illustrates objects of temperature control and
the conditions thereof.
Fig. 15 is a flowchart illustrating a control processing
program executed in an air-conditioning control ap-
paratus 61 according to the present invention.
Fig. 16 illustrates vehicle states and changes in set-
ting temperatures of heat generating elements 9
which are devices that need temperature control.
Fig. 17 illustrates the configuration of a control ap-
paratus of an electric vehicle mounted in the vehic-
ular air-conditioning system of the present invention.
Fig. 18 illustrates a flowchart of a program that  ex-
ecutes changing of a control cycle in the air-condi-
tioning control apparatus 61 according to the present
invention.
Fig. 19 illustrates a flowchart of a program that de-
termines whether or not a motor 73 according to the
present invention is subjected to a high-torque op-
eration.
Fig. 20 illustrates a flowchart of driving control of a
compressor according to the present invention.

Description of Embodiments

[0015] Hereinafter, an embodiment in which a vehicu-
lar air-conditioning system of the present invention is ap-
plied to an electric vehicle will be described, and the
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scope of the present invention is not limited thereto. In
addition, the present invention is not limited to an electric
vehicle, and may also be applied to electric drive vehicles
such as a hybrid vehicle, an electric railway, a construc-
tion vehicle, or other special vehicles. In addition, in the
embodiment, an AC motor driven by an inverter is exem-
plified and described. However, the present invention is
not limited to the AC motor, and may also be applied to
all kinds of rotating electric machines (motors and gen-
erators) such as a DC motor driven by a converter, for
example, a thyristor Leonard device, or a pulse motor
driven by a chopper power supply.

(1) Configuration of Vehicular Air-Conditioning System

[0016] Fig. 1 is a diagram illustrating the schematic
configuration of a vehicular air-conditioning system of the
present invention. The vehicular air-conditioning system
illustrated in Fig. 1 includes: an air-conditioning appara-
tus 60 for performing cooling and heating, cooling/heat-
ing of the vehicle interior or devices that need tempera-
ture control; and an air-conditioning control apparatus 61
which controls the air-conditioning apparatus 60. Various
actuators provided in the air-conditioning apparatus 60
are controlled by control signals from the air-conditioning
control apparatus 61. The actuators related to this em-
bodiment include: a compressor 1; expansion valves
22A, 22B, and 23 as flow rate control means; a four-way
valve 19 as first flow path switching means; a three-way
valve 20 as second flow path switching means; two-way
valves 21, 24, and 25; a pump 5; an outdoor fan 3; and
an indoor fan 8.
[0017] A vehicle interior temperature 62 obtained by a
temperature sensor and temperatures 63 of devices that
need temperature control are input to the air-conditioning
control apparatus 61. In this embodiment, as the devices
that need temperature control, there are devices such as
a motor, an inverter, a battery, and a gearbox, which are
respectively provided with temperature sensors. In addi-
tion, to the  air-conditioning control apparatus 61, vehicle
speed and accelerator opening as vehicle driving infor-
mation 64 are input from a vehicle speed sensor and an
accelerator sensor, and road information, destination in-
formation, and the like as travel plan information 65 of a
vehicle are input from a navigation device.

(2) Configuration of Air-Conditioning Apparatus

[0018] Fig. 2 is a diagram illustrating the schematic
configuration of the air-conditioning apparatus 60. The
air-conditioning apparatus 60 includes: a refrigeration cy-
cle circuit 90 through which an air-conditioning cooling
medium (for example, a cooling medium) for performing
interior air-conditioning and cooling of a heat generating
element 9 is circulated; and a device cooling circuit 41
through which a device cooling medium that performs
cooling of the heat generating element 9 (for example, a
device cooling medium) is circulated.

[0019] In the refrigeration cycle circuit 90, the compres-
sor 1 that compresses the cooling medium, an outdoor
heat exchanger 2 for heat exchange between the air-
conditioning cooling medium and outside air, an interme-
diate heat exchanger 4 for heat exchange between the
air-conditioning cooling medium in a refrigeration cycle
circuit 90A that branches off and the  device cooling me-
dium that flows through the device cooling circuit 41, and
an indoor air-conditioning heat exchanger 7 for heat ex-
change between the air-conditioning cooling medium in
a refrigeration cycle circuit 90B and vehicle interior air
are connected by liquid pipes through which the air-con-
ditioning cooling medium is circulated.
[0020] The four-way valve 19 is provided between an
intake pipe 11 and a discharge pipe 10 of the compressor
1. By switching the four-way valve 19, any one of the
intake pipe 11 and the discharge pipe 10 may be con-
nected to the outdoor heat exchanger 2 and the other
thereof may be connected to the intermediate heat ex-
changer and the indoor air-conditioning heat exchanger
7. The four-way valve 19 illustrated in Fig. 2 connects
the discharge pipe 10 to the outdoor heat exchanger 2
and connects the intake pipe 11 to the intermediate heat
exchanger 4.
[0021] One end of the indoor air-conditioning heat ex-
changer 7 is connected to the outdoor heat exchanger
2, and the other end thereof is connected to be switched
to any one of the discharge pipe 10 and the intake pipe
11 via the three-way valve 20. The expansion valves 23,
22A, and 22B that act as the flow rate control means of
the air-conditioning cooling medium are respectively pro-
vided on the side of the outdoor heat exchanger 2 that
is not connected to the compressor 1, between the  in-
termediate heat exchanger 4 and the outdoor heat ex-
changer 2, and between the indoor air-conditioning heat
exchanger 7 and the outdoor heat exchanger 2. In addi-
tion, the outdoor heat exchanger 2 is provided with the
outdoor fan 3 for blowing the outside air.
[0022] In the device cooling circuit 41, the indoor cool-
ing heat exchanger 6 for heat exchange between the
device cooling medium and vehicle interior air, the inter-
mediate heat exchanger 4, the pump 5 for circulating the
device cooling medium in the device cooling circuit 41,
and the heat generating element 9 on which temperature
control is needed are sequentially connected in an an-
nular shape.
[0023] The device cooling circuit 41 is provided with a
bypass circuit 41C that bypasses both ends of the indoor
cooling heat exchanger 6. The bypass circuit 41C is pro-
vided with the two-way valve 24, and a main circuit 41D
that passes the indoor cooling heat exchanger 6 is pro-
vided with the two-way valve 25. It is possible to switch
the flow paths of the device cooling medium by opening
and closing operations of the two-way valves 24 and 25.
In addition, in the device cooling circuit 41, a plurality of
heat generating elements 9A and 9B are connected in
parallel as illustrated in Fig. 2 for temperature control.
[0024] The two-way valve 21 is installed in a device
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cooling circuit 41B including the heat generating element
9B, and no two-way valve is installed in a device cooling
circuit 41A including the heat generating element 9A. Ac-
cordingly, both the heat generating elements 9A and 9B
may be subjected to temperature control when the two-
way valve 21 is opened, while only the heat generating
element 9A may be subjected to temperature control
when the two-way valve 21 is closed. In addition, a two-
way valve may also be provided in the device cooling
circuit 41A including the heat generating element 9A, and
a plurality of the heat generating elements 9 may be con-
nected in series. A method of connecting heat generating
elements 9 and a method of installing two-way values
may be changed depending on the temperature condi-
tions of the heat generating elements.
[0025] An indoor unit 42 that blows temperature-con-
trolled air for indoor air-conditioning includes: indoor fans
8A and 8B that take in air from the inside (vehicle interior)
or the outside (vehicle exterior) and blow to the inside or
the outside; the indoor cooling heat exchanger 6; the in-
door air-conditioning heat exchanger 7; a switching
damper 44 that switches air subjected to heat exchange
in the indoor cooling heat exchanger 6 to be blown to the
inside or the outside; and  air inlet and outlet ports 43A,
43B, 43C, and 43D which are ports through which air
from the inside or the outside are taken in or air is blown
to the inside or the outside.
[0026] Next, operations of the air-conditioning appara-
tus 60 illustrated in Fig. 2 will be described. In this em-
bodiment, temperature control of the heat generating el-
ement 9 is performed by circulating the device cooling
medium using the pump 5. Operations of other devices
are changed depending on air-conditioning load or the
amount of heat generated by the heat generating element
9. Hereinafter, operations of device cooling, cooling,
cooling+device cooling, heating, heating+device cooling,
dehumidifying, heating and dehumidifying, device heat-
ing, and defrosting will be described.

(3) Device Cooling Operation

[0027] A device cooling operation is an operation of
cooling the heat generating element 9 in a state of indoor
air-conditioning is not performed and is described using
Fig. 3. Regarding this operation, there are a case where
the device cooling medium circulated through the device
cooling circuit 41 is cooled only by the indoor cooling heat
exchanger 6, and a case where the device cooling me-
dium is cooled by the indoor cooling heat exchanger 6
and the intermediate heat exchanger  4.
[0028] By closing the two-way valve 24 of the device
cooling circuit 41 and opening the two-way valve 25, the
device cooling medium is circulated through the indoor
cooling heat exchanger 6 and the intermediate heat ex-
changer 4 by driving of the pump 5. In a case of closing
the two-way valve 21, the device cooling medium flows
only to the device cooling circuit 41A, and in a case of
opening the two-way valve 21, the device cooling medi-

um flows to the device cooling circuits 41A and 41B. In
a case of cooling both the heat generating elements 9A
and 9B, the two-way valve 21 is opened.
[0029] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43A is blown out from the air inlet and outlet port 43C
through the indoor cooling heat exchanger 6 as illustrated
in Fig. 3. The device cooling medium may be cooled by
the air passing through the indoor cooling heat exchanger
6. In addition, a cooling ability may be adjusted by the
volume of air taken into the indoor fan 8A. In addition,
the air inlet and outlet port 43C communicates with the
outside (vehicle exterior) through a duct (not shown) such
that warm air is not blown to the inside.
[0030] In a case where the device cooling medium is
cooled by  the intermediate heat exchanger 4, as illus-
trated in Fig. 3, the four-way valve 19 and the three-way
valve 20 are connected to each other so that the dis-
charge pipe 10 of the compressor 1 is connected to the
outdoor heat exchanger 2 and the intake pipe 11 of the
compressor 1 is connected to the intermediate heat ex-
changer 4 and the indoor air-conditioning heat exchanger
7. In addition, the expansion valve 22B is totally closed
so as not to cause the air-conditioning cooling medium
to flow to the indoor air-conditioning heat exchanger 7.
That is, the outdoor heat exchanger 2 functions as a con-
denser and the intermediate heat exchanger 4-functions
as an evaporator.
[0031] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the outdoor heat exchanger 2, and thereafter
flows to the intermediate heat exchanger 4 through the
totally-opened expansion valve 23. The air-conditioning
cooling medium that flows through the intermediate heat
exchanger 4 is depressurized by the expansion valve
22A to have a low temperature and a low pressure, evap-
orates by absorbing heat from the device cooling medium
of the device cooling circuit 41 at the intermediate heat
exchanger 4, and returns to the compressor 1 through
the four-way valve 19. By using the refrigeration cycle
circuit 90 as above, the device cooling medium is cooled
through heat exchange between the device cooling me-
dium, and the  air-conditioning cooling medium at the
intermediate heat exchanger 4.
[0032] As described above, the device cooling medium
may be cooled by the indoor cooling heat exchanger 6
and the intermediate heat exchanger 4. In a case where
the device cooling medium has a temperature lower than
a predetermined temperature, the refrigeration cycle cir-
cuit 90 is not used, and the device cooling medium is
cooled only by the indoor cooling heat exchanger 6. In a
case where the device cooling medium has a tempera-
ture higher than the predetermined temperature, the de-
vice cooling medium is cooled by the indoor cooling heat
exchanger 6 and the intermediate heat exchanger 4 us-
ing the refrigeration cycle circuit 90.
[0033] In addition, in order to control the temperature
of the device cooling medium, the air volume of the indoor
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fan 8A, the flow rate of the pump 5, the revolutions of the
compressor 1, the opening of the expansion valve 22A,
and the air volume of the outdoor fan 3 may be controlled.
In a case where the device cooling medium has a tem-
perature higher than a target temperature, the air volume
of the indoor fan 8A may be increased, the flow rate of
the pump 5 may be increased, the revolutions of the com-
pressor 1 may be increased, the opening of the expan-
sion valve 22A may be increased, and the air volume  of
the outdoor fan 3 may be increased. On the other hand,
in a case where the device cooling medium has a tem-
perature lower than a target temperature, the air volume
of the indoor fan 8A may be reduced, the flow rate of the
pump 5 may be reduced, the revolutions of the compres-
sor 1 may be reduced, the opening of the expansion valve
22A may be reduced, and the air volume of the outdoor
fan 3 may be reduced. In addition, not all the actuators
need to be controlled, and at least one actuator may be
controlled.

(4) Cooling Operation

[0034] A cooling operation is an operation of cooling
the inside without cooling the heat generating element
9, and is described using Fig. 4.
[0035] In the device cooling circuit 41, by closing the
two-way valve 25 and opening the two-way valve 24, the
device cooling medium does not flow to the indoor cooling
heat exchanger 6 and flows to the device cooling circuit
41C by driving of the pump 5. Even in the case of not
cooling the heat generating element 9 as such, the device
cooling medium of the device cooling circuit 41 is circu-
lated because a biased temperature increase in the de-
vice cooling medium that is present in a part of the heat
generating element 9 is suppressed. In a case of closing
the two-way valve 21, the device cooling medium flows
only to the device cooling circuit 41A, and in a case of
opening the two-way valve 21, the device cooling medi-
um flows to the device cooling circuits 41A and 41B.
[0036] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43A is blown out from the air inlet and outlet port 43B
through the indoor cooling heat exchanger 6 and the in-
door air-conditioning heat exchanger 7 as illustrated in
Fig. 4. Since the device cooling medium is not circulated
through the indoor cooling heat exchanger 6, the tem-
perature of air passing through the indoor cooling heat
exchanger 6 does not change. In addition, the air inlet
and outlet port 43B communicates with the inside (vehicle
interior) through a duct (not shown) for temperature con-
trol of the inside.
[0037] In addition, in the cooling operation, as illustrat-
ed in Fig. 4, the four-way valve 19 and the three-way
valve 20 are connected to each other so that the dis-
charge pipe 10 of the compressor 1 is connected to the
outdoor heat exchanger 2 and the intake pipe 11 of the
compressor 1 is connected to the intermediate heat ex-
changer 4 and the indoor air-conditioning heat exchanger

7. In addition, the expansion valve 22A is totally closed
so as not to cause the air-conditioning cooling medium
to flow to the intermediate  heat exchanger 4. That is, the
outdoor heat exchanger 2 functions as a condenser and
the indoor air-conditioning heat exchanger 7 functions
as an evaporator.
[0038] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the outdoor heat exchanger 2, and thereafter
flows to the indoor air-conditioning heat exchanger 7
through the totally-opened expansion valve 23. The air-
conditioning cooling medium that flows through the in-
door air-conditioning heat exchanger 7 is depressurized
by the expansion valve 22B to have a low temperature
and a low pressure, evaporates by absorbing heat from
the air taken into the air inlet and outlet port 43A at the
indoor air-conditioning heat exchanger 7, and returns to
the compressor 1 through the three-wayvalve 20. The air
cooled through heat exchange at the indoor air-condi-
tioning heat exchanger 7 as such is blown to the vehicle
interior from the air inlet and outlet port 43B.
[0039] In addition, in order to adjust the temperature
of the air blown out from the air inlet and outlet port 43B,
the air volume of the indoor fan 8A, the revolutions of the
compressor 1, the opening of the expansion valve 22B,
and the air volume of the outdoor fan 3 may be controlled.
In a case where the blown air has a temperature higher
than a target temperature, the air volume of the indoor
fan 8A may be increased, the revolutions of the compres-
sor 1 may be increased, the opening of the expansion
valve 22B may be increased, and the air volume of the
outdoor fan 3 may be increased. On the other hand, in a
case where the blown air has a temperature lower than
a target temperature, the air volume of the indoor fan 8A
may be reduced, the revolutions of the compressor 1 may
be reduced, the opening of the expansion valve 22B may
be reduced, and the air volume of the outdoor fan 3 may
be reduced. In addition, not all the actuators need to be
controlled, and at least one actuator may be controlled.

(5) Cooling and Device Cooling Operation

[0040] A cooling and device cooling operation is an
operation of cooling the heat generating element 9 and
cooling the inside, and is described using Fig. 5. Regard-
ing this operation, there are a case where the device
cooling medium circulated through the device cooling cir-
cuit 41 is cooled only by the indoor cooling heat exchang-
er 6, and a case where the device cooling medium is
cooled by the indoor cooling heat exchanger 6 and the
intermediate heat exchanger 4.
[0041] In the device cooling circuit 41, by closing the
two-way valve 24 and opening the two-way valve 25, the
device cooling medium is circulated through the indoor
cooling heat exchanger  6 and the intermediate heat ex-
changer 4 by driving of the pump 5. In a case of closing
the two-way valve 21, the device cooling medium flows
only to the device cooling circuit 41A, and in a case of

9 10 



EP 2 679 421 A1

7

5

10

15

20

25

30

35

40

45

50

55

opening the two-way valve 21, the device cooling medi-
um flows to the device cooling circuits 41A and 41B. In
a case of cooling both the heat generating elements 9A
and 9B, the two-way valve 21 is opened.
[0042] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43A is blown out from the air inlet and outlet port 43C
through the indoor cooling heat exchanger 6 as illustrated
in Fig. 5. The air inlet and outlet port 43C communicates
with the outside (vehicle exterior) through the duct (not
shown) such that the air is not blown to the inside. In
addition, air taken into the air inlet and outlet port 43D is
blown out from the air inlet and outlet port 43B through
the indoor air-conditioning heat exchanger 7 by the in-
door fan 8B. The device cooling medium may be cooled
by the air passing through the indoor cooling heat ex-
changer 6. The air passing through the indoor cooling
heat exchanger 7 is cooled by the indoor cooling heat
exchanger 7 such that the cooled air is blown out to the
inside (vehicle interior).
[0043] In addition, in the cooling and device cooling
operation, as illustrated in Fig. 5, the four-way valve 19
and the three-way valve 20 are connected to each other
so that the discharge pipe 10 of the compressor 1 is con-
nected to the outdoor heat exchanger 2 and the intake
pipe 11 of the compressor 1 is connected to the interme-
diate heat exchanger 4 and the indoor air-conditioning
heat exchanger 7. That is, the outdoor heat exchanger
2 functions as a condenser and the intermediate heat
exchanger 4 and the indoor air-conditioning heat ex-
changer 7 function as evaporators.
[0044] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the outdoor heat exchanger 2, and thereafter
flows to the intermediate heat exchanger 4 and the indoor
air-conditioning heat exchanger 7 through the totally-
opened expansion valve 23. The air-conditioning cooling
medium that flows through the intermediate heat ex-
changer 4 is depressurized by the expansion valve 22A
to have a low temperature and a low pressure, evapo-
rates by absorbing heat from the device cooling medium
of the device cooling circuit 41 at the intermediate heat
exchanger 4, and returns to the compressor 1 through
the four-way valve 19.
[0045] In this manner, the device cooling medium is
cooled through heat exchange between the device cool-
ing medium, and  the air-conditioning cooling medium at
the intermediate heat exchanger 4. The air-conditioning
cooling medium that flows through the indoor air-condi-
tioning heat exchanger 7 is depressurized by the expan-
sion valve 22B to have a low temperature and a low pres-
sure, evaporates by absorbing heat from the air taken
into the air inlet and outlet port 43D at the indoor air-
conditioning heat exchanger 7, and returns to the com-
pressor 1 through the three-wayvalve 20. The air cooled
through heat exchange at the indoor air-conditioning heat
exchanger 7 as such is blown out to the inside from the
air inlet and outlet port 43B.

[0046] As described above, since both the intermedi-
ate heat exchanger 4 and the indoor air-conditioning heat
exchanger 7 are able to be used as evaporators, cooling
of the vehicle interior and cooling of the heat generating
element 9 may be simultaneously realized. Furthermore,
the intermediate heat exchanger 4 and the indoor air-
conditioning heat exchanger 7 are connected to the in-
take pipe 11 of the compressor 1 in parallel and the re-
frigeration cycle circuits 90A and 90B are respectively
provided with the expansion valves 22A and 22B, and
thus the flow rates of the air-conditioning cooling medium
flowing through the intermediate heat exchanger 4 and
the indoor air-conditioning heat exchanger 7 may be re-
spectively and arbitrarily changed.
[0047] As a result, the temperature of the device cool-
ing medium and the temperature of the air-conditioning
cooling medium may be respectively controlled to arbi-
trarily desired temperatures. Therefore, even in a case
where the temperature of the air-conditioning cooling me-
dium is sufficiently reduced to perform cooling, the tem-
perature of the device cooling medium flowing through
the inside of the heat generating element 9 may be main-
tained at a high level by suppressing the flow rate of the
cooling medium flowing through the intermediate heat
exchanger 4.
[0048] In addition, the device cooling medium may be
cooled by the indoor cooling heat exchanger 6 and the
intermediate heat exchanger 4 as above. In a case where
the device cooling medium has a temperature lower than
a predetermined temperature, the refrigeration cycle cir-
cuit 90 is not used, and the device cooling medium is
cooled only by the indoor cooling heat exchanger 6. In a
case where the device cooling medium has a tempera-
ture higher than the predetermined temperature, the de-
vice cooling medium is cooled by the indoor cooling heat
exchanger 6 and the intermediate heat exchanger 4 us-
ing the refrigeration cycle circuit 90. This is controlled by
adjusting the opening of the expansion valve 22A. In a
case of totally closing the expansion valve 22A, the  air-
conditioning cooling medium does not flow to the inter-
mediate heat exchanger 4, and thus the device cooling
medium is cooled only by the indoor cooling heat ex-
changer 6.
[0049] In addition, in order to control the temperature
of the device cooling medium and the temperature of the
air blown out from the air inlet and outlet port 43B, the
air volumes of the indoor fans 8A and 8B, the flow rate
of the pump 5, the revolutions of the compressor 1, the
openings of the expansion valves 22A and 22B, and the
air volume of the outdoor fan 3 may be controlled. In a
case where the device cooling medium has a tempera-
ture higher than a target temperature or in a case where
the blown air has a temperature higher than a target tem-
perature, the air volumes of the indoor fans 8A and 8B
may be increased, the flow rate of the pump 5 may be
increased, the revolutions of the compressor 1 may be
increased, the openings of the expansion valves 22A and
22B may be increased, and the air volume of the outdoor
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fan 3 may be increased.
[0050] On the other hand, in a case where the device
cooling medium has a temperature lower than a target
temperature or in a case where the blown air has a tem-
perature lower than a target temperature, the air volumes
of the indoor fans 8A and 8B may be reduced, the flow
rate of the pump 5 may be reduced, the revolutions of
the compressor 1 maybe reduced, the openings  of the
expansion valves 22A and 22B may be reduced, and the
air volume of the outdoor fan 3 may be reduced. In ad-
dition, not all the actuators need to be controlled, and at
least one actuator may be controlled.

(6) Heating Operation

[0051] A heating operation is an operation of heating
the inside without cooling the heat generating element
9, and is described using Fig. 6.
[0052] In the device cooling circuit 41, by opening the
two-way valve 25 and closing the two-way valve 24, the
device cooling medium flows to the indoor cooling heat
exchanger 6 and the intermediate heat exchanger 4 by
driving of the pump 5. In a case of closing the two-way
valve 21, the device cooling medium flows only to the
device cooling circuit 41A, and in a case of opening the
two-way valve 21, the device cooling medium flows to
the device cooling circuits 41A and 41B.
[0053] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43A is blown out from the air inlet and outlet port 43B
through the indoor cooling heat exchanger 6 and the in-
door air-conditioning heat exchanger 7 as illustrated in
Fig. 6. Since the device cooling medium warmed by the
heat generating element 9 is circulated  through the in-
door cooling heat exchanger 6, the temperature of the
air passing through the indoor cooling heat exchanger 6
is increased. In addition, the air inlet and outlet port 43B
communicates with the inside (vehicle interior) for tem-
perature control of the inside.
[0054] In a case where a heating load is low, exhaust
heat from the heat generating element 9 as described
above is used for heating, and the refrigeration cycle cir-
cuit 90 is not used for heating. In this manner, air-condi-
tioning with suppressed energy consumption may be re-
alized. In a case of opening the two-way valve 21, ex-
haust heat of the heat generating element 9B through
which the device cooling medium flows even in the device
cooling circuit 41B is able to be used for heating, thereby
further suppressing energy consumption.
[0055] In a case where the heating load is not satisfied
by exhaust heat of the heat generating elements 9A and
9B, in addition to the exhaust heat of the heat generating
elements 9A and 9B, the refrigeration cycle circuit 90 is
used together. In this case, as illustrated in Fig. 6, the
four-way valve 19 and the three-way valve 20 are con-
nected to each other so that the discharge pipe 10 of the
compressor 1 is connected to the intermediate heat ex-
changer 4 and the indoor air-conditioning heat exchanger

7 and the intake pipe 11 is connected to the  outdoor heat
exchanger 2. In addition, the expansion valve 22A is to-
tally closed and the expansion valve 22B is totally opened
so that the air-conditioning cooling medium does not flow
to the intermediate heat exchanger 4 and flows only to
the indoor air-conditioning heat exchanger 7. That is, the
indoor air-conditioning heat exchanger 7 functions as a
condenser and the outdoor heat exchanger 2 functions
as an evaporator.
[0056] The air-conditioning cooling medium com-
pressed by the compressor 1 condenses and is liquefied
by dissipating heat at the indoor air-conditioning heat ex-
changer 7. Thereafter, the liquefied air-conditioning cool-
ing medium is depressurized by the expansion valve 23,
is then evaporated and gasified through heat exchange
with outside air at the outdoor heat exchanger 2, and
returns to the compressor 1.
[0057] As described above, the air taken into the air
inlet and outlet port 43A is heated at the indoor cooling
heat exchanger 6 by the device cooling medium flowing
through the device cooling circuit 41. In addition, the air
that is further warmed through heat exchange at the in-
door air-conditioning heat exchanger 7 disposed on the
downstream side is blown out to the inside from the air
inlet and outlet port 43B. As such, a configuration in which
the air blown out to the inside is  warmed by exhaust heat
of the heat generating element 9 and is thereafter further
warmed by the refrigeration cycle circuit 90 is achieved.
Heating of the air using refrigeration cycle circuit 90 com-
pensates for a shortage of the temperature of the air
warmed by exhaust heat of the heat generating element
9 such that an air-conditioning apparatus with low energy
consumption may be configured.
[0058] In addition, in order to control the temperature
of the air blown out from the air inlet and outlet port 43B,
the air volume of the indoor fan 8A, the flow rate of the
pump 5, the revolutions of the compressor 1, the opening
of the expansion valve 22B, and the air volume of the
outdoor fan 3 may be controlled. In a case where the
blown air has a temperature lower than a target temper-
ature, the air volume of the indoor fan 8A may be in-
creased, the flow rate of the pump 5 may be increased,
the revolutions of the compressor 1 may be increased,
the opening of the expansion valve 22B may be in-
creased, and the air volume of the outdoor fan 3 may be
increased. On the other hand, in a case where the blown
air has a temperature higher than a target temperature,
the air volume of the indoor fan 8A may be reduced, the
flow rate of the pump 5 may be reduced, the revolutions
of the compressor 1 may be reduced, the opening of the
expansion valve 22B may be reduced, and the air volume
of the outdoor fan 3 may be reduced. In addition, not all
the  actuators need to be controlled, and at least one
actuator may be controlled.

(7) Heating and Device Cooling Operation

[0059] A heating and device cooling operation is an
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operation of cooling the heat generating element 9 and
heating the inside, and is described using Fig. 7. As de-
scribed in the above heating operation, an increase in
the temperature of the heat generating element 9 may
be suppressed as long as the device cooling medium is
maintained at a target temperature or less by heat dissi-
pation at the indoor cooling heat exchanger 6. However,
in a case where heat dissipation at the indoor cooling
heat exchanger 6 is insufficient or in a case where the
temperature of the device cooling medium is temporarily
reduced as described later, device cooling using the re-
frigeration cycle circuit 90 is needed.
[0060] In the heating and device cooling operation, as
illustrated in Fig. 7, the four-way valve 19 and the three-
way valve 20 are connected to each other so that the
discharge pipe 10 of the compressor 1 is connected to
the outdoor heat exchanger 2 and the indoor air-condi-
tioning heat exchanger 7 and the intake pipe 11 is con-
nected to the intermediate heat exchanger 4. In addition,
the expansion valve 23 is totally closed and the expan-
sion valve 22B is totally opened so as not  to cause the
air-conditioning cooling medium to flow to the outdoor
heat exchanger 2. That is, the indoor air-conditioning
heat exchanger 7 functions as a condenser and the in-
termediate heat exchanger 4 functions as an evaporator.
[0061] The air-conditioning cooling medium com-
pressed by the compressor 1 condenses and is liquefied
by dissipating heat at the indoor air-conditioning heat ex-
changer 7. Thereafter, the liquefied air-conditioning cool-
ing medium is depressurized by the expansion valve 22A,
is then evaporated and gasified through heat exchange
with the device cooling medium flowing through the de-
vice cooling circuit 41 at the intermediate heat exchanger
4, and returns to the compressor 1. At the intermediate
heat exchanger 4, the device cooling medium is cooled
through heat exchange between the device cooling me-
dium and the air-conditioning cooling medium.
[0062] In the device cooling circuit 41, by opening the
two-way valve 25 and closing the two-way valve 24, the
device cooling medium flows to the indoor cooling heat
exchanger 6 and the intermediate heat exchanger 4 by
driving of the pump 5. In a case of closing the two-way
valve 21, the device cooling medium flows only to the
device cooling circuit 41A, and in a case of opening the
two-way valve 21, the device cooling medium flows to
the device cooling circuits 41A and 41B.
[0063] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43A is blown out from the air inlet and outlet port 43B
through the indoor cooling heat exchanger 6 and the in-
door air-conditioning heat exchanger 7 as illustrated in
Fig. 7. Since the device cooling medium warmed by the
heat generating element 9 is circulated through the in-
door cooling heat exchanger 6, the temperature of the
air passing through the indoor cooling heat exchanger 6
is increased.
[0064] In addition, the air that is further warmed
through heat exchange at the indoor air-conditioning heat

exchanger 7 disposed on the downstream side is blown
out to the inside from the air inlet and outlet port 43B. As
such, a configuration in which the air blown out to the
inside is warmed by exhaust heat of the heat generating
element 9 and is thereafter further warmed by the refrig-
eration cycle circuit 90 is achieved. In addition, the air
inlet and outlet port 43B communicates with the inside
(vehicle interior) through a duct (not shown) for temper-
ature control of the inside.
[0065] In addition, it is possible to cool the device cool-
ing medium through heat dissipation at the indoor cooling
heat exchanger 6 and heat exchange at the intermediate
heat  exchanger 4. In addition, in order to control the
temperature of the device cooling medium and the tem-
perature of the air blown out from the air inlet and outlet
port 43B, the air volume of the indoor fan 8A, the flow
rate of the pump 5, the revolutions of the compressor 1,
and the opening of the expansion valve 22A may be con-
trolled. In a case where the device cooling medium has
a temperature higher than a target temperature or in a
case where the blown air has a temperature lower than
a target temperature, the air volume of the indoor fan 8A
may be increased, the flow rate of the pump 5 may be
increased, the revolutions of the compressor 1 may be
increased, and the opening of the expansion valve 22A
may be increased.
[0066] On the other hand, in a case where the device
cooling medium has a temperature lower than a target
temperature or in a case where the blown air has a tem-
perature higher than a target temperature, the air volume
of the indoor fan 8A may be reduced, the flow rate of the
pump 5 may be reduced, the revolutions of the compres-
sor 1 may be reduced, and the opening of the expansion
valve 22Amay be reduced. In addition, not all the actua-
tors need to be controlled, and at least one actuator may
be controlled.

(8) Dehumidifying Operation

[0067] A dehumidifying operation is an operation of  de-
humidifying the inside, and is described using Fig. 8.
[0068] In the dehumidifying operation, as illustrated in
Fig. 8, the four-way valve 19 and the three-way valve 20
are connected to each other so that the discharge pipe
10 of the compressor 1 is connected to the outdoor heat
exchanger 2 and the intake pipe 11 of the compressor 1
is connected to the intermediate heat exchanger 4 and
the indoor air-conditioning heat exchanger 7. In addition,
the expansion valve 22A is totally closed and the expan-
sion valve 23 is totally opened so as not to cause the air-
conditioning cooling medium to flow to the intermediate
heat exchanger 4. That is, the outdoor heat exchanger
2 functions as a condenser and the indoor air-condition-
ing heat exchanger 7 functions as an evaporator.
[0069] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the outdoor heat exchanger 2, and thereafter
flows to the indoor air-conditioning heat exchanger 7
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through the totally-opened expansion valve 23. The air-
conditioning cooling medium that flows through the in-
door air-conditioning heat exchanger 7 is depressurized
by the expansion valve 22B to have a low temperature
and a low pressure, evaporates by absorbing heat from
the air taken into the air inlet and outlet port 43A at the
indoor air-conditioning heat exchanger 7, and returns to
the compressor 1 through the three-way valve 20.
[0070] In the device cooling circuit 41, by opening the
two-way valve 25 and closing the two-way valve 24, the
device cooling medium flows through the intermediate
heat exchanger 4 and the indoor cooling heat exchanger
6 by driving of the pump 5. In a case of closing the two-
way valve 21, the device cooling medium flows only to
the device cooling circuit 41A, and in a case of opening
the two-way valve 21, the device cooling medium flows
to the device cooling circuits 41A and 41B.
[0071] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43B is blown out from the air inlet and outlet port 43A
through the indoor air-conditioning heat exchanger 7 and
the indoor cooling heat exchanger 6 as illustrated in Fig.
8. The air blown out from the air inlet and outlet port 43B
is dehumidified and cooled through heat exchange at the
indoor air-conditioning heat exchanger 7. In addition,
since the device cooling medium warmed by the heat
generating element 9 is circulated through the indoor
cooling heat exchanger 6, the temperature of the air pass-
ing through the indoor cooling heat exchanger 6 is in-
creased.
[0072] In this manner, a so-called reheating and dehu-
midifying  operation becomes possible. The relative hu-
midity of the air supplied to the vehicle interior is reduced,
and thus comfort of the interior space may be enhanced.
In addition, the air inlet and outlet port 43A communicates
with the inside (vehicle interior) through a duct (not
shown) for temperature control of the inside.
[0073] In addition, the heat source of the indoor cooling
heat exchanger 6 used as a reheater is exhaust heat
generated by the heat generating element 9. Therefore,
unlike a case of using a heater or the like for reheating,
there is no need to newly provide energy. Therefore, it
is possible to enhance comfort of the vehicle interior with-
out an increase in power consumption.
[0074] In addition, in order to control a reheating
amount, the air volume of the indoor fan 8A, the flow rate
of the pump 5, the revolutions of the compressor 1, the
opening of the expansion valve 22B, and the air volume
of the outdoor fan 3 may be controlled. In order to in-
crease the reheating amount, the air volume of the indoor
fan 8A may be increased, the flow rate of the pump 5
may be increased, the revolutions of the compressor 1
may be increased, the opening of the expansion valve
22B may be increased, and the air volume of the outdoor
fan 3 may be increased.
[0075] On the other hand, in order to reduce the re-
heating amount, the air volume of the indoor fan 8A may
be reduced, the flow rate of the pump 5 may be reduced,

the revolutions of the compressor 1 may be reduced, the
opening of the expansion valve 22B may be reduced,
and the air volume of the outdoor fan 3 may be reduced.
In addition, not all the actuators need to be controlled,
and at least one actuator may be controlled.

(9) Heating and Dehumidifying Operation

[0076] A heating and dehumidifying operation is an op-
eration of heating and dehumidifying the inside, and is
described using Fig. 9.
[0077] In the heating and dehumidifying operation, as
illustrated in Fig. 9, the four-way valve 19 and the three-
way valve 20 are connected to each other so that the
discharge pipe 10 of the compressor 1 is connected to
the intermediate heat exchanger 4 and the intake pipe
11 of the compressor 1 is connected to the outdoor heat
exchanger 2 and the indoor air-conditioning heat ex-
changer 7. In addition, the expansion valve 22A is totally
opened and the expansion valve 23 is totally closed so
as not to cause the air-conditioning cooling medium to
flow to the outdoor heat exchanger 2. That is, the inter-
mediate heat exchanger 4 functions as a condenser and
the  indoor air-conditioning heat exchanger 7 functions
as an evaporator.
[0078] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the intermediate heat exchanger 4, and thereafter
flows to the indoor air-conditioning heat exchanger 7
through the totally-opened expansion valve 22A. The air-
conditioning cooling medium that flows through the in-
door air-conditioning heat exchanger 7 is depressurized
by the expansion valve 22B to have a low temperature
and a low pressure, evaporates by absorbing heat from
the air taken into the air inlet and outlet port 43A at the
indoor air-conditioning heat exchanger 7, and returns to
the compressor 1 through the three-way valve 20. At the
intermediate heat exchanger 4, the device cooling me-
dium is heated through heat exchange between the de-
vice cooling medium and the air-conditioning cooling me-
dium.
[0079] In the device cooling circuit 41, by opening the
two-way valve 25 and closing the two-way valve 24, the
device cooling medium flows to the intermediate heat
exchanger 4 and the indoor cooling heat exchanger 6 by
driving of the pump 5. In a case of closing the two-way
valve 21, the device cooling medium flows only to the
device cooling circuit 41A, and in a case of opening the
two-way valve 21, the device cooling medium flows to
the  device cooling circuits 41A and 41B. In a case of
much use of exhaust heat of the heat generating element
9, the two-way valve 21 may be opened.
[0080] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43B is blown out from the air inlet and outlet port 43A
through the indoor air-conditioning heat exchanger 7 and
the indoor cooling heat exchanger 6 as illustrated in Fig.
9. The air blown out from the air inlet and outlet port 43B
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is dehumidified and cooled through heat exchange at the
indoor air-conditioning heat exchanger 7. In addition,
since the device cooling medium warmed by the inter-
mediate heat exchanger 4 and the heat generating ele-
ment 9 is circulated through the indoor cooling heat ex-
changer 6, the temperature of the air passing through
the indoor cooling heat exchanger 6 is increased. In this
manner, the heating and dehumidifying operation be-
comes possible. In addition, the air inlet and outlet port
43A communicates with the inside (vehicle interior)
through a duct (not shown) for temperature control of the
inside.
[0081] In order to control the temperature of the air
blown out from the air inlet and outlet port 43A, the air
volume of the indoor fan 8A, the flow rate of the pump 5,
the revolutions of the compressor 1, and the opening of
the expansion valve  22B may be controlled. In a case
where the blown air has a temperature lower than a target
temperature, the air volume of the indoor fan 8A may be
increased, the flow rate of the pump 5 may be increased,
the revolutions of the compressor 1 may be increased,
and the opening of the expansion valve 22B may be in-
creased.
[0082] On the other hand, in a case where the blown
air has a temperature higher than a target temperature,
the air volume of the indoor fan 8A may be reduced, the
flow rate of the pump 5 may be reduced, the revolutions
of the compressor 1 may be reduced, and the opening
of the expansion valve 22B may be reduced. In addition,
not all the actuators need to be controlled, and at least
one actuator may be controlled.

(10) Device Heating Operation

[0083] At starting up in the winter season in which the
outside air temperature is low, there are cases where it
is good to warm the heat generating element 9 in ad-
vance. A device heating operation is an operation of
warming the heat generating element 9 without perform-
ing inside air-conditioning, and is described using Fig. 10.
[0084] In the device heating operation, as illustrated in
Fig. 10, the four-way valve 19 and the three-way valve
20 are  connected to each other so that the discharge
pipe 10 of the compressor 1 is connected to the interme-
diate heat exchanger 4 and the indoor air-conditioning
heat exchanger 7 and the intake pipe 11 of the compres-
sor 1 is connected to the outdoor heat exchanger 2. In
addition, the expansion valve 22A is totally opened and
the expansion valve 22B is totally closed so as not to
cause the air-conditioning cooling medium to flow to the
indoor air-conditioning heat exchanger 7. That is, the in-
termediate heat exchanger 4 functions as a condenser
and the outdoor heat exchanger 2 functions as an evap-
orator.
[0085] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the intermediate heat exchanger 4, and thereafter
flows to the outdoor heat exchanger 2 through the totally-

opened expansion valve 22A. The air-conditioning cool-
ing medium that flows through the outdoor heat exchang-
er 2 is depressurized by the expansion valve 23 to have
a low temperature and a low pressure, evaporates by
absorbing heat from the outside air at the outdoor heat
exchanger 2, and returns to the compressor 1. At the
intermediate heat exchanger 4, the device cooling me-
dium is heated through heat exchange between the de-
vice cooling medium and the air-conditioning cooling me-
dium.
[0086] In the device cooling circuit 41, by closing the
two-way  valve 25 and opening the two-way valve 24,
the device cooling medium does not flow to the indoor
cooling heat exchanger 6 by driving of the pump 5. In a
case of closing the two-way valve 21, the device cooling
medium flows only to the device cooling circuit 41A, and
in a case of opening the two-way valve 21, the device
cooling medium flows to the device cooling circuits 41A
and 41B. The two-way valve 21 may be opened to cause
the device cooling medium to flow to the heat generating
element 9 to be heated.
[0087] Since the device cooling medium is heated by
the refrigeration cycle circuit 90, the heat generating el-
ement 9 may be heated by circulating the device cooling
medium.
[0088] In the indoor unit 42, taking in and discharge of
air are not performed, and the indoor fans 8A and 8B are
not driven. In addition, since the device cooling medium
and the air-conditioning cooling medium do not flow to
the indoor cooling heat exchanger 6 and the indoor air-
conditioning heat exchanger 7, respectively, heat ex-
change is not made.
[0089] In addition, in order to control a heating amount,
the flow rate of the pump 5, the revolutions of the com-
pressor 1, the opening of the expansion valve 23, and
the air volume of the outdoor fan 3 may be controlled. In
order to increase the  heating amount, the flow rate of
the pump 5 may be increased, the revolutions of the com-
pressor 1 may be increased, the opening of the expan-
sion valve 23 may be increased, and the air volume of
the outdoor fan 3 may be increased.
[0090] On the other hand, in order to reduce the heating
amount, the flow rate of the pump 5 may be reduced, the
revolutions of the compressor 1 may be reduced, the
opening of the expansion valve 23 may be reduced, and
the air volume of the outdoor fan 3 may be reduced. In
addition, not all the actuators need to be controlled, and
at least one actuator may be controlled.
[0091] In the heating operation illustrated in Fig. 6 and
in the device heating operation illustrated in Fig. 10, frost
formation on the outdoor heat exchanger 2 may not be,
avoided. A defrosting operation is an operation of per-
forming defrosting of the outdoor heat exchanger 2 by
temporarily switching from the heating operation and the
device heating operation, and is described using Fig. 11.
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(11) Defrosting Operation

[0092] In the defrosting operation, as illustrated in Fig.
11, the four-way valve 19 and the three-way valve 20 are
connected to each other so that the discharge pipe 10 of
the compressor 1 is connected to the outdoor heat ex-
changer 2 and the indoor  air-conditioning heat exchang-
er 7 and the intake pipe 11 of the compressor 1 is con-
nected to the intermediate heat exchanger 4. In addition,
the expansion valves 23 and 22B are totally opened. That
is, the outdoor heat exchanger 2 and the indoor air-con-
ditioning heat exchanger 7 function as condensers and
the intermediate heat exchanger 4 functions as an evap-
orator.
[0093] The air-conditioning cooling medium com-
pressed by the compressor 1 is liquefied by dissipating
heat at the outdoor heat exchanger 2 and the indoor air-
conditioning heat exchanger 7, and thereafter flows to
the intermediate heat exchanger 4 through the totally-
opened expansion valves 22B and 23. Accordingly, frost
formed on the outdoor heat exchanger 2 may be re-
moved. The air-conditioning cooling medium that flows
through the intermediate heat exchanger 4 is depressu-
rized by the expansion valve 22A to have a low temper-
ature and a low pressure, evaporates by absorbing heat
from the intermediate heat exchanger 4, and returns to
the compressor 1. At the intermediate heat exchanger 4,
the device cooling medium is cooled through heat ex-
change between the device cooling medium and the air-
conditioning cooling medium.
[0094] In the device cooling circuit 41, by closing the
two-way valve 25 and opening the two-way valve 24, the
device cooling  medium does not flow to the indoor cool-
ing heat exchanger 6 by driving of the pump 5. In a case
of closing the two-way valve 21, the device cooling me-
dium flows only to the device cooling circuit 41A, and in
a case of opening the two-way valve 21, the device cool-
ing medium flows to the device cooling circuits 41A and
41B. Since the device cooling medium is cooled by the
refrigeration cycle circuit 90, the heat generating element
9 may be cooled by circulating the device cooling medi-
um.
[0095] The switching damper 44 in the indoor unit 42
is set so that air taken into the air inlet and outlet port
43A is blown out from the air inlet and outlet port 43B
through the indoor cooling heat exchanger 6 and the in-
door air-conditioning heat exchanger 7 as illustrated in
Fig. 11. Since the device cooling medium is not circulated
through the indoor cooling heat exchanger 6, the tem-
perature of air passing through the indoor cooling heat
exchanger 6 does not change.
In addition, the air that is further warmed through heat
exchange at the indoor air-conditioning heat exchanger
7 disposed on the downstream side is blown out to the
inside from the air inlet and outlet port 43B. As such, the
warmed air may be blown out to the inside even in the
defrosting operation. In addition, the air inlet and outlet
port 43B communicates with the inside (vehicle interior)

through a duct (not shown) for temperature control of the
inside.
[0096] In addition, the warmed air may also not be
blown to the inside. In the above-described configuration,
the expansion valve 22B may be totally closed, and the
indoor fans 8A and 8B may not be driven.
[0097] In addition, in order to control a defrosting
amount, the air volume of the indoor fan 8A, the flow rate
of the pump 5, the revolutions of the compressor 1, the
opening of the expansion valve 22A, and the air volume
of the outdoor fan 3 may be controlled. In order to in-
crease the defrosting amount, the air volume of the indoor
fan 8A may be increased, the flow rate of the pump 5
may be increased, the revolutions of the compressor 1
may be increased, the opening of the expansion valve
22A may be increased, and the air volume of the outdoor
fan 3 may be increased. On the other hand, in order to
reduce the defrosting amount, the air volume of the indoor
fan 8A may be reduced, the flow rate of the pump 5 may
be reduced, the revolutions of the compressor 1 may be
reduced, the opening of the expansion valve 22A may
be reduced, and the air volume of the outdoor fan 3 may
be reduced. In addition, not all the actuators need to be
controlled, and at least one actuator may be controlled.

(12) Reason to Switch Flow of Air in Indoor Unit 42 ac-
cording to Operation Modes

[0098] In the description of the above-mentioned op-
erations, the flow of the air in the indoor unit 42 is switched
according to the operation modes. The reason for this
will be described.
[0099] In a case of performing dehumidification, as il-
lustrated in Fig. 12, the air needs to be warmed by the
indoor cooling heat exchanger 6 after cooling and dehu-
midifying the air at the indoor air-conditioning heat ex-
changer 7. Here, a case of performing the heating oper-
ation using exhaust heat of the heat generating element
9 in the arrangement of the heat exchanger illustrated in
Fig. 12 is considered.
[0100] As illustrated in Fig. 12, when the air passes
through the indoor air-conditioning heat exchanger 7 and
the indoor cooling heat exchanger 6 in this order, in a
state where the device cooling medium is not sufficiently
warmed, the temperature of the air warmed by the indoor
air-conditioning heat exchanger 7 is lowered at the indoor
cooling heat exchanger 6. In a case where the temper-
ature of the device cooling medium that flows through
the indoor cooling heat exchanger 6 is low as such, the
two-way valve 24 is opened and the two-way valve 25 is
closed so as not to cause the device cooling medium to
flow to the indoor cooling heat exchanger 6.
[0101] That is, the heating operation using exhaust
heat may not be performed. Considering this, as illustrat-
ed in Fig. 13, the air may be caused to pass through the
indoor cooling heat exchanger 6 and the indoor air-con-
ditioning heat exchanger 7 in this order. This is because
the temperature of the air may further be increased at
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the indoor air-conditioning heat exchanger 7 after in-
creasing the temperature of the air at the indoor cooling
heat exchanger 6 by the device cooling medium. If there
is any increase in the temperature of the device cooling
medium by the heat generating element 9, the heating
operation using exhaust heat becomes possible. Accord-
ingly, it is possible to reduce energy consumption of the
air-conditioning system.
[0102] In addition, when the air passes as illustrated
in Fig. 13, as described above, the dehumidifying oper-
ation may not be performed. Therefore, the flow direction
of the air is switched according to the operation modes.
That is, the air is caused to flow as illustrated in Fig. 12
in the dehumidifying operation and the heating and de-
humidifying operation, and the air is caused to flow as
illustrated in Fig. 13 in the other operation modes.
[0103] In addition, in the case of device cooling as il-
lustrated  in Figs. 3 and 5, and in a case of not warming
the inside, the switching damper 44 is provided so as not
to cause the warm air subjected to heat exchange at the
indoor cooling heat exchanger 6 to enter the vehicle in-
terior.
[0104] Next, the air inlet and outlet ports 43A, 43B,
43C, and 43D of the indoor unit 42 illustrated in Fig. 2
will be described. In a case of taking in air, the air inlet
and outlet ports 43A, 43B, and 43C are caused to take
in air in the inside (inside air) or air outside the vehicle
(outside air) through ducts (not shown), and in a case of
blowing out air, the air inlet and outlet ports 43A and 43B
are caused to blow out air to the inside (vehicle interior)
through ducts (not shown). The air blown out to the inside
may be switched to the foot, the windshield, or the like
by the ducts (not shown). In addition, the air inlet and
outlet port 43D is provided with a duct (not shown) so as
not to blow out air to the outside (vehicle exterior).

(13) Description of Heat generating element

[0105] However, the heat generating element 9 pro-
vided in the device cooling circuit 41 is a device mounted
in the vehicle and is a device of which the temperature
needs to be adjusted to be in a predetermined range
during vehicle driving. As specific examples of the heat
generating element 9, there are  a motor 73 for travel
driving, an inverter 72 for driving the motor 73, a driving
battery 76, a deceleration mechanism (gearbox) provid-
ed in a travel driving system, and the like.
[0106] In a case of performing temperature control by
providing the heat generating element 9 in the device
cooling circuit 41, temperature control needs to be per-
formed depending on the temperature characteristics of
each of the devices. Fig. 14 is a diagram illustrating con-
ditions of objects of temperature control. As the objects
of temperature control, there are the vehicle interior and
the heat generating element 9. Regarding the heat gen-
erating element 9, the motor 73, the inverter 72, the bat-
tery 76, and the gearbox are described.
[0107] For air-conditioning of the vehicle interior, cool-

ing, heating, and dehumidifying are appropriately per-
formed on the basis of temperature setting, outside air
temperature, and the like. However, as described later,
there is a case where cooling is stopped or weakened to
cool the heat generating element 9.
[0108] The temperatures of the motor 73 and the in-
verter 72 are generally increased when they output high
torques. Therefore, output times of high torques are lim-
ited so as not to cause the temperatures to be equal to
or higher than predetermined  temperatures. The output
times of high torques may be extended by enhancing the
cooling abilities of the motor 73 and the inverter 72. The
temperature of the device cooling medium that is circu-
lated in the motor 73 and the inverter 72 is controlled to
be equal to or less than, for example, 60°C.
[0109] Regarding the battery 76, in order to sufficiently
exhibit the charging and discharging ability thereof, that
is, in order to achieve enhancement of the charging and
discharging efficiency, it is preferable to maintain the tem-
perature of the battery 76 in a predetermined temperature
range. Therefore, in a case where the battery tempera-
ture is low (for example, at starting up in a case where
the outside air temperature is low), warming up (device
heating) is needed, and in a case where the battery tem-
perature increases too high due to heat generation of the
battery itself, cooling is needed.
[0110] A parallel gear train in the gearbox is in a state
of being immersed in a lubricating oil. The viscosity of
the lubricating oil in a casing of the gearbox influences a
loss during driving, and in a case where the temperature
of the lubricating oil is low (during starting up in a case
where the outside air temperature is low, and the like),
an agitation loss which is a loss when the gear agitates
the lubricating oil is increased. Contrary to this, in a case
where the  temperature of the lubricating oil is too high,
oil film formation is not sufficiently performed on the en-
gagement surface of the gear, and a frictional loss is in-
creased. Therefore, at starting up in the winter season
and the like, warming up (device heating) is needed, and
in the case where the temperature of the lubricating oil
is high, heat dissipation from the gearbox needs to be
hastened.

(14) Control Flow

[0111] In the present invention, as illustrated in Fig. 1,
the air-conditioning control apparatus 61 acquires the ve-
hicle driving information 64 (vehicle speed information,
accelerator opening information, and the like) and the
travel plan information 65, and controls the air-condition-
ing apparatus 60 on the basis of such information, the
temperatures 63 of devices that need temperature con-
trol, and the vehicle interior temperature 62. For example,
devices that need temperature control and a change in
the temperature of the vehicle interior are predicted, and
by changing the setting temperatures of the air-condi-
tioning cooling medium and the device cooling medium
in advance on the basis of the prediction, cooling and
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warming up of each of the devices are efficiently per-
formed, and thus the device temperatures are controlled
to be optimal.
[0112]   Fig. 15 is a flowchart illustrating a control
processing program executed in the air-conditioning con-
trol apparatus 61. A microcomputer provided in the air-
conditioning control apparatus 61 sequentially executes
processes illustrated in Fig. 15 through software process-
ing. In addition, the microcomputer starts the processes
of the program illustrated in Fig. 15 when the ignition key
switch of the vehicle is turned on.
[0113] In Step S1, initial setting temperatures of the
air-conditioning cooling medium used for air-conditioning
of the vehicle interior and the device cooling medium
used for cooling and heating the heat generating element
9 are determined. The initial setting temperatures are set
to appropriate temperatures, for example, in a case of
assuming room temperature as the outside air tempera-
ture and flat road travel at a predetermined speed.
[0114] In Step S2, it is determined whether or not there
is an air-conditioning system driving command. In a case
of a configuration in which driving of the air-conditioning
system is turned on and off by ON and OFF of the vehicle,
presence of the air-conditioning system driving com-
mand is determined by whether or not the vehicle on and
off switch is turned on. In Step S2, NO is determined, the
program of Fig. 15 is ended. On the other hand, in Step
S2, YES is determined, the program proceeds to Step S3.
[0115] In Step S3, on the basis of at least one of the
vehicle driving information 64, the travel plan information
65, the detection temperature of each of the heat gener-
ating elements 9, and the detection temperature of the
cooling medium, changes in the temperature of the ve-
hicle interior, each of the heat generating elements 9, the
air-conditioning cooling medium, and the device cooling
medium, which are the objects of temperature control,
are predicted.
[0116] In Step S4, on the basis of the prediction of the
temperature changes obtained in Step S3, it is deter-
mined whether or not there is a need to change the setting
temperatures of the air-conditioning cooling medium and
device cooling medium.
[0117] When it is determined that there is a need to
change in Step S4, the program proceeds to Step S5 to
change the setting temperatures of the cooling media,
and proceeds to Step S6. On the other hand, the predic-
tion temperatures are calculated and it is determined that
there is no need to change, the program skips Step S5
and proceeds to Step S6.
[0118]   In Step S6, in order to change the current tem-
peratures of the cooling media on the basis of the
changed setting temperatures, each of the actuators of
the air-conditioning apparatus 60 illustrated in Fig. 1 is
controlled.
[0119] In addition, in the above description, in Steps
S4 to S6, the setting temperatures of the cooling media
are changed. However, the setting temperatures of the
heat generating elements 9 (the vehicle interior, each of

the devices) may also be changed.

(15) Change in Setting Temperatures of Heat generating 
elements

[0120] Next, vehicle states and changes in the setting
temperatures of the heat generating elements 9 which
are the devices that need temperature control are de-
scribed using Fig. 16. The vehicle states are based on
detection signals from an accelerator sensor and a ve-
hicle speed sensor as the vehicle driving information 64,
and the travel plan information 65 from a navigation ap-
paratus.
[0121] In Fig. 16, 9 kinds of vehicle states including
during charging, before starting travel, before starting off,
acceleration and deceleration and before mountain road
travel and during travel, during general road travel, before
expressway travel and during travel, before a temporary
stop  (for example, waiting for a traffic light, congestion,
and the like), before a stop, and during a stop are de-
scribed, but the vehicle states are not limited thereto. In
addition, the objects of temperature control are the vehi-
cle interior, the motor, the inverter, the battery, and the
gearbox.
[0122] From the vehicle driving information 64 (vehicle
speed, acceleration opening), the intention of a driver (to
accelerate, and the like) may be determined. The travel
plan information 65 is information on the road to the des-
tination by the navigation apparatus (congestion states,
the gradient of the road) and destination information. The
amount of heat generated by the heat generating element
9 is predicted from the output of the motor predicted as
above and the output of inside air-conditioning, and the
setting temperature of the vehicle interior and the setting
temperature of the devices as the objects of temperature
control re changed.
[0123] For example, in a case where an intention of
accelerating may be predicted from the vehicle driving
information 64, the setting temperatures of the motor and
the inverter are reduced in order to cool the motor and
the inverter in advance. In addition, in a case where
mountain road travel is predicted from the travel plan
information 65, the setting temperatures of the motor and
the inverter are reduced to be lower than  initial settings.
The initial settings are settings on the supposition of gen-
eral travel on, for example, a flat road. The setting tem-
perature of the battery is not changed, and warming up
or cooling is performed by controlling the flow of the de-
vice cooling medium so that a predetermined tempera-
ture range in which efficient charging and discharging
are performed is achieved. The setting temperature of
the gearbox is not changed either, and recovery of ex-
haust heat is performed.
[0124] In a case of charging, the setting temperature
is not changed, and warming up and cooling are control-
led so that the battery temperature during charging is in
a predetermined temperature range. Regarding the ve-
hicle interior, the motor, the inverter, and the gearbox,
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heating and cooling, or cooling and warming up are not
performed.
[0125] Before starting travel supposes a case where
battery charging is performed by an AC power supply
during parking of the vehicle. In this case, the vehicle
interior is subjected to cooling and heating by the AC
power supply in advance so that the temperature of the
vehicle interior is in a comfort state at starting travel.
[0126] When the vehicle state is before starting, the
setting temperatures of all the objects of temperature
control are set  to states of not change in preparation for
travel immediately after the starting, and cooling and
warming up of the battery and warming up of the gearbox
are performed. As before starting travel and before start-
ing, the battery and the gearbox are warmed up before
vehicle travel, thereby achieving enhancement in effi-
ciency during travel.
[0127] When the vehicle state is during general road
travel, that is, in a standard vehicle state, the setting tem-
peratures of all the objects of temperature control are set
to states of no change.
[0128] Even when the vehicle state is before express-
way travel and during travel, as in the case of mountain
road travel, the motor output is increased. Therefore, the
same control of the setting temperatures and air-condi-
tioning as that in the case of mountain road travel is per-
formed.
[0129] In a temporary stop state such as waiting for a
traffic light or during congestion, heating of the motor and
the inverter is reduced compared to the travel state, and
the temperature is not increased even though a cooling
power is lower. Therefore, the cooling power is weakened
by increasing the setting temperatures of the motor and
the inverter. As a result, energy saving may be achieved.
Regarding the setting  temperature of the battery, the
temperature range is widened.
[0130] In a state where a stop is predicted from the
travel plan information, such as on arrival at the destina-
tion (before a stop), the setting temperatures of the motor,
the inverter, and the battery are set as in the case of
before a temporary stop. However, since a stop of vehicle
driving is predicted, cooling and heating of the vehicle
interior and cooling and warming up of the gearbox are
stopped in advance, thereby achieving energy saving.
[0131] Furthermore, during a stop, cooling and heating
of the vehicle interior and cooling and warming up of all
the devices as the objects of temperature are stopped.
[0132] In addition, in a state where air-conditioning of
the vehicle interior and cooling and warming up of each
of the devices are performed, in a case where the tem-
perature of each of the devices is close to the upper limit
temperature, cooling and warming up of each of the de-
vices are prior to air-conditioning of the vehicle interior.
[0133] Under the control of the flowchart of Fig. 15 de-
scribed above, temperature changes are predicted in
Step S3, and the setting temperatures (target tempera-
tures) of the cooling  media are changed on the basis of
the prediction result. However, the vehicle states illus-

trated in Fig. 16 may be predicted from the vehicle driving
information 64 and the travel plan information 65 and
changing the setting temperatures may be directly deter-
mined from the prediction result.

(16) Description of EV Control Apparatus

[0134] Next, a configuration of a control apparatus of
an electric vehicle in which the vehicular air-conditioning
system of the present invention is mounted is described
using Fig. 17. The control apparatus of the electric vehicle
includes: a vehicle control apparatus 70 which performs
control of the entire vehicle; the air-conditioning control
apparatus 61 which performs control of the air-condition-
ing apparatus 60; a braking and driving control
apparatus71 which controls braking and driving of the
motor 73, the inverter 72, and a brake 74; a battery control
apparatus 75 which performs power management of the
battery 76. In addition, control apparatuses other than
those are present, but description thereof will be omitted
in this embodiment.
[0135] The air-conditioning control apparatus 61
switches the operations of the air-conditioning apparatus
60 illustrated in Figs. 3 to 11 described above and con-
trols the temperatures  of the air-conditioning cooling me-
dium and the device cooling medium illustrated in Fig. 15.

(17) Control of Change in Control Cycle

[0136] Fig. 18 is a flowchart of a program that executes
changing of a control cycle in the air-conditioning control
apparatus 61. Typically, the control cycle is set to t1. How-
ever, in a case where the temperature of the device cool-
ing medium is equal to or higher than a predetermined
temperature T1 in Step S101, the control cycle is main-
tained at t2 or is changed in Step S103. Here, t2 is smaller
than t1. In a case where the temperature of the device
cooling medium is smaller than the predetermined tem-
perature T1 in Step S101, the control cycle is maintained
at t1 or is changed in Step S102.
[0137] As described above, in cases where the device
cooling operation, the cooling and device cooling oper-
ation, and the heating and device cooling operation are
performed while the temperature of the device cooling
medium is increased, the control cycle of the air-condi-
tioning control apparatus 61 is shortened. In order to re-
duce the change in the temperature of the vehicle interior
and achieve an increase in life-span by reducing the
number of operations of the devices including the com-
pressor 1 and the expansion valves 22A, 22B, and 23,
the control cycle of the air-conditioning control apparatus
61 may be long.
[0138] On the other hand, in the case where the motor
73 and the inverter 72 output high torques as described
above, the temperature of the device cooling medium
may be rapidly increased. Here, in the case of device
cooling as illustrated in Fig. 18, by shortening the control
cycle of the air-conditioning control apparatus 61, a rapid
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increase in the temperature of the device cooling medium
is suppressed.
A temperature increase in the device cooling medium in
the control cycle t1 is predicted, and the predetermined
temperature T1 in Step S101 is set to be lower than the
upper limit temperature of the device cooling medium by
the temperature increase. The temperature increase in
the control cycle t1 is obtained from the heat capacity of
the device cooling circuit and the amount of heat gener-
ated by the heat generating element 9. In a case where
the heat capacity of the device cooling circuit is low and
the amount of heat generated by the heat generating
element 9 is high, the temperature increase is increased.
In addition, the predetermined temperature T1 may be a
fixed value determined in advance or may also be
changed by amounts of heat generated and the like of
the devices that change during driving of the vehicular
air-conditioning system.
[0139]   In addition, in the above example, the control
cycle is changed. However, in a case of cooling the de-
vices, the acceleration and deceleration time of the com-
pressor 1 may be set to be shorter than a typical time.
(18) High-Torque Operation Determination Control of
Motor
Fig. 19 is a flowchart of a program that determines wheth-
er or not the motor 73 is subjected to a high-torque op-
eration.
[0140] In Step S201, it is determined whether or not
there is a request of the motor 73 for a high-torque op-
eration. In a case where there is a request for the high-
torque operation in Step S201, it is determined whether
or not the temperature of the device cooling medium is
equal to or less than the predetermined temperature T2
in Step S201. In a case where there is no request for the
high-torque operation in Step S201, the program waits
for a request for the high-torque operation in Step S201.
[0141] In Step S202, in a case where the temperature
of the device cooling medium is equal to or less than the
predetermined temperature T2, the high-torque opera-
tion of the motor 73 is performed in Step S204. In Step
S202, in a case where the temperature of the device cool-
ing medium is higher than the predetermined tempera-
ture T2, a device cooling operation is  performed until the
device cooling medium has the predetermined temper-
ature T2 or less in Step 203.
[0142] The predetermined temperature T2 in Step
S202 is lower than T1, and is determined from the output
torque of the motor 73 and the high-torque operation time.
As the operation time is longer at the same high torque,
the predetermined temperature T2 is reduced.
[0143] As described above, since whether or not the
motor 73 is subjected to the high-torque operation is de-
termined by the temperature of the device cooling medi-
um, damage of the motor 73 or the inverter 72 may be
prevented.

(19) Driving Control of Compressor

[0144] Fig. 20 is a flowchart of driving control of the
compressor 1. Control illustrated in Fig. 20 represents
only parts to perform driving and stopping of the com-
pressor 1. Control of the revolutions of the compressor
1 is separately performed along with control of the open-
ings of the expansion valves 22A, 22B, and 23.
[0145] In Step S301, it is determined whether or not
there is a difference between the inside temperature and
an inside target temperature or whether or not the device
cooling medium  reaches an upper limit temperature. In
Step S301, in a case where there is a difference between
the inside temperature and the inside target temperature
or the device cooling medium reaches the upper limit
temperature, the compressor 1 is driven in Step S302.
The revolutions of the compressor 1 are determined by
the difference between the inside temperature and the
inside target temperature and the difference between the
temperature of the device cooling medium and the upper
limit temperature.
[0146] In Step S301, in a case where there is no dif-
ference between the inside temperature and the inside
target temperature or the device cooling medium does
not reach the upper limit temperature, the compressor 1
is stopped or maintained in the stopped state in Step 303.
[0147] The compressor 1 is driven in Step S302, and
it is determined whether or not the compressor 1 is driven
at the minimum revolutions in Step S304. In a case where
the compressor 1 is not driven at the minimum revolutions
in Step S304, the program returns to Step S301, and in
a case of driving at the minimum revolutions, it is deter-
mined whether or not the inside temperature reaches a
target temperature in Step S305.
[0148]   In a case where the inside temperature does
not reach the target temperature in Step S305, the pro-
gram returns to Step S301, and in a case of reaching the
target temperature, the compressor 1 is continuously
driven at the minimum revolutions in Step 306. In addi-
tion, it is determined whether or not the temperature of
the device cooling medium is equal to or less than a pre-
determined temperature T3 in Step S307.
[0149] In a case where the temperature of the device
cooling medium is higher than the predetermined tem-
perature T3 in Step 307, the program returns to Step
S306, and in a case of the predetermined temperature
T3 or less, the compressor 1 is stopped in Step S308. In
addition, determination of whether or not a predeter-
mined time has passed after stopping the compressor 1
is performed in Step S309. In a case where the prede-
termined time has not passed after the stop in Step S309,
the program returns to Step S308, and the stopped state
of the compressor 1 is maintained. In a case where the
predetermined time has passed after stopping the com-
pressor 1 in Step S309, the program returns to Step
S301.
[0150] The compressor may not be restarted for a pre-
determined time in terms of device protection in the case
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of being stopped from the driven state. Driving control of
the compressor 1 of Fig. 20 is control corresponding to
this. In addition, in  order to suppress an increase in the
temperature of the device cooling medium during the stop
of the compressor 1, the compressor 1 is stopped after
the temperature of the device cooling medium is reduced
to T3. The predetermined temperature T3 is lower than
the upper limit temperature, and is equal to or greater
than an outside air temperature for dew condensation
prevention. In addition, the amount of heat generated by
the device may be predicted on the basis of the travel
plan information 65 such as the road information and the
destination information, and the temperature T3 of the
device cooling medium may be obtained on the basis of
the amount of heat generated. That is, T3 is obtained
from the predicted temperature of the device cooling me-
dium after passing the predetermined time in Step 309.
[0151] In addition, although not illustrated in Fig. 20, in
a case where the device cooling medium exceeds the
upper limit temperature during the stop of the compressor
1, the output of the motor 73 is limited.
A time after the stop in Step 309 is measured even during
a stop of the vehicle (ignition OFF), and thus the com-
pressor 1 may be protected even at restarting the vehicle.
[0152] The above-described embodiments may be
used singly or in combinations. This is because the ef-
fects of the  embodiments may be exhibited singly or
synergized. In addition, the present invention is not lim-
ited to the above embodiments as long as the features
of the present invention are not harmed.

Reference Signs List

[0153] 1: compressor, 2: outdoor heat exchanger, 3:
outdoor fan, 4: intermediate heat exchanger, 5: circula-
tion pump, 6, 6A, 6B: indoor cooling heat exchanger, 7:
indoor air-conditioning heat exchanger, 8, 54: indoor fan,
9 (9A, 9B) : heat generating element, 10: discharge pipe,
11: intake pipe, 19: four-way valve, 20: three-way valve,
21, 24, 25: two-way valve, 22A, 22B, 23: expansion valve,
41, 41A, 41B, 41C, 41D, 50, 51: device cooling circuit,
42: indoor unit, 43A, 43B, 43C, 43D: air inlet and outlet
port, 44, 52, 53: switching damper, 55, 56: intake port,
57, 58: discharge port, 60: air-conditioning apparatus,
61: air-conditioning control apparatus, 62: vehicle interior
temperature, 63: temperature of device that.need tem-
perature control, 64: vehicle driving information, 65: trav-
el plan information, 70: vehicle control apparatus, 71:
braking and driving control apparatus, 72: inverter, 73:
motor, 74: brake, 75: battery control apparatus, 76: bat-
tery, 90, 90A, 90B: refrigeration cycle circuit.

Claims

1. A vehicular air-conditioning system comprising:

a vehicle interior air-conditioning apparatus

which includes a device cooling circuit of a heat
generating device mounted in a vehicle, and a
refrigeration cycle circuit; and
an intermediate heat exchanger for heat ex-
change between a device cooling medium of the
device cooling circuit and an air-conditioning
cooling medium of the refrigeration cycle circuit,
wherein, when a temperature of the device cool-
ing medium of the device cooling circuit be-
comes equal to or higher than a first predeter-
mined temperature, a control cycle of the vehic-
ular air-conditioning system is set to a short time,
and
the first predetermined temperature is less than
an upper limit temperature of the device cooling
medium and is determined from a heat capacity
of the device cooling circuit and an amount of
heat generated by the heat generating device.

2. A vehicular air-conditioning system comprising:

a vehicle interior air-conditioning apparatus
which includes a device cooling circuit of a heat
generating device mounted in a vehicle, and a
refrigeration cycle circuit; and
an intermediate heat exchanger for heat ex-
change between  a device cooling medium of
the device cooling circuit and an air-conditioning
cooling medium of the refrigeration cycle circuit,
wherein, in a case where a compressor of a re-
frigeration cycle is driven at minimum revolu-
tions and in a case where an inside temperature
reaches a target temperature, when a temper-
ature of the device cooling medium becomes
equal to or less than a second predetermined
temperature, the compressor is stopped.

3. The vehicular air-conditioning system according to
claim 2,
wherein an amount of heat generated by the heat
generating device is predicted on the basis of travel
plan information such as road information or desti-
nation information, and
the second predetermined temperature of the device
cooling medium is changed on the basis of the pre-
dicted amount of heat generated.

4. The vehicular air-conditioning system according to
claim 1 or 2,
wherein the predetermined temperature of the de-
vice cooling medium is set to be equal to or greater
than an outside air temperature.

5. The vehicular air-conditioning system according to
claim 2,
wherein, in a case where the device cooling medium
reaches an upper limit temperature or higher during
a stop of the compressor, an output of the heat gen-
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erating device is limited.

6. The vehicular air-conditioning system according to
claim 2,
wherein a time after a stop of the compressor is
measured so that restarting is not performed until a
predetermined time has passed.

7. A vehicular air-conditioning system comprising:

a vehicle interior air-conditioning apparatus
which includes a device cooling circuit of a heat
generating device mounted in a vehicle, and a
refrigeration cycle circuit; and
an intermediate heat exchanger for heat ex-
change between a device cooling medium of the
device cooling circuit and an air-conditioning
cooling medium of the refrigeration cycle circuit,
wherein, in a case where there is a request of a
motor that drives the vehicle for a high-torque
operation and in a case where a temperature of
the device cooling medium of the  device cooling
circuit is equal to or less than a third predeter-
mined temperature, the motor is driven in the
high-torque operation, and
in a case where the temperature of the device
cooling medium exceeds the predetermined
temperature, the vehicular air-conditioning sys-
tem is operated to reduce the temperature of the
device cooling medium, and the high-torque op-
eration is not performed.
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