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(7) ABSTRACT

In an air conditioner for a vehicle having an engine that is
temporarily stopped when an engine power is unnecessary,
when an engine operation request signal from the air con-
ditioner is output, the engine is operated to drive a com-
pressor so that pleasant performance of a passenger com-
partment can be obtained. On the other hand, when the
engine operation request signal from the air conditioner is
not output, a determination level whether or not the com-
pressor operates is changed so that a stop range of the engine
is enlarged, while the pleasant performance of the passenger
compartment is set in a suitable range. Accordingly, the
pleasant performance of the passenger compartment is
improved while fuel economy performance of the engine is
improved.
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VEHICLE AIR CONDITIONER WITH REDUCED
FUEL CONSUMPTION OF VEHICLE ENGINE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is related to and claims priority
from Japanese Patent Application No. 2000-24784 filed on
Jan. 28, 2000, the contents of which are hereby incorporated
by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to an air conditioner
for a vehicle in which a vehicle engine temporarily auto-
matically stops and a compressor of a refrigerant cycle is
driven by the vehicle engine. In the vehicle air conditioner,
a fuel consumption of the vehicle engine is reduced.

[0004] 2. Description of Related Art

[0005] In a conventional vehicle air conditioner described
in JP-A-7-179120, an air-conditioning control is performed
based on a humidity of air in a passenger compartment and
a humidity of air on a windshield so that the humidity of air
is suitably controlled to improve defrosting performance of
the windshield and pleasant performance of the passenger
compartment. However, when the vehicle air conditioner is
applied to an economically running vehicle (hereinafter,
referred to as “eco-run vehicle”) where a vehicle engine
automatically stops when the vehicle stops, or a hybrid
vehicle having both a vehicle engine and an electrical motor
for vehicle-travelling, it may be difficult to obtain pleasant
performance of the passenger compartment and defrosting
performance of the windshield, while the characteristics of
the eco-run vehicle and the hybrid vehicle are obtained.

SUMMARY OF THE INVENTION

[0006] In view of the foregoing problems, it is an object of
the present invention to provide an air conditioner for a
vehicle having a vehicle engine which temporarily stops in
a case where an engine power is unnecessary, such as a
vehicle stop. In the air conditioner, a humidity of air in a
passenger compartment or air on a windshield is controlled
in a suitable range so that pleasant performance and defrost-
ing performance can be obtained while fuel consumption
ratio of the vehicle engine is improved.

[0007] According to the present invention, an air condi-
tioner is mounted on a vehicle having an engine that is
operated when at least one of a first engine operation request
signal from the air conditioner and a second engine opera-
tion request signal from a vehicle condition except for the air
conditioner is output, and is stopped when both the first and
second engine operation request signals are not output. In
the air conditioner, a compressor control means determines
a pleasant performance based on a humidity of air in the
passenger compartment and determines whether or not
operation of the compressor is necessary, and the control
unit outputs the first engine operation request signal when
the compressor control means determines that the operation
of the compressor is necessary. Further, the compressor
control means changes a determination level whether or not
the compressor operates, so that a stop range of the com-
pressor, when the second engine operation request signal is
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not output, is made wider than that when the second engine
operation request signal is output. Accordingly, even when
the second engine operation request signal from the vehicle
condition except for the air conditioner is not output, the
engine is operated to drive the compressor based on the first
engine operation request signal from the air conditioner.
Therefore, in this case, air blown into the passenger com-
partment is conditioned based on the humidity of air in the
passenger compartment so that pleasant performance of the
passenger compartment is improved. On the other hand,
when the first engine operation request signal is not output,
the determination level whether or not the compressor
operates is changed so that the stop range of the compressor
is enlarged in a suitable range where the pleasant perfor-
mance can be obtained. As a result, the pleasant performance
of the passenger compartment can be maintained while the
fuel consumption ratio can be improved.

[0008] Preferably, the control unit determines a control
target temperature of air at a position immediately after the
evaporator, by comparing an actual humidity and a control
target humidity of air in the passenger compartment. Further,
the compressor control means changes the control target
temperature or the control target humidity as the determi-
nation level to a high temperature side or to a high humidity
side, respectively, when the second engine operation request
signal is not output, as compared with a case where the
second engine operation request signal is output.

[0009] Further, control unit divides a range of humidity of
air in the passenger compartment into a first humidity area
lower than a first predetermined humidity, a second humidity
area between the first predetermined humidity and a second
predetermined humidity higher than the first predetermined
humidity, and a third humidity area higher than the second
predetermined humidity. In this case, the control target
temperature is changed per each of the first, second and third
humidity areas. Preferably, in the first humidity area, the
control target temperature is gradually changed to be
increased as time passes. In the second humidity area, the
control target temperature is changed in accordance with a
change tendency of the humidity of air inside the passenger
compartment. Further, in the third humidity area, the control
target temperature is gradually changed to be decreased as
time passes. Accordingly, the pleasant performance of the
passenger compartment can be accurately finely controlled,
while the fuel economy performance of engine can be
further improved.

[0010] Preferably, when the vehicle is in a stop state, the
output of the second engine operation request signal is
stopped. Accordingly, a stop range of the compressor, when
the vehicle is in the stop state, can be made wider than that
when the vehicle is in a travelling state.

[0011] According to the present invention, the control unit
includes a compressor control means which determines a
fogging state of a windshield based on a humidity of air
inside the passenger compartment and determines whether
or not operation of the compressor is necessary. When the
compressor control means determines that the operation of
the compressor is necessary, the control unit outputs the first
engine operation request signal. Further, the compressor
control means changes a determination level whether or not
the compressor operates, so that a stop range of the com-
pressor, when the second engine operation request signal is



US 2001/0010261 Al

not output, is made wider than that when the second engine
operation request signal is output. Accordingly, the defrost-
ing performance of the windshield can be improved, while
the fuel consumption ratio of the engine is improved.

[0012] Preferably, the control unit switches a first dehu-
midifying mode where air is blown toward the windshield
while the compressor stops, and a second dehumidifying
mode where air is blown toward the windshield while the
compressor operates, based on the humidity of air on the
windshield. Therefore, when a fogging degree of the wind-
shield is low, it can prevent the windshield from being
fogged only using blowing-air while the compressor is
stopped. Thus, the stop range of the compressor and the
engine can be further made wider, and the fuel economy
performance can be further improved. On the other hand,
when the fogging degree of the windshield is high, the
compressor is operated so that humidified air is blown
toward the windshield to accurately prevent the windshield
from being fogged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Additional objects and advantages of the present
invention will be more readily apparent from the following
detailed description of preferred embodiments when taken
together with the accompanying drawings, in which:

[0014] FIG. 1 is a schematic diagram of a hybrid vehicle
including a vehicle air conditioner, according to a first
preferred embodiment of the present invention;

[0015] FIG. 2 is a schematic diagram of the vehicle air
conditioner according to the first embodiment;

[0016] FIG. 3 is a block diagram showing a control
system of the vehicle air conditioner according to the first
embodiment;

[0017] FIG. 4 is a plan view showing a control panel
according to the first embodiment;

[0018] FIG. 5 is a flow diagram showing a basic control
process of an air conditioning ECU of the vehicle air
conditioner according to the first embodiment;

[0019] FIG. 6 is a characteristic view showing a relation-
ship between a blower voltage and a target air temperature
TAO, according to the first embodiment;

[0020] FIG. 7 is a characteristic view showing a relation-
ship between an air introduction mode and the target air
temperature TAO, according to the first embodiment;

[0021] FIG. 8 is a flow diagram of the air conditioning
ECU, showing a control of a compressor, according to the
first embodiment;

[0022] FIG. 9 is a characteristic view showing a relation-
ship between a humidity coefficient f(TR) of a passenger
compartment and an inside air temperature TR (room tem-
perature), according to the first embodiment;

[0023] FIG. 10 is a characteristic view showing a rela-
tionship between a humidity coefficient f(TWS) of a wind-
shield and an estimated temperature TWS of the windshield,
according to the first embodiment;

[0024] FIG. 11 is a characteristic view showing a rela-
tionship between a vehicle speed coefficient KSPD and a
vehicle speed SP, according to the first embodiment;
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[0025] FIG. 12 is a characteristic view showing a rela-
tionship between a sunlight correction coefficient KTS and
a sunlight amount TS entering into the passenger compart-
ment, according to the first embodiment;

[0026] FIG. 13 is a characteristic view showing a rela-
tionship between a correction coefficient KRES of an air
outlet mode reply and a time, according to the first embodi-
ment;

[0027] FIG. 14 is a flow diagram showing a basic control
process of an engine ECU according to the first embodi-
ment;

[0028] FIG. 15 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a second preferred embodiment of
the present invention;

[0029] FIG. 16 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a third preferred embodiment of
the present invention;

[0030] FIG. 17 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a fourth preferred embodiment of
the present invention;

[0031] FIG. 18 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a fifth preferred embodiment of the
present invention;

[0032] FIG. 19 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a sixth preferred embodiment of
the present invention;

[0033] FIG. 20 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a seventh preferred embodiment of
the present invention;

[0034] FIG. 21 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to an eighth preferred embodiment of
the present invention;

[0035] FIG. 22 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a part of a
compressor control, according to a ninth preferred embodi-
ment of the present invention;

[0036] FIG. 23 is a flow diagram of the air conditioning
ECU showing the other part of the compressor control,
according to the ninth embodiment of the present invention;
and

[0037] FIG. 24 is a flow diagram of an air conditioning
ECU of a vehicle air conditioner, showing a control of a
compressor, according to a tenth preferred embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

[0038] Preferred embodiments of the present invention
will be described hereinafter with reference to the accom-
panying drawings.
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[0039] A first preferred embodiment of the present inven-
tion will be now described with reference to FIGS. 1-14. In
the present invention, the present invention is typically
applied to a hybrid vehicle. As shown in FIG. 1, a hybrid
vehicle S includes an air conditioning unit 6 for performing
an air-conditioning operation of a passenger compartment.
Each air-conditioning member (e.g., actuator) of the air
conditioning unit 6 is controlled by an air-conditioning ECU
(A/C ECU), so that temperature or humidity of the passenger
compartment can be automatically controlled.

[0040] The hybrid vehicle 5 further includes a gasoline
engine 1 for travelling, an electrical motor 2 for travelling
with an electrical motor function and a generator function,
an engine control machine 3, and a battery (e.g., a nickel
hydrogen accumulator) for supplying electrical power to the
electrical motor 2 or the engine control machine 3. The
engine control machine 3 includes a start motor or an
ignition unit for starting operation of the engine 1, and a fuel
injection unit and the like.

[0041] The vehicle engine 1 and the electrical motor 2 are
connected detachably to a vehicle shaft of the hybrid vehicle
5 to drive the hybrid vehicle 5. The hybrid vehicle 5 can be
travelled selectively only by the power of the engine 1, only
by the power of the electrical motor 2 or by both the power
of the engine 1 and the power of the electrical motor 2. That
is, a case where the hybrid vehicle 5 is traveled only by the
power of the vehicle engine 1, a case where the hybrid
vehicle 5 is traveled only by the power of the electrical
motor 2 and a case where the hybrid vehicle § is traveled by
both the power of the engine 1 and the power of the electrical
motor 2 can be selectively set. The electrical motor 2 is
automatically controlled by a hybrid control unit (hereinaf-
ter, referred to as “hybrid ECU”) 8. On the other hand, the
engine control machine 3 is automatically controlled by an
engine control unit (hereinafter, referred to as “engine
ECU”) 9. The engine ECU 9 generally electrically controls
the engine control machine 3 to supply electrical power to
the engine control machine 3 when the hybrid vehicle 5 is a
general travelling or when it is necessary to charge the
battery 4.

[0042] As shown in FIG. 2, the air conditioning unit 6
includes an air conditioning duct 10 forming an air passage
through which air is introduced into the passenger compart-
ment of the hybrid vehicle 5, a blower unit 30 for generating
an air flow within the air conditioning duct 10, a refrigerant
cycle 40 for cooling air flowing through the air conditioning
duct 10 to cool the passenger compartment, and a cooling
water circuit (hot water circuit) 50 for heating air flowing
through the air conditioning duct 10 to heat the passenger
compartment.

[0043] The air conditioning unit 10 is disposed at a front
side of the passenger compartment of the hybrid vehicle 5.
An 1nside/outside air switching box for switching inside air
or outside air is disposed at a most upstream air side of the
air-conditioning duct 10. The inside/outside air switching
box has an inside air introduction port 11 for introducing
inside air (i.e., air inside the passenger compartment), and an
outside air introduction port 12 for introducing outside air
(ie., air outside the passenger compartment). An inside/
outside air switching damper 13 is rotatably disposed in the
inside/outside air switching box to open and close the inside
air introduction port 11 and the outside air introduction port
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12. The inside/outside air switching damper 13 is driven by
an actuator 14 (see FIG. 3) such as a servomotor so that an
air introduction mode such as an inside air introduction
mode and an outside air introduction mode can be switched.

[0044] An air outlet mode switching portion is provided at
a most downstream air side of the air conditioning duct 10.
That is, a defroster opening 18, a face opening 19 and a foot
opening 20 are provided at the most downstream air side of
the air conditioning duct 10. The defroster opening 18 is
connected to a defroster duct 15 so that warm air is mainly
blown toward an inner surface of a front windshield Sa of
the hybrid vehicle 5 from a defroster outlet at a most
downstream end of the defroster duct 15.

[0045] The face opening 19 is connected to a face duct 16
so that cool air is mainly blown toward the upper side (the
head portion) of a passenger in the passenger compartment
from a face air outlet at a most downstream end of the face
duct 16. Further, the foot opening 20 is connected to a foot
duct 17 so that warm air is mainly blown toward the foot
area of the passenger in the passenger compartment from a
foot air outlet at a most downstream end of the foot duct 17.

[0046] Both mode switching dampers 21 are rotatably
disposed in the air conditioning duct 10 to open and close the
openings 18-20. Both the mode switching dampers 21 are
respectively driven by an actuator 22 (see FIG. 3) such as
a servomotor to selectively switch a face mode, a bi-level
mode, a foot mode, a foot/defroster mode or a defroster
mode.

[0047] The blower 30 includes a centrifugal fan 31 rotat-
ably disposed in a scroll case integrated with the air condi-
tioning duct 10, and a blower motor 32 for driving and
rotating the centrifugal fan 31. The blower motor 32 controls
a rotation speed of the centrifugal fan 31 based on a blower
voltage applied to the blower motor 32 through a blower
driving circuit 33 (see FIG. 3).

[0048] The refrigerant cycle 40 includes a compressor 41
which is driven by the engine 1 and compresses refrigerant,
a condenser 42 for condensing the compressed refrigerant, a
receiver (gas-liquid separator) 43 for separating condensed
refrigerant into gas refrigerant and liquid refrigerant, an
expansion valve (decompressing means) 44 for decompress-
ing liquid refrigerant from the receiver 43, and an evaporator
45 for evaporating refrigerant decompressed in the expan-
sion valve 44, and refrigerant pipes connecting those refrig-
erant members.

[0049] The evaporator 45 is an interior heat exchanger
cooling and dehumidifying air flowing through the air
conditioning duct 10. An electromagnetic clutch 46 is con-
nected to the compressor 41 to interrupt a transmission of a
rotation power from the engine 1 to the compressor 41. An
electrical power supply of the electromagnetic clutch 46 is
controlled by a clutch driving circuit 47 (see FIG. 3). The
electrical power supplied to the electromagnetic clutch 46 is
on/off controlled by the clutch driving circuit 47 so that the
operation of the compressor 41 is controlled.

[0050] In the cooling water circuit 50, cooling water
warmed in a water jacket of the engine 1 circulates by a
water pump. In the cooling water circuit 50, a radiator, a
servomotor and a heater core 51 are provided. Cooling water
for cooling the engine 1 flows into the heater core 51 so that
air from the evaporator 45 is heated by the heater core 51 in
the air conditioning duct 10.
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[0051] The heater core 51 is disposed in the air condition-
ing duct 10 at a downstream air side of the evaporator 45. An
air mixing damper 52 is disposed in the air conditioning duct
10 at an upstream air side of the heater core 51. The air
mixing damper 52 is driven by an actuator 53 (see FIG. 3)
such as a servomotor so that a rotation position of the air
mixing damper 52 is adjusted. By the rotation position of the
air mixing damper 52, an air amount passing through the
heater core 51 and an air amount bypassing the heater core
51 is adjusted so that the temperature of air blown into the
passenger compartment is adjusted.

[0052] Next, a control system according to the first
embodiment will be now described based on FIGS. 1, 3 and
4. Into the air conditioning ECU 7, communication signals
output from the engine ECU 9, switch signals from opera-
tion switches of a control panel P provided on a front surface
within the passenger compartment and sensor signals from
various sensors are input.

[0053] Specifically, as shown in FIG. 4, the switches
provided on the control panel P are an air conditioning (A/C)
switch 60, an economy (ECO) switch 61, an air-introduction
mode selecting switch 62 for switching an air introduction
mode, a temperature setting lever 63 for setting the tem-
perature of the passenger compartment at a desired tempera-
ture, an air amount setting lever 64 for setting an air amount
blown from the centrifugal fan 31, and an air outlet mode
setting switches 65-69 for selectively setting an air outlet
mode.

[0054] The air conditioning switch 60 is an air condition-
ing operation switch for setting a cooling mode based on
mainly the pleasant performance within the passenger com-
partment. In the cooling mode, a cooling degree of the
evaporator 45 is adjusted at a low temperature side. On the
other hand, the economy switch 61 is an air conditioning
operation switch for setting an economy mode based on
mainly the fuel economy performance. In the economy
mode, the cooling degree of the evaporator 45 is set at a
high-temperature side so that operation power of the com-
pressor 45 is reduced.

[0055] When the air amount setting lever 64 is operated at
the Off position, electrical power supplied to the blower
motor 32 is stopped. When the air amount setting lever 64
is operated at the AUTO position, the blower voltage applied
to the blower motor 32 is automatically controlled. When the
air amount setting lever 64 is operated at the LO position, the
blower voltage applied to the blower motor 32 is set at a
minimum value. When the air amount setting lever 64 is
operated at the ME position, the blower voltage applied to
the blower motor 32 is set at a middle value. Further, when
the air amount setting lever 64 is operated at the HI position,
the blower voltage applied to the blower motor 32 is set at
a maximum value.

[0056] The air outlet mode setting switches include a face
switch 65 for setting a face mode, a bi-level mode switch 66
for setting a bi-level mode, a foot switch 67 for setting a foot
mode, a foot/defroster switch 68 for setting a foot/defroster
mode, and a defroster switch 69 for setting a defroster mode.

[0057] As shown in FIG. 3, plural sensors 71-77 are
provided so that sensor signals are input into the air/
conditioning ECU 7. That is, an inside air temperature
sensor 71 is disposed to detect temperature (TR) of inside air
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inside the passenger compartment, an outside air tempera-
ture sensor 72 is disposed to detect temperature (TAM) of
outside air outside the passenger compartment, a sunlight
amount sensor 73 is disposed to detect a sunlight amount
(TS) entering into the passenger compartment, a post-evapo-
rator temperature sensor 74 is disposed to detect temperature
(TE) of air immediately after passing through the evaporator
45, a water temperature sensor 75 is disposed to detect
temperature (TW) of engine-cooling water flowing into the
heater core 51, a vehicle speed sensor 76 is disposed to
detect a vehicle speed (SP) of the hybrid vehicle 5, and a
humidity sensor 77 is disposed to detect a relative humidity
(RH) of air in the passenger compartment of the hybrid
vehicle 5.

[0058] The post-evaporator temperature sensor 74 is dis-
posed at a position immediately after the evaporator 45 to
detect the temperature (TE) of air immediately after passing
through the evaporator 45. On the other hand, the humidity
sensor 77 is disposed at a lower side of the instrument panel
to detect a voltage corresponding to the relative humidity
(RH) of air within the passenger compartment.

[0059] Within the air conditioning ECU 7, a micro-com-
puter constructed by CPU, ROM, RAM and the like is
provided. Signals from the sensors 71-77 are input into the
microcomputer of the air-conditioning ECU 7 after being
A/D converted. When an ignition switch of the hybrid
vehicle 5 is turned on, electrical power is supplied from the
battery 4 to the air conditioning ECU 7.

[0060] Next, control operation of the air conditioning
ECU 7 will be now described with reference to FIGS. 5-7.
FIG. 5 shows a base control program due to the air condi-
tioning ECU 7. As shown in FIG. 5, when the ignition
switch is turned on and electrical power is supplied to the air
conditioning ECU 7, the control routine of FIG. 5 is started.
Firstly, an initialization is performed at step S1. Next, switch
signals from each switch such as the temperature setting
lever 63 are input at step S2. Next, at step S3, sensor signals
from the sensors 71-77 are input after being A/D converted.

[0061] Next, at step S4, a communication with the engine
ECU 9 is performed. That is, a first engine operation request
signal (first E/G ON signal) or a first engine stop request
signal (first E/G OFF signal), determined based on a con-
dition whether or not it is necessary to operate the engine 1
in the air conditioner, is output from the air conditioning
ECU 7 to the engine ECU 9. On the other hand, a second
engine operation request signal or a second engine stop
request signal, determined based on a condition except for
the air conditioner, is input to the air conditioning ECU 7
from the engine ECU 9.

[0062] Next, a target air temperature TAO blown into the
passenger compartment is calculated based on the following
formula (1) stored beforehand in the ROM.

TAO=KSETXTSET-KRxTR-KAMxTAM-KSxTS+C @

[0063] wherein, TSET is a set temperature set by the
temperature setting lever 63, TR is the inside air
temperature detected by the inside air temperature
sensor 71, TAM is the outside air temperature
detected by the outside air temperature sensor 72, TS
is the sunlight amount detected by the sunlight
amount sensor 73. Further, KSET, KR, KAM and KS
are coefficients, and C is a correction constant.
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[0064] Next, at step S6, a blower voltage VB applied to the
blower motor 32 is determined based on the target air
temperature TAO calculated at step S5 in accordance with
the characteristic graph of FIG. 6 beforehand stored in the
ROM.

[0065] Next, at step S7, the air introduction mode is
determined based on the target air temperature TAO in
accordance with the characteristic view of FIG. 7 before-
hand stored in the ROM. That is, as shown in FIG. 7, when
the target air temperature TAO is changed from a low
temperature to a high temperature, the air introduction mode
is changed from an inside air introduction mode to an
outside air introduction mode after passing through an
inside/outside air introduction mode (half mode). In the first
embodiment, as shown in FIG. 4, an air outlet mode is set
by manually operating the switches 65-69 provided in the
control panel P. However, the air outlet mode can be
automatically set based on the target air temperature TAO.

[0066] Next, at step S8, a target opening degree SW of the
air mixing damper 52 is calculated by using the following
formula (2) beforehand stored in the ROM, based on the
target air temperature TAO calculated at step S5, the water
temperature TW of the engine-cooling water and the post-
evaporator temperature TE of air immediately after the
evaporator 45.

SW=[(TAO-TE)/(TW-TE)|x100(%) @

[0067] The water temperature TW of the engine-cooling
water is input from the water temperature sensor 75, and the
poet-evaporator temperature TE of air immediately after the
evaporator 45 is input from the post-evaporator temperature
sensor 74.

[0068] When SW=0%, the air mixing damper 52 is con-
trolled at a maximum cooling position so that all cool air
from the evaporator 45 bypasses the heater core 51. When
SW=0%, the air mixing damper 52 is controlled at a
maximum heating position so that all cool air from the
evaporator 45 passes through the heater core 51. Further,
when 0(%)<SW<100(%), the air mixing damper 52 is con-
trolled at a position between the maximum cooling position
and the maximum heating position so that a part of cool air
from the evaporator 45 passes through the heater core 51 and
the other part of thereof bypasses the heater core 51.

[0069] Next, at step S9, a control state of the compressor
41 is determined when the air conditioning switch 60 is
turned on or when the economy switch 61 is turned. The
detain control of the compressor 41 is described later based
on the control routine in FIG. 8.

[0070] Next, at step S10, control signals are output to the
actuators 14, 22, 53, the blower driving circuit 33 and the
clutch driving circuit 47 so that control states of step S5-S9
are obtained. Thereafter, at step S11, it is determined
whether or not a predetermined time “t” (e.g., 0.5-2.5
seconds) passes. After the predetermined time passes, the
control routine returns at step S2.

[0071] Next, the control of the engine ECU 9 will be
described based on FIG. 14. Sensor signals from sensors for
detecting operation states of the hybrid vehicle § and com-
munication signals from the air conditioning ECU 7 and the
hybrid ECU 8 are input into the engine ECU 9. The sensors
for detecting operation states of the hybrid vehicle § include
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an engine rotation speed sensor, a throttle opening degree
sensor, a battery voltage sensor, a cooling water temperature
sensor for detecting temperature of cooling water in the
engine 1, the vehicle speed sensor 76 and the like. Within the
engine ECU 9, a micro-computer constructed by CPU,
ROM, RAM and the like is provided. Signals from the
sensors are input into the micro-computer of the engine ECU
9 after being A/D converted.

[0072] When the ignition switch of the hybrid vehicle 5 is
turned on and electrical power is supplied to the engine ECU
9, the control routine of FIG. 14 starts. First, at step S41, an
initialization and an initial setting are performed. Next, at
step S42, sensor signals from the engine rotation speed
sensor, the vehicle speed sensor 76 the throttle opening
degree sensor, the battery voltage sensor and the cooling
water temperature sensor and the like are input. Next, at step
S43, a communication with the hybrid ECU 8 is performed.
Further, at step S44, a communication with the air condi-
tioning ECU 7 is performed.

[0073] Next, at step S45, engine operation state is deter-
mined based on the sensor signals. That is, on/off state of the
engine is determined. Specifically, when the vehicle speed of
the hybrid vehicle 5 detected by the vehicle speed sensor 76
is equal to or larger than 40 km/h, or when the voltage of the
battery 4 detected by the battery voltage sensor is smaller
than a predetermined voltage in which it is necessary to
charge the battery 4, it is determined that the operation of the
engine 1 is required. In this case, it is determined that the
operation of the engine 1 is necessary to be turned on. When
it is determined that the operation of engine is necessary at
step S45, a control signal is output to the engine control
machine 3 so that the operation of the engine 1 is started
(ON) at step S46. Thereafter, control program returns to step
S42.

[0074] When it is determined that the operation state (ON
state) of the engine is not necessary, that is, when an engine
stop is required at step S45, it is determined whether or not
the first engine operation request signal (first E/G ON signal)
is received from the air conditioning ECU 7 at step S47. The
first engine operation request signal (first E/G ON signal) or
the first engine stop request signal (first E/G OFF signal) is
input at step S44. When the first engine stop request signal
(first E/G OFF signal) is determined at step S47, it is
determined that the first engine stop request signal (first E/G
OFF signal) is received from the air conditioning ECU 7,
and a control signal for stopping the engine 1 is output to the
engine control machine 3 at step S48. Thereafter, the control
program returns to step S48. On the other hand, when first
engine operation request signal (first E/G ON signal) is
determined at step S47, it is determined that the first engine
operation request signal (first E/G ON signal) is received
from the air conditioning ECU 7, and a control signal for
starting the engine 1 is output to the engine control machine
3 at step S46.

[0075] Next, the control of the compressor 41 at step S9 of
FIG. 5 will be described in detail based on the control
program of FIG. 8. Here, there are performed regarding a
temperature control for controlling temperature of air blown
into the passenger compartment to the set temperature, a
humidity control for controlling the humidity of air in the
passenger compartment in a suitable range, and a defrosting
control for defrosting the front windshield Sa. Therefore, a
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target post-evaporator air temperature TE1 necessary for
performing a temperature control, a target post-evaporator
air temperature TE2 necessary for performing a humidity
control, and a target post-evaporator air temperature TE3
necessary for performing a defrosting control are calculated,
respectively. Among those post-evaporator air temperatures
TE1, TE2, TE3, the smallest target post-evaporator air
temperature is determined as a final target post-evaporator
air temperature TEO, and compressor 41 is controlled based
on the final target post-evaporator air temperature TEO.

[0076] Further, the target post-evaporator temperature is
controlled at a high temperature side when an engine opera-
tion request from a condition except for the air conditioner
is not output, as compared with a case where an engine
operation request from a condition except for the air con-
ditioner is output. Accordingly, in the first embodiment, a
range of stop condition of the compressor 41 and the engine
1 can be made wider, so that fuel consumption of the engine
1 can be reduced.

[0077] That is, as shown in FIG. 8, at step S21, it is
determined whether or not the air conditioning switch 60 is
turned on. When the air conditioning switch 60 is turned on
at step S21, the first target post-evaporator air temperature
TE1 for the temperature control is calculated based on the
target air temperature TAO in accordance with the charac-
teristic view of step S22 stored in the ROM, at step S22.
Specifically, the first target post-evaporator air temperature
TEL1 is set at 3° C. when the target air temperature TAO is
lower than 5° C., the first target post-evaporator air tem-
perature TE1 is set at 8° C. when the target air temperature
TAO is higher than 30° C., and the first target post-evapo-
rator air temperature TE1 is set in a range 3° C.-8° C. when
the target air temperature TAO is in a range of 5° C.-30° C.
In this case, when a temperature difference (TAO-TIN)
between the target air temperature TAO and an air introduc-
tion temperature TIN is equal to or larger than 5° C., the first
target poet-evaporator air temperature TE1 is set at an
abnormal high temperature (e.g., TE1=99° C.), so that the
operation of the compressor 41 is stopped.

[0078] Next, at step S23, the second target post-evaporator
air temperature TE2 for the humidity control is calculated
based on a relative humidity RH25 corresponding to the air
of 25° C. in accordance with the characteristic view of step
S23 stored in the ROM. The relative humidity RH25 cor-
responding to the air of 25° C. is calculated based on the
relative humidity RH detected by the humidity sensor 77 and
a humidity coefficient f(TR) of the passenger compartment
calculated from the characteristic view of FIG. 9, in accor-
dance with the following formula (3) stored beforehand in
the ROM.

RE25=f(TR)xRH/100(%) 3)
[0079] As shown in the characteristic view of step S23, the
second target post-evaporator air temperature TE2 is set at
99° C. when the relative humidity RH25 of the passenger
compartment is equal to or smaller than 50%, and the second
target poet-evaporator air temperature TE2 is set at 11° C.
when the relative humidity RH2S of the passenger compart-
ment is equal to or larger than 55%.

[0080] Next, at step S24, the third target post-evaporator
air temperature TE3 for the defrosting control is calculated
based on a relative humidity RHW of air on the front
windshield 5a in accordance with the characteristic view of
step S24 stored in the ROM.
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[0081] At step S24, first, an estimated temperature TWS of
the windshield 5@ is calculated based on the following
formula (4) stored beforehand in the ROM.

TWS TAM+KSPDx{KTS+(TR-TAM)/25+KRES(TAO-

TAM)/50}-C1 (4

[0082] wherein, KSPD is a vehicle speed coefficient
calculated based on the characteristic view shown in
FIG. 11, KTS is a sunlight correction coefficient
calculated based on the characteristic view shown in
FIG. 12, KRES is a correction coefficient of an air
outlet mode reply calculated based on the character-
istic view shown in FIG. 13, and C1 is a correction
constant. The time shown in FIG. 13 is a passed time
after air-blowing toward the front windshield 5a is
started. In the formula (4), the estimated temperature
TWS of the windshield 5a is calculated based on the
outside air temperature TAM while the influences of
the vehicle speed and the sunlight amount are con-
sidered. However, the estimated temperature TWS of
the windshield 5a can be calculated based on the
outside air temperature TAM while an influence of
the air blowing amount, the cooling water tempera-
ture TW or the air introduction mode is considered.

[0083] At step S24, next, a humidity coefficient f(TWS) of
a glass surface of the windshield is calculated based on the
estimated temperature TWS and the characteristic view
shown in FIG. 10 stored on the ROM. Further, the relative
humidity RHW of the windshield is calculated based on the
following formula (5) stored beforehand in the ROM.

RHW=f(TWS)xRH25/100(%) )

[0084] Next, the third target post-evaporator temperature
TE3 is calculated based on the relative humidity RHW of the
windshield and the characteristic view of step S24.

[0085] Asshown in the characteristic view of step S24, the
third target post-evaporator air temperature TE3 is set at 99°
C. when the relative humidity RHW of the glass surface of
the windshield is equal to or smaller than 80%, and the third
target post-evaporator air temperature TE3 is set at 4° C.
when the relative humidity RHW of the glass surface of the
windshield is equal to or larger than 90%.

[0086] As described above, through steps S22-S24, the
first, second and third target post-evaporator temperatures
TE1, TE2, TE3 can be calculated.

[0087] Next, at step S33, the smallest value among the
target post-evaporator temperatures TE1, TE2, TE3 calcu-
lated at steps S22-S24 is determined as the finial target
post-evaporator air temperature TEO. Next, at step S34, the
on/off state (operation state) of the compressor 41 is deter-
mined based on the characteristic view of step S34 stored
beforehand in the ROM. That is, when the post-evaporator
air temperature TE is equal to or lower than the final target
post-evaporator temperature TEO, an off signal is output to
the electromagnetic clutch 46, so that the operation of the
compressor 41 is stopped, and the output of the first engine
operation request signal (first E/G ON signal) is made off.
When the post-evaporator air temperature TE is equal to or
larger than the (TEO+1), an on signal is output to the
electromagnetic clutch 46, so that the compressor 41 is
started, and the first engine operation request signal (first
E/G ON signal) is output.
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[0088] On the other hand, when the air conditioning
switch 60 is turned off at step S21, it is determined whether
or not the economy switch 61 is turned on at step S25. When
the economy switch 61 is turned on at step S25, it is
determined whether or not the second engine operation
request signal (second E/G ON signal) except for the air
conditioner is received. The determination of the second
engine operation request signal (second E/G ON signal)
except for the air conditioner at step S26 is performed based
on signals input from the engine ECU 9 to the air condi-
tioning ECU 7.

[0089] When it is determined that the second engine
operation request signal (second E/G ON signal) except for
the air conditioner is received at step S26, the first target
poet-evaporator air temperature TE1 for the temperature
control is calculated based on the target air temperature TAO
in accordance with the characteristic view of step S27 stored
in the ROM, at step S27. Specifically, the first target poet-
evaporator air temperature TE1 is set at 4° C. when the target
air temperature TAO is lower than 5° C., the first target
poet-evaporator air temperature TE1 is set at 10° C. when
the target air temperature TAO is higher than 30° C., and the
first target post-evaporator air temperature TE1 is set in a
range 4° C.-10° C. when the target air temperature TAO is
in a range of 5° C.-30° C. In this case, when a temperature
difference (TAO-TIN) between the target air temperature
TAO and the air introduction temperature TIN is equal to or
larger than 5° C., the first target post-evaporator air tem-
perature TE1 is set at an abnormal high temperature (e.g.,
TE1=99° C.), so that the operation of the compressor 41 is
stopped.

[0090] Next, at step S28, the second target post-evaporator
air temperature TE2 for the humidity control is calculated
based on the relative humidity RH25 corresponding to the
air of 25° C. in accordance with the characteristic view of
step S28 stored in the ROM. As shown in the characteristic
view of step S28, the second target post-evaporator air
temperature TE2 is set at 99° C. when the relative humidity
RH2S of the passenger compartment is equal to or smaller
than 50%, and the second target post-evaporator air tem-
perature TE2 is set at 11° C. when the relative humidity
RH2S of the passenger compartment is equal to or larger
than 60%.

[0091] Next, at step S29, the third target post-evaporator
air temperature TE3 for the defrosting control is calculated
based on the relative humidity RHW of air on the front
windshield 5a in accordance with the characteristic view of
step S29 stored in the ROM. As shown in the characteristic
view of step S29, the third target post-evaporator air tem-
perature TE3 is set at 99° C. when the relative humidity
RHW of the glass surface of the windshield is equal to or
smaller than 80%, and the third target post-evaporator air
temperature TE3 is set at 4° C. when the relative humidity
RHW of the glass surface of the windshield is equal to or
larger than 90%.

[0092] As described above, through steps S27-S29, the
first, second and third target post-evaporator temperatures
TE1, TE2, TE3 can be calculated.

[0093] Next, at step S33, the smallest value among the
target post-evaporator temperatures TE1, TE2, TE3 calcu-
lated at steps S27-S29 is determined as the finial target
post-evaporator air temperature TEO. Next, at step S34, the
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on/off state (operation state) of the compressor 41 is deter-
mined based on the characteristic view of step S34 stored
beforehand in the ROM.

[0094] On the other hand, when the second engine opera-
tion request signal (second E/G ON signal) except for the air
conditioner is not received at step S26, control program
moves step S30. At step S30, the first target post-evaporator
air temperature TE1 for the temperature control is calculated
based on the target air temperature TAO in accordance with
the characteristic view of step S30 stored in the ROM.
Specifically, the first target post-evaporator air temperature
TEL1 is set at 4° C. when the target air temperature TAO is
lower than 5° C., the first target post-evaporator air tem-
perature TE1 is set at 11° C. when the target air temperature
TAO is higher than 13° C., and the first target post-evapo-
rator air temperature TE1 is set in a range 4° C.-11° C. when
the target air temperature TAO is in a range of 5° C.-13° C.
In this case, when a temperature difference (TAO-TIN)
between the target air temperature TAO and the air intro-
duction temperature TIN is equal to or larger than 5° C., the
first target post-evaporator air temperature TE1 is set at an
abnormal high temperature (e.g., TE1=99° C.), so that the
operation of the compressor 41 is stopped.

[0095] Next, at step S31, the second target post-evaporator
air temperature TE2 for the humidity control is calculated
based on the relative humidity RH25 corresponding to the
air of 25° C. in accordance with the characteristic view of
step S31 stored in the ROM. As shown in the characteristic
view of step S31, the second target post-evaporator air
temperature TE2 is set at 99° C. when the relative humidity
RH2S of the passenger compartment is equal to or smaller
than 60%, and the second target post-evaporator air tem-
perature TE2 is set at 11° C. when the relative humidity
RH2S of the passenger compartment is equal to or larger
than 70%.

[0096] Next, at step S32, the third target post-evaporator
air temperature TE3 for the defrosting control is calculated
based on the relative humidity RHW of air on the front
windshield 5a in accordance with the characteristic view of
step S32 stored in the ROM. As shown in the characteristic
view of step S32, the third target post-evaporator air tem-
perature TE3 is set at 99° C. when the relative humidity
RHW of the glass surface of the windshield is equal to or
smaller than 85%, and the third target post-evaporator air
temperature TE3 is set at 4° C. when the relative humidity
RHW of the glass surface of the windshield is equal to or
larger than 95%.

[0097] As described above, through steps S30-S32, the
first, second and third target post-evaporator temperatures
TE1, TE2, TE3 can be calculated.

[0098] Next, at step S33, the smallest value among the
target post-evaporator temperatures TE1, TE2, TE3 calcu-
lated at steps S30-S32 is determined as the finial target
post-evaporator air temperature TEO. Next, at step S34, the
on/off state (operation) of the compressor 41 is determined
based on the characteristic view of step S34 stored before-
hand in the ROM.

[0099] On the other hand, when it is determined that the
air conditioning switch 60 and the economy switch 61 are
turned off at steps S21 and S25, the compressor 41 is turned
off at step S35. Further, at step S35, the output of the first
engine operation request signal (first E/G ON signal) is
made off.
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[0100] In the first embodiment, when step S22 is com-
pared with step S27, the first target post-evaporator air
temperature at step S27 is made higher than that at step S22
at the same target air temperature TAO. Further, when step
S28 is compared with step S23, the switch of the second
target post-evaporator temperature TE2 at step S28 is per-
formed at a high humidity side than that at step S23. Thus,
the stop range of the compressor 41 and the engine 1 when
the economy switch 61 is turned on is wider than that when
the air conditioning switch 60 is turned on. That is, in the
present invention, when the air conditioning switch 60 is
turn on, the pleasant performance of the passenger compart-
ment is mainly considered. On the other hand, when the
economy switch 61 is turned on, the fuel economy perfor-
mance of the engine 1 is mainly considered.

[0101] On the other hand, when step S27 is compared with
step S30, the first target post-evaporator air temperature TE1
at step S30 is made higher than that at step S27 at the same
target air temperature TAO. Further, when step S31 is
compared with step S28, the switch of the second target
poet-evaporator temperature TE2 at step S31 is performed at
a high humidity side than that at step S28. In addition, when
step S32 is compared with step S29, the switch of the third
target post-evaporator temperature TE3 at step S32 is per-
formed at a high humidity side than that at step S29. Thus,
the stop range of the compressor 41 and the engine 1, when
the economy switch 61 is turned on and the second engine
operation request signal (second E/G ON signal) except for
the air conditioner is not received, is wider than that when
the economy switch 61 is turned on and the second engine
operation request signal (second E/G ON signal) except for
the air conditioner is received. That is, when the economy
switch 61 is turned on and when the second engine operation
request signal (second E/G ON signal) except for the air
conditioner is not received, the fuel economy performance is
more mainly considered. Even when the economy switch 61
is turned on and the second engine operation request signal
(second E/G ON signal) except for the air conditioner is not
received, because the relative humidity RH2S of the pas-
senger compartment is controlled to be equal to or lower
than 70%, unpleasant feeling of the passenger can be pre-
vented. Further, in this case, because the relative humidity
RHW of the windshield Sa is controlled to be equal to or
lower than 95%, it can prevent the windshield Sa from being
fogged.

[0102] A second preferred embodiment of the present
invention will be now described with reference to FIG. 15.
In the second embodiment, the control at step S26 in FIG.
8 of the first embodiment is changed to that of step S26a in
FIG. 15, and the other parts are similar to those of the first
embodiment. That is, at step S26a, it is determined whether
or not the vehicle speed (SP) of the hybrid vehicle 5 is equal
to or larger than 5 km/h. When it is determined that the
vehicle speed (SP) of the hybrid vehicle 5 is equal to or
larger than 5 km/h, the control of step S27 is performed. On
the other hand, when the vehicle speed (SP) of the hybrid
vehicle 5 is smaller than 5 km/h, it is determined that the
hybrid vehicle 5 is actually in a stop state, and the control of
step S30 is performed.

[0103] When the economy switch 61 is turned on, the stop
range of the compressor 41 and the engine 1 in the stop state
of the hybrid vehicle 5 is wider than that in the traveling state
of the hybrid vehicle S.
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[0104] Generally, when the vehicle speed (SP) is equal to
or smaller than 40 km/h and when it is unnecessary to charge
the battery 4, the second engine operation request signal
(second E/G ON signal) is not output. Because the frequency
in charging the battery 4 is low, the second engine operation
request signal (second E/G ON signal) is generally not
output in the stop state of the hybrid vehicle 5. Accordingly,
even when the control of step S27 and the control of step S30
are switched based on the travelling state or the stop state of
the hybrid vehicle 5, the effect about similar to that of the
first embodiment can be obtained.

[0105] A third preferred embodiment of the present inven-
tion will be now described with reference to FIG. 16. In the
third embodiment, the control at steps S29 and S32 in FIG.
8 of the first embodiment is changed to that of steps S51 and
S52 in FIG. 16, respectively, and the other parts are similar
to those of the first embodiment.

[0106] That is, in the third embodiment, when the second
engine operation request signal (second E/G ON signal) is
received at step S26 in FIG. 8, the control at step S51 is
performed after the controls at steps S27 and S28 are
performed. That is, at step S51, O-zone of a low humidity
area, 1-zone of a middle humidity area and 2-zone of a high
humidity area are set, and a zone determination is performed
based on the relative humidity of the windshield Sa in
accordance with the characteristic view of step S51 pre-
stored in the ROM. When the relative humidity RHW of the
windshield Sa is increased to be larger than 80%, the zone
state is changed from 0-zone to 1-zone. Further, when the
relative humidity RHW of the windshield 5« is increased to
be larger than 90%, the zone state is changed from 1-zone to
2-zone. On the other hand, when the relative humidity RHW
of the windshield 5a is decreased to 80%, the zone state is
changed from 2-zone to 1-zone. Further, when the relative
humidity RHW of the windshield Sa is decreased to 70%,
the zone state is changed from 1-zone to 0-zone.

[0107] On the other hand, when the second engine opera-
tion request signal (second E/G ON signal) is not received
at step S26 in FIG. 8, the control at step S52 is performed
after the controls at steps S30 and S31 are performed. That
is, at step S52, 0-zone of a low humidity area, 1-zone of a
middle humidity area and 2-zone of a high humidity area are
set, and the zone determination is performed based on the
relative humidity RHW of the windshield in accordance
with the characteristic view of step S52 pre-stored in the
ROM. At step S52, when the relative humidity RHW of the
windshield is increased to be larger than 95%, the zone state
is changed from 1-zone to 2-zone.

[0108] When the 0-zone is determined at step S51 or step
S52, the third post-evaporator air temperature TE3 is set at
99° C. at step S53, and the final post-evaporator air tem-
perature TEO is calculated at step S33. Because it is unnec-
essary to perform a dehumidifying operation for the defrost-
ing in the 0-zone of the low-humidity area, the third post-
evaporator air temperature TE3 is set at 99° C., and the
operation of the compressor 41 is stopped.

[0109] When the 1-zone is determined at step S51 or step
S52, the third post-evaporator air temperature TE3 is set at
99° C. at step S53, and an air amount ratio blown from the
defroster opening 18 is calculated based on the outside air
temperature TAM in accordance with the characteristic view
of step S55 pre-stored. Specifically, when the outside air
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temperature TAM is high in the summer or a middle season,
the windshield 5a is difficult to be frosted, and an unpleasant
feeling is given to a passenger when warm air is blown from
the defroster opening 18. Therefore, when the outside air
temperature TAM is higher than 15° C., the air amount ratio
blown from the defroster opening 18 is set at 0%. On the
other hand, when outside air temperature TAM is low, the
windshield 5a is readily fogged, an air amount ratio from the
defroster opening 18 is increased. When the outside air
temperature TAM is changed from 15° C. to -5° C,, the air
amount ratio from the defroster opening 18 is gradually
increased from 0% to 30%, and the foot/defroster mode is
set as the air outlet mode. The air amount ratio from the
defroster opening 18 is adjusted by the both mode switching
dampers 21 (see FIG. 2).

[0110] Next, at step S33, the final post-evaporator air
temperature TEO is calculated. In the 1-zone of the middle
humidity area, the third post-evaporator air temperature TE3
is set at 99° C. at step S54 so that the compressor 41 is
stopped, while air is blown toward the windshield 5a to
defrost the windshield Sa when the outside air temperature
TAM 10 is low.

[0111] On the other hand, when the 2-zone is determined
at step S51 or step S52, the third post-evaporator air tem-
perature TE3 is set at 4° C. at step S56, and the final target
post-evaporator air temperature TEO is set at step S33. In the
2-zone of the high humidity area, the third poet-evaporator
air temperature TE3 is set at 4° C. so that the compressor 41
is controlled to be operated, and it can accurately prevent the
fogging of the windshield by the dehumidified air.

[0112] According to the third embodiment of the present
invention, in the middle humidity area, because the com-
pressor 41 is stopped and it can prevent the windshield Sa
from being fogged only using air blown toward the wind-
shield Sa, the stop area of the compressor 41 and the engine
1 can be made wider, and the fuel economy performance can
be improved. Further, when the second engine operation
request signal (second E/G ON signal) except for the air
conditioner is not received, the range of the middle humidity
area is enlarged to a high humidity side, and the stop range
of the compressor 41 and the engine 1 can be made further
wider, as compared with a case where the second engine
operation request signal (second E/G ON signal) except for
the air conditioner is received. Accordingly, in this case, the
fuel economy performance can be further improved.

[0113] A fourth preferred embodiment of the present
invention will be now described with reference to FIG. 17.
In the 0 fourth embodiment, the control of step S55 in the
third embodiment is changed to the control of step S55a. In
the fourth embodiment, the other parts are similar to those
of the above-described third embodiment.

[0114] At step S554, the air amount ratio blown from the
defroster opening 18 (see FIG. 2) is calculated based on the
target air temperature TAO in accordance with the charac-
teristic view of step S55a. Specifically, because the defrost-
ing effect is low when the target air temperature TAO is low,
the air amount ratio blown from the defroster opening 18 is
set at 0% when the target air temperature TAO is lower than
40° C. On the other hand, because an unpleasant feeling is
given to the passenger in the passenger compartment when
the target air temperature TAO is high, the air amount ratio
blown from the defroster opening 18 is set at 0% when the
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target air temperature TAO is higher than 60° C. Further,
when the target air temperature TAO is in a range of 45-60°
C., the air amount ratio blown from the defroster opening 18
is set at 30%. When the target air temperature TAO is in a
range of 40-45° C. or in a range of 60-65° C., the air amount
ratio blown from the defroster opening 18 is set to be in a
range of 0-30%.

[0115] A fifth preferred embodiment of the present inven-
tion will be now described with reference to FIG. 18. In the
fifth embodiment, the control of step S55 in the third
embodiment is changed to the control of step S55b in FIG.
18. In the fifth embodiment, the other parts are similar to
those of the above-described third embodiment.

[0116] At step S55b, the air amount ratio blown from the
defroster opening 18 (see FIG. 2) is calculated based on the
cooling water temperature TW in accordance with the char-
acteristic view of step S55b. Specifically, because the
defrosting effect becomes lower when the cooling water
temperature TW becomes lower, the air amount ratio blown
from the defroster opening 18 is set at 0% when the cooling
water temperature TW is lower than 40° C. On the other
hand, because an unpleasant feeling is given to the passenger
in the passenger compartment when the cooling water
temperature TW is high, the air amount ratio blown from the
defroster opening 18 is set at 0% when the cooling water
temperature TW is higher than 60° C. Further, when the
cooling water temperature TW is in a range of 45-55° C., the
air amount ratio blown from the defroster opening 18 is set
at 30%. When the cooling water temperature TW is in a
range of 40-45° C. or in a range of 55-60° C., the air amount
ratio blown from the defroster opening 18 is set to be in a
range of 0-30%.

[0117] Asixth preferred embodiment of the present inven-
tion will be now described with reference to FIG. 19. In the
sixth embodiment, the control of step S55 in the third
embodiment is changed to the control of step S55¢ in FIG.
19. In the sixth embodiment, the other parts are similar to
those of the above-described third embodiment.

[0118] At step S55c, the air amount ratio blown from the
defroster opening 18 (see FIG. 2) is calculated based on the
relative humidity RHW of the windshield in accordance
with the characteristic view of step S55c¢. Specifically,
because the windshield Sa is difficult to be fogged when the
relative humidity RHW of the windshield 5a becomes lower,
the air amount ratio blown from the defroster opening 18 is
set at 0% when the relative humidity RHW of the windshield
5a is lower than 80%. On the other hand, when the relative
humidity RHW of the windshield 5a is changed from 80%
to 95%, the air amount ratio blown from the defroster
opening 18 is gradually increased from 0% to 100%.

[0119] According to the sixth embodiment, the air amount
ratio blown from the defroster opening 18 is controlled
based on the relative humidity RHW which is mainly related
to the fogging degree of the windshield 5a, and the air
amount ratio from the defroster opening 18 is increased
when the windshield Sa is readily fogged. Therefore,
defrosting effect of the windshield 5a can be effectively
improved.

[0120] A seventh preferred embodiment of the present
invention will be now described with reference to FIG. 20.
In the seventh embodiment, the control of step S31 in the



US 2001/0010261 Al

first embodiment or the second embodiment is changed to
the control of step S31a in FIG. 20. In the seventh embodi-
ment, the other parts are similar to those of the above-
described first or second embodiment.

[0121] Specifically, at step S31a, the set values of the
relative humidity RH25 of the passenger compartment, for
switching the second target post-evaporator temperature
TE2, are set to be similar to those at step S28. That is, as
shown in the characteristic view of step S31a in FIG. 20, the
second target post-evaporator air temperature TE2 is set at
99° C. when the relative humidity RH25 of the passenger
compartment is equal to or smaller than 50%, and the second
target poet-evaporator air temperature TE2 is set at 14° C.
when the relative humidity RH2S of the passenger compart-
ment is equal to or larger than 60%.

[0122] Even when the second target post-evaporator tem-
perature TE2 is made higher in the high humidity area at step
S31a, when the second engine operation request signal
(second E/G ON signal) except for the air conditioner is not
received or the hybrid vehicle 5 is in the stop state, the stop
range of the compressor 41 and the engine 1 can be made
wider, and the fuel economy performance can be improved.

[0123] However, the set values of the relative humidity
RH2S of the passenger compartment, for switching the
second target post-evaporator temperature TE2, can be set at
higher values (e.g., 55%-65%) that is higher than those at
step S28. In this case, when the second engine operation
request signal (second E/G ON signal) except for the air
conditioner is not received or the hybrid vehicle 5 is in the
stop state, the stop range of the compressor 41 and the
engine 1 can be made further wider, and the fuel economy
performance can be further improved.

[0124] An eighth preferred embodiment of the present
invention will be now described with reference to FIG. 21.
In the eighth embodiment, the control of step S32 in the first
embodiment or the second embodiment is changed to the
control of step S32a. In the eighth embodiment, the other
parts are similar to those of the above-described first or
second embodiment.

[0125] Specifically, at step S32a, the set values of the
relative humidity RHW of the windshield Sa, for switching
the third target post-evaporator temperature TE3, are set to
be similar to those at step S29. That is, as shown in the
characteristic view of step S32a, the third target poet-
evaporator air temperature TE3 is set at 99° C. when the
relative humidity RHW of the windshield 5a is equal to or
smaller than 80, and the third target post-evaporator air
temperature TE3 is set at 8° C. when the relative humidity
RHW of the windshield Sa is equal to or larger than 90%.

[0126] Even when the third target post-evaporator tem-
perature TE3 is made higher in the high humidity area at step
S32a, when the second engine operation request signal
(second E/G ON signal) except for the air conditioner is not
received or the hybrid vehicle 5 is in the stop state, the stop
range of the compressor 41 and the engine 1 can be made
wider, and the fuel economy performance can be improved.

[0127] However, the set values of the relative humidity
RHW of the windshield Sa, for switching the third target
poet-evaporator temperature TE3, can be set at higher values
(e.g., 85%-95%) that is higher than those at step S29. In this
case, when the second engine operation request signal
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(second E/G ON signal) except for the air conditioner is not
received or the hybrid vehicle 5 is in the stop state, the stop
range of the compressor 41 and the engine 1 can be made
further wider, and the fuel economy performance can be
further improved.

[0128] A ninth preferred embodiment of the present inven-
tion will be now described with reference to FIGS. 22 and
23. In the ninth embodiment, the controls of step S28 and
step S31 in the first embodiment or the second embodiment
are changed. In the ninth embodiment, the other parts are
similar to those of the above-described first or second
embodiment. In the ninth embodiment, the second target
post-evaporator temperature TE2 is finely changed in accor-
dance with the relative humidity RH25 of the passenger
compartment so that pleasant performance of the passenger
compartment is improved, while the stop range of the
compressor 41 and the engine 1 is enlarged so that the fuel
economy performance is further improved.

[0129] Next, the control of the ninth embodiment will be
described in detail based on FIGS. 22 and 23. When the
second engine operation request signal (second E/G ON
signal) except for the air conditioner is output or the hybrid
vehicle 5 is in the travelling state, the control of step S61 is
performed through step S27, as shown in FIG. 22. At step
S61, A-zone of a low humidity area, B-zone of a middle
humidity area and C-zone of a high humidity area are set,
and a zone determination is performed based on the relative
humidity RH2S5 of the passenger compartment in accordance
with the characteristic view of step S61 pre-stored in the
ROM. When the relative humidity RH25 of the passenger
compartment is increased to be larger than 60%, the zone
state is changed from A-zone or B-zone to C-zone. Further,
when the relative humidity RH2S5 of the passenger compart-
ment is decreased to 55%, the zone state is changed from
C-zone to B-zone. Further, when the relative humidity RH25
of the passenger compartment is decreased to 50%, the zone
state is changed from B-zone to A-zone.

[0130] When the A-zone is determined at step S61, it is
determined whether or not a measured time of a timer A
passes a predetermined time (e.g., 28 seconds) at step S62.
Here, the measured time of the timer A is a passing time after
the second target post-evaporator temperature TE2 is set at
step 64. When it is determined that the measured time of the
timer A does not pass the predetermined time (e.g., 28
seconds) at step S62, the count of the timer A is continuously
performed at step S63, and thereafter the control of step S29
is performed. On the other hand, when it is determined that
the measured time of the timer A passes the predetermined
time (e.g., 28 seconds), the second target post-evaporator
temperature TE2 is set at a value higher than the present
post-evaporator air temperature TE by 3° C. (i.e., TE2=TE+
3° C.) at step S64. Next, after the initialization of the timer
A is performed at step S65, the control at step S29 is
performed.

[0131] That is, in the A-zone of the low humidity area, the
second target post-evaporator air temperature TE2 is made
higher when the timer A passes the predetermined time (e.g.,
28 seconds), so that stop range of the compressor 41 and the
engine 1 can be made wider. Further, when the humidity of
the passenger compartment is rapidly changed, an unpleas-
ant feeling may be given to the passenger. However, in the
ninth embodiment, because the second target post-evapora-
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tor air temperature TE2 is gradually changed (e.g., changes
per 28 seconds), the unpleasant feeling due to a rapid
humidity change can be prevented.

[0132] On the other hand, when the B-zone is determined
at step S61, it is determined whether or not the present
relative humidity RH25# of the passenger compartment is
equal to or smaller than 55% at step S66. When the present
relative humidity RH25# of the passenger compartment is
equal to or smaller than 55% at step S66, it is determined
whether or not a measured time of a timer B1 passes a
predetermined time (e.g., 12 seconds) at step S67. Here, the
measured time of the timer Bl is a passing time after the
second target poet-evaporator temperature TE2 is set at step
70. When it is determined that the measured time of the
timer B does not pass the predetermined time (e.g., 12
seconds) at step S67, the count of the timer B1 is continu-
ously performed at step S68, and thereafter the control of
step S69 is performed. That is, at step S69, the initialization
of the other timers except for the timer B1 are performed. On
the other hand, when it is determined that the measured time
of the timer Bl passes the predetermined time (e.g., 12
seconds) at step S67, the second target post-evaporator
temperature TE2 is set at a value higher than a second target
post-evaporator air temperature TEb before 12 seconds by
0.35° C. (i.e., TE2=TEb+0.35° C.) at step S70. Further, at
step S70, the presently set second target post evaporator air
temperature TE2 is stored as the second target post-evapo-
rator air temperature TEb before 12 seconds, for the next
time. Next, after the initialization of the timer B1 is per-
formed at step S71, the control at step S69 is performed.

[0133] As described above, in a relatively low humidity
area among the B-zone, the second target post-evaporator air
temperature TE2 is made higher so that the stop range of the
compressor 41 and the engine 1 is enlarged, while the
pleasant performance of the passenger compartment is
improved.

[0134] Next, when the present relative humidity RH25#7 of
the passenger compartment is larger than 55% at step S66,
it is determined whether or not the relative humidity of the
passenger compartment is decreased at step S72 by com-
paring the present relative humidity RH25# of the passenger
compartment and a relative humidity RH25b before 4 sec-
onds. When it is determined that the relative humidity of the
passenger compartment is decreased at step S72, it is deter-
mined whether or not a measured time of a timer B2 passes
a predetermined time (e.g., 12 seconds) at step S73. Here,
the measured time of the timer B2 is a passing time after the
second target post-evaporator temperature TE2 is set at step
76. When it is determined that the measured time of the
timer B2 does not pass the predetermined time (e.g., 12
seconds) at step S73, the count of the timer B2 is continu-
ously performed at step S74, and thereafter, the control of
step S75 is performed. That is, at step S75, the initialization
of the other timers except for the timer B2 are performed. On
the other hand, when it is determined that the measured time
of the timer B2 passes the predetermined time (e.g., 12
seconds) at step S73, the second target post-evaporator
temperature TE2 is set at a value higher than a second target
post-evaporator air temperature TEb before 12 seconds by
0.35° C. (i.e., TE2=TEb+0.35° C.) at step S76. Further, at
step S76, the presently set second target post-evaporator air
temperature TE2 is stored as the second target post-evapo-
rator air temperature TEb before 12 seconds, for the next

Aug. 2, 2001

time. Next, after the initialization of the timer B2 is per-
formed at step S77, the control at step S75 is performed.

[0135] As described above, even in a relatively high
humidity area among the B-zone, the second target post-
evaporator air temperature TE2 is made higher when the
humidity of the passenger compartment is decreased.
Accordingly, the stop range of the compressor 41 and the
engine 1 can be enlarged, while the pleasant performance of
the passenger compartment is improved.

[0136] Next, when it is determined that the relative humid-
ity of the passenger compartment is increased at step S72, it
is determined whether or not a measured time of a timer B3
passes a predetermined time (e.g., 12 seconds) at step S78.
Here, the measured time of the timer B3 is a passing time
after the second target post-evaporator temperature TE2 is
set at step 81. When it is determined that the measured time
of the timer B3 does not pass the predetermined time (e.g.,
12 seconds) at step S78, the count of the timer B3 is
continuously performed at step S79, and thereafter, the
control of step S80 is performed. That is, at step S80, the
initialization of the other timers except for the timer B3 are
performed. On the other hand, when it is determined that the
measured time of the timer B3 passes the predetermined
time (e.g., 12 seconds) at step S78, the second target
post-evaporator temperature TE2 is set at a value lower than
a second target post-evaporator air temperature TEb before
12 seconds by 0.35° C. (i.e., TE2=TEb-0.35° C.) at step
S81. Further, at step S81, the presently set second target
post-evaporator air temperature TE2 is stored as the second
target post-evaporator air temperature TEb before 12 sec-
onds, for the next time. Next, after the initialization of the
timer B3 is performed at step S82, the control at step S80 is
performed.

[0137] As described above, in a relatively high humidity
area among the B-zone, the second target post-evaporator air
temperature TE2 is made lower when the humidity of the
passenger compartment is increased. Accordingly, the com-
pressor 41 is operated so that the defrosting operation of the
windshield Sa is performed. Therefore, the pleasant perfor-
mance of the passenger compartment can be maintained.

[0138] When the C-zone is determined at step S61, it is
determined whether or not a measured time of a timer C
passes a predetermined time (e.g., 12 seconds) at step S83.
Here, the measured time of the timer C is a passing time after
the second target post-evaporator temperature TE2 is set at
step S86. When it is determined that the measured time of
the timer C does not pass the predetermined time (e.g., 12
seconds) at step S83, the count of the timer C is continuously
performed at step S84, and thereafter, the control of step S85
is performed. That is, at step S85, the initialization of the
other timers except for the timer C are performed. On the
other hand, when it is determined that the measured time of
the timer C passes the predetermined time (e.g., 12 seconds)
at step S83, the second target post-evaporator temperature
TE2 is set at a value lower than the present post-evaporator
air temperature TE by 3° C. (i.e., TE2=TE-3° C.) at step
S86. Next, after the initialization of the timer C is performed
at step S87, the control at step S85 is performed.

[0139] As described above, in the C-zone of the high
humidity area, the second target post-evaporator air tem-
perature TE2 is made lower. Accordingly, the compressor 41
is controlled to be operated so that the defrosting operation
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of the windshield Sa is performed. Therefore, the pleasant
performance of the passenger compartment can be main-
tained in the C-zone.

[0140] When the second engine operation request signal
(second E/G ON signal) except for the air conditioner is not
output or the hybrid vehicle § is in the stop state, the control
of step S88 is performed through step S30, as shown in FIG.
23. In FIG. 23, step S61 and step S66 of FIG. 22 are
changed to step S88 and step S89, respectively. In FIG. 23,
the other steps are similar to those of FIG. 22. Specifically,
the relative humidity RH2S of the passenger compartment at
step S88 is set higher than that at step S61 in FIG. 22 by 5%.
Accordingly, the determination level of the present relative
humidity RH15# at step S89 is set higher than the determi-
nation level at step S66 in FIG. 22 by 5%.

[0141] Thus, when the second engine operation request
signal (second E/G ON signal) except for the air conditioner
is not output or when the hybrid vehicle 5 is in the stop state,
the stop range of the compressor 41 and the engine 1 can be
further enlarged, and the fuel economy performance can be
further improved.

[0142] Atenth preferred embodiment of the present inven-
tion will be now described with reference to FIG. 24. In the
tenth embodiment, the controls of step S29 and step S32 in
the first embodiment or the second embodiment are
changed. In the tenth embodiment, the other parts are similar
to those of the above-described first or second embodiment.
In the ninth embodiment, the third target post-evaporator
temperature TE3 is finely changed in accordance with the
relative humidity RHW of the windshield 5a so that defrost-
ing performance of the windshield 5a is improved, while the
stop range of the compressor 41 and the engine 1 is enlarged
so that the fuel economy performance is further improved.

[0143] Next, the control of the tenth embodiment will be
described in detail based on FIG. 24. When the second
engine operation request signal (second E/G ON signal)
except for the air conditioner is output or the hybrid vehicle
5 is in the travelling state, the control of step S91 is
performed through step S28, as shown in FIG. 24. At step
S91, A-zone of a low humidity area, B-zone of a middle
humidity area and C-zone of a high humidity area are set,
and a zone determination is performed based on the relative
humidity RHW of the windshield in accordance with the
characteristic view of step S91 pre-stored in the ROM.
When the relative humidity RHW is increased to be larger
than 85%, the zone state is changed from A-zone to B-zone.
Further, when the relative humidity RHW is increased to be
larger than 95%, the zone state is changed from B-zone to
C-zone. On the other hand, when the relative humidity RHW
is decreased to 90%, the zone state is changed from C-zone
to B-zone. Further, when the relative humidity RHW of the
windshield is decreased to 80%, the zone state is changed
from B-zone to A-zone.

[0144] On the other hand, when the second engine opera-
tion request signal (second E/G ON signal) except for the air
conditioner is not output or the hybrid vehicle 5 is in the stop
state, the control of step S92 is performed through step S31,
as shown in FIG. 24. At step S92, A-zone of a low humidity
area, B-zone of a middle humidity area and C-zone of a high
humidity area are set, and a zone determination is performed
based on the relative humidity RHW in accordance with the
characteristic view of step S92 pre-stored in the ROM. At
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step S92, the set value of the relative humidity RHW of the
windshield Sa is set higher than that at step S91. That is, at
step S92, when the relative humidity RHW is increased to be
larger than 88%, the zone state is changed from A-zone to
B-zone. Further, when the relative humidity RHW is
increased to be larger than 98%, the zone state is changed
from B-zone to C-zone. On the other hand, when the relative
humidity RHW is decreased to 93%, the zone state is
changed from C-zone to B-zone. Further, when the relative
humidity RHW of the windshield Sa is decreased to 83%,
the zone state is changed from B-zone to A-zone.

[0145] When the A-zone is determined at step S91 or at
step S92, the third target post-evaporator temperature TE3 is
set at 99° C., and thereafter, the final target post-evaporator
TEO is calculated at step S33. Because it is unnecessary to
perform dehumidifying operation for defrosting, the third
target post-evaporator temperature TE3 is set at 99° C., and
the compressor 41 is controlled to be stopped.

[0146] When the B-zone is determined at step S91 or S92,
it is determined whether or not the relative humidity of the
windshield 5a is decreased at step S94 by comparing the
present relative humidity RHWn of the windshield 5a and a
relative humidity RHWb before 4 seconds. When it is
determined that the relative humidity of the windshield is
decreased at step S94, it is determined whether or not a
measured time of a timer B2 passes a predetermined time
(e.g., 12 seconds) at step S95. Here, the measured time of the
timer B2 is a passing time after the third target post-
evaporator temperature TE3 is set at step 98. When it is
determined that the measured time of the timer B2 does not
pass the predetermined time (e.g., 12 seconds) at step S95,
the count of the timer B2 is continuously performed at step
S96, and thereafter, the control of step S97 is performed.
That is, at step S97, the initialization of the other timers
except for the timer B2 are performed. On the other hand,
when it is determined that the measured time of the timer B2
passes the predetermined time (e.g., 12 seconds) at step S95,
the third target post-evaporator air temperature TE3 is set at
a value higher than a second target post-evaporator air
temperature TE3b before 12 seconds by 0.35° C. (i.e.,
TE3=TE3b+0.35° C.) at step S98. Further, at step S98, the
presently set third target post-evaporator air temperature
TE3 is stored as the third target post-evaporator air tem-
perature TE3b before 12 seconds, for the next time. Next,
after the initialization of the timer B2 is performed at step
S99, the control at step S97 is performed.

[0147] As described above, even in the B-zone of the
middle humidity area, the third target post-evaporator air
temperature TE3 is made higher when the humidity of the
windshield is decreased. Accordingly, the stop range of the
compressor 41 and the engine 1 is enlarged, while the
pleasant performance of the passenger compartment is
improved.

[0148] Next, when it is determined that the relative humid-
ity of the windshield Sa is increased at step S94, it is
determined whether or not a measured time of a timer B3
passes a predetermined time (e.g., 12 seconds) at step S100.
Here, the measured time of the timer B3 is a passing time
after the third target post-evaporator temperature TE3 is set
at step S103. When it is determined that the measured time
of the timer B3 does not pass the predetermined time (e.g.,
12 seconds) at step S100, the count of the timer B3 is
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continuously performed at step S101, and thereafter, the
control of step S102 is performed. That is, at step S102, the
initialization of the other timers except for the timer B3 are
performed. On the other hand, when it is determined that the
measured time of the timer B3 passes the predetermined
time (e.g., 12 seconds) at step S100, the third target poet-
evaporator air temperature TE3 is set at a value lower than
a third target post-evaporator air temperature TE3b before
12 seconds by 0.35° C. (i.e., TE3=TE3b-0.35° C.) at step
S103. Further, at step S103, the presently set third target
poet-evaporator air temperature TE3 is stored as the third
target post-evaporator air temperature TE3b before 12 sec-
onds, for the next time. Next, after the initialization of the
timer B3 is performed at step S104, the control at step S102
is performed.

[0149] As described above, in the B-zone, the third target
post-evaporator air temperature TE3 is made lower when the
humidity of the windshield 5a is increased. Accordingly, the
compressor 41 is operated so that the defrosting operation of
the windshield Sa is performed. Therefore, the pleasant
performance of the passenger compartment is maintained.

[0150] When the C-zone is determined at step S91 or step
S92, it is determined whether or not a measured time of a
timer C passes a predetermined time (e.g., 12 seconds) at
step S105. Here, the measured time of the timer C is a
passing time after the third target post-evaporator air tem-
perature TE3 is set at step S108. When it is determined that
the measured time of the timer C does not pass the prede-
termined time (e.g., 12 seconds) at step S105, the count of
the timer C is continuously performed at step S106, and
thereafter, the control of step S107 is performed. That is, at
step S107, the initialization of the other timers except for the
timer C are performed. On the other hand, when it is
determined that the measured time of the timer C passes the
predetermined time (e.g., 12 seconds) at step S105, the third
target poet-evaporator temperature TE3 is set at a value
lower than the present post-evaporator air temperature TE
by 3° C. (i.e., TE3=TE-3° C.) at step S108. Next, after the
initialization of the timer C is performed at step S109, the
control at step S107 is performed.

[0151] As described above, in the C-zone of the high
humidity area, the third target post-evaporator air tempera-
ture TE3 is made lower. Accordingly, the compressor 41 is
controlled to be operated so that the defrosting operation of
the windshield is performed. Therefore, the pleasant perfor-
mance of the passenger compartment can be maintained in
the C-zone.

[0152] According to the tenth embodiment, the set values
for the zone determination at step S91 are different from that
at step S92. Thus, when the second engine operation request
signal (second E/G ON signal) except for the air conditioner
is not output or when the hybrid vehicle 5 is in the stop state,
the stop range of the compressor 41 and the engine 1 can be
further enlarged, and the fuel economy performance can be
further improved.

[0153] Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is to
be noted that various changes and modifications will become
apparent to those skilled in the art.

[0154] For example, in the above-described embodiments,
the present invention is typically applied to the hybrid
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vehicle. However, the present invention can be applied to an
economy vehicle having only a vehicle engine that is
automatically stopped in a vehicle stop such as a case
waiting for the signal.

[0155] In the above-described embodiments, the present
invention is applied to the hybrid vehicle § in which the
output of the engine 1 is directly used for the vehicle
traveling. However, the present invention may be applied to
a hybrid vehicle in which only the electrical motor 2 is
always used for the vehicle traveling and the engine 1 is used
for charging the battery 4 or driving the compressor 41.

[0156] In the above-described embodiments, the heater
core 51 is used as a heating heat exchanger which heats air
using engine-cooling water as a heating source. However, as
a heating heat exchanger for heating air, a condenser of a
refrigerant cycle may be used. Further, in the above-de-
scribed embodiments, a four-way valve for reversely chang-
ing a refrigerant flow of a refrigerant cycle may be provided
in the refrigerant cycle, so that an interior heat exchanger is
used as a condenser and an exterior heat exchanger is used
as an evaporator.

[0157] Such changes and modifications are to be under-
stood as being within the scope of the present invention as
defined by the appended claims.

What is claimed is:

1. An air conditioner for a vehicle having an engine that
is operated when at least one of a first engine operation
request signal from the air conditioner and a second engine
operation request signal from a vehicle condition except for
the air conditioner is output, and is stopped when both the
first and second engine operation request signals are not
output, the air conditioner comprising:

a compressor of a refrigerant cycle, for compressing
refrigerant, the compressor being driven by the engine;

an evaporator cooling and humidifying air flowing into a
passenger compartment of the vehicle, by evaporation
latent heat of refrigerant of the refrigerant cycle; and

a control unit for controlling air state blown into the
passenger compartment, wherein:

the control unit includes compressor control means which
determines a pleasant performance based on a humidity
of air in the passenger compartment and determines
whether or not operation of the compressor is neces-
sary;

when the compressor control means determines that the
operation of the compressor is necessary, the control
unit outputs the first engine operation request signal;
and

the compressor control means changes a determination
level whether or not the compressor operates, so that a
stop range of the compressor, when the second engine
operation request signal is not output, is made wider
than that when the second engine operation request
signal is output.

2. The air conditioner according to claim 1, wherein:

the control unit determines a control target temperature of
air at a position immediately after the evaporator, by
comparing an actual humidity and a control target
humidity of air in the passenger compartment; and
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the compressor control means changes the control target
humidity as the determination level to a high humidity
side when the second engine operation request signal is
not output, as compared with a case where the second
engine operation request signal is output.

3. The air conditioner according to claim 1, wherein:

the control unit determines a control target temperature of
air at a position immediately after the evaporator, by
comparing an actual humidity and a control target
humidity of air in the passenger compartment; and

the compressor control means changes the control target
temperature as the determination level to a high tem-
perature side when the second engine operation request
signal is not output, as compared with a case where the
second engine operation request signal is output.

4. The air conditioner according to claim 3, wherein:

the control unit divides a range of humidity of air in the
passenger compartment into a first humidity area lower
than a first predetermined humidity, a second humidity
area between the first predetermined humidity and a
second predetermined humidity higher than the first
predetermined humidity, and a third humidity area
higher than the second predetermined humidity; and

the control target temperature is changed per each of the
first, second and third humidity areas.
5. The air conditioner according to claim 4, wherein,

in the first humidity area, the control target temperature is
gradually changed to be increased as time passes.
6. The air conditioner according to claim 4, wherein,

in the second humidity area, the control target temperature
is changed in accordance with a change tendency of the
humidity of air inside the passenger compartment.

7. The air conditioner according to claim 6, wherein the
control target temperature is increased when the humidity of
air inside the passenger compartment is decreased.

8. The air conditioner according to claim 6, wherein the
control target temperature is decreased when the humidity of
air inside the passenger compartment is increased.

9. The air conditioner according to claim 4, wherein,

in the third humidity area, the control target temperature
is gradually changed to be decreased as time passes.
10. The air conditioner according to claim 1, wherein:

when the vehicle is in a stop state, the output of the second

engine operation request signal is stopped.

11. An air conditioner for a vehicle having an engine that
is operated when at least one of a first engine operation
request signal from the air conditioner and a second engine
operation request signal from a vehicle condition except for
the air conditioner is output, and is stopped when both the
first and second engine operation request signals are not
output, the air conditioner comprising:

a compressor of a refrigerant cycle, for compressing
refrigerant, the compressor being driven by the engine;

an evaporator cooling and humidifying air flowing into a
passenger compartment of the vehicle, by evaporation
latent heat of refrigerant of the refrigerant cycle; and

a control unit for controlling air state blown into the
passenger compartment, wherein:

14
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the control unit includes compressor control means which
determines a fogging state of a windshield based on a
humidity of air inside the passenger compartment and
determines whether or not operation of the compressor
iS necessary;

when the compressor control means determines that the
operation of the compressor is necessary, the control
unit outputs the first engine operation request signal;
and

the compressor control means changes a determination
level whether or not the compressor operates, so that a
stop range of the compressor, when the second engine
operation request signal is not output, is made wider
than that when the second engine operation request
signal is output.

12. The air conditioner according to claim 11, wherein:

the control unit determines a control target temperature of
air at a position immediately after the evaporator, by
comparing an actual humidity and a control target
humidity of air on the windshield; and

the compressor control means changes the control target
humidity as the determination level to a high humidity
side when the second engine operation request signal is
not output, as compared with a case where the second
engine operation request signal is output.

13. The air conditioner according to claim 11, wherein:

the control unit determines a control target temperature of
air at a position immediately after the evaporator, by
comparing an actual humidity and a control target
humidity of air on the windshield; and

the compressor control means changes the control target
temperature as the determination level to a high tem-
perature side when the second engine operation request
signal is not output, as compared with a case where the
second engine operation request signal is output.

14. The air conditioner according to claim 13, wherein:

the control unit divides a range of humidity of air on the
windshield into a first humidity area lower than a first
predetermined humidity, a second humidity area
between the first predetermined humidity and a second
predetermined humidity higher than the first predeter-
mined humidity, and a third humidity area higher than
the second predetermined humidity; and

the control target temperature is changed per each of the
first, second and third humidity areas.
15. The air conditioner according to claim 14, wherein,

in the first humidity area, the control target temperature is
gradually changed to be increased as time passes.
16. The air conditioner according to claim 14, wherein,

in the second humidity area, the control target temperature
is changed in accordance with a change tendency of the
humidity of air on the windshield.

17. The air conditioner according to claim 16, wherein the
control target temperature is increased when the humidity of
air on the windshield is decreased.

18. The air conditioner according to claim 16, wherein the
control target temperature is decreased when the humidity of
air on the windshield is increased.
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19. The air conditioner according to claim 14, wherein,

in the third humidity area, the control target temperature
is gradually changed to be decreased as time passes.

20. The air conditioner according to claim 11, wherein the
control unit switches a first dehumidifying mode where air
is blown toward the windshield while the compressor stops,
and a second dehumidifying mode where air is blown
toward the windshield while the compressor operates, based
on the humidity of air on the windshield.

21. The air conditioner according to claim 20, wherein:

in the first dehumidifying mode, an air amount blown
toward the windshield is controlled in accordance with
an outside air temperature.

22. The air conditioner according to claim 20, wherein:

in the first dehumidifying mode, an air amount blown

toward the windshield is controlled in accordance with

an air temperature blown into the passenger compart-
ment.

23. The air conditioner according to claim 20, wherein the

engine is a water-cooled type, the air conditioner further
comprising

a heater core for heating air to be blown into the passenger
compartment using cooling water for cooling the
engine as a heating source, wherein:

in the first dehumidifying mode, an air amount blown
toward the windshield is controlled in accordance with
a temperature of cooling water of the engine.

24. The air conditioner according to claim 20, wherein:

in the first dehumidifying mode, an air amount blown
toward the windshield is controlled in accordance with
the humidity of air on the windshield.

25. An air conditioner for a vehicle having an engine that
is operated when at least one of a first engine operation
request signal from the air conditioner and a second engine
operation request signal from a vehicle condition except for
the air conditioner is output, the output of the second engine
operation request signal being stopped when the vehicle is in
a stop state, the air conditioner comprising:

a compressor of a refrigerant cycle, for compressing
refrigerant, the compressor being driven by the engine;

an evaporator cooling and humidifying air flowing into a
passenger compartment of the vehicle, by evaporation
latent heat of refrigerant of the refrigerant cycle; and

a control unit for controlling air state blown into the
passenger compartment, wherein:
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the control unit includes compressor control means which
determines a pleasant performance based on a humidity
of air in the passenger compartment and determines
whether or not operation of the compressor is neces-
sary;

when the compressor control means determines that the
operation of the compressor is necessary, the control
unit outputs the first engine operation request signal;
and

the compressor control means changes a determination
level whether or not the compressor operates, so that a
stop range of the compressor, when the vehicle is in the
stop state, is made wider than that when the vehicle is
in a travelling state.

26. An air conditioner for a vehicle having an engine that
is operated when at least one of a first engine operation
request signal from the air conditioner and a second engine
operation request signal from a vehicle condition except for
the air conditioner is output, the output of the second engine
operation request signal being stopped when the vehicle is in
a stop state, the air conditioner comprising:

a compressor of a refrigerant cycle, for compressing
refrigerant, the compressor being driven by the engine;

an evaporator cooling and humidifying air flowing into a
passenger compartment of the vehicle, by evaporation
latent heat of refrigerant of the refrigerant cycle; and

a control unit for controlling air state blown into the
passenger compartment, wherein:

the control unit includes compressor control means which
determines a fogging state of a windshield based on a
humidity of air on the windshield and determines
whether or not operation of the compressor is neces-
sary;

when the compressor control means determines that the
operation of the compressor is necessary, the control
unit outputs the first engine operation request signal;
and

the compressor control means changes a determination
level whether or not the compressor operates, so that a
stop range of the compressor, when the vehicle is in the
stop state, is made wider than that when the vehicle is
in a travelling state.
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