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(57) ABSTRACT

A vehicle air-conditioner provided with an inside air-con-
ditioning unit introducing at least one of inside air and
outside air, adjusting the state of the introduced air, and
blowing it out into the vehicle compartment, where an
air-conditioning electronic control device judges if window
glass is liable to fog up based on a window glass surface
relative humidity near the window glass in the compartment
(degree of ease of fogging). When it is judged that the
window glass is liable to fog up, the inside air-conditioning
unit is controlled to prevent the window glass from fogging
up in defrost control, while when it is judged that the
window glass is resistant to fogging, the inside air-condi-
tioning unit is controlled to introduce at least inside air into
the compartment.
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VEHICULAR ATR-CONDITIONER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to a vehicle air-
conditioner conditioning the air inside a vehicle compart-
ment.

[0003] 2. Description of the Related Art

[0004] Inthe past, in automatic air-conditioning control of
a vehicular air-conditioner, the inside/outside air intake
mode, blowing port mode, and blower level have been
controlled based on a target blowing temperature TAO so as
to maintain the vehicle compartment temperature at a set
temperature (for example, see Japanese Patent Publication
(A) No. 2000-142077).

[0005] In this control, in air-conditioning in the winter, in
particular at times of low outside air temperature, the outside
air mode was used for the air-conditioning in order to
prevent the front window glass from fogging up. Further, at
the initial start of heating, the blowing port mode was set to
the foot/defrost mode for a certain time in order to prevent
the front window glass from fogging up.

[0006] However, along with the recent improvements in
engine efficiency, the amount of heat given from the engine
to the engine cooling water has been reduced and the engine
cooling water no longer rises in temperature. For this reason,
the heating capacity becomes insufficient. In particular,
when heating in the outside air mode at the time of a low
outside air temperature, the heating capacity will drop, the
temperature inside the vehicle compartment will not rise,
and passenger comfort will be impaired.

[0007] If setting the inside air mode, inside air is intro-
duced, so the temperature of the introduced air can be raised
compared with the outside air mode. For this reason, the
temperature of the air inside the vehicle compartment can be
raised faster. While the problem of the insufficient heating
capacity can be eliminated, when setting the inside air mode,
the humidity resulting from the respiration of the passengers
causes the humidity in the vehicle compartment to imme-
diately rise and ends up causing the front window glass to
fog up.

SUMMARY OF THE INVENTION

[0008] An object of the present invention is to provide a
vehicle air-conditioner designed to suppress fogging of the
window glass and suppress a drop in the heating capacity.

[0009] To achieve this object, the present invention pro-
vides a vehicle air-conditioner provided with an air-condi-
tioning means (30) for introducing at least one of inside air
and outside air, adjusting the state of the introduced air, and
blowing it out into a vehicle compartment, the vehicle
air-conditioner further provided with a humidity detecting
means (17) for detecting a humidity inside the vehicle
compartment, judging means (S210, S240) for judging
whether window glass of the vehicle compartment is liable
to fog up in accordance with the humidity detected by the
humidity detecting means, defrost control means (S260) for
controlling the air-conditioning means to prevent the win-
dow glass from fogging up as defrost control when the
window glass inside the vehicle compartment is judged
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liable to fog up by the judging means and not performing the
defrost control when the window glass in the vehicle com-
partment is judged resistant to fogging by the judging
means, and inside air introduction control means (S250) for
controlling the air-conditioning means so as to introduce at
least the inside air into the vehicle compartment when the
window glass inside the vehicle compartment is judged
resistant to fogging by the judging means.

[0010] Therefore, according to the present invention, by
using the inside air introduction control means so as to
introduce inside air into the vehicle compartment, compared
with the outside air mode of introducing only outside air, the
introduced air can be raised in temperature, so the heating
performance can be improved. Further, when the window
glass is judged liable to fog up, the defrost control means is
operated, so the window glass can be kept from fogging and
the heating capability can be kept from falling.

[0011] Specifically, it is possible to provide a calculating
means (10) for finding the degree of ease of fogging of the
window glass based on the humidity detected by the humid-
ity detecting means and to have the judging means judge
whether the window glass in the vehicle compartment is
liable to fog up based on the degree of ease of fogging of the
window glass.

[0012] Further, the calculating means may be designed to
find a relative humidity near the inside surface of the
window glass as the degree of ease of fogging of the window
glass.

[0013] Further, the defrost control means may be designed
to control the air-conditioning means to introduce only
outside air and prevent the window glass from fogging up
when performing the defrost control.

[0014] Further, the vehicle air-conditioner may be pro-
vided with an instruction value calculating means (S230) for
calculating an inside air instruction value (S) for determin-
ing a ratio of the inside air and the outside air which the
air-conditioning means introduces into the vehicle compart-
ment based on the degree of ease of fogging of the window
glass, and the judging means may be designed to judge if the
window glass in the vehicle compartment is liable to fog up
in accordance with the inside air instruction value.

[0015] The judging means may judge that the window
glass in the vehicle compartment is liable to fog up when an
inside air instruction value for introducing only outside air
into the vehicle compartment is calculated by the instruction
value calculating means and the judging means may judge
that the window glass in the vehicle compartment is resistant
to fogging when an inside air instruction value for introduc-
ing inside air and outside air into the vehicle compartment
is calculated by the instruction value calculating means.

[0016] The vehicle air-conditioner may have a first control
mode which stepwisely increases the ratio of inside air
introduced into the vehicle compartment, a second control
mode which maintains the ratio of the inside air and outside
air introduced into the vehicle compartment, and a third
control mode which stepwisely increases the ratio of the
outside air introduced into the vehicle compartment, and the
instruction value calculating means may select one of the
first to third control modes in accordance with the degree of
ease of fogging of the window glass. According to this, the
ratio of the inside air introduced into the vehicle compart-
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ment can be finely controlled in accordance with the degree
of ease of fogging of the window glass.

[0017] The vehicle air-conditioner may further have a
fourth control mode which introduces just outside air into
the vehicle compartment, the instruction value calculating
means may select one of the first to third control modes
when the degree of ease of the window glass is less than a
threshold value and select the fourth control mode when the
degree of ease of fogging of the window glass is the
threshold value or more, the air-conditioning means may
have a heating use heat exchanger (44) for adjusting the
temperature of the air blown into the vehicle compartment
by the engine cooling water, and the threshold value used
when the water temperature of the engine cooling water is
less than a predetermined temperature may be set higher
than the threshold value used when the water temperature of
the engine cooling water is the predetermined temperature or
more.

[0018] Normally, at the initial start of a heating operation
when the water temperature of the engine cooling water is
low, the heating use heat exchanger cannot be used to adjust
the temperature well, so cool air is blown to the passengers
and the passengers are discomforted. As opposed to this, the
threshold value used when the water temperature of the
engine cooling water is less than the predetermined tem-
perature is set higher than the threshold value used when the
water temperature of the engine cooling water is the prede-
termined temperature or more, so the fourth control mode
becomes difficult to select when the water temperature of the
engine cooling water is less than the predetermined tem-
perature. Therefore, it is possible to prevent the fourth
control mode from being executed and cool air being blown
to the passengers and discomforting the passengers.

[0019] The air-conditioning means may have a plurality of
blowing ports (48 to 50) for blowing air into the vehicle
compartment, and the defrost control means may switch the
blowing ports blowing air into the vehicle compartment
among the plurality of blowing ports so as to prevent
fogging of the window glass.

[0020] At the initial start of heating when the engine
cooling water is low in temperature, sometimes the air-
conditioning air is not sufficiently warmed and cool air is
blown out from the blowing ports.

[0021] Therefore, the air-conditioning means may having
a heating use heat exchanger (44) for adjusting the tempera-
ture of the air blown into the vehicle compartment by the
engine cooling water, the air-conditioning means may
switch the blowing ports for blowing air into the vehicle
compartment among the plurality of blowing ports in accor-
dance with the degree of ease of fogging of the window glass
when the water temperature of the engine cooling water is a
predetermined temperature or more, and the air-conditioning
means may set a defrost mode which blows air toward the
inside surface of the window glass when the water tempera-
ture of the engine cooling water is less than the predeter-
mined temperature.

[0022] In this case, even if cool air is blown out at the
initial start of the heating operation, the cool air can be kept
from being blown directly to the passengers. Therefore, the
cool air can be kept from discomforting the passengers.

[0023] Further, if using the air-conditioning means to
increase the amount of air blown out from the blowing ports
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along with the rise in the degree of ease of fogging of the
window glass, it is possible to prevent fogging well in
accordance with the degree of ease of fogging of the window
glass.

[0024] Further, when a mode for introducing only inside
air into the vehicle compartment is manually set, the defrost
control means may control the air-conditioning means so as
to actuate the defrost control regardless of the degree of ease
of fogging of the window glass.

[0025] According to this, if a mode for introducing only
inside air into the vehicle compartment is set, fogging of the
window glass more easily occurs due to the humidity
resulting from the respiration of the passengers, but actua-
tion of the defrost control enables the occurrence of fogging
to be suppressed in advance.

[0026] Specifically, when a mode for introducing only
inside air into the vehicle compartment is manually set, if the
degree of ease of fogging of the window glass is less than a
predetermined value (TRHW+c3), defrost control is per-
formed for preventing the window glass from fogging up
while introducing the inside air, while if the degree of ease
of fogging of the window glass is the predetermined value
(TRHW+c3) or more, defrost control is performed for
preventing the window glass from fogging up by switching
the introduced air from inside air to outside air.

[0027] Note that the reference numerals in parentheses
after the means show examples of the correspondence with
the specific means described in the later explained embodi-
ments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] These and other objects and features of the present
invention will become clearer from the following descrip-
tion of the preferred embodiments given with reference to
the attached drawings, wherein:

[0029] FIG. 1is a view of the overall system configuration
of a vehicle air-conditioner according to a first embodiment
of the present invention;

[0030] FIG. 2 is a schematic cross-sectional view of a
detection device of FIG. 1;

[0031] FIG. 3 is a schematic perspective view of a detec-
tion device of FIG. 1;

[0032] FIG. 4 is a block diagram of an electrical system
of the detection device of FIG. 1;

[0033] FIG. 5 is a flow chart showing the basic logic of
air-conditioner control according to the first embodiment;

[0034] FIG. 6 is a graph showing the relationship between
the inside/outside air control instruction value and inside air
ratio;

[0035] FIG. 7 is a flow chart showing the inside/outside
air control logic according to the first embodiment;

[0036] FIG. 8 is a graph for judgment of the vehicle speed
in inside/outside air control;

[0037] FIG.9 is a graph showing the relationship between
a window glass surface relative humidity and the inside/
outside air control instruction value (inside/outside air intake
mode);
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[0038] FIG. 10 is a graph showing the relationship
between the window glass surface relative humidity and the
control modes;

[0039] FIG. 11 is a flow chart showing the defrost control
logic according to the first embodiment;

[0040] FIG. 12 is a graph showing the relationship
between the window glass surface relative humidity and the
control modes;

[0041] FIG. 13 is a flow chart showing the defrost control
logic according to the first embodiment;

[0042] FIG. 14 is a graph showing the relationship
between the window glass surface relative humidity and the
defrost control mode;

[0043] FIG. 15 is graph relating to conventional control
for explaining the effects of a second embodiment of the
present invention;

[0044] FIG. 16 is a graph relating to conventional defrost
control for explaining the effects of the second embodiment;

[0045] FIG. 17 is a graph for explaining the control
according to the second embodiment;

[0046] FIG. 18 is a graph for explaining the effects of the
control according to the second embodiment;

[0047] FIG. 19 is a graph for explaining control according
to a third embodiment of the present invention;

[0048] FIG. 20 is a graph for explaining control according
to a fourth embodiment of the present invention;

[0049] FIG. 21 is a flow chart showing the basic logic of
air-conditioner control according to a fifth embodiment of
the present invention; and

[0050] FIG. 22 is a graph for explaining control according
to the fifth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0051] Preferred embodiments of the present invention
will be described in detail below while referring to the
attached figures.

FIRST EMBODIMENT

[0052] FIG. 1 shows the schematic configuration of a
vehicle air-conditioner according to a first embodiment of
the present invention.

[0053] The vehicle air-conditioner has an inside air-con-
ditioning unit 30 arranged behind an instrument panel at the
front most part of a passenger compartment. This inside
air-conditioning unit 30 has a case 31. Inside the case 31, an
air passage is formed for blowing air toward the inside of the
vehicle compartment.

[0054] At the upstream most part of the air passage of the
case 31, an inside/outside air switching box 32 is provided.
An inside air introduction port 33 and an outside air intro-
duction port 34 are able to be switched to open and close by
an inside/outside air switching door 35. This inside/outside
air switching door 35 is driven by a servo motor 36.

[0055] At the downstream side of the inside/outside air
switching box 32, an electrically powered blower 37 is
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provided for blowing air toward the inside of the vehicle
compartment. This blower 37 is comprised of a centrifugal
blowing fan 37a driven by a motor 375. At the downstream
side of the blower 37, an evaporator 38 forming a cooling/
heating heat exchanger is provided for cooling the blown air.

[0056] This evaporator 38 is one of the elements forming
part of a refrigeration cycle apparatus 39. A low temperature,
low pressure refrigerant evaporates while absorbing heat
from the blown air so as to thereby cool the blown air. Note
that the refrigeration cycle apparatus 39 is known and is
configured so that the refrigerant circulates from a discharge
side of the compressor 40 through a condenser 41, liquid
receiver 42, and expansion valve 43 forming a pressure
reducing means to the evaporator 38. The condenser 41 is
blown with outside air (cooling air) by an electrically
powered cooling fan 41a. This cooling fan 41« is driven by
a motor 41b.

[0057] In the refrigeration cycle apparatus 39, the com-
pressor 40 is driven by a vehicle engine (not shown) through
an electromagnetic clutch 40a. Therefore, the operation of
the compressor 40 can be controlled to start and stop by the
current flow of the electromagnetic clutch 40a.

[0058] On the other hand, in the inside air-conditioning
unit 30, a heater core 44 is provided at the downstream side
of the evaporator 38 for heating the air flowing through the
case 31. This heater core 44 is a heating use heat exchanger
for heating the air passed through the evaporator 48 (cool
air) using the warm water of the vehicle engine (that is, the
engine cooling water) as a heat source. A bypass passage 45
is formed at the side of the heater core 44. Bypass air of the
heater core 44 flows through this bypass passage 45.

[0059] Between the evaporator 38 and the heater core 44
is rotatably provided an air mix door 46 forming a tempera-
ture adjusting means. This air mix door 46 is driven by a
servo motor 47 and can be continuously adjusted in its
rotational position (opening degree).

[0060] The opening degree of the air mix door 46 may be
used to adjust the ratio between the amount of air passing
through the heater core 44 (amount of warm air) and the
amount of air passing through the bypass passage 45 and
bypassing the heater core 44 (amount of cool air) and
thereby adjust the temperature of the air blown out into the
vehicle compartment.

[0061] At the downstream most part of the air passage of
the case 31, a total of three types of blowing ports are
provided: a defroster blowing port 48 for blowing out
air-conditioning air toward the front window glass 12 of the
vehicle, a face blowing port 49 for blowing out air-condi-
tioning air toward the faces of the passengers, and a foot
blowing port 50 for blowing out air-conditioning air toward
the feet of the passengers.

[0062] At the upstream parts of these blowing ports 48 to
50 are rotatably provided a defroster door 51, a face door 52,
and a foot door 53, respectively. These doors 51 to 53 are
operated to open and close by a common servo motor 54
through a not shown link mechanism.

[0063] An air-conditioning electronic control device 26 is
comprised of a known microcomputer including a central
processing unit (CPU), read only memory (ROM), random
access memory (RAM), etc. and its peripheral circuits. This
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air-conditioning electronic control device 26 stores in its
ROM a computer program for air-conditioning control and
performs various operations and processing based on this
computer program.

[0064] The air-conditioning electronic control device 26
receives as input a detection value of a later explained
detection device 10 and receives as input detection signals
from a group of known air-conditioning sensors 61 to 65 and
various operational signals from an air-conditioning control
panel 70.

[0065] As the group of air-conditioning sensors, specifi-
cally, an outside air sensor 61 for detecting an outside air
temperature (temperature outside vehicle compartment)
Tam, an inside air sensor 62 for detecting an inside air
temperature (temperature inside vehicle compartment) Tr, a
sunlight sensor 63 for detecting the amount of sunlight Ts
entering the vehicle compartment, an evaporator tempera-
ture sensor 64 arranged at the air blowing part of the
evaporator 38 and detecting an evaporator blowing air
temperature Te, a water temperature sensor 65 for detecting
a temperature Tw of warm water (engine cooling water)
flowing into the heater core 44, etc. are provided.

[0066] Further, the air-conditioning control panel 70 is
provided with various air-conditioning control members
such as a temperature setting switch 71 forming a tempera-
ture setting means for setting a vehicle compartment inside
temperature, a blowing mode switch 72 for manually setting
a blowing mode switched by blowing mode doors 51 to 53,
an inside/outside air switch 73 for manually setting an
inside/outside air intake mode by an inside/outside air
switching door 35, an air-conditioner switch 74 for emitting
an actuation instruction signal of the compressor 40 (ON
signal of electromagnetic clutch 40a), a blower actuation
switch 75 for manually setting a flow rate of the blower 37,
an auto switch 76 for emitting an instruction signal of the
state of air-conditioning automatic control, etc.

[0067] At the output side of the air-conditioning electronic
control device 26, the electromagnetic clutch 40a of the
compressor 40, the servo motors 36, 47, and 54 forming the
electrical drive means of different equipment, the motor 375
of'the blower 37, the motor 415 of the condenser cooling fan
41a, etc. are connected. The operations of these equipment
are controlled by output signals of the air-conditioning
electronic control device 26.

[0068] Next, the configuration of the detection device 10
will be explained using FIG. 2 to FIG. 4. FIG. 2 is a
schematic cross-sectional view showing the state of the
detection device 10 attached to the inside surface of the
window glass of a vehicle (specifically, the front window
glass), FIG. 3 is a schematic perspective view of the
detection device 10, and FIG. 4 is a view of the electrical
configuration of the detection device 10.

[0069] The detection device 10 has a case formed by a
plastic etc. This case 11 is a thin box shape with a low height.
The bottom is completely open.

[0070] The walls of the front and back of the case 11 are
formed with projecting openings 11a. These front and back
openings 1la enable the space inside the case 11 to be
constantly communicated with the surrounding space, that
is, the vehicle compartment inside space. In the front and
back walls of the case 11, the left and right side parts of the
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openings 11a form stays 115 for mounting to the inside
surface 12a of the window glass 12.

[0071] The window glass 12 is in this example the front
glass of the vehicle. The top side in FIG. 1 shows the inside
surface 12a facing the inside of the vehicle compartment,
while the bottom side in FIG. 1 shows the outside surface
125 facing the outside of the vehicle compartment. There-
fore, FIG. 2 shows the inside surface 12a of the window
glass 12. At the bottom end faces of the mounting stays 115,
a light barrier film 13 is attached. Further, the light barrier
film 13 is attached to the inside surface 12a of the window
glass 12. Note that the light barrier film 13 may be attached
to the bottom end faces of the mounting stays 115 and the
inside surface of the window glass 12 by a binder or other
means.

[0072] In the inside space of the case 11 between the top
ends of the openings 11a and the top side walls 11¢, a circuit
board 13 is arranged parallel to the surface of the window
glass 12. A not shown attachment means is used to fasten the
circuit board 14 to the inside wall of the case 11. The circuit
board 14 is a member comprised of an insulating board on
which conductive circuit parts are formed and is generally
called a “printed circuit board”. The sensors and circuit parts
explained below are mounted on it.

[0073] The front surface of the circuit board 13 at the
window glass 12 side (bottom surface in FIG. 1) has a
humidity sensor 17, air temperature detection temperature
sensor 18, amplifier 19, processing circuit 20, and commu-
nication circuit 21 mounted on it.

[0074] Note that the humidity sensor 17 and the tempera-
ture sensor 18 are arranged at the center of the circuit board
in the longitudinal direction (left-right direction of FIG. 2)
and are arranged near the top ends of the openings 11a, that
is, at the portions communicating with the vehicle compart-
ment inside space. For this reason, the humidity sensor 17
and the temperature sensor 18 can detect a representative
humidity and temperature of the air near the inside surface
of the window glass inside the vehicle compartment.

[0075] At one location of the front surface of the light
barrier film 13 at the sensor side, a temperature sensor 23 for
detecting the glass temperature is integrally provided. The
light barrier film 13 is a thin film-like member with a high
heat conductivity as explained above, so becomes substan-
tially the same temperature as the surface temperature of the
window glass at the inside of the vehicle compartment
(inside surface temperature).

[0076] Note that in this example, as the humidity sensor
17, a humidity sensitive film having a dielectric constant
changing in accordance with the relative humidity of the air
and thereby having an electrostatic capacity changing in
accordance with the relative humidity of the air, that is, a
capacity changing type, is used. Further, as the temperature
sensors 18 and 23, thermistors having resistance values
changing in accordance with the temperature are used.

[0077] A lead wire 25 includes a power line and commu-
nication line taken out from the inside space of the case 11
to the outside of the case 11 and electrically connects
electrical circuit parts of the circuit board 14 (amplifier 19,
processing circuit 20, and communication circuit 21) and
external circuits (later explained air-conditioning electronic
control device 26, vehicle power supply, etc. of FIG. 4).
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[0078] Note that the mounting stays 115 of the case 11
explained above function as positioning means for defining
the distances between the circuit board 13 and the various
types of sensors mounted on the circuit board 14 and the
inside surface 12a of the window glass 12.

[0079] Next, explaining the electrical configuration of the
detection device 10 by FIG. 4, the output signals of the
sensors 17, 18, and 23 are amplified by the amplifiers 194 to
194 and supplied to the processing circuits 20a to 20c.

[0080] Further, the processing circuit 20a computes the
relative humidity RH of the vehicle compartment inside air
near the window glass based on the output value V of the
humidity sensor 17 (specifically, the output value of the
amplification circuit 20a). That is, a predetermined compu-
tation formula for converting the output value V of the
humidity sensor 17 to relative humidity RH is set in
advance. By applying the output value V to this computation
formula, the relative humidity RH is computed. The follow-
ing formula (1) is a specific example of this humidity
computation formula:

RH=aV+p (€8]
where, a is a control coefficient and f§ is a constant

[0081] Next, the processing circuit 205 applies the output
value of the air temperature sensor 18 (specifically, the
output value of the amplification circuit 205) to the preset
predetermined computation formula so as to calculate the
vehicle compartment inside air temperature near the window
glass.

[0082] Further, the processing circuit 20c applies the out-
put value of the glass temperature sensor 23 (specifically, the
output value of the amplification circuit 20c¢) to a preset
predetermined computation formula so as to compute the
window glass temperature (glass inside surface tempera-
ture).

[0083] Further, the processing circuit 20d computes the
window glass surface relative humidity (window glass
inside surface relative humidity) RHW based on the relative
humidity RH, air temperature, and window glass tempera-
ture. That is, it is possible to use a humid air graph so as to
compute the window glass surface relative humidity RHW
from the relative humidity RH, the air temperature, and the
window glass temperature. Further, the window glass sur-
face relative humidity RHW is output through the commu-
nication circuit 21 to the air-conditioning electronic control
device 26.

[0084] Next, the operation of the present embodiment in
the above configuration will be explained. First, explaining
the operation of the inside air-conditioning unit 30 in brief,
the blower 37 is actuated so as to blow air introduced from
the inside air introduction port 33 or the outside air intro-
duction port 34 through the inside of the case 31 toward the
inside of the vehicle compartment. Further, the electromag-
netic clutch 40a is energized to set the electromagnetic
clutch 40q in the connection state and the compressor 40 is
driven by the vehicle engine so cause refrigerant to circulate
through the refrigeration cycle apparatus 39.

[0085] The air blown by the blower 37 first passes through
the evaporator 38 to be cooled and dehumidified. The cool
air is then divided into a flow passing through the heater core
44 (warm air) and a flow passing through the bypass passage
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45 (cool air) in accordance with the rotational position
(opening degree) of the air mix door 46.

[0086] Therefore, it is possible to use the opening degree
of the air mix door 46 to adjust the ratio between the amount
of air passing through the heater core 44 (amount of warm
air) and the amount of air passing through the bypass
passage 45 (amount of cool air) and thereby adjust the
temperature of the air blown into the vehicle compartment.

[0087] Next, the air-conditioning air adjusted in tempera-
ture is blown out into the vehicle compartment from one or
more of the defroster blowing port 48, face blowing port 49,
and foot blowing port 50 positioned at the downstream most
part of the air passage of the case 31 so as to air-condition
the inside of the vehicle compartment and defrost the front
window glass 12 of the vehicle.

[0088] Next, the air-conditioning control based on the
window glass surface relative humidity RHW will be
explained. FIG. 5 is a control routine executed by the
air-conditioning electronic control device 26. First, the win-
dow glass surface relative humidity RHW computed by the
detection circuit 10 is read (S200).

[0089] Next, whether the inside/outside air intake mode is
manually set to the inside air mode by the inside/outside air
switch 73 of the air-conditioning control panel 70 is judged
(S210). When the judgment is NO, an inside/outside air
control instruction value S is calculated (S230).

[0090] Here, the inside/outside air control instruction
value S, as shown in FIG. 6, is a numerical value for
determining a ratio of introduction of inside air into the
vehicle compartment. In the example of FIG. 6, when S=0,
the inside air ratio=0% (that is, outside air mode with outside
air: 100%) is set, while when S=7, the inside air ratio=100%
(that is, the inside air mode) is set. The inside air ratio
successively increases from S=1 to S=7.

[0091] FIG. 7 is a flow chart for explaining a specific
example of the processing for calculating the above inside/
outside air control instruction value S (S230). Referring to
FIG. 7, the processing for calculating the above inside/
outside air control instruction value S (S230) will be
explained specifically.

[0092] First, whether the vehicle speed SPD is in the low
speed region A or the high speed region B is judged based
on the map of FIG. 8 (S300). Further, when the vehicle
speed SPD is in the high speed region B, as shown by the
map of FIG. 9, the inside/outside air control instruction
value S is determined based on the window glass surface
relative humidity RHW (S310).

[0093] That is, if the window glass surface relative humid-
ity RHW rises above a first target window glass surface
relative humidity TRHW, the window glass is deemed liable
to fog up and S=0 (outside air mode) is set. Further, if the
window glass surface relative humidity RHW falls below a
second target window glass surface relative humidity
(TRHW-a), the window glass is deemed resistant to fogging
and S=7 (inside air mode) is set.

[0094] Here, as the first target window glass surface
relative humidity TRHW, a level near the upper limit humid-
ity where the window glass will not fog up, for example,
80%, is used. As the second target window glass surface
relative humidity (TRHW-a), for example, 65% is used
(a=15%).
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[0095] On the other hand, when the vehicle speed SPD is
in the low speed region A, the control modes 1, 2, 3, and 4
shown in the map of FIG. 10 are decided on based on the
window glass surface relative humidity RHW (S320).

[0096] That is, when the window glass surface relative
humidity RHW rises above a third window glass surface
relative humidity (TRHW+c2), the control mode 4 is
decided on. Further, when the window glass surface relative
humidity RHW is between the third target window glass
surface relative humidity. (TRHW+c2) and the first target
window glass surface relative humidity (TRHW), the con-
trol mode 3 is decided on.

[0097] Further, when the window glass surface relative
humidity RHW is between the first target window glass
surface relative humidity (TRHW) and the fourth target
window glass surface relative humidity (TRHW-b), the
control mode 2 is decided on, while when the window glass
surface relative humidity RHW is lower than the fourth
target window glass surface relative humidity (TRHW-b),
the control mode 1 is decided on.

[0098] Note that the control mode 1 corresponds to the
first control mode described in the claims, the control mode
2 corresponds to the second control mode described in the
claims, the control mode 3 corresponds to the third control
mode described in the claims, and the control mode 4
corresponds to the fourth control mode described in the
claims.

[0099] Here, the humidity becomes higher in the order of
the fourth target window glass surface relative humidity
(TRHW-b) — the first target window glass surface relative
humidity (TRHW) — the third target window glass surface
relative humidity (TRHW+c2). In this order, the window
glass gradually tends to become easier to fog up.

[0100] Note that as the fourth target window glass surface
relative humidity (TRHW-b), for example, 70% is used
(b=10%A), while as the third target window glass surface
relative humidity (TRHW+c¢2), for example, 95% is used
(c2=15%)

[0101] Further, when deciding on the control mode 1, the
control processing of S=S+1 is performed with every elapse
of a predetermined time (S330). That is, with every elapse
of a predetermined time, control processing is performed for
increasing the value of the inside/outside air control instruc-
tion value S by “1” and successively increasing the inside air
ratio by increments of a predetermined ratio.

[0102] Further, when deciding on the control mode 2, the
window glass surface relative humidity RHW is near the
target window glass surface relative humidity TRHW, so
control processing for S=S, that is, control processing for
maintaining the previously calculated value of S as the value
of the inside/outside air control instruction value S is per-
formed (S340).

[0103] Further, when deciding on the control mode 3, the
control processing of S=S-1 is performed with every elapse
of a predetermined time (S350). That is, with every elapse
of a predetermined time, control processing is performed for
decreasing the value of the inside/outside air control instruc-
tion value S by “1” and successively decreasing the inside
air ratio by decrements of a predetermined ratio. Therefore,
when deciding on the control mode 3, even if first the
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inside/outside air control instruction value S is not 0, if
repeating S=S-1 along with the elapse of time, the inside/
outside air control instruction value S becomes 0. Further,
when deciding on the control mode 4, control processing for
S=0, specifically, control for executing the outside air mode,
is performed (S360).

[0104] Returning again to FIG. 5, at step S240, whether
the value of the inside/outside air control instruction value S
is the value of the outside air mode (inside/outside air
control instruction value S=0) is judged. Here, (1) when
deciding on the control mode 4 at step S320 or (2) when
repeating S=S-1 along with the elapse of time after deciding
on the control mode 3 at step S320, the inside/outside air
control instruction value S becomes 0, so YES is judged.
That is, by judging if the inside/outside air control instruc-
tion value S=0, whether the window glass is liable to fog up
is judged. Next, when the inside/outside air control instruc-
tion value S=0, the window glass is judged liable to fog up,
then the routine proceeds to S250, where control for pre-
venting the window glass from fogging up (hereinafter
referred to as the “auto mode defrost control”) is performed.

[0105] Further, when the inside/outside air control instruc-
tion value S is not 0 at step S240, NO is judged, then the
routine proceeds to step S250. Along with this, the position
of the inside/outside air switching door 35 is controlled to
give an inside air ratio based on the value of the inside/
outside air control instruction value S and thereby execute
inside/outside air intake mode control.

[0106] Here, as explained above, when the window glass
surface relative humidity RHW is lower than the first target
window glass surface relative humidity (TRHW), the con-
trol modes 1 and 2 are decided on and the inside/outside air
control instruction value S is not 0. The first target window
glass surface relative humidity TRHW is set near the upper
limit humidity where the window glass will not fog up, so
in control of the inside/outside air intake mode, the inside/
outside air intake mode can be controlled so that the inside
air ratio constantly becomes higher in the range where the
window glass will not fog up. Due to this, it is possible to
raise the inside air ratio at the time of startup of the heating
operation in the winter so as to reduce heat loss due to
change of the air and promote the start of the vehicle
compartment inside heating effect.

[0107] Note that the inside/outside air intake mode control
corresponds to the “inside air introduction control means for
introducing at least inside air into the vehicle compartment”
of claim 1.

[0108] As explained above, at S240, which of the inside/
outside air intake mode control and the auto mode defrost
control (corresponding to the defrost control means of claim
1) to actuate is determined in accordance with the inside/
outside air control instruction value S.

[0109] On the other hand, when the judgment of step S210
of FIG. 5 is YES, the need for preventing the window glass
from fogging up is high. In this case, the routine proceeds to
step S270, where defrost control of the window glass
(hereinafter referred to as “manual mode defrost control) is
performed.

[0110] Inthe above way, either of the manual mode defrost
control, inside/outside air intake mode control, and auto
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mode defrost control is performed, then the processings of
S200, S210, S230, S240, S250, and S270 are repeated.

[0111] Next, the auto mode defrost control and the manual
mode defrost control will be individually explained. First,
the auto mode defrost control will be explained. FIG. 11 is
a flow chart showing a specific example of the defrost
control (5260), while FIG. 12 is a control map for selecting
the control mode in the auto mode defrost control.

[0112] First, at steps S410 to S450 of FIG. 11, either of the
control mode 10 to the control mode 50 is selected based on
the window glass surface relative humidity RHW.

[0113] Specifically, when the window glass surface rela-
tive humidity RHW is lower than the fourth target window
glass surface relative humidity (TRHW-b), YES is judged at
step S410 and the control mode 10 is selected and executed
at S460. Note that b in FIG. 12 is a value the same as the
b in FIG. 10. Further, the control processing of the control
mode 10 will be explained later.

[0114] When the window glass surface relative humidity
RHW is lower than the first target window glass surface
relative humidity TRHW and higher than the fourth target
window glass surface relative humidity (TRHW-b), YES is
judged at S420 and the control mode 20 is selected and
executed at S470. Further, the control processing of the
control mode 20 will be explained later.

[0115] When the window glass surface relative humidity
RHW is lower than the fifth target window glass surface
relative humidity (TRHW+c1) and higher than the first
target window glass surface relative humidity TRHW, YES
is judged at S430 and the control mode 30 is selected and
executed at S480. Note that cl in FIG. 12 is a value lower
than ¢2 (for example, 10%). c2 in FIG. 12 is a value the
same as ¢2 in FIG. 10. Further, the control processing of the
control mode 30 will be explained later.

[0116] When the window glass surface relative humidity

[0117] RHW is lower than the third target window glass
surface relative humidity (TRHW+c2), and higher than the
fifth target window glass surface relative humidity (TRHW +
cl), YES is judged at S440 and the control mode 40 is
selected and executed at S490. Further, the control process-
ing of the control mode 40 will be explained later.

[0118] When the window glass surface relative humidity
RHW is lower than the sixth target window glass surface
relative humidity (TRHW+c3) and higher than the third
target window glass surface relative humidity (TRHW +c2),
YES is judged at S450 and the control mode 50 is selected
and executed at S500. Note that ¢3 in FIG. 12 is a value
lower than ¢2 (for example, 20%). Further, the control
processing of the control mode 50 will be explained later.

[0119] When the window glass surface relative humidity
RHW is higher than the sixth target window glass surface
relative humidity (TRHW+c3), NO is judged at S450 and
the control mode 60 is selected and executed at S510.
Further, the control processing of the control mode 60 will
be explained later.

[0120] In this way, the lower the window glass surface
relative humidity RHW, the further the control mode is
switched in the order of the control mode 60— control mode
50— control mode 40— control mode 30— control mode
20— control mode 10.

Nov. 30, 2006

[0121] Here, in the control modes 60 to 10, the defrost
effect becomes stepwisely higher in the order of the control
mode 10—20— . . . 50—60. That is, the control modes 50
and 60 are defrost control performed when the control mode
4 (that is, S=0) is decided on at the above S320 when the
window glass surface relative humidity RHW is higher than
the third target window glass surface relative humidity
(TRHW +¢2) and the window glass is most liable to fog up.
The control modes 30 and 40 are performed when, after the
control modes 50 and 60 are performed, the window glass
surface relative humidity RHW is lower than the third target
window glass surface relative humidity (TRHW+c2) and
higher than the first target window glass surface relative
humidity (TRHW). They are defrost control performed
when S=S-1 is repeated and S=0 is judged along with the
elapse of time after deciding on the control mode 3 in S320.
The control modes 10 and 20 are defrost control performed
in the state where the control modes 30 to 60 are repeated
and the window glass surface relative humidity RHW {falls
below the first target window glass surface relative humidity
(TRHW) and S=S=0 continues at S340. Below, the specific
control processing of the control modes 10 to 60 will be
explained.

Control Mode 10

[0122] When the window glass is least liable to fog up, in
the control mode 10, the automatic inside/outside air switch-
ing mode (indicated as “AUTO” in FIG. 11) is executed as
the inside/outside air intake model. The automatic inside/
outside air switching mode is known control for switching in
the order of inside air mode — inside/outside air mode —
outside air mode along with the rise in the target blowing
temperature TAO. The target blowing temperature TAO is
the temperature of the air blown from the blowing ports 48
to 50 required for maintaining the air temperature inside the
vehicle compartment at a set temperature of the temperature
setting switch 71 regardless of the fluctuations in the air-
conditioning load in the vehicle compartment. Note that so
long as the outside air temperature is low, the outside air
mode may be set rather than the automatic inside/outside air
switching mode.

[0123] Further, the blowing rate of the blower 37 (here-
inafter referred to as the “blower level”) is set by the
automatic air flow rate control based on the target blowing
temperature TAO (indicated by “AUTO” in FIG. 11). In the
automatic air flow rate control, when the target blowing
temperature TAO is the intermediate temperature region, the
blower level is at its lowest rate. The higher the target
blowing temperature TAO from the intermediate tempera-
ture region, the more the blower level is raised, while the
lower then target blowing temperature TAO from the inter-
mediate temperature region, the more the blower level is
lowered in known air flow rate control. Note that the air flow
rate determined based on the target blowing temperature
TAO in this air flow rate control is called the “auto blower
level”.

[0124] Next, the blowing mode is set by the automatic
blowing control based on the target blowing temperature
TAO (indicated as “AUTO” in FIG. 11). In automatic
blowing control, the higher the target blowing temperature
TAOQ, the more the mode is switched in the order of the face
mode — bilevel mode — foot mode. Note that the face mode
is the mode of opening the face blowing port 49 and closing
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the foot blowing port 50, the food mode is the mode of
closing the face blowing port 49 and opening the foot
blowing port 50, and the bilevel mode is the mode of
opening both the face blowing port 49 and the foot blowing
port 50.

Control Mode 20

[0125] In the control mode 20, to blow lower humidity
outside air to the window glass, the inside/outside air intake
mode is switched from the inside/outside air mode to the
outside air mode, the blower level is set at the above-
mentioned auto blower level (indicated as “AUTO” in FIG.
11), and the blowing mode is set by the automatic blowing
control in the same way as the control mode 10 (indicated as
“AUTO” in FIG. 11).

Control Mode 30

[0126] Inthe control mode 30, to blow lower humidity and
higher temperature air to the window glass, the inside/
outside air intake mode is switched from the inside/outside
air mode to the outside air mode and the blower level is
raised within a range not discomforting the passengers by
setting the blower level to a flow rate of the above auto
blower level plus 3 levels. Note that “1 level” is a prede-
termined flow rate. Further, the blowing mode is set by
automatic blowing control in the same way as the control
mode 10 (indicated as “AUTO” in FIG. 1).

Control Mode 40

[0127] In the control mode 40, fogging of the window
glass is forcibly eliminated by switching the inside/outside
air intake mode from the inside/outside air mode to the
outside air mode and setting the blower level to the flow rate
of the above auto blower level plus 3 levels. Further, the
blowing mode is changed by the blowing mode of the
previous control mode before shifting to the control mode
40.

[0128] For example, when the blowing mode of the pre-
vious control mode is the face mode (indicated as “FACE”
in FIG. 11), the foot/defrost mode (indicated as “F/D” in
FIG. 11) is set. The foot/defrost mode is the means of
opening the defroster blowing port 48 and the foot blowing
port 50. When the blowing mode of the previous control
mode was the bilevel mode (indicated as “B/L” in FIG. 11),
the foot/defrost mode (indicated as “F/D” in FIG. 11) is set.
When the blowing mode of the previous control mode was
the foot mode (indicated as “Foot” in FIG. 11), the foot/
defrost mode (indicated as “F/D” in FIG. 11) is set. When
the blowing mode of the previous control mode was the
foot/defrost mode (indicated as “F/D” in FIG. 11), the
defrost mode (indicated as “DEF” in FIG. 11) is set. The
defrost mode is the mode of opening the defroster blowing
port 48 and closing the face blowing port 49 and the foot
blowing port 50.

Control Mode 50

[0129] In the control mode 50, to forcibly eliminate fog-
ging of the window glass, the air flow rate from the defroster
blowing port 48 is increased by switching the inside/outside
air intake mode from the inside/outside air mode to the
outside air mode and setting the blower level to the air flow
rate of the above auto blower level plus 6 levels. Further, the
blowing mode, like with the control mode 40, is changed by
the blowing mode of the previous control mode and set to
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the foot/defrost mode or the defrost mode. Note that the
processing for transition of the blowing modes is similar to
the control mode 40, so its description will be omitted.

Control Mode 60

[0130] In the control mode 60, to forcibly eliminate fog-
ging of the window glass, the inside/outside air intake mode
is switched from the inside/outside air mode to the outside
air mode and the blower level is set to the air flow rate of the
above auto blower level plus 6 levels. Further, the blowing
mode is set to the defrost mode.

[0131] Next, the manual mode defrost control will be
explained with reference to FIG. 13 and FIG. 14. FIG. 13
is a flow chart showing a specific example of the manual
mode defrost control (S270), while FIG. 14 is a control map
for determining the control mode by the manual mode
defrost control.

[0132] First, at steps S420a, S430a, S440a, S450a, and
S520a of FIG. 13, one of the control mode 100 to the control
mode 500 is selected based on the window glass surface
relative humidity RHW.

[0133] Specifically, when the window glass surface rela-
tive humidity RHW is lower than the first target window
glass surface relative humidity TRHW, YES is judged at
S4204 and the control mode 100 is selected and executed at
S470a. Note that the control processing of the control mode
100 will be explained later.

[0134] When the window glass surface relative humidity
RHW is higher than the first target window glass surface
relative humidity TRHW and lower than the fifth target
window glass surface relative humidity (TRHW+c1), YES is
judged at S430q and the control mode 200 is selected and
executed at S480. Note that c1 in FIG. 14 is a value the same
as cl in FIG. 12. Further, the control processing of the
control mode 200 will be explained later.

[0135] When the window glass surface relative humidity
RHW is higher than the third target window glass surface
relative humidity (TRHW+c2) and lower than the fifth target
window glass surface relative humidity (TRHW+c1), YES is
judged at S440q and the control mode 300 is selected and
executed at S490a. Note that c2 in FIG. 14 is a value the
same as ¢2 in FIG. 12. Further, the control processing of the
control mode 300 will be explained later.

[0136] When the window glass surface relative humidity
RHW is higher than the sixth target window glass surface
relative humidity (TRHW+c3) and lower than the third
target window glass surface relative humidity (TRHW +c2),
YES is judged at S520a and the control mode 400 is selected
and executed at S500a. Note that ¢3 in FIG. 14 is a value the
same as ¢3 in FIG. 12. Further, the control processing of the
control mode 400 will be explained later.

[0137] When the window glass surface relative humidity
RHW is higher than the sixth target window glass surface
relative humidity (TRHW+c3) and lower than the seventh
target window glass surface relative humidity (TRHW +c4),
YES is judged at S520qa and the control mode 500 is selected
and executed at S510a. Note that ¢3 in FIG. 14 is a value the
same as c3 in FIG. 12. For example, 25% is used. Further,
the control processing of the control mode 500 will be
explained later.
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[0138] When the window glass surface relative humidity
RHW is higher than the seventh target window glass surface
relative humidity (TRHW+c4), NO is judged at S520a and
the control mode 600 is selected and executed at S530a.
Further, the control processing of the control mode 600 will
be explained later.

[0139] As explained above, the lower the window glass
surface relative humidity RHW, the further the control mode
is stepwisely switched in the order of the control mode
600— control mode 500— control mode 400— control
mode 300— control mode 200— control mode 100. In the
control modes 600 to 100, the defrost effect becomes higher
in the order of the control mode 100—200— . . . 500—600.

[0140] Next, the specific control processing of the control
modes 100 to 600 will be explained.

Control Mode 100

[0141] In the control mode 100, the inside/outside air
intake mode is set to the inside air mode. The blower level
is set to the above auto blower level and the blowing mode
is set by the automatic blowing control (indicated as
“AUTO” in FIG. 13) in the same way as the above S460.

Control Mode 200

[0142] In the control mode 200, the inside/outside air
intake mode is set to the inside air mode. The blower level
is set to air flow rate of the above auto blower level plus 3
levels. The blowing mode is set by the automatic blowing
control (indicated as “AUTO” in FIG. 13) in the same way
as the above S460.

Control Mode 300

[0143] In the control mode 300, the inside/outside air
intake mode is set to the inside air mode. The blower level
is set to the air flow rate of the above auto blower level plus
3 levels. The blowing mode is changed by the blowing mode
of the previous control mode in the same way as the above
control mode 40 and set to the foot/defrost mode or the
defrost mode.

Control Mode 400

[0144] In the control mode 400, the inside/outside air
intake mode is set to the inside air mode. The blower level
is set to the air flow rate of the above auto blower level plus
6 levels. The blowing mode is changed by the blowing mode
of the previous control mode in the same way as the above
control mode 40 and set to the foot/defrost mode or the
defrost mode.

Control Mode 500

[0145] In the control mode 500, the inside/outside air
intake mode is set to the inside/outside air mode and the
blower level is set to the air flow rate of the above auto
blower level plus 6 levels. The blowing mode is set to the
defrost mode.

Control Mode 600

[0146] In the control mode 600, the outside air mode is
forcibly switched to.

[0147] As explained above, according to the present
embodiment, an indoor air-conditioning unit 30 introducing
at least one of inside air and outside air, adjusting the state
of the introduced air, and blowing the air into the vehicle
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compartment and a processing circuit 204 estimating the
degree of ease of fogging near the window glass in the
vehicle compartment (that is, the window glass surface
relative humidity) are provided. The air-conditioning elec-
tronic control device 26 calculates the inside air instruction
value S in accordance with the degree of ease of fogging and
judges whether the window glass is liable to fog up based on
the inside air instruction value S. Further, when the inside air
instruction value S=0, the window glass is judged liable to
fog, then at step S260, the indoor air-conditioning unit 30 is
controlled to prevent the window glass from fogging up in
defrost control. When the inside air instruction value S is not
0, the window glass is judged resistant to fogging and
defrost control is not performed. At step S250, the indoor
air-conditioning unit 30 is controlled to introduce at least
inside air into the vehicle compartment.

[0148] Here, according to the present embodiment, if
setting the inside air mode and introducing inside air into the
vehicle compartment, compared with the outside air mode of
introducing only outside air, the temperature of the intro-
duced air can be raised, so the heating performance can be
improved. Further, one of the inside air introduction control
means and the defrost control means is switched to and
actuated in accordance with the window glass surface rela-
tive humidity, so the occurrence of fogging of the window
glass can be suppressed and the drop in the heating capa-
bility can be suppressed.

[0149] Further, according to the present embodiment, one
of the control modes 1 to 3 is selected and executed in
accordance with the window glass surface relative humidity
(that is, the degree of ease of fogging of the window glass),
so the ratio of the inside air introduced into the vehicle
compartment can be controlled extremely finely in accor-
dance with the degree of ease of fogging of the window
glass.

SECOND EMBODIMENT

[0150] When the engine water temperature is low at the
initial start of a heating operation, the heater core 44 may not
sufficiently warm the air-conditioning air, cool air may be
blown out from the blowing ports 48 to 50, and the passen-
gers may be discomforted as that cool air strikes them.

[0151] Therefore, as shown in FIG. 15, in the related art,
when the engine water temperature is low, after the start of
a heating operation, the air-conditioning use electrically
driven blower 37 is stopped for a certain time until the
engine water temperature reaches a certain temperature (33°
C.) or more, then the air-conditioning use electrically pow-
ered blower 37 is started. By doing this, cool air is prevented
from striking the passengers.

[0152] However, when the air-conditioning use electri-
cally powered blower 37 is stopped, the respiration of the
passengers causes the humidity in the vehicle compartment
to rise and the window glass ends up fogging up. On the
other hand, as shown in FIG. 16, if the heating operation is
started to actuate the defrost control, cool air will be blown
out at the initial start of the heating operation, so the
passengers will be conversely discomforted.

[0153] In the above first embodiment, when the window
glass surface relative humidity RHW is the third target
window glass surface relative humidity (TRHW+c2) or
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more, the window glass is deemed very liable to fog up, so
the control mode 4 (that is, S=0) is selected and defrost
control is executed. On the other hand, when the window
glass surface relative humidity RHW is less than the third
target window glass surface relative humidity (TRHW+c2)
(however, only when S is not 0), the control modes 1 to 3 are
selected and the inside/outside air intake mode control is
executed.

[0154] That is, as the lower limit value used for the
judgment as to if the window glass is very liable to fog up,
the third target window glass surface relative humidity
(TRHW +c2) is used.

[0155] As opposed to this, in the second embodiment, at
the initial start of the heating operation, the lower limit value
is set higher than after the initial start of the heating
operation. That is, at the initial start of the heating operation,
the lower limit value is set higher. When the temperature of
the engine cooling water (that is, the water temperature)
rises, the lower limit value is restored to its original value.
Note that this lower limit value corresponds to the “thresh-
old value” of claim 7.

[0156] Specifically, as shown in FIG. 17, when the tem-
perature of the engine cooling water is less than 33° C.
(corresponding to the predetermined temperature of claim
10), the lower limit value is set higher than the third target
window glass surface relative humidity (TRHW+c2) by
exactly A (for example, 5%) to obtain the target window
glass surface relative humidity (TRHW+c2+A). After this,
when the temperature of the engine cooling water rises
higher than 38° C., the lower limit value is restored to its
original value to obtain the target window glass surface
relative humidity (TRHW+c2). At this time, the heater core
44 is enough for temperature adjustment, so the defrost
control is performed by the air-conditioning air adjusted in
temperature.

[0157] Therefore, as shown in FIG. 18, at the initial start
of a heating operation when the temperature of the engine
cooling water is low, the control mode 4 (that is, the defrost
control) can be made difficult to select. As a result, the
timing of startup of the air-conditioning use electrically
powered blower 37 accompanying the defrost control can be
delayed. Accordingly, when the temperature of the engine
cooling water is less than 38° C., defrost control becomes
difficult to actuate and the blower level can be reduced. After
this, when the heater core 44 is sufficient for adjusting the
air-conditioning air in temperature, the defrost control is
started. Therefore, at the initial start of the heating operation,
the passengers can be prevented from being discomforted
and fogging of the window glass can be eliminated.

THIRD EMBODIMENT

[0158] In the first embodiment, one of the control modes
10 to 60 was selected as the defrost control based on the
window glass surface relative humidity RHW and the blow-
ing mode was determined along with this selection, but at
the initial start of the heating operation when the engine
cooling water is low in temperature, cool air is blown out
from the blowing ports. At this time, if cool air is directly
blown from the face blowing port 49 and the foot blowing
port 50 to the passengers, the passengers will sometimes be
discomforted.
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[0159] Therefore, in the third embodiment, as shown in
FIG. 19, when the temperature of the engine cooling water
is less than 33° C., the defrost mode is selected. After this,
when the temperature of the engine cooling water rises and
becomes higher than 38° C., one of the control modes 10 to
60 is selected as shown in FIG. 12 based on the window
glass surface relative humidity RHW and the blowing mode
is selected along with that selection. That is, the blowing
ports for blowing out air-conditioning air into the vehicle
compartment among the blowing ports 48 to 50 are switched
in accordance with the window glass surface relative humid-
ity RHW (degree of ease of fogging of window glass).

[0160] Due to the above, at the initial start of the heating
operation where the engine cooling water is low in tempera-
ture, the defrost mode is selected. Even if cool air is blown
out from the blowing port, that cool air can be kept from
being blown out directly to the passengers.

FOURTH EMBODIMENT

[0161] Inthe fourth embodiment, as shown in FIG. 20, the
control modes 10 to 60 of the first embodiment (defrost
control of FIG. 11) are augmented by the control modes 70,
80, and 90.

[0162] In the fourth embodiment, the procedure for selec-
tion of the control modes 10 to 60 is similar to the first
embodiment. When the window glass surface relative
humidity RHW is higher than the sixth target window glass
surface relative humidity (TRHW+c3) and lower than the
seventh target window glass surface relative humidity
(TRHW +c4), the control mode 70 is selected. The c4 in
FIG. 20 is a numerical value larger than ¢3 (for example,
25%). Further, when the window glass surface relative
humidity RHW is higher than the seventh target window
glass surface relative humidity (TRHW+c4) and lower than
the eighth target window glass surface relative humidity
(TRHW +c5), the control mode 80 is selected. The ¢5 in
FIG. 20 is a numerical value larger than c4 (for example,
30%). Further, when the window glass surface relative
humidity RHW is higher than the eighth target window glass
surface relative humidity (TRHW+c), the control mode 90 is
selected.

[0163] Therefore, as the window glass surface relative
humidity RHW rises, the control mode is switched in the
order of the control mode 10— control mode 20— control
mode 30— control mode 40— control mode 50— control
mode 60— control mode 70— control mode 80— control
mode 90.

[0164] Here, in the control mode 70, an air flow rate of the
above auto blower level plus 9 levels is set, in the control
mode 80, an air flow rate of the above auto blower level plus
12 levels is set, and in the control mode 90, an air flow rate
of the above auto blower level plus 15 levels is set. There-
fore, even when the window glass surface relative humidity
RHW becomes higher than the sixth target window glass
surface relative humidity (TRHW+c3), the blower level can
be raised along with the rise of the window glass surface
relative humidity RHW, so fogging can be prevented more
effectively. Note that in the control modes 70 to 90, in the
same way as S510 in FIG. 11, the inside/outside air intake
mode is set to the outside air mode and the blower mode is
set to the defrost mode.
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FIFTH EMBODIMENT

[0165] Inthe first embodiment, the example was explained
where, in the control mode 10 of the auto mode defrost
control, even when the window glass surface relative humid-
ity RHW was less than the first target window glass surface
relative humidity TRHW, one of the control modes 10 and
20 was selected in accordance with the window glass surface
relative humidity RHW, but instead of this, in the fifth
embodiment, when the window glass surface relative
humidity RHW is less than the first target window glass
surface relative humidity TRHW, the same control mode is
set.

[0166] Below, the auto mode defrost control of the present
embodiment will be explained. FIG. 21 is a flow chart
showing a specific example of the auto mode defrost control,
while FIG. 22 is a control map for selecting the control
mode in the auto mode defrost control.

[0167] First, at steps S410a to S450a of FIG. 21, one of
the control modes 10 to 50 is selected based on the window
glass surface relative humidity RHW.

[0168] Specifically, when the window glass surface rela-
tive humidity RHW is lower than the first target window
glass surface relative humidity TRHW, YES is judged at
S41056 and the control mode 10 is selected and executed at
S4604. Note that the control processing of the control mode
10 will be explained later.

[0169] When the window glass surface relative humidity
RHW is lower than the fifth target window glass surface
relative humidity (TRHW+c1) and higher than the first
target window glass surface relative humidity TRHW, YES
is judged at S4205 and the control mode 20 is selected and
executed at S4705. Note that c¢2 in FIG. 22 is a value the
same as ¢2 in FIG. 10. Further, the control processing of the
control mode 20 will be explained later. RHW is lower than
the third target window glass surface relative humidity
(TRHW +c2) and higher than the fifth target window glass
surface relative humidity (TRHW+c1), YES is judged at
S43056 and the control mode 30 is selected and executed at
S4805. Note that c1 in FIG. 22 is a value the same as c1 in
FIG. 10. Further, the control processing of the control mode
30 will be explained later.

[0170] When the window glass surface relative humidity
RHW is lower than the sixth target window glass surface
relative humidity (TRHW+c3) and higher than the third
target window glass surface relative humidity (TRHW +c2),
YES is judged at S4405 and the control mode 40 is selected
and executed at S4905. Note that ¢3 in FIG. 22 is a value the
same as ¢3 in FIG. 12. Further, the control processing of the
control mode 40 will be explained later.

[0171] When the window glass surface relative humidity
RHW is higher than the sixth target window glass surface
relative humidity (TRHW+c3), NO is judged at S4405 and
the control mode 50 is selected and executed at S5005.
Further, the control processing of the control mode 60 will
be explained later.

[0172] In this way, the lower the window glass surface
relative humidity RHW, the further the control mode is
switched to in the order of the control mode 50— control
mode 40— control mode 30— control mode 20—control
mode 10.
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[0173] Next, the specific control processings of the control
modes 10 to 60 will be explained.

Control Mode 10

[0174] In the control moded 10, to blow lower humidity
air to the surface of the window glass, the inside/outside air
intake mode is set to the outside air mode. Further, the
blower level is set to the above auto blower level. Further,
the blowing mode is set by the automatic blowing control
based on the target blowing. temperature TAO (indicated as
“AUTO” in FIG. 21).

Control Mode 20

[0175] This control mode 20 blows lower humidity air to
the surface of the window glass and raises the blower level
in a range not discomforting the passengers by, in the same
way as S480 in FIG. 11 (control mode 30), switching the
inside/outside air intake mode from the inside/outside air
mode to the outside air mode, setting the blower level to the
air flow rate of the above auto blower level plus 3 levels, and
setting the blowing mode by the automatic blowing control
in the same way as the control mode 10 (indicated by
“AUTO” in FIG. 21).

Control Mode 30

[0176] The control mode 309 forcibly eliminates fogging
of the window glass in the same way as S490 in FIG. 11
(control mode 40) by switching the inside/outside air intake
mode from the inside/outside air mode to the outside air
mode and setting the blower level to an air flow rate of the
above auto blower level plus 3 levels. Further, the blowing
mode is set to the defrost mode or the foot/defrost mode by
the blowing mode of the previous control mode.

Control Mode 40

[0177] In the control mode 40, fogging of the window
glass is forcibly eliminated in the same way as S500 in FIG.
11 (control mode 50) by switching the inside/outside air
intake mode from the inside/outside air mode to the outside
air mode and setting the blower level to an air flow rate of
the above auto blower level plus 6 levels. Further, the
blowing mode is set to the foot/defrost mode or the defrost
mode by the blowing mode of the previous control mode.

Control Mode 50

[0178] In the control mode 50, fogging of the window
glass is forcibly eliminated in the same way as S510 in FIG.
11 (control mode 60) by setting the inside/outside air intake
mode to the outside air mode and setting the blower level to
an air flow rate of the above auto blower level plus 6 levels.
Further, the blowing mode is set to the defrost mode.

OTHER EMBODIMENTS

[0179] In the above first embodiment, an example of use
of'the window glass surface relative humidity as the “degree
of ease of fogging” was explained, but the invention is not
limited to this. For example, the temperature difference
between the condensation point temperature of the window
glass and the surface temperature of the window glass may
also be used as the “degree of ease of fogging”.

[0180] In the above first embodiment, an example of
computing the window glass surface relative humidity RHW
based on the relative humidity RH in the vehicle compart-
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ment, the air temperature, and the window glass temperature
was explained, but the invention is not limited to this. It is
also possible to directly detect the humidity and temperature
of the window glass surface to compute the window glass
surface relative humidity RHW.

[0181] Further, the invention is not limited to the case of
directly detecting the glass temperature from the window
glass. It is also possible to estimate the temperature of the
window glass from the vehicle compartment inside tempera-
ture, outside air temperature, amount of sunlight, vehicle
speed, etc.

[0182] Explaining the correspondence between the
embodiments and the claims, the inside air-conditioning unit
30 corresponds to the air-conditioning means, the process-
ings of S240 correspond to the judging means, the control
processing of step S260 corresponds to the defrost control
means, the control processing of step S250 corresponds to
the inside air introduction control means, the humidity
sensor 17 corresponds to the humidity detecting means, the
inside air instruction value corresponds to the inside/outside
air control instruction value S, the detection device 10
corresponds to the calculating means, and the defroster
blowing port 48, face blowing port 49, and foot blowing port
50 correspond to the plurality of blowing ports.

[0183] While the invention has been described with ref-
erence to specific embodiments chosen for purpose of illus-
tration, it should be apparent that numerous modifications
could be made thereto by those skilled in the art without
departing from the basic concept and scope of the invention.

1. A vehicle air-conditioner provided with an air-condi-
tioning means for introducing at least one of inside air and
outside air, adjusting the state of the introduced air, and
blowing it out into a vehicle compartment, the vehicle
air-conditioner further provided with:

a humidity detecting means for detecting a humidity
inside the vehicle compartment,

judging means for judging whether window glass of said
vehicle compartment is liable to fog up in accordance
with the humidity detected by said humidity detecting
means,

defrost control means for controlling said air-conditioning
means to prevent said window glass from fogging up as
defrost control when the window glass inside said
vehicle compartment is judged liable to fog up by said
judging means and not performing said defrost control
when the window glass in said vehicle compartment is
judged resistant to fogging by said judging means, and

inside air introduction control means for controlling said
air-conditioning means so as to introduce at least said
inside air into the vehicle compartment when the win-
dow glass inside the vehicle compartment is judged
resistant to fogging by said judging means.
2. A vehicle air-conditioner as set forth in claim 1,
wherein

said vehicle air-conditioner is further provided with a
calculating means for finding the degree of ease of
fogging of said window glass based on the humidity
detected by the humidity detecting means and
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said judging means judges whether said window glass in
the vehicle compartment is liable to fog up based on the
degree of ease of fogging of said window glass.

3. A vehicle air-conditioner as set forth in claim 1,
wherein said calculating means finds a relative humidity
near the inside surface of the window glass as the degree of
ease of fogging of the window glass.

4. A vehicle air-conditioner as set forth in claim 2,
wherein

the vehicle air-conditioner is further provided with an
instruction value calculating means for calculating an
inside air instruction value for determining a ratio of
said inside air and said outside air which said air-
conditioning means introduces into said vehicle com-
partment based on the degree of ease of fogging of said
window glass, and

said judging means judges if the window glass in said
vehicle compartment is liable to fog up in accordance
with said inside air instruction value.
5. A vehicle air-conditioner as set forth in claim 4,
wherein

said judging means judge that the window glass in said
vehicle compartment is liable to fog up when an inside
air instruction value for introducing only outside air
into said vehicle compartment is calculated by said
instruction value calculating means and

said judging means judges that the window glass in said
vehicle compartment is resistant to fogging when an
inside air instruction value for introducing inside air
and outside air into said vehicle compartment is cal-
culated by said instruction value calculating means.
6. A vehicle air-conditioner as set forth in claim 4,
wherein

the vehicle air-conditioner has a first control mode which
stepwisely increases the ratio of inside air introduced
into the vehicle compartment, a second control mode
which maintains the ratio of said inside air and outside
air introduced into said vehicle compartment, and a
third control mode which stepwisely increases the ratio
of the outside air introduced into said vehicle compart-
ment, and

said instruction value calculating means selects one of
said first to third control modes in accordance with the
degree of ease of fogging of said window glass.
7. A vehicle air-conditioner as set forth in claim 6,
wherein

the vac further has a fourth control mode which intro-
duces just outside air into said vehicle compartment,

said instruction value calculating means selects one of
said first to third control modes when the degree of ease
of said window glass is less than a threshold value and
select said fourth control mode when the degree of ease
of fogging of said window glass is the threshold value
or more,

said air-conditioning means has a heating use heat
exchanger for adjusting the temperature of the air
blown into the vehicle compartment by the engine
cooling water, and
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said threshold value used when the water temperature of
said engine cooling water is less than a predetermined
temperature is set higher than said threshold value used
when the water temperature of said engine cooling
water is the predetermined temperature or more.
8. A vehicle air-conditioner as set forth in claim 1,
wherein

said air-conditioning means has a plurality of blowing
ports for blowing air into the vehicle compartment, and

said defrost control means switches the blowing ports
blowing air into said vehicle compartment among said
plurality of blowing ports so as to prevent fogging of
said window glass.
9. A vehicle air-conditioner as set forth in claim 8,
wherein

said air-conditioning means has a heating use heat
exchanger for adjusting the temperature of the air
blown into the vehicle compartment by the engine
cooling water,

said air-conditioning means switches the blowing ports
for blowing air into said vehicle compartment among
said plurality of blowing ports in accordance with the
degree of ease of fogging of said window glass when
the water temperature of said engine cooling water is a
predetermined temperature or more, and

said air-conditioning means sets a defrost mode which
blows air toward the inside surface of said window
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glass when the water temperature of said engine cool-
ing water is less than the predetermined temperature.

10. A vehicle air-conditioner as set forth in claim 8, using
said air-conditioning means to increase the amount of air
blown out from said blowing ports along with the rise in the
degree of ease of fogging of the window glass.

11. A vehicle air-conditioner as set forth in claim 1,
wherein when a mode for introducing only inside air into the
vehicle compartment is manually set, said defrost control
means controls said air-conditioning means so as to actuate
said defrost control regardless of degree of ease of fogging
of the window glass.

12. A vehicle air-conditioner as set forth in claim 11,
wherein when a mode for introducing only inside air into the
vehicle compartment is manually set, if the degree of ease of
fogging of the window glass is less than a predetermined
value (TRHW+c3), defrost control is performed for prevent-
ing the window glass from fogging while introducing the
inside air, while if the degree of ease of fogging of said
window glass is the predetermined value (TRHW+c3) or
more, defrost control is performed for preventing the win-
dow glass from fogging by switching the introduced air from
inside air to outside air.

13. A vehicle air-conditioner as set forth in claim 1,
wherein said defrost control means controls said air-condi-
tioning means to introduce only outside air so as to prevent
said window glass from fogging when performing said
defrost control.
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