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(7) ABSTRACT

A vehicle air-conditioning system for achieving a comfort-
able blowout state of conditioned air at all times both with
respect to air-conditioning load factors which change
frequently, like solar radiation strength, and with respect to
air-conditioning load factors which change slowly, like
passenger compartment temperature, by automatic control
of grill louver swing control times corresponding to different
air-conditioning loads. For example, when it can be esti-
mated that solar radiation is incident on a driver side or
passenger side front or rear seat occupant, oscillating driver
side and passenger side center louvers are paused at a swing
end of the occupant estimated to be exposed to solar
radiation for a time that corresponds to the amount of
cooling load. Therefore, it is possible to direct conditioned
air at an occupant exposed to sun and thus improve the
comfort of occupants upon whom sun is incident.
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DURING HEATING : OUTLET TEMP.
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DURING HEATING : QUTLET TEMP.
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DURING HEATING : OUTLET TEMP.
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DURING HEATING : QUTLET TEMP.
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DURING HEATING : OUTLET TEMP.
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DURING HEATING : OUTLET TEMP.
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VEHICLE AIR-CONDITIONING SYSTEM
WITH AUTOMATIC LOUVER OSCILLATION
CONTROL

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is related to, and claims priority
from, Japanese Patent Application Nos. 10-130686,
10-357159, and 11-78198, the contents of which are incor-
porated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to generally to vehicle air-
conditioning systems, and particularly to a system in which
at least an air-conditioning parameter, such as a conditioned
air blowout speed or direction, is automatically changed
based on sensed conditions to increase the comfort of
occupants within a vehicle passenger compartment.

In Japanese Utility Model Publication No. Hei. 7-54010
there is proposed a vehicle air-conditioning system for
changing the blowout direction of conditioned air blown
from an outlet by imparting an oscillating motion to mov-
able louvers in a swing grill. A switch for setting a time
during which the movable louvers are temporarily stopped
from swinging is provided at the front of the swing grill.
Through the swing louver device, a desired swing state can
be obtained by a vehicle occupant setting a swing pause time
with the pause time selection switch.

However, with conventional swinging louver devices, it
has been very troublesome for the vehicle occupant to have
to change the swing pause time via manual operation of the
pause time selection switch every time an air-conditioning
load influence, such as the amount of solar radiation entering
the vehicle, changes. That is, manually adjusting the swing
pause time shorter when incident solar radiation is weak, and
manually adjusting the swing pause time longer when inci-
dent solar radiation is strong, is difficult.

Furthermore, obtaining an optimal swing state with
respect to air-conditioning load factors which change slowly
as air-conditioning proceeds, such as passenger compart-
ment temperature, are still more complicated. That is, when
the passenger compartment temperature is high the swing
pause time needs to be set to a relatively long time, and when
the passenger compartment temperature is low the swing
pause time needs to be set to a relatively shorter time.
Manual adjustment therefore becomes even more difficult.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a vehicle air-conditioning system with which it is possible to
obtain a comfortable blowout state of conditioned air at all
times both with respect to air-conditioning load factors
which change frequently, like solar radiation strength, and
with respect to air-conditioning load factors which change
slowly, like passenger compartment temperature, by auto-
matically setting louver swing control times corresponding
to different air-conditioning loads.

To achieve this and other objects, the present invention
provides a vehicle air-conditioning system with an air-
conditioning unit having an outlet for blowing conditioned
air toward an air-conditioning zone. In the unit, a blowout
state of the conditioned air blown from the outlet is changed
by a blowout state changing device. An actuator for impart-
ing an oscillating motion to the blowout state changing
device. An air-conditioning load detector detects an air-
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conditioning load of the air-conditioning zone, while a
blowout state controller controls the actuator to pause or
slow the oscillation of the blowout state changing device for
a predetermined time in an occupant direction, when the
air-conditioning load detected by the air-conditioning load
detecting means is above a predetermined value.

The present invention includes several embodiments,
each of which includes a blowout state control device for
controlling the actuator to thereby automatically control the
blowout of conditioned air. The blowout control device
control controls the actuators based on any number of
parameters, including incident solar radiation information,
so that conditioned air is blown toward, or away from, a
particular passenger, for a predetermined amount of time
based on the parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the overall construc-
tion of a vehicle air-conditioning system according to a first
preferred embodiment of the present invention;

FIG. 2 is a front view of a vehicle instrument panel;

FIG. 3 is a front view of an air-conditioning operating
panel;

FIG. 4 is a front view showing the overall construction of
a blowout state changing device according to the first
preferred embodiment;

FIG. 5A is a sectional plan view of a louver left-right
direction oscillating mechanism, and FIG. 5B is a sectional
side view of a louver up-down direction oscillating
mechanism, each according to the first preferred embodi-
ment;

FIG. 6 is a flow diagram showing an example of a control
program of an air-conditioning ECU according to the first
preferred embodiment);

FIG. 7A is a characteristic diagram showing a blower
control voltage vs. target outlet temperature characteristic,
and FIG. 7B is a characteristic diagram showing an outlet
mode vs. target outlet temperature characteristic according
to the first preferred embodiment;

FIG. 8 is a flow diagram illustrating swing louver control
carried out by an air-conditioning ECU according to the first
preferred embodiment;

FIG. 9A is an explanatory view showing louver origin
correction directions, and FIG. 9B is a characteristic dia-
gram showing a relationship between front seat position and
swing range according to the first preferred embodiment;

FIG.10A is an explanatory view showing swing ranges of
conditioned air in a passenger compartment, and FIG. 10B
is a schematic view showing swing heights of center and
side louvers according to the first preferred embodiment;

FIG. 11A is a characteristic diagram showing driver side
and passenger side louver swing ranges vs. solar radiation
direction and solar radiation strength characteristic, and FIG.
11B is a characteristic diagram showing a correction angle
vs. passenger compartment temperature characteristic, each
according to the first preferred embodiment;

FIG. 12 is a characteristic diagram showing swing range
correction coefficients vs. solar radiation left-right ratio
according to the first preferred embodiment;

FIG. 13A is a timing diagram showing a random swing
operating pattern, and FIG. 13B is a view showing an OFF
time series according to the first preferred embodiment;

FIG. 14 is a characteristic diagram showing a relationship
between air-conditioning load factors and total pause time
according to the first preferred embodiment;
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FIG. 15A is a characteristic diagram showing a relation-
ship between solar radiation amount and swing pause
direction, and FIG. 15B is a characteristic diagram showing
a relationship between swing stop direction, difference
between passenger compartment temperature and set
temperature, and passenger compartment temperature
according to the first preferred embodiment;

FIG. 16 is an explanatory view showing swing pause
direction change widths of the first preferred embodiment;

FIGS. 17A-17E illustrate a relationship between solar
radiation direction and swing pause direction according to
the first preferred embodiment;

FIG. 18 is a characteristic diagram showing a relationship
between solar radiation direction and amount and swing
pause direction according to the first preferred embodiment;

FIGS. 19A-19E are operation illustrations showing a
relationship between solar radiation direction and swing
pause direction according to the first preferred embodiment;

FIG. 20 is a characteristic diagram showing front seat
occupant face pause time proportion and rear seat occupant
face pause time proportion vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 21 is a characteristic diagram showing front seat
occupant face pause time proportion and rear seat occupant
face pause time proportion vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 22 is a characteristic diagram showing front seat
occupant face pause time proportion and rear seat occupant
face pause time proportion vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 23 is a characteristic diagram showing swing pause
time at a front seat occupant direction vs. solar radiation
amount and passenger compartment temperature according
to the first preferred embodiment;

FIG. 24 is a characteristic diagram showing swing pause
time at a front seat occupant direction vs. solar radiation
amount and passenger compartment temperature and set
temperature according to the first preferred embodiment);

FIG. 25 is a characteristic diagram showing swing pause
time at a front seat occupant direction vs. solar radiation
amount and outside air temperature according to the first
preferred embodiment;

FIG. 26 is a characteristic diagram showing swing pause
time at a front seat occupant direction vs. blower control
voltage and passenger compartment temperature according
to the first preferred embodiment;

FIG. 27 is a characteristic diagram showing swing pause
time at a front seat occupant direction vs. blower control
voltage and difference between passenger compartment tem-
perature and set temperature according to the first preferred
embodiment;

FIG. 28 is a diagram showing swing pause time at a front
seat occupant direction vs. blower control voltage and
outside air temperature according to the first preferred
embodiment;

FIG. 29 is a timing diagram showing a driver side and
passenger side center louver control method of when the
timing of reaching a closest occupant side is synchronized
according to the first preferred embodiment;

FIG. 30 is a timing diagram showing a driver side and
passenger side center louver control method of when the
timing of reaching a most adjacent air-conditioning zone
side is synchronized according to the first preferred embodi-
ment;
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FIG. 31A is a characteristic diagram showing driver side
occupant face pause time vs. difference between passenger
compartment temperature and set temperature, and FIG. 31B
is a characteristic diagram showing passenger side occupant
face pause time vs. difference between passenger compart-
ment temperature and set temperature, according to the first
preferred embodiment;

FIG. 32A is a characteristic diagram showing driver side
occupant face pause time vs. difference between passenger
compartment temperature and set temperature, and FIG. 32B
is a characteristic diagram showing passenger side occupant
face pause time vs. difference between passenger compart-
ment temperature and set temperature, according to the first
preferred embodiment;

FIG. 33 is a characteristic diagram showing driver side
occupant face pause time vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 34 is a characteristic diagram showing passenger
side occupant face pause time vs. air-conditioning load
factors according to the first preferred embodiment;

FIG. 35 is a characteristic diagram showing driver side
occupant face pause time vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 36 is a characteristic diagram showing passenger
side occupant face pause time vs. air-conditioning load
factors according to the first preferred embodiment;

FIG. 37 is a characteristic diagram showing driver side
occupant face pause time vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 38 is a characteristic diagram showing passenger
side occupant face pause time vs. air-conditioning load
factors according to the first preferred embodiment;

FIG. 39 is a characteristic diagram showing driver side
occupant face pause time vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 40 is a characteristic diagram showing passenger
side occupant face pause time vs. air-conditioning load
factors according to the first preferred embodiment;

FIG. 41 is a characteristic diagram showing driver side
occupant face pause time vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 42 is a characteristic diagram showing passenger
side occupant face pause time vs. air-conditioning load
factors according to the first preferred embodiment;

FIG. 43 is a characteristic diagram showing driver side
occupant face pause time vs. air-conditioning load factors
according to the first preferred embodiment;

FIG. 44 is a characteristic diagram showing passenger
side occupant face pause time vs. air-conditioning load
factors according to the first preferred embodiment;

FIG. 45 is a front view of an air-conditioning operating
panel according to a second preferred embodiment of the
present invention;

FIG. 46 is a perspective view showing the construction of
a louver left-right direction oscillating mechanism according
to a third preferred embodiment of the present invention;

FIG. 47Ais an explanatory view showing a blowout state
from concentration/dispersion swing grills in a spot blowout
mode, and FIG. 47B is an explanatory view showing a
blowout state from concentration-dispersion swing grills in
a wide blowout mode according to the third preferred
embodiment;

FIG. 48A is a front view of a vehicle instrument panel,
and FIG. 48B is a schematic view of a face duct of an
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air-conditioning unit according to a fourth preferred embodi-
ment of the present invention;

FIG. 49 is a sectional view of a drum ventilator for a
vehicle in accordance with a fifth preferred embodiment of
the present invention;

FIG. 50A is a perspective view showing an air blowout
louver and FIG. 50B is a sectional view of the air blowout
louver according to a sixth preferred embodiment of the
present invention;

FIG. 51 is a front view of an instrument panel in accor-
dance with a seventh preferred embodiment of the present
invention;

FIG. 52 is an exploded perspective view showing a
blowout duct, a supporting frame and a rotary valve accord-
ing to a seventh preferred embodiment of the present inven-
tion;

FIGS. 53A-53C are sectional views showing an angular
position of the rotary valve in a spot blowout mode accord-
ing to a seventh preferred embodiment of the present inven-
tion;

FIGS. 54A-54C are sectional views showing an angular
position of the rotary valve in a wide blowout mode accord-
ing to a seventh preferred embodiment of the present inven-
tion;

FIGS. 55A-55E are perspective views showing alterna-
tive versions of the rotary valve according to an eighth
preferred embodiment of the present invention;

FIGS. 56 A—56E are operation illustrations showing blow-
out positions at swing pause times for different solar radia-
tion directions according to the eighth preferred embodi-
ment;

FIGS. 57A-57F are operation illustrations showing blow-
out positions at swing pause times for different passenger
compartment temperatures according to the eighth preferred
embodiment;

FIG. 58A is an operation illustration showing a swing
pause time blowout position changing method, and FIG.
58B is a characteristic diagram showing a relationship
between swing pause time blowout position and passenger
compartment temperature and difference between passenger
compartment temperature and set temperature according to
the eighth preferred embodiment;

FIG. 59A is an operation illustration showing a swing
pause time blowout position changing method, and FIG.
59B is a characteristic diagram showing a relationship
between swing pause time blowout position and solar radia-
tion direction according to the eighth preferred embodiment;

FIG. 60 is a schematic view of the overall construction of
a vehicle air-conditioning system according to a ninth pre-
ferred embodiment of the present invention;

FIG. 61A is a sectional plan view of a louver left-right
direction oscillating mechanism, and FIG. 61B is a sectional
side view of a louver up-down direction oscillating mecha-
nism according to the ninth preferred embodiment;

FIG. 62 is a schematic view showing the swing range of
conditioned air to a passenger compartment according to a
tenth preferred embodiment of the present invention;

FIG. 63 is a graph showing a relationship between solar
elevation-angle and relative sensitivity of a solar radiation
sensor according to the tenth preferred embodiment;

FIG. 64 is a graph showing pause time at a front seat
occupant direction vs. amount of detected solar radiation
according to the tenth preferred embodiment;

FIG. 65 is a flow diagram showing swing louver control
carried out by an air-conditioning ECU according to the
tenth preferred embodiment;
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FIG. 66 is a characteristic diagram showing a procedure
for determining an elevation-angle according to the tenth
preferred embodiment;

FIG. 67 is a graph showing pause time at a front seat
occupant direction vs. amount of detected solar radiation at
high elevation-angle and amount of corrected solar radiation
at low elevation-angle according to the tenth preferred
embodiment;

FIG. 68A is a schematic view showing swing pause
direction, and FIG. 68B is a timing diagram showing swings
toward occupant direction and frontal direction according to
the tenth preferred embodiment;

FIG. 69 is a graph showing feeling of comfort of
occupant, in accordance with the tenth preferred embodi-
ment;

FIG. 70 is a graph showing a relationship between pause
time at front seat occupant direction vs. amount of detected
solar radiation according to the tenth preferred embodiment;

FIG. 71 is a flow diagram showing an example of a
control program of an air-conditioning ECU according to an
eleventh preferred embodiment of the present invention; and

FIG. 72 is a graph showing a relationship between amount
of solar radiation used for control (amount of corrected solar
radiation) vs. amount of detected solar radiation in accor-
dance with the eleventh preferred embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
First Preferred Embodiment

FIGS. 1-44 show a first preferred embodiment of the
invention. In the vehicle air-conditioning system of this
preferred embodiment, air-conditioning actuators in an air-
conditioning unit 1 for air-conditioning a vehicle passenger
compartment are controlled by an air-conditioning control
unit (hereinafter, air-conditioning ECU) 50. This air-
conditioning unit 1 is capable of performing temperature
adjustment independently for each of a driver side air-
conditioning zone (extending from an occupant of a front
right seat to an occupant of a rear left seat) and a passenger
side air-conditioning zone (extending from an occupant of a
front left seat to an occupant of a rear right seat) in the
passenger compartment of the vehicle.

The air-conditioning unit 1 has an air-conditioning duct 2
disposed at the front of the vehicle passenger compartment.
An inside/outside air switching door 3 and a blower 4 are
disposed at an upstream end of this air-conditioning duct 2.
The inside/outside air switching door 3 is driven by an
actuator such as a servo motor 5, for changing the apertures
of an inside air inlet 6 and an outside air inlet 7 (that is, for
changing a so-called inlet mode). The blower 4, which is
driven by a blower motor 9 controlled by a blower drive
circuit 8, blows air through the air-conditioning duct 2
toward the passenger compartment.

An evaporator 10 of a refrigerating cycle for cooling the
air passing through the air-conditioning duct 2 is disposed in
a middle part of the air-conditioning duct 2. A heater core 13
for heating air passing through first and second air passages
11, 12 is disposed on the downstream side of this evaporator
10.

The first and second air passages 11, 12 are separated by
a partition plate 14. Driver side and passenger side air-
mixing (A/M) doors 15, 16 for performing temperature
adjustment independently for the driver and passenger side
air-conditioning zones are provided on the upstream side of
the heater core 13. The driver side and passenger side A/M
doors 15, 16 are driven by actuators such as servo motors 17,
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18 and adjust outlet temperatures of air blown toward the
driver side and the passenger side.

As shown in FIGS. 1-3, a defroster outlet (DEF) 20, a
driver side center face (FACE) outlet 21, a driver side side
face (FACE) outlet 22 and a driver side foot (FOOT) outlet
23 are provided in an instrument panel (housing member) 40
at the downstream end of the first air passage 11.

A passenger side center face (FACE) outlet 31, a passen-
ger side side face (FACE) outlet 32 and a passenger side foot
(FOOT) outlet 33 are provided in the instrument panel 40 at
the downstream end of the second air passage 12. Driver
side and passenger side outlet switching doors 24-26 and 35,
36 for independently setting driver side and passenger side
outlet modes in the passenger compartment are provided
inside the first and second air passages 11 and 12.

The driver and passenger side outlet switching doors
24-26 and 35, 36 are mode switching doors, driven by
actuators such as servo motors 28, 29 and 39, for switching
driver side and passenger side outlet modes. Here, the driver
side and passenger side outlet modes include for example a
FACE mode, a B/LL mode, a FOOT mode, an F/D mode and
a DEF mode.

Also, at each of driver and passenger side center swing
grills and driver and passenger side side swing grills fitted in
the driver side and passenger side center FACE outlets 21,
31 and the driver side and passenger side side FACE outlets
22 and 32, a blowout state changing device is mounted in the
instrument panel (housing member) 40. The driver side side
FACE outlet 22 and the passenger side side FACE outlet 32
may alternatively be located in the front doors or in inner
panels of side body of a vehicle.

Next, these blowout state changing devices disposed at
the driver side and passenger side center swing grills and the
driver side and passenger side side swing grills will be
briefly described on the, basis of FIG. 4 and FIG. 5.

The blowout state changing devices are mounted in the
driver and passenger side center swing grills and the driver
and passenger side side swing grills. Air passages in these
swing grills are used as the driver and passenger side center
FACE outlets 21, 31 and the driver and passenger side side
FACE outlets 22, 32. The blowout state changing device of
each of the swing grills has a louver left-right direction
oscillating mechanism and a louver up-down direction oscil-
lating mechanism.

As shown in FIG. 5SA, the louver left-right direction
oscillating mechanism is made up of a link lever 42 for
imparting an oscillating motion to a plurality of flow-
directing louvers 41 about pivotal support points thereof,
and a stepping motor 44 for reciprocating the link lever 42
horizontally by way of an arm plate 43. These flow-directing
louvers 41 are swinging louvers arrayed in the left-right
direction (the width direction of the vehicle) in each of the
swing grills. Hereinafter the flow-directing louvers mounted
in the center grills will be called center louvers and the
flow-directing louvers mounted in the side grills will be
called side louvers.

As shown in FIG. 5B, the louver up-down direction
oscillating mechanism is made up of a link lever 46 for
imparting an oscillating motion to a plurality of flow-
directing louvers 45 about pivotal support points thereof,
and a stepping motor 48 for reciprocating the link lever 46
up and down by way of an arm plate 47. These flow-
directing louvers 45 are swinging louvers arrayed in the
vertical direction (the height direction of the vehicle) in each
of the swing grills. Hereinafter, the flow-directing louvers
mounted in the center grills will be called center louvers and
the flow-directing louvers mounted in the side grills will be
called side louvers.
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Here, the driver and passenger side center and side
flow-directing louvers 41, 45 described above correspond to
the blowout state changing device of the present invention.
The stepping motors 44, 48 work as oscillation range
changing devices for making conditioned air (cold or warm
drafts) blown into the driver side and passenger side air-
conditioning zones oscillate over predetermined ranges of
oscillation. By being stopped at predetermined angles, the
stepper motors also work as blowout direction changing
devices or blowout position changing devices for fixing the
drafts in the directions of driver and passenger side front seat
occupants, in directions avoiding the driver and passenger
side front seat occupants, or in the directions of passenger
side and driver side rear seat occupants.

To ensure that large loads are not applied to the stepping
motors when the driver side and passenger side center and
side louvers 41, 45 are operated manually, large, clutch
devices for cutting off an operating force from an occupant
which would otherwise be transmitted through the link
levers 42, 46 or the arm plates 43, 47 to the output shafts of
the stepping motors 44, 48 are provided between the output
shafts of the stepping motors 44, 48 and either the link levers
42, 46 or the arm plates 43, 47.

The angles through which the stepping motors move per
pulse are predetermined, and when they are to point the
center and side louvers 41, 45 in a certain blowout direction,
or when they are to make the center and side louvers 41, 45
swing over a certain range, they are driven by a number of
pulses obtained according to the following expression Exp.
1 output from the air-conditioning ECU 50.

pulses required=(angular movement required)/(angular movement
per pulse) (Exp. 1)

The air-conditioning ECU 50 comprises an ordinary
microcomputer made up of a CPU, ROM, RAM and other
conventional components. As shown in FIG. 1 and FIG. 3,
switching signals from an air-conditioning operating panel
51, a driver side louver control (SWING SW) panel 52 and
a passenger side louver control (SWING SW) panel 53 are
input into the air-conditioning ECU 50.

The air-conditioning operating panel 51 is integrally
installed with the instrument panel 40 in the width direction
center of the vehicle at the front of the passenger compart-
ment. On this air-conditioning operating panel 51 are pro-
vided an air-conditioning (A/C) switch 54, an inlet mode
switching switch 55, a front defroster switch 56, a rear
defroster switch 57, a DUAL switch 58, an outlet mode
switching switch 59, a blower flow switching switch 60, an
AUTO switch 61, an OFF switch 62, a liquid crystal display
(display) 63, a driver side temperature setting switch 64 and
a passenger side temperature setting switch 65. All switches
may be displayed on the display 63.

Of these, the DUAL switch 58 is for invoking left/right
independent temperature control whereby temperature
adjustment of the driver side air-conditioning zone and
temperature adjustment of the passenger side air-
conditioning zone are performed independently. The driver
side temperature setting switch 64 is for setting the tem-
perature in the driver side air-conditioning zone to a desired
temperature. The passenger side temperature setting switch
65 is for setting the temperature in the passenger side
air-conditioning zone to a desired temperature.

The driver side louver control panel 52 is mounted near
the central part of the instrument panel 40 on the right side
of the air-conditioning operating panel 51 and is made up of
a MATCH switch 66 for enabling swinging of the louvers
41, 45 of both the driver side center swing grill and the
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driver side side swing grill, a CENTER switch 67 for
enabling swinging of the louvers 41, 45 of the driver side
center swing grill, a SIDE switch 68 for enabling swinging
of the louvers 41, 45 of the driver side side swing grill, and
a swing mode switching switch 69.

Of these, the MATCH switch 66, the CENTER switch 67
and the SIDE switch 68 are push switches having a normal
position (OFF) and a pushed-in position (ON). The swing
mode switching switch 69 is a rotary switch having the
switching positions of ‘STOP’, ‘AUTO’, ‘Rr’, ‘U-D
SWING’, and ‘R-L SWING’.

When set to ‘AUTO’, the swing mode switching switch
69 outputs a command invoking automatic louver control of
the driver side center and side louvers 41, 45. When set to
‘Rr’, the swing mode switching switch 69 causes the driver
side center and side louvers 41, 45 to swing so that the draft
flow distribution favors a rear seat side air-conditioning zone
over a front seat side air-conditioning zone. For example, the
swing rate of the driver side center and side louvers 41, 45
is increased in a zone into which the conditioned air is blown
to a driver side front seat occupant and decreased in a zone
into which the conditioned air is blown to not strike a driver
side front seat occupant (and rather to strike a passenger side
rear seat occupant).

When set to ‘U-D SWING’, the swing mode switching
switch 69 outputs a command to make the driver side center
and side louvers 45 swing in the up-down direction (U-D
direction) over a predetermined range. When set to ‘R-L
SWING’, the swing mode switching switch 69 outputs a
command to make the driver side center and side louvers 41
swing in the left-right direction (R-L direction) over a
predetermined range.

The passenger side louver control panel 53, as with the
driver side louver control panel 52, is made up of a MATCH
switch 70 for enabling swinging of the louvers 41, 45 of both
the passenger side center swing grill and the passenger side
side swing grill, a CENTER switch 71 for enabling swinging
of the louvers 41, 45 of the passenger side center swing grill,
a SIDE switch 72 for enabling swinging of the louvers 41,
45 of the passenger side side swing grill, and a swing mode
switching switch 73. All of the switches may be displayed on
the display 63.

Of these, the MATCH switch 70, the CENTER switch 71
and the SIDE switch 72 are push switches having a normal
non-depressed position (OFF) and a depressed position
(ON). The swing mode switching switch 73 is a rotary
switch having the switching positions of ‘STOP’ (stop
swing), ‘AUTO’ (auto swing), ‘Rr’, ‘U-D SWING’ (up-
down direction swing), and ‘R-L SWING’ (left-right direc-
tion swing).

When set to ‘AUTO’, the swing mode switching switch
73, like the swing mode switching switch 69, outputs a
command invoking automatic louver control of the passen-
ger side center and side louvers 41, 45. When set to ‘Rr’, the
swing mode switching switch 73 causes the passenger side
center and side louvers 41, 45 to swing so that the draft flow
distribution favors a rear seat side air-conditioning zone over
a front seat side air-conditioning zone. For example, the
swing rate of the passenger side center and side louvers 41,
45 is increased in a zone into which the conditioned air is
blown to a passenger side front seat occupant and decreased
in a zone into which the conditioned air is blown to not strike
a passenger side front seat occupant (and rather strike a
driver side rear seat occupant).

When set to ‘U-D SWING’, the swing mode switching
switch 73 outputs a command to make the passenger side
center and side louvers 45 swing in the up-down direction
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(U-D direction) over a predetermined range. And when set
to ‘R-L SWING’, the swing mode switching switch 73
outputs a command to make the passenger side center and
side louvers 41 swing in the left-right direction (R-L
direction) over a predetermined range. The switching mode
switching switches 69, 73 may be substituted by a single
switching switch which carries out switching between
‘AUTO mode’ and ‘OFF’.

As shown in FIG. 3, door opening/closing switches 74 for
manually operating shutters (not shown) for opening and
closing the driver side and passenger side center FACE
outlets 21, 31 are provided between the driver side and
passenger side center swing grills. Also, the driver and
passenger side center swing grills and the driver and pas-
senger side side swing grills are each provided with knobs
75, 76 for manually moving the louvers of the center and
side louvers 41, 45 in the left-right direction and the
up-down direction.

In the air-conditioning ECU 50, sensor signals from
various sensors are A/D-converted by an input circuit (not
shown) and then input into the microcomputer. That is, an
inside air temperature sensor 91, an outside air temperature
sensor 92, and a solar radiation sensor 93 serving as solar
radiation detecting means for detecting the amounts of solar
radiation entering the driver side and passenger side air-
conditioning zones are connected to the air-conditioning
ECU 50.

Also connected to the air-conditioning ECU 50 are driver
and passenger side outlet temperature sensors 94a, 94b for
detecting the outlet temperatures of conditioned air blown
into the driver side and passenger side air-conditioning
zones, a post-evaporator temperature sensor 95 for detecting
the temperature of air having just passed through the evapo-
rator 10, and a cooling water temperature sensor 96 for
detecting the cooling water temperature of the vehicle
engine.

The solar radiation sensor 93 has a driver side solar
radiation strength detecting device (for example a
photodiode), which detects the amount of solar radiation
(the solar radiation strength) entering the driver side air-
conditioning zone and generates an output signal TS'(Dr)
corresponding thereto. The sensor also includes a similar
passenger side solar radiation strength detecting device
which detects the amount of solar radiation entering the
passenger side air-conditioning zone and generates an output
signal TS'(Pa) corresponding to that solar radiation strength.

Next, an air-conditioning control method implemented by
the air-conditioning ECU 50 of this preferred embodiment
will be described on the basis of FIGS. 1-22.

Referring first to FIG. 6, a flow diagram showing an
example of a control program of the air-conditioning ECU
50 is shown. When a vehicle ignition switch is switched on
and d.c. power is supplied to the air-conditioning ECU 50,
execution of the control program is started. At this time, first,
initialization of stored content of a data processing memory
(RAM) is carried out (step S1).

Then, various types of data are read in to the data
processing memory. That is, switch signals from the
switches and sensor signals from the sensors are input (step
S2). In particular, output signals corresponding to the solar
radiation strengths detected by the solar radiation sensor 93
(hereinafter called solar radiation sensor signals) TS'(Dr),
TS'(Pa) are input and stored in the data processing memory.

Next, solar radiation strengths TS(Dr), TS(Pa) calculated
with a time constant (lag) of T1(sec) with respect to the solar
radiation sensor signals TS'(Dr), TS'(Pa) stored in step S2
are determined. That is, solar radiation strengths TS(Dr),
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TS(Pa) for inside the passenger compartment are calculated
on the basis of the solar radiation sensor signals TS'(Dr),
TS'(Pa), a time constant T1 and the following expressions
Exp. 2 and Exp. 3 (step S3).

TSDP={TS(DA)+TYTTSn-1(DO)}(T1+T) (Exp. 2)

TS(Pa)={TS"(Pa)+(T1/T)TSn-1(Pa)}/(T1+T) (Exp. 3)

Here, T is a control period (for example 1 to 4 seconds),
and TSn-1(Dr) is the value of TS(Dr) one period before and
TSn-1(Pa) is the value of TS(Pa) for the prior period. Also,
T1 is the value of a time constant provided in the solar
radiation strengths TS(Dr), TS(Pa) necessary for controlling
blower control voltages VA(Dr), VA(Pa) to be impressed on
the blower motor 9 of the blower 4, the driver side and
passenger side outlet switching doors 24-26 and 35, 36, and
the driver side and passenger side A/M doors 15, 16, and is
for example 30-120 seconds.

Next, a driver side target outlet temperature TAO(Dr) and
a passenger side target outlet temperature TAO(Pa) are
calculated on the basis of the stored data mentioned above
and the following expressions Exp. 4 and Exp. 5 (step S4).

TAO(Dr) = KSET- TSET(Dr) — KR+ TR — KAM - TAM — (Exp. 4)
KS- TS(Dr) + Kd(Dr)x {CD(Dr) +
Ka(Dr)(10 — TAM)} x {TSET(Dr) —
TSET(Pa)} + C

TAO(Pa) = KSET- TSET(Pa) — KR- TR — KAM - TAM — (Exp. 5)

KS- TS(Pa) + Kd(Pa)x {CD(Pa) +
Ka(Pa)(10 — TAM)} x {TSET(Pa) -
TSET(D} + C

Here, TSET(Dr) and TSET(Pa) respectively are a set
temperature of the driver side air-conditioning zone and a set
temperature of the passenger side air-conditioning zone, and
TR and TAM respectively are the passenger compartment
temperature and the outside air temperature. KSET, KR,
KAM, KS, Kd(Dr) and Kd(Pa) respectively are a tempera-
ture setting gain, a passenger compartment temperature gain,
an outside air temperature gain, a solar radiation gain, and
driver side and passenger side air-conditioning zone tem-
perature difference correction gains.

Ka(Dr) and Ka(Pa) respectively are gains for correcting
the degree of influence that the outside air temperature TAM
has on the air-conditioning temperatures of the driver and
the passenger side air-conditioning zones, CD(Dr) and
CD(Pa) are constants corresponding to this degree of
influence, and C is a correction constant. Here, the values of
Ka(Dr), Ka(Pa), CD(Dr) and CD(Pa) vary with various
parameters such as the size and shape of the vehicle and the
blowout directions from the outlets of the air-conditioning
unit 1.

Next, a blower flow {blower control voltage VA to be
impressed on the blower 4} is calculated on the basis of the
driver side and passenger side target outlet temperatures
TAO(Dr), TAO(Pa) obtained in step S4 (step SS5).
Specifically, the blower control voltage VA is obtained by
blower control voltages VA(Dr), VA(Pa) respectively suited
to the target outlet temperatures TAO(Dr), TAO(Pa) being
obtained on the basis of a characteristic diagram shown in
FIG. 7A, and the blower control voltages VA(Dr), VA(Pa)
are then averaged.

Then, outlet modes of the driver and passenger side
air-conditioning zones are determined on the basis of the
target outlet temperatures TAO(Dr), TAO(Pa) of the driver
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and passenger side obtained in step S4 and an outlet mode
vs. target outlet temperature characteristic shown in FIG. 7B
(step S6). Specifically, in the determination of the outlet
modes, the modes are determined to become the FACE
mode, the B/L mode and then the FOOT mode as the
above-mentioned target outlet temperatures TAO(Dr), TAO
(Pa) progress from low temperatures to high temperatures.
Also, any outlet mode among the FACE mode, the B/L
mode, the FOOT mode and the FID mode can be fixed by the
outlet mode switching switch 59 provided on the air-
conditioning operating panel 51 being operated manually.

The FACE mode is an outlet mode wherein conditioned
air is blown toward the upper bodies of front and rear seat
occupants. The B/LL mode is an outlet mode wherein con-
ditioned air is blown toward the upper bodies and the feet of
front and rear seat occupants. The FOOT mode is an outlet
mode wherein conditioned air is blown toward the feet of
front and rear seat occupants. The F/D mode is an outlet
mode wherein conditioned air is blown toward the feet of
front and rear seat occupants and toward the inside of the
front windshield of the vehicle. In this preferred
embodiment, when a defroster switch provided on an oper-
ating panel (not shown) is operated, a DEF mode, wherein
conditioned air is blown toward the inside of the front
windshield of the vehicle, is set. Also, in all of the outlet
modes, the driver side side FACE outlet 22 and the passen-
ger side side FACE outlet 32 are open.

Next, a target A/M aperture SW(Dr) (%) of the driver side
A/M door 15 and a target A/M aperture SW(Pa) (%) of the
passenger side A/M door 16 are calculated (step S7). The
calculation of the target A/M aperture SW(Dr) and the target
A/M aperture SW(Pa) is carried out on the basis of the driver
side and passenger side target outlet temperatures TAO(Dr)
and TAO(Pa), the post-evaporator temperature (TE) detected
by the post-evaporator temperature sensor 95, the cooling
water temperature (TW) detected by the cooling water
temperature sensor 96, and the following expressions Exp. 6
and Exp. 7.

SW(D#)={TAO(D#)~TE }x100/(TW-TE)
SW(Pa)={TAO(Pa)-TE }x100/(TW-TE)

(Exp. 6)
(Exp. 7)

Next, a routine shown in FIG. 8 is started, and swing
louver control (automatic or manual) is carried out. That is,
in automatic louver control, the blowout state of conditioned
air to be blown into the driver side air-conditioning zone
from the driver side center and side FACE outlets 21, 22 is
determined, and the blowout state of conditioned air to be
blown toward the passenger side air-conditioning zone from
the passenger side center and side FACE outlets 31, 32 is
determined. Specifically, oscillation ranges and louver direc-
tions of the center and side louvers 41, 45 of the blowout
state changing devices of the swing grills are determined
(step S8).

Then, an output signal is sent to the blower drive circuit
8 to produce the determined blower control voltage VA(Dr),
VA(Pa). The servo motors 28, 29 and 39 are controlled to
implement the determined outlet modes. The servomotors
17, 18 are controlled to realize the target A/M apertures
SW(Dr), SW(Pa). Control signals are then sent to the
stepping motors 44, 48 to realize swing ranges about deter-
mined occupant directions or louver temporary stopping
positions (step S9).

After a predetermined control period (T: for example 0.1
second to 4.0 seconds) elapses at step S10, processing
returns to step S2.

Next, swing louver control carried out by the air-
conditioning ECU 50 will be described on the basis of FIGS.
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8-12. First, it is determined whether or not either of the
swing mode switching switches 69, 73 provided on the
driver and passenger side louver control panels 52, 53 has
been set to ‘AUTO’ (step S12). When the result of this
determination is NO, manual louver control according to the
set positions of the swing mode switching switches 69, 73 is
carried out (step S13). Thereafter, processing leaves the
routine of FIG. 8.

When the result of the determination of step S12 is YES,
the following automatic louver control is carried out. First,
it is determined if the outlet mode is either the FACE mode
or the B/L mode (step S14). When the result of this deter-
mination is NO, to effect anti-fogging of the side windows
and cut cooling heat radiation, louver pausing positions are
determined so that the driver side and passenger side side
louvers 41, 45 point toward adjacent side windows (step
S15). Processing then leaves the routine of FIG. 8.

When the determination result of step S14 is YES, a
cooldown determination is carried out. For example accord-
ing to the following expressions Exp. 8 and Exp. 9, it is
determined whether or not the difference between the pas-
senger compartment temperature TR and either of the set
temperatures TSET(Dr), TSET(Pa) is greater than a deter-
mination value (a predetermined value; for example 5°). Or,
it is determined whether or not the passenger compartment
temperature TR is greater than a determination value (a
predetermined value; for example 35° C.) (step S16).

5(°) {TR-TSET(D1)} (Exp. 8)

5(°) {TR-TSET(Pa)} (Exp. 9)

Here, TR is the passenger compartment temperature
detected by the inside air temperature sensor 91, and TSET
(Dr), TSET(Pa) respectively are a set temperature of the
driver side air-conditioning zone and a set temperature of the
passenger side air-conditioning zone. The above-mentioned
determination value is preferably set to a higher value
corresponding to the amount of air-conditioning load in the
initial stage of air-conditioning or in the initial stage of
conditioned air blowout. However, even when the passenger
compartment temperature (TR) is very high, when concen-
trated blowout to a front seat or rear seat occupant continues
for a long time, the conditioned air may be made to swing
to reduce annoyance to the occupant.

When the determination result of step S16 is YES, in the
case of the difference between the passenger compartment
temperature TR and either of the set temperatures TSET(Dr)
and TSET(Pa) being greater than a predetermined value (for
example 5°), origin correction of the driver side and pas-
senger side center louvers 41, 45 and the driver side and
passenger side side louvers 41, 45 is carried out. After that,
as shown in FIG. 9A, according to the seat positions of the
occupants of the driver side and passenger side front seats,
target values are determined to send control outputs to the
stepping motors 44, 48 so that the louver directions of the
driver side and passenger side center louvers 41, 45 and the
driver side and passenger side side louvers 41, 45 point
toward the front seat occupants (step S17). Thereafter,
processing leaves the routine of FIG. 8. It is preferable for
the origin correction by the cooldown determination to be
performed so that it is carried out only once after the ignition
switch is turned ON.

Here, as the origin correction of the driver and passenger
side center louvers 41, 45 and the driver and passenger side
side louvers 41, 45, control outputs are sent to the stepping
motors 44, 48 to cause the ends to swing in the louver origin
correction directions shown in FIG. 9A. In addition, with
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those louver positions as origins, when the seat positions of
the driver side and passenger side front seat occupants are
forward, a few pulses are sent to the stepping motors 44, 48.
When the seat positions of the driver and passenger side
front seat occupants are rearward, pulses are sent to the
stepping motors 44, 48, whereby target values are deter-
mined so that the louver directions of the driver and pas-
senger side center louvers 41, 45 and the louver directions
of the driver side and passenger side side louvers 41, 45
point in the directions of the occupants of the driver and
passenger side front seats.

The louvers are brought to their swing ends in the louver
origin correction directions shown in FIG. 9A because, in
this preferred embodiment, the blowout state changing
devices do not have potentiometers to serve as blowout
direction detecting devices for detecting the present posi-
tions of the driver side and passenger side center and side
louvers 41, 45 when the present positions of the driver side
and passenger side center or side louvers 41, 45 are changed
or manually moved. Also, the louvers are brought to their
swing ends in the louver origin correction directions shown
in FIG. 9A to enable conditioned air to be supplied to driver
and passenger side front seat occupants as quickly as
possible, because the origin correction takes about ten
seconds.

It is conceivable to provide seat front-rear position detect-
ing devices such as potentiometers in the vicinities of the
front seats (driver and passenger side seats) to detect the seat
positions of driver and passenger side front seat occupants.
Alternatively, the driver and passenger side front seats may
be set by switches or on the liquid crystal display 63. Also,
the seat positions may be made settable by, for example, the
vehicle dealer. A method wherein the seat positions are set
by driver side and passenger side front seat occupants or by
a dealer is preferable, because it enables the louver direc-
tions adopted at times of cooldown to be adjusted according
to personal preference.

When the determination result of step S16 is NO, i.e.
when the air-conditioning state is determined to be steady-
state or when the passenger compartment temperature is
below a predetermined value, a range over which the driver
and passenger side center and side louvers 41, 45 are to
swing is determined according to the seat positions of the
driver and passenger side front seat occupants, as shown in
the characteristic diagram of FIG. 9B (step S18). The
characteristic diagram of FIG. 9B is of course corrected
according to the seat layout and the positions and apertures
of the FACE outlets, which differ from vehicle to vehicle.
Also, according to the personal preference of the occupant,
when conditioned air is not desired, the swing range can be
narrowed. In this preferred embodiment, the swing range of
the driver and passenger side side louvers 41, 45 and the
swing range of the driver side and passenger side center
louvers 41, 45 are the same.

The air-conditioning range over which air-conditioning
effected by swinging of the driver side center louvers 41, 45
is possible (the range over which conditioned air from the
driver side center FACE outlet 21 can be blown directly) is,
as shown in FIG. 10A, limited to the range of from a driver
side front seat occupant direction (Dr) to a passenger side
rear seat occupant direction P(Pa). The air-conditioning
range over which air-conditioning effected by swinging of
the passenger side center louvers 41, 45 is possible (the
range over which conditioned air from the passenger side
center FACE outlet 31 can be directly blown) is, as shown
in FIG. 10A, limited to the range of from a passenger side
front seat occupant direction (Pa) to a driver side rear seat
occupant direction f(Dr).
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The driver side front seat occupant direction (Dr) swing
end shows a driver side front seat occupant side swing end
obtained from one or more among the seat position or seat
shape of the driver side front seat and the physique, condi-
tioned air preferences and posture of the occupant of the
driver side front seat. Similarly, the passenger side front seat
occupant direction (Pa) swing end shows a passenger side
front seat occupant side swing end obtained from one or
more among the seat position or seat shape of the passenger
side front seat and the physique, conditioned air preferences
and posture of the occupant of the passenger side front seat.

The further forward the positions toward which it is
desired that the driver and passenger side center louvers 41,
45 be pointed become, the more the swing ranges of the
driver side and passenger side center louvers 41, 45 are
corrected in a widening direction. Conversely, the further
rearward the positions toward which it is desired that the
driver and passenger side center louvers 41, 45 be pointed
become, the more the swing ranges of the driver and
passenger side center louvers 41, 45 are corrected in a
direction making the swing ranges narrower.

In this preferred embodiment it is supposed that the
occupants of the driver and passenger side rear seats are in
a standard state, and the driver side and passenger side rear
seat occupant side swing ends are fixed. Of course,
alternatively, in the same way as the front seat occupant side
swing ends, the driver side and passenger side rear seat
occupant side swing ends may also be corrected according
to the rear seat positions or seat shapes or the physique,
conditioned air preferences and posture of the respective
rear seat occupants.

Also, in this preferred embodiment, when the driver side
front seat occupant or the passenger side front seat occupant
directly operates the center or side louvers 41, 45, the swing
range may be shifted in the direction of the occupant’s
operation. The swing range determining control of the
present preferred embodiment may also be disabled an
occupant manually selects a mode wherein swinging
between the driver’s seat and the passenger seat is carried
out. Otherwise, by making it possible for the swing range of
the invention to be canceled in accordance with manual
operation, even when the swing range of the present pre-
ferred embodiment does not suit an occupant, it is possible
to prevent the swing control from not being unused.

Also, at times such as when the air-conditioning load is
very large, or when a guest is seated in a rear seat or the
passenger seat and that seat is to be preferentially air-
conditioned, the swing range determining control of this
preferred embodiment may be disabled to rapidly preferen-
tially air-condition a particular vehicle occupant zone. When
there is uneven solar radiation and when the air-conditioning
capacity on a solar radiation side is insufficient, the present
invention enables a cool draft to come not only from the
FACE outlets which air-condition primarily that air-
conditioning zone, but also from a FACE outlet which
primarily air-conditions a neighboring air-conditioning
zone. Therefore, it is possible to improve the air condition-
ing of the entire of the passenger compartment.

Also, at times such as air-conditioning start-up or start-up
of the driver and passenger side center louvers 41, 45, the
driver and passenger side center louvers 41, 45 may each be
made to swing into the neighboring air-conditioning zone
side. This appearance improvement or origin correction may
alternatively be carried out after a predetermined time from
air-conditioning start-up or operation start-up of the driver
and passenger side center louvers 41, 45, or may be carried
out on air-conditioning shut-down, after shut-down of the
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driver side and passenger side center louvers 41, 45, or at
predetermined intervals.

Next, the oscillation ranges of the driver and passenger
side center and center louvers 41, 45 may be determined on
the basis of solar radiation directions and solar radiation
strengths in the driver and passenger side air-conditioning
zones and the characteristic diagram shown in FIG. 11A.

Here, reference swing ranges 6(Dr), 6(Pa) of the center
and side louvers 41, 45 refer to (left-right direction louver
anglex2) about that occupant direction when the louver
directions of the center and side louvers 41, 45 are pointed
toward respective occupants. And the reference swing range
8(Dr) of the center and side louvers 41, 45 refers to
(up-down direction louver anglex2) about the occupant
direction when the louver directions of the center and side
louvers 41, 45 are pointed toward an occupant.

Also, passenger compartment temperature correction of
the swing ranges of the center and side louvers 41, 45 is
carried out. Specifically, reference swing ranges 6(Dr), 8(Pa)
may be determined on the basis of driver and passenger side
swing ranges 6(Dr) and 6(Pa), the characteristic diagram of
FIG. 11B, and the following expressions Exp. 10 and Exp.
11.

0(Dr=0(Dr)+a(”) (Exp. 10)

0(Pa)=0(Pa)+a(”) (Exp. 11)

Also, swing heights of the driver and passenger side
center and side louvers 41, 45 may be determined on the
basis of the blower control voltage VA(Dr), VA(Pa)
impressed on the blower motor 9. Specifically, as shown in
FIG. 10B, when the blower control voltage is 4(V) to 5(V),
the swing height may be set to (A), when the blower control
voltage is 6(V) to 8(V) the swing height may be set to (B),
and when the blower control voltage is 9(V) or over the
swing height may be set to (C). This control is for giving the
occupant a feeling of a high-speed flow of conditioned air,
even when the speed is low.

On the basis of the solar radiation strengths TS(Dr),
TS(Pa) determined in step S3 of FIG. 6 and the following
expression Exp. 12, a left-right ratio (H) of strengths of solar
radiation entering the passenger compartment is calculated
(step S19).

H=TS(DA{TS(DH+TS(Pa)}

When {TS(Dr)+TS(Pa)} =150 W/m?, H is set to 0.5.

Next, a total pause time to be the total of a swing pause
time at the driver side and passenger side front seat occupant
side swing ends and a swing pause time at the driver side and
passenger side rear seat occupant side swing ends is deter-
mined (step S20). In this preferred embodiment, the total
pause time is preset to seven seconds. Alternatively, a total
pause time corresponding to the swing ranges of the driver
and passenger side center louvers 41, 45 and the driver and
passenger side side louvers 41, 45 may be calculated.

Using the solar radiation left-right ratio, it is calculated
how much of the total pause time obtained at step S20 is to
be distributed to the driver side front seat occupant
(KFORDR) side swing end and to the passenger side rear
seat occupant (KNOTPA) side swing end and how much is
to be distributed to the passenger side front seat occupant
(KFORPA) side swing end and to the driver side rear seat
occupant (KNOTDR) side swing end (step S21). Thereafter,
processing leaves the routine of FIG. 8.

For the above calculation, the following expressions Exp.
13-Exp. 16 and the characteristic diagram of FIG. 12 are

(Exp. 12)
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used. Control is carried out so that at the swing end of an
occupant side on which solar radiation is presumed to be
incident, the swing pause time is increased and the center
louvers 41, 45 are paused for a longer period than at the
swing end of an occupant side on which solar radiation is
presumed not to be incident, so that more cool air is supplied
to the occupant on which solar radiation is inferred to be
incident.

(FORDR-STOP-TIME)=KFORDRxT (s¢c) (Exp. 13)
Here, FORDR-STOP-TIME is the swing pause time at the
driver side front seat occupant side swing end.

(NOTDR-STOP-TIME)=KNOTDRX7 (sec.) (Exp. 14)
Here, NOTDR-STOP-TIME is the swing pause time at
the driver side rear seat occupant side swing end.

(FORPA-STOP-TIME)=KFORPAT (sec) (Exp. 15)
Here, FORPA-STOP-TIME is the swing pause time at the
passenger side front seat occupant side swing end.

(NOTPA-STOP-TIME)=KNOTPAXT (sec) (Exp. 16)

Here, (NOTPA-STOP-TIME) is the swing pause time at
the passenger side rear seat occupant side swing end.

At least one second may be added to each of the swing
pause times at the driver and passenger side front seat
occupant side swing ends and the swing pause times at the
driver side and passenger side rear seat occupant side swing
ends. Consequently, it is possible to avoid the swing pause
time at the driver side and passenger side rear seat occupant
side swing ends being reduced to zero.

Although in this preferred embodiment the total pause
time at step S20 is set to seven seconds, alternatively this
may be made a random pause time (T), as shown in FIG.
13A and FIG. 13B. Specifically, in a random swing in this
preferred embodiment, a swing pause time for which a
swing is to stop at a predetermined position is determined.
In this preferred embodiment a random swing pause time
determined with a preset operating pattern is used, but of
course there is no particular limitation.

Specifically, when a first swing is carried out, there is a
pause at a predetermined position until one second elapses.
After the next swing, there is a paused at a predetermined
position until one second elapses. After the next swing, there
is a pause at a predetermined position for ten seconds, and
so on for a set of sixteen swings, after which the swing cycle
is repeated. As a result of this cycle, occupants do not
become accustomed to the conditioned air, and their feeling
of comfort is less liable to diminish. In this case, a random
table for when the air-conditioning load is high and a
random table for when the air-conditioning load is low may
be provided.

Also, when the air-conditioning load is high, by increas-
ing the total pause time constituting the total of the swing
pause time at the driver side and passenger side front seat
occupant side swing ends and the swing pause time at the
driver side and passenger side rear seat occupant side swing
ends as shown in the characteristic chart of FIG. 14, it is
possible to increase the proportion of time for which the
swing ranges of the driver side and passenger side center
louvers 41, 45 point toward driver side and passenger side
front seat occupants or passenger side and driver side rear
seat occupants, and thereby increase the overall air-
conditioning effect. This improvement can also be obtained
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by shortening the time required for the blowout directions of
the conditioned air to move from the driver side and pas-
senger side front seat occupant side swing ends to the
passenger side and driver side rear seat occupant side swing
ends when the driver side and passenger side center louvers
41, 45 swing, thereby increasing the time for which they
point toward driver side and passenger side front seat
occupants or passenger side and driver side rear seat occu-
pants.

In FIG. 14, when a random pause time is corrected, or
when the total pause time is a fixed value, the random pause
time or the total pause time is set to increase as the outlet
temperature of air blown into the passenger compartment,
the outside air temperature and the passenger compartment
temperature increase. Also, the random or total pause time is
set to increase as the speed of blowout toward occupants, the
difference between the passenger compartment temperature
and the set temperature, and the blower voltage increase.
Likewise, the random or total pause time is set to increase
as the post-evaporator temperature, a skin temperature, a
seat temperature, and a steering wheel temperature increase,
as the blower flow and the solar radiation strength increase,
as the set temperature decreases, and as the vehicle speed
increases.

Also, the random pause time or the total pause time is set
to be longer when the outlet mode is the B/I. mode compared
to when it is the FACE mode, and longer when the outlet
mode is a full-open mode compared to when it is the B/L
mode. And the random pause time or the total pause time is
set to be longer when the solar radiation direction is toward
the vehicle front than compared to when it is toward the
vehicle rear, and longer when the solar radiation direction is
toward a vehicle side compared to when it is toward the
vehicle front.

Because the front seats are near the front windshield the
seats are frequently exposed to solar radiation. A time to be
added to the front seat side pause time therefore is also
shown in the characteristic diagram of FIG. 14. However, in
special cases such as when guests are riding in the rear seats,
the time shown in the characteristic chart of FIG. 14 to be
added to the front seat side pause time may be taken as a
time to be added to the rear seat side pause time.

Also, although in this preferred embodiment the swing
pause time of the driver side and passenger side center
louvers 41, 45 at their front and rear seat occupant side
swing ends has been set to seven seconds or the swing pause
time has been made a random pause time prescribed on a
separately predetermined random table, when the air-
conditioning load is high, by increasing the swing pause
time it is possible to increase the proportion of time for
which the driver and passenger side center louvers 41, 45
face occupants in the louvers’ respective swing ranges to
thereby increase the air-conditioning effect. This improve-
ment of the air-conditioning effect can similarly obtained by
increasing the time for which the driver and passenger side
center louvers 41, 45 face occupants by shortening the time
taken for the draft directions to move from one swing end to
the other.

Although in the foregoing a total pause time of the driver
and passenger side center louvers 41, 45 to be the total of a
swing pause time at the driver side and passenger side front
seat occupant side swing ends, and a swing pause time at the
driver side and passenger side rear seat occupant side swing
ends has been discussed, similar effects to those of the
present preferred embodiment can also be obtained by
providing ranges over which the louvers swing very slowly
and, for example, changing the degree of that slowness or
changing the time for which the louvers swing slowly.



US 6,170,274 B1

19

The swing pause directions or stop positions may be
changed in correspondence with the air-conditioning load as
inferred for example from solar radiation strengths. As
shown in FIG. 16, a state wherein the driver and passenger
side center and side louvers 41, 45 are facing the front will
be taken as a swing position stop direction reference direc-
tion (0°). It will be assumed that the swing position stop
direction at which the draft is most distributed to the head
and chest of occupants is 40°. In practice, adjustment of
louver orientation at each swing grill according to the shape,
orientation and position of the swing grill, the ability of the
louvers to bend the conditioned air, the seat positions and so
on is necessary. However, in this preferred embodiment the
description will proceed with it being assumed that the
distribution of draft to the head and chest of respective
occupants is largest when the maximum change angle
(width) of the swing position stop direction of the louvers of
all of the swing grills is 40°.

When during cooldown the passenger compartment tem-
perature (TR) has fallen to for example 31° C., swinging of
the driver side and passenger side center and side louvers 41,
45 is started, because if conditioned air continues to be
concentrated on occupants, it will result in local cooling and
make the occupants uncomfortable. When a steady state of
swinging of the driver side and passenger side center and
side louvers 41, 45 continues for a long time, because the
feeling of comfort of the occupants diminishes, the swinging
is paused in a predetermined position for a random time.

However, when this kind of random swinging is carried
out under high cooling load conditions, when the blowout
direction or position of conditioned air does not correspond
to a seated occupant, the occupant will and become uncom-
fortable if there is a swing pause time of several tens of
seconds. Therefore, the swing is paused as closely as pos-
sible to the head and chest (particularly the face) of the
occupant. When random swinging is carried out under a low
cooling load, on the other hand, when the blowout direction
or position is close to the head and chest (and particularly the
face) of the occupant, and if there is a swing pause time of
several tens of seconds, the occupant will become uncom-
fortable. Therefore, the swing is paused in a direction or
position which as far as possible misses the occupant. The
occupant side pause direction may alternatively be fixed in
the above-mentioned 40° position.

Because the sense of warmth of an occupant is greatly
affected by solar radiation, the louver angles at the direction
in which swinging is temporarily paused are corrected in
correspondence with the solar radiation strength, as shown
in the characteristic diagram of FIG. 15A. Also, the louver
angles may be corrected in correspondence with the pas-
senger compartment temperature (TR) and the difference
between the passenger compartment temperature (TR) and
the set temperature (TSET) as the cooling load, as shown in
the characteristic diagram of FIG. 15B. However, this cor-
rection is not essential.

Also, as shown in FIGS. 17A-17E, when it is possible for
solar radiation direction with respect to the vehicle forward
direction to be detected, or when it is possible to deduce
solar radiation with respect to the forward direction of the
vehicle using a navigation system, random swinging may be
carried out by making the blowout directions or positions of
the driver side air-conditioning zone and the passenger side
air-conditioning zone differ in the left-right direction in
accordance with solar radiation direction.

For example, when as shown in FIG. 17A the solar
radiation direction is across from the left with respect to the
forward direction of the vehicle, because solar radiation
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strikes the left halves of the bodies of the driver side and
passenger side occupants, the direction of the center and side
louvers 41, 45 of the FACE outlets on the left sides of the
occupants is made 20° from the reference position, and the
direction of the side and center louvers 41, 45 of the FACE
outlets on the right sides of the occupants is made 55° from
the reference position. The temporary pause positions are
thus set so that conditioned air concentrates on the body
portions of the occupants upon which it is estimated that
solar radiation is incident.

When as shown in FIG. 17B the solar radiation direction
is diagonal from the front left with respect to the forward
direction of the vehicle, because solar radiation strikes the
driver and passenger side occupants diagonally from the left,
the direction of the center and side louvers 41, 45 of the
FACE outlets on the left sides of the occupants is made 30°
from the reference position, and the direction of the side and
center louvers 41, 45 of the FACE outlets on the right sides
of the occupants is made 45° from the reference position.
And when as shown in FIG. 17C the solar radiation direction
is directly from the front or directly from the rear with
respect to the forward direction of the vehicle, the directions
of the center and side louvers 41, 45 of the FACE outlets on
the left and right sides of the occupants are both made 40°
from the reference position. In the cases shown in FIGS.
17D and 17E, the louver directions are set to the left-right
reverse of those of FIGS. 17A and 17B.

Arelationship between solar radiation direction and swing
pause direction is shown in the characteristic diagram of
FIG. 18. As shown in FIG. 18, it is desirable for not only the
direction of the sun but also solar radiation strength to be
taken into account. If this is done, with respect to weak solar
radiation, occupants do not feel a strong draft on their faces,
and their comfort is thereby improved.

It is desirable for tuning of the louver angles to be carried
out for each FACE outlet, in accordance with the position of
the swing grill, the shape of the vehicle, the positions of the
faces of occupants, and the seat positions. Also, besides
pausing the swinging of the louvers temporarily, a similar
effect can be obtained by the louvers being made to move
very slowly in the vicinity of a predetermined position until
a predetermined control time elapses.

Here, the swing pause directions at the driver side and
passenger side front seat occupant side swing ends and the
swing pause directions at the driver side and passenger side
rear seat occupant side swing ends may alternatively be
made the directions or positions shown in the characteristic
charts FIG. 15A, 15B and FIG. 18 and in the explanatory
views FIGS. 19A-19E.

During cooling and heating, as shown in the characteristic
diagram in FIG. 20, a front seat occupant face direction front
seat occupant face pause time proportion (KFOR FR) may
be made greater as the cooling load indicators such as the
outlet temperature, the outside air temperature, the passen-
ger compartment temperature, the blowout speed, the dif-
ference between the passenger compartment temperature
and the set temperature, the blower voltage, the post-
evaporator temperature, a skin temperature, a seat
temperature, a steering wheel temperature, the blower flow,
the solar radiation strength and the vehicle speed increase; as
the set temperature decreases; as the outlet mode provides
less draft flow to the upper bodies of occupants; and as the
solar radiation direction raises an occupant’s need for cool-
ing.

Conversely, as shown in the characteristic diagram in
FIG. 20, a front seat occupant avoiding direction (rear seat
occupant face direction) rear seat occupant face pause time
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proportion (KFOR RR) may be decreased as the cooling
load factors decrease.

During heating (outlet temperature above 35° C.), as
shown in the characteristic diagram in FIG. 21, the front seat
occupant face direction front seat occupant face pause time
proportion (KFOR FR) may be increased as the space-
heating load indicators such as the outlet temperature, the
outside air temperature, the passenger compartment
temperature, the blowout speed, the difference between the
passenger compartment temperature and the set temperature,
the blower voltage, the post-evaporator temperature, a skin
temperature, a seat temperature, a steering wheel
temperature, the blower flow, the solar radiation strength, the
vehicle speed and the target outlet temperature (TAO)
decrease; as the set temperature increases; as the outlet mode
is provides less draft flow to the lower bodies of occupants;
and as the solar radiation direction decreases an occupant’s
need for space-heating. Conversely, as shown in the char-
acteristic diagram in FIG. 21, the front seat occupant avoid-
ing direction (rear seat occupant face direction) rear seat
occupant face pause time proportion (KFOR RR) may be
decreased as the heating load indicators decrease.

During heating (outlet temperature below 35° C.), as
shown in the characteristic diagram in FIG. 22, the front seat
occupant face direction front seat occupant face pause time
proportion (KFOR FR) may be increased as the space-
heating load decreases. Conversely, as shown in the char-
acteristic diagram in FIG. 22, the front seat occupant avoid-
ing direction (rear seat occupant face direction) rear seat
occupant face pause time proportion (KFOR RR) may be
decreased as the heating load factors decrease. Just one of
the above controls may be carried out, or alternatively two
or more may be carried out in combination.

Operation of the vehicle air-conditioning system of this
preferred embodiment will now be described.

When the swing mode switching switches 69, 73 have
been set to ‘AUTO’, if the outlet mode is the FACE mode
(or the B/L. mode), outside air drawn in through the outside
air inlet 7 by the action of the blower 4 is cooled by the
evaporator 10 to for example about 4° C. and then enters the
first and second air passages 11, 12, and the amount passing
through the heater core 13 is adjusted according to the
apertures of the driver side and passenger side A/M doors
15, 16, whereby respective conditioned air at optimal tem-
peratures are produced.

Thereafter, the conditioned air is blown through the driver
side center FACE outlet 21, the driver side side FACE outlet
22, the passenger side center FACE outlet 31 and the
passenger side side FACE outlet 32, at the downstream ends
of the first and second air passages 11, 12, into a driver side
air-conditioning zone and a passenger side air-conditioning
zone. In particular, cool drafts are blown through the driver
side center and side FACE outlets 21, 22 toward the upper
body of a driver seat occupant and blown through the
passenger side center and side FACE outlets 31, 32 toward
the upper body of a passenger seat occupant.

At this time, a solar radiation strength TS(Dr) of the driver
side air-conditioning zone, a solar radiation strength TS(Pa)
of the passenger side air-conditioning zone and a solar
radiation direction (TSRL) from which solar radiation is
entering the passenger compartment are calculated on the
basis of a solar radiation sensor signal from the solar
radiation sensor 93 and time constants. When from the
results of this calculation it is inferred that solar radiation is
striking an occupant of the driver side air-conditioning zone
or an occupant of the passenger side air-conditioning zone,
as shown in the illustrations FIG. 19A-FIG. 19E, swing
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position stop directions are determined on the basis of the
direction of the solar radiation entering the passenger com-
partment. Specifically, swinging of the center and side
louvers 41 is paused so that the louver directions of the
center and side louvers 41 point in the direction of an
occupant or in a direction avoiding the occupant.

For example, when as shown in FIG. 19A the solar
radiation direction is across from the left with respect to the
forward movement direction of the vehicle, because solar
radiation strikes the left sides of the driver and passenger
side occupants, the direction of the center and side louvers
41 of the FACE outlet on the left side of each occupant is
made the left side vicinity of the occupant and the direction
of the center and side louvers 41 of the FACE outlet on the
right side of each occupant is also made the left side vicinity
of the occupant. Swing pause positions are so set that the
conditioned air is concentrate blown out on the parts of the
occupants on which it is presumed that solar radiation is
incident.

When as shown in FIG. 19B the solar radiation direction
is diagonally from the left with respect to the forward
movement direction of the vehicle, because solar radiation
strikes the driver side and passenger side occupants diago-
nally from the left, the direction of the side louvers 41 of the
FACE outlet on the left side of each occupant is made the left
side vicinity of the occupant, and the direction of the side
louvers 41 of the FACE outlet on the right side of the
occupant is made the left side vicinity of the occupant. When
as shown in FIG. 19C the solar radiation direction is directly
from the front or directly from the rear with respect to the
advance of the vehicle, both the center and side louvers 41
of the FACE outlets on the left and the right of each occupant
are directed to the head and chest of the occupant. In the
cases shown in FIGS. 19D and 19E the settings are the
reverse of those of FIGS. 19A and 19B.

Next, as shown in the characteristic diagrams in FIGS.
23-25, a swing pause time at the front seat occupant
direction is obtained from the solar radiation strength and
the passenger compartment temperature, a swing pause time
at the front seat occupant direction is obtained from the solar
radiation and the temperature difference between the pas-
senger compartment temperature and the set temperature, or
a swing pause time at the front seat occupant direction is
obtained from the solar radiation and the outside air tem-
perature. For instance, as shown in the characteristic dia-
gram in FIG. 23, when the solar radiation is for example 500
(W/m?), if 28(° C.)STR<30(° C.) the swing pause time
becomes eleven seconds, if 26(° C.)=TR<28(° C.) the swing
pause time becomes eight seconds, and if TR<26(° C.) the
swing pause time at the front seat occupant direction
becomes five seconds. With the characteristic diagram in
FIG. 23, although a swing pause time at the front seat
occupant direction has been discussed here, a similar effect
can be obtained by changing in accordance with the solar
radiation a time for which the swinging louvers oscillate
slowly, or an angle (°) over which they oscillate slowly, at
the front seat occupant direction.

Alternatively, as shown in the characteristic diagram in
FIG. 24, when for example the solar radiation is 500
(W/m?), if 3(° C.)=TR-TSET<5(° C.) the swing pause time
at the front seat occupant direction becomes eleven seconds,
if 1(° C)=ETR-TSET<3(° C.) the swing pause time at the
front seat occupant direction becomes eight seconds, and if
TR-TSET<1(° C.) the swing pause time at the front seat
occupant direction becomes five seconds. Or, as shown in
the characteristic diagram in FIG. 25, for example when the
solar radiation is 500 (W/m?), if 28(° C.)STAM<30(° C.)
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the swing pause time at the front seat occupant direction
becomes eleven seconds, if 26(° C)=TAM<28(° C.) the
swing pause time at the front seat occupant direction
becomes eight seconds, and if TAM<26(° C.) the swing
pause time at the front seat occupant direction becomes five
seconds.

Therefore, as also in the characteristic diagrams shown in
FIGS. 24 and 25, although a swing pause time at the front
seat occupant direction has been discussed here, a similar
effect can be obtained by changing in accordance with the
solar radiation a time for which the swinging louvers oscil-
late slowly, or an angle (°) over which they oscillate slowly,
at the front seat occupant direction.

As shown in the characteristic diagrams FIGS. 26-28, a
swing pause time at the front seat occupant direction may
alternatively be obtained from the blower control voltage
impressed on the blower motor 9 of the blower 4 and the
passenger compartment temperature, a swing pause time at
the front seat occupant direction may be obtained from the
blower flow and the difference between the passenger com-
partment temperature and the set temperature, or a swing
pause time at the front seat occupant direction may be
obtained from the blower flow and outside air temperature.
For instance, as shown in the characteristic diagram in FIG.
26, when the blower control voltage is for example 6.5 (V),
if 28(° C.)=£TR<30(° C.) then the swing pause time at the
front seat occupant direction becomes eleven seconds, if
26(° C.)=TR<28(° C.) then the swing pause time at the front
seat occupant direction becomes eight seconds, and if
TR<26(° C.) then the swing pause time at the front seat
occupant direction becomes five seconds. With this charac-
teristic diagram, although a swing pause time at the front
seat occupant direction has been discussed here, a similar
effect can be obtained by changing in accordance with the
blower control voltage (the blower flow) a time for which
the swinging louvers oscillate slowly, or an angle (°) over
which they oscillate slowly, at the front seat occupant
direction.

Alternatively, as shown in the characteristic diagram in
FIG. 27, when for example the blower control voltage is
6.5(V), if 3(° C)=TR-TSET<5(° C.) then the swing pause
time at the front seat occupant direction becomes eleven
seconds, if 1(° C.)=TR-TSET<3(° C.) then the swing pause
time at the front seat occupant direction becomes eight
seconds, and if TR-TSET<1(° C.) then the swing pause time
at the front seat occupant direction becomes five seconds.

Or, as shown in the characteristic diagram in FIG. 28, for
example when the blower control voltage is 6.5(V), if 28(°
C.)=TAM<30(° C.) then the swing pause time at the front
seat occupant direction becomes eleven seconds. If 26(°
C.)=TAM<28(° C.) then the swing pause time at the front
seat occupant direction becomes eight seconds. If
TAM<26(° C.) then the swing pause time at the front seat
occupant direction becomes five seconds. As shown by these
characteristic diagrams, although a swing pause time at the
front seat occupant direction has been discussed, a similar
effect can be obtained by changing in accordance with the
blower control voltage a time for which the swinging
louvers oscillate slowly, or an angle (°) over which they
oscillate slowly, at the front seat occupant direction.

As described above, in the vehicle air-conditioning sys-
tem of this preferred embodiment, for example when it is
presumed that solar radiation incident upon a driver side
front seat occupant or a passenger side front seat occupant,
the predetermined pause for the driver side and passenger
side center and side louvers 41, 45 at the front seat occupant
direction is automatically set to become longer as the
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amount of solar increases or as the blower flow increases.
Also, this predetermined time is automatically set to
increase as the passenger compartment temperature (TR)
increases, as the difference between the passenger compart-
ment temperature and the set temperature increases, or as the
outside air temperature (TAM) increases.

As shown in FIGS. 19A-19E, pause directions, at which
the driver and passenger side center and side louvers 41, 45
are paused at front seat occupant blowout directions, are
automatically set in correspondence with the solar radiation
direction. When it is presumed that solar radiation is not
striking either the driver or passenger side front seat
occupant, swinging of the driver side and passenger side
center and side louvers 41, 45 is paused at a blowout location
(rear seat occupant directions) that avoids the front seat
occupants until a predetermined pause time elapses more
than when it is presumed that solar radiation is striking either
the driver side or the passenger side front seat occupant.

Thus, it is possible for blowout directions of conditioned
air to be automatically set to front or rear seat occupant
directions both with respect to air-conditioning load factors
which change frequently, such as for example when the
vehicle enters and leaves tunnels and buildings, the forward
direction of the vehicle relative to the solar radiation
direction, and variation in the solar radiation sensor signal
output from the solar radiation sensor 93, and with respect
to air-conditioning load factors which change gradually,
such as the passenger compartment temperature decreasing
during air-conditioning.

Consequently, it is possible for the feeling of comfort of
driver side or passenger side front seat occupants or pas-
senger side and driver side rear seat occupants to be
improved without the need for complicated and troublesome
manual operations, such as the need to manually direct or the
need to manually initiate a pause time selection switch when
additional cooling is desired.

As the air-conditioning load detecting device for detecting
the air-conditioning load inside the passenger compartment,
besides the above, the set temperature, the outlet mode, the
difference between the set temperature and the passenger
compartment temperature, the passenger compartment
temperature, the outside air temperature, the post-evaporator
temperature, the cooling water temperature, the vehicle
speed, the blower flow or the number of passengers are also
conceivable as air-conditioning load indicators, and sensors
for detecting these values and temperature setting devices
for setting temperatures can also be used as air-conditioning
load detecting devices.

Effects similar to those described above can also be
achieved by the pause time at the front seat occupant
direction being set longer the larger the air-conditioning load
is when an air-conditioning load detected by any of these
air-conditioning load detecting devices is above a predeter-
mined value. When an air-conditioning load detected by any
air-conditioning load detecting device is below a predeter-
mined value, by the pause time in a direction avoiding the
front seat occupant being set shorter than when the air-
conditioning load is above the predetermined value the
smaller the air-conditioning load is, the overcooling of
occupants can be prevented.

Other methods of automatic swing control of the driver
side and passenger side center louvers (and driver side and
passenger side side louvers) 41, (45) will now be explained
on the basis of the timing diagrams in FIGS. 29 and 30 and
the characteristic diagrams in FIGS. 31-44.

As shown in FIG. 29, even if the driver side air-
conditioning load is greater than the passenger side air-
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conditioning load, control may be so carried out that the
timing with which the driver side center louvers 41, (45)
reach the driver side front seat occupant face direction from
the passenger side rear seat occupant face direction via the
frontal direction is the same as the timing with which the
passenger side center louvers 41, (45) reach the passenger
side front seat occupant face direction from the driver side
rear seat occupant face direction via the frontal direction.
When this is done, notwithstanding that the driver side
air-conditioning load and the passenger side air-conditioning
load are different, because the movements of the driver side
and passenger side center louvers 41, (45) are synchronous,
overall system operation is improved.

FIG. 30 is a timing diagram showing a control method of
when the timing with which the driver side and passenger
side center louvers 41, (45) respectively swing to the side of
the other air-conditioning zone most adjacent to them is
made the same, and again shows the control method as of
when for example the driver side air-conditioning load>the
passenger side air-conditioning load.

As shown in FIG. 30, control may be carried out so that
even if the driver side air-conditioning load is greater than
the passenger side air-conditioning load, the timing with
which the driver side center louvers 41, (45) reach the driver
side front seat occupant face direction from the passenger
side rear seat occupant face direction via the frontal direc-
tion is the same as the timing with which the passenger side
center louvers 41, (45) reach the side of the adjacent other
air-conditioning zone. When this is done, notwithstanding
that the driver side air-conditioning load and the passenger
side air-conditioning load are different, because the move-
ments of the driver side and passenger side center louvers
41, (45) are synchronous, system operation is improved. For
example, at times of uneven solar radiation, after correction
increasing the swing pause time at the occupant side swing
end on the side of the swing range of the driver side center
louvers 41, (45) where there was solar radiation has been
carried out, when a condition in which frontal solar radiation
or no solar radiation is resumed, the swing movements on
the driver side and passenger side (left and right seats) do not
become asynchronous, thereby improving overall system
performance.

In a vehicle with left-right independent temperature
control, at a time of left-right independent temperature
control of a driver side air-conditioning zone and a passen-
ger side air-conditioning zone, if the passenger side center
louvers 41, (45) swing most to the driver side front seat
occupant side when the driver side center louvers 41, (45)
are pointing most in the direction of the driver side front seat
occupant, the left side of the driver side front seat occupant
is very easily exposed to the influence of the set temperature
of the passenger side air-conditioning zone. However, when
the timing with which the driver side center louvers 41, (45)
reach the driver side front seat occupant face direction and
the timing with which the passenger side center louvers 41,
(45) reach the adjacent driver side air-conditioning zone side
are synchronized, as described above, by the conditioned air
from the passenger side center FACE outlet 31 being cut by
an air curtain formed by the conditioned air from the driver
side center FACE outlet 21, left-right temperature control
independence can be maintained.

FIG. 31A is a characteristic diagram showing a relation-
ship between the difference between the passenger compart-
ment temperature and the set temperature and the driver side
occupant face pause time, and FIG. 31B is a characteristic
diagram showing a relationship between the difference
between the passenger compartment temperature and the set
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temperature and the passenger side occupant face pause
time. An example wherein the difference between the pas-
senger compartment temperature in the initial stage of
air-conditioning and the set temperature is below 25° is
shown.

When the solar radiation left-right ratio (H) is 0.6 and it
is inferred that solar radiation is striking the driver side,
when the difference between the initial passenger compart-
ment temperature and the set temperature (TR-TSETDR) is
20°, the driver side occupant face pause time may be set
longer than the passenger side occupant face pause time.
Although in FIGS. 31A and 31B driver side and passenger
side occupant face pause times are explained, similar effects
can be obtained by a time for which the swinging louvers
oscillate slowly, or an angle (°) over which they oscillate
slowly, by the driver side and passenger side occupant face
directions being changed in accordance with the difference
between the passenger compartment temperature and the set
temperature.

FIG. 32A shows a relationship between the difference
between the passenger compartment temperature and the set
temperature and the driver side occupant face pause time,
and FIG. 32B shows a relationship between the difference
between the passenger compartment temperature and the set
temperature and the passenger side occupant face pause
time. An example wherein the difference between the pas-
senger compartment temperature in the initial stage of
air-conditioning and the set temperature is below 15° is
shown.

When the solar radiation left-right ratio (H) is 0.6 and it
is inferred that solar radiation is striking the driver side,
when the difference between the initial passenger compart-
ment temperature and the set temperature (TR-TSETDR) is
20°, the driver side occupant face pause time may be set
longer than the passenger side occupant face pause time.
Although in FIGS. 32A and 32B driver side and passenger
side occupant face pause times are explained, similar effects
can be obtained by a time for which the swinging louvers
oscillate slowly, or an angle (°) over which they oscillate
slowly, by the driver and passenger side occupant face
directions being changed in accordance with the difference
between the passenger compartment temperature and the set
temperature.

In a control example of the kind shown in FIG. 33, during
cooling, when the solar radiation left-right ratio (H) is 0.65
(driver side solar radiation) and the difference between the
initial passenger compartment temperature and the set tem-
perature (TR-TSETDR) is 15°, in the case of a fixed value
of a driver side (front seat) occupant face pause time in the
swing of the driver side center louvers 41, (45) or a time over
which the louvers oscillate slowly at the driver side (front
seat) occupant face or an angle (°) over which they oscillate
slowly at the driver side (front seat) occupant face, or in a
case wherein a fixed value of a random time is corrected (a
correction coefficient to be multiplied by a fixed value), it
may be made longer or larger for the passenger side (front
seat) occupant face direction. For example it may be fixed at
seven seconds or (x1.0).

In a control example of the kind shown in FIG. 34, in the
case of a fixed value of a passenger side (front seat) occupant
face pause time in the swing of the passenger side center
louvers 41, (45) or a time over which the louvers oscillate
slowly at the passenger side (front seat) occupant face or an
angle (°) over which they oscillate slowly at the passenger
side (front seat) occupant face, or in a case wherein a fixed
value of a random time is corrected (a correction coefficient
to be multiplied by a fixed value), it may be made longer or
larger corresponding to the amount of increase in the cooling
load.
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In a control example of the kind shown in FIG. 35, during
cooling, when the solar radiation left-right ratio (H) is 0.6
(driver side solar radiation) and the difference between the
initial passenger compartment temperature and the set tem-
perature (TR-TSETDR) is 13°, in the case of a fixed value
of a driver side (front seat) occupant face pause time in the
swing of the driver side center louvers 41, (45) or a time over
which the louvers oscillate slowly at the driver side (front
seat) occupant face or an angle (°) over which they oscillate
slowly at the driver side (front seat) occupant face, or in a
case wherein a fixed value of a random time is corrected (a
correction coefficient to be multiplied by a fixed value), it
may be made longer or larger than for the passenger side
(front seat) occupant face direction corresponding to the
amount of increase in the cooling load.

In a control example of the kind shown in FIG. 36, at this
time, in the case of a fixed value of a passenger side (front
seat) occupant face pause time in the swing of the passenger
side center louvers 41, (45) or a time over which the louvers
oscillate slowly at the passenger side (front seat) occupant
face or an angle (°) over which they oscillate slowly at the
passenger side (front seat) occupant face, or in a case
wherein a fixed value of a random time is corrected (a
correction coefficient to be multiplied by a fixed value), it
may be made longer or larger corresponding to an increase
in the cooling load.

In a control example of the kind shown in FIG. 37, during
heating (with the outlet temperature to occupant upper
bodies being below 35° C.), when the solar radiation left-
right ratio (H) is 0.65 (driver side solar radiation) and the
difference between the initial passenger compartment tem-
perature and the set temperature (TR-TSETDR) is -15°, in
the case of a fixed value of a driver side (front seat) occupant
face pause time in the swing of the driver side center louvers
41, (45) or a time over which the louvers oscillate slowly at
the driver side (front seat) occupant face or an angle (°) over
which they oscillate slowly at the driver side (front seat)
occupant face, or in a case wherein a fixed value of a random
time is corrected (a correction coefficient to be multiplied by
a fixed value), it may be made shorter or smaller than for the
passenger side (front seat) occupant face direction corre-
sponding to the amount of increase in the heating load.

In a control example of the kind shown in FIG. 38, at this
time, in the case of a fixed value of a passenger side (front
seat) occupant face pause time in the swing of the passenger
side center louvers 41, (45) or a time over which the louvers
oscillate slowly at the passenger side (front seat) occupant
face or an angle (°) over which they oscillate slowly at the
passenger side (front seat) occupant face, or in a case
wherein a fixed value of a random time is corrected, it may
be fixed at zero seconds or (x0).

In a control example of the kind shown in FIG. 39, during
heating (with the outlet temperature to occupant upper
bodies being below 35° C.), when the solar radiation left-
right ratio (H) is 0.6 (driver side solar radiation) and the
difference between the initial passenger compartment tem-
perature and the set temperature (TR-TSETDR) is -13°, in
the case of a fixed value of a driver side (front seat) occupant
face pause time in the swing of the driver side center louvers
41, (45) or a time over which the louvers oscillate slowly at
the driver side (front seat) occupant face or an angle (°) over
which they oscillate slowly at the driver side (front seat)
occupant face, or in a case wherein a fixed value of a random
time is corrected (a correction coefficient to be multiplied by
a fixed value), it may be made shorter or smaller than for the
passenger side (front seat) occupant face direction corre-
sponding to the amount of increase in the heating load.
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In a control example of the kind shown in FIG. 40, at this
time, in the case of a fixed value of a passenger side (front
seat) occupant face pause time in the swing of the passenger
side center louvers 41, (45) or a time over which the louvers
oscillate slowly at the passenger side (front seat) occupant
face or an angle (°) over which they oscillate slowly at the
passenger side (front seat) occupant face, or in a case
wherein a fixed value of a random time is corrected, it may
be made shorter or smaller corresponding to the increase in
the heating load.

In a control example of the kind shown in FIG. 41, during
heating (with the outlet temperature to occupant upper
bodies being above 35° C.), when the solar radiation left-
right ratio (H) is 0.65 (driver side solar radiation) and the
difference between the initial passenger compartment tem-
perature and the set temperature (TR-TSETDR) is -15°, in
the case of a fixed value of a driver side (front seat) occupant
face pause time in the swing of the driver side center louvers
41, (45) or a time over which the louvers oscillate slowly at
the driver side (front seat) occupant face or an angle (°) over
which they oscillate slowly at the driver side (front seat)
occupant face, or in a case wherein a fixed value of a random
time is corrected, it may be made shorter or smaller than for
the passenger side (front seat) occupant face direction cor-
responding to the amount of increase in the heating load.

In a control example of the kind shown in FIG. 42, at this
time, in the case of a fixed value of a passenger side (front
seat) occupant face pause time in the swing of the passenger
side center louvers 41, (45) or a time over which the louvers
oscillate slowly at the passenger side (front seat) occupant
face or an angle (°) over which they oscillate slowly at the
passenger side (front seat) occupant face, or in a case
wherein a fixed value of a random time is corrected (a
correction coefficient to be multiplied by a fixed value), it
may be made shorter or smaller corresponding to the amount
of increase in the heating load.

In a control example of the kind shown in FIG. 43, during
heating (with the outlet temperature to occupant upper
bodies being above 35° C.), when the solar radiation left-
right ratio (H) is 0.65 (driver side solar radiation) and the
difference between the initial passenger compartment tem-
perature and the set temperature (TR-TSETDR) is -13°, in
the case of a fixed value of a driver side (front seat) occupant
face pause time in the swing of the driver side center louvers
41, (45) or a time over which the louvers oscillate slowly at
the driver side (front seat) occupant face or an angle (°) over
which they oscillate slowly at the driver side (front seat)
occupant face, or in a case wherein a fixed value of a random
time is corrected (a correction coefficient to be multiplied by
a fixed value), it may be made shorter or smaller than for the
passenger side (front seat) occupant face direction corre-
sponding to the amount of increase in the heating load.

In a control example of the kind shown in FIG. 44, at this
time, in the case of a fixed value of a passenger side (front
seat) occupant face pause time in the swing of the passenger
side center louvers 41, (45) or a time over which the louvers
oscillate slowly at the passenger side (front seat) occupant
face or an angle (°) over which they oscillate slowly at the
passenger side (front seat) occupant face, or in a case
wherein a fixed value of a random time is corrected (a
correction coefficient to be multiplied by a fixed value), it
may be made shorter or smaller corresponding to the
increase in the heating load.

Second Preferred Embodiment

FIG. 45 is a view showing an air-conditioning operating
panel of a second preferred embodiment of the present
invention. In this preferred embodiment, a louver control
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(SWING SW) panel 100 for controlling the blowout state of
conditioned air blown from the FACE outlets 21, 22, 31, 32
(the swing states of the center and side louvers 41, 45) in the
driver side air-conditioning zone, and the passenger side
air-conditioning zone is provided integrally with the air-
conditioning operating panel 51. This louver control panel
100 is made up of a MATCH switch 101, a Dr switch 102,
a Pa switch 103 and a swing mode switching switch 104.
The swing mode switching switch 104, like the swing mode
switching switches 69, 73 of the first preferred embodiment,
is a rotary switch having the switching positions of ‘STOP’
(stop swing), ‘AUTO’ (auto swing), ‘Rr’, ‘U-D SWING’
(up-down direction swing), and ‘R-L. SWING’ (left-right
direction swing).

The MATCH switch 101, the Dr switch 102 and the Pa
switch 103 are push switches having a normal position
(OFF) and a pushed-in position (ON). When the MATCH
switch 101 is turned ON, it generates an output causing at
least one or the other of the driver side and passenger side
center and side louvers 41, 45 to oscillate. When the Dr
switch 102 is turned ON, it generates an output causing at
least one or the other of the driver side center and side
louvers 41, 45 to oscillate. When the Pa switch 103 is turned
ON, it generates an output causing at least one or the other
of the passenger side center and side louvers 41, 45 to swing.
Third Preferred Embodiment

FIGS. 46 and 47 show a third preferred embodiment of
the invention. A louver left-right direction oscillating
mechanism 140 of this preferred embodiment is disposed in
each of concentration/dispersion swing grills 120, 130 form-
ing center and side FACE outlets 121, 131. This louver
left-right direction oscillating mechanism 140 is made up of
a plurality of (in this example, first through third) louvers
141 rotatably mounted in the left-right direction in the
concentration/dispersion swing grills 120, 130, a plurality of
(in this example, first through third) link plates 143 for
making these first through third louvers 141 swing about
pivotal support points 142 thereof in the left-right direction
over a predetermined swing range, a flat plate 145 for
rotating these first through third link plates 143 about pivotal
support points 144 thereof, and a louver motor 146 to serve
as louver driving means (an actuator) for making this flat
plate 145 move back and forth in the front-rear direction of
the vehicle.

In each of the first through third link plates 143 is formed
an oval mating hole 148 which mates with a cylindrical pin
147 provided on the top end face of each of the first through
third louvers 141. The flat plate 145 is provided with first
through third mating holes 151-153 for mating with cylin-
drical pins 149 provided on the upper faces of the link plates
143, and a rack 154 formed on the louver motor 146 end of
its upper face. The order of formation of the first through
third mating holes 151-153 is opposite in the concentration/
dispersion swing grill 130 from that which it is in the
concentration/dispersion swing grill 120. The flat plate 145
is guided by a guide 155 and a rail 156 provided on an outer
face of the respective concentration/dispersion swing grill
120 or 130 and is slidable in the front-rear direction of the
vehicle on that outer face. The louver motor 146 is mounted
on a mounting bracket 157 attached to another outer face of
the concentration/dispersion swing grill 120, 130. A pinion
159 mating with the rack 154 is fitted to the output shaft of
the louver motor 146.

In this preferred embodiment, when the louver motors
146 are operated in a forward rotation direction, the flat
plates 145 are brought to their most rearward positions
(nearest to the occupant) on the outer faces of the
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concentration/dispersion swing grills 120 and 130, as shown
in FIG. 47A. Then, the first through third louvers 141 point
in the direction of the occupant, and a spot blowout mode
wherein conditioned air blown from the concentration/
dispersion swing grills 120, 130 is blown locally onto the
head and chest of the occupant in the air-conditioning zone
is thereby set.

When the louver motors 146 are operated in the opposite
direction, the flat plates 145 are brought to their most
forward positions (farthest from the occupant) on the outer
faces of the concentration/dispersion swing grills 120, 130,
as shown in FIG. 47B. As a result, the first louvers 141 point
in directions avoiding the occupant, the second louvers 141
point in a central direction, and the third louvers 141 point
in the direction of the occupant, and a wide outlet mode
wherein conditioned air blown from the concentration/
dispersion swing grills 120, 130 are blown dispersedly into
the air-conditioning zone is thus set. By forward and reverse
rotation of the louver motors 146 being repeated, the first
through third louvers 141 are made to oscillate (swing)
about their pivotal support points.

In this preferred embodiment, as the passenger compart-
ment temperature (TR) increases, the first through third
louvers 141 are paused for a longer period of time, or move
slowly, with the conditioned air blown from the
concentration/dispersion swing grills 120, 130 thereby being
concentrated on the head and chest of the occupant in the
air-conditioning zone. When solar radiation is incident from
the right of the occupant, that is, when solar radiation is
incident upon the right side of the occupant, the first through
third louvers 141 of the right side concentration/dispersion
swing grill 130 stop or move slowly to blow conditioned air
in a more concentrated state to the head and chest of the
occupant, more than the first through third louvers 141 of the
left side concentration/dispersion swing grill 120.

Conversely, when solar radiation is incident from the left
of the occupant, that is, when solar radiation is striking the
left side of the occupant, the first through third louvers 141
of the left side concentration/dispersion swing grill 120 stop
or move slowly to blow conditioned air more in a concen-
trated state to the head and chest of the occupant, more than
the first through third louvers 141 of the right side
concentration/dispersion swing grill 130.

Fourth Preferred Embodiment

FIG. 48A s a view of a vehicle instrument panel and FIG.
48B a view of a face duct of an air-conditioning unit of a
fourth preferred embodiment of the invention. In this pre-
ferred embodiment, the partition plate 14 in the air-
conditioning duct 2 of the first preferred embodiment is
dispensed with. As the front seat FACE outlets, a wide flow
FACE outlet 161 opening at the downstream end of a face
duct 160 connected to the downstream end of the air-
conditioning duct 2 is provided. The wide flow FACE outlet
161 is made up of driver side and passenger side center
FACE outlets 162, 163 opening in the middle of the instru-
ment panel 40, driver side and passenger side side FACE
outlets 164, 165 opening at the ends of the instrument panel
40, i.e. near the side windows of the vehicle, and driver side
and passenger side middle FACE outlets 166, 167 opening
between these other FACE outlets. A plurality of louvers for
changing the blowout direction of a respective conditioned
air when manually operated by an occupant are provided in
each of the FACE outlets 162-167.

A FACE door 171 for opening and closing the FACE
outlets 162 through 167, a driver side middle FACE door
172 for opening and closing the driver side side and middle
FACE outlets 164, 166, and a passenger side middle FACE
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door 173 for opening and closing the passenger side side and
middle FACE outlets 165, 167 are each pivotally mounted in
the face duct 160. The driver side and passenger side middle
FACE doors 172, 173 correspond to the blowout state
changing device of the present invention. According to the
respective apertures, the doors change blowout states of
conditioned air blown into respective air-conditioning zones
from Dr, the driver side and passenger side side FACE
outlets 164, 165, Dr and the driver side and passenger side
middle FACE outlets 166, 167 (for example between a wide
outlet mode and a spot outlet mode).

In this preferred embodiment, the FACE door 171 is
moved to its open side by an actuator such as a servo motor
and the driver side and passenger side middle FACE doors
172, 173 are moved to their closed sides by actuators such
as servo motors. As a result, the driver side and passenger
side center FACE outlets 162, 163 and the driver side and
passenger side side FACE outlets 164, 165 are opened and
the driver side and passenger side middle FACE outlets 166,
167 are closed and the open area of the wide flow FACE
outlet 161 is reduced. As a result, the blowout range of
conditioned air blown from the wide flow FACE outlet 161
is reduced, and conditioned air is blown locally toward the
heads and chests of air-conditioning zone occupants.

Alternatively, the FACE door 171 is moved to its open
side and the driver side and passenger side middle FACE
doors 172, 173 are moved to intermediate positions. As a
result, the driver side and passenger side center FACE
outlets 162, 163, the driver side and passenger side side
FACE outlets 164, 165 and the driver side and passenger
side middle FACE outlets 166, 167 are opened, and the open
area of the wide flow FACE outlet 161 is increased.
Therefore, the blowout range of conditioned air blown from
the wide flow FACE outlet 161 is increased, and conditioned
air is blown dispersedly into the air-conditioning zones.

A FACE door may also be provided in the face duct 160
and still finer variable control of flow distribution carried
out, or one or two partition plates may be provided in the
air-conditioning duct 2 and the face duct 160, and a blower
provided in each air passage and the flow distribution to
occupants of driver side and passenger side air-conditioning
zones varied by the delivery flows of the blowers being
changed.

Fifth Preferred Embodiment

FIG. 49 is a sectional view of a drum ventilator for a
vehicle of a fifth preferred embodiment of the invention. In
this drum ventilator, a cylindrical case 202 connecting with
a face duct of air-conditioning duct is mounted in a vehicle
instrument panel 201, forming a FACE outlet 203 inside. A
cylindrical flow-directing drum 204 is rotatably mounted in
a downstream end of the case 202.

In this flow-directing drum 204, vertical louvers 205 are
pivotally supported in the left-right direction and cross
louvers 206 are provided to form a grill in combination with
these vertical louvers 205. A damper 207 for adjusting the
flow of conditioned air blown from the FACE outlet 203 is
rotatably mounted in the upstream end of the case 202. The
vertical louvers 205 and the cross louvers 206, in the same
way as in the first preferred embodiment, are oscillated by
actuators such as louver motors by way of a link mechanism
(not shown). Here, the flow-directing drum 204 of this
preferred embodiment is made up of a cylindrical first drum
211 rotatably mounted in the front end of the case 202, and
a cylindrical second drum 212 built into the first drum 211.

In this preferred embodiment, to change the blowout
direction of the conditioned air, it is only necessary to
change the orientation of the front opening of the second
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drum 212. For example, if as shown in FIG. 49 the center
axes of the case 202, the first drum 211 and the second drum
212 are substantially aligned, the blowout direction of the
conditioned air is diagonally upward, and the conditioned air
is blown locally toward the head of an air-conditioning zone
occupant. If on the other hand the first drum 211 and the
second drum 212 are turned counterclockwise with respect
to the center axis of the case 202, the blowout direction of
the conditioned air is downward, and the conditioned air is
blown locally at the chest vicinity of the air-conditioning
zone occupant.

Sixth Preferred Embodiment

FIGS. 50A and 50B show an air outlet louver of a sixth
preferred embodiment of the present invention. The air
outlet louver 220 of this preferred embodiment is made for
example of plastic and has the shape of a long, narrow
cylinder. A cross-sectionally D-shaped mating hole 221 is
provided in one end face, and a fitting hole 222 is provided
in the other end face. In a position off the rotational axis O
of the air outlet louver 220, an air passage 223 is provided
extending in the axial direction of the air outlet louver 220,
and in a position on the opposite side of the rotational axis
O from the air passage 223, a blocked part 224 also extends
in the axial direction. The blocked part 224 has a convex
arcuate face 225 passing through the rotational axis O, and
is formed solid between this convex arcuate face 225 and a
part of the outside face of the air outlet louver 220, and a
hollow 226 is formed extending in the axial direction in the
middle of this blocked part 224. The air outlet louver 220 has
a concave arcuate face 227 having the same center of
curvature as the convex arcuate face 225; a fin 228 is formed
by this concave arcuate face 227 and a part of the outside
face of the air outlet louver 220, and an arcuate air passage
223 of a fixed width is formed between the convex arcuate
face 225 and the concave arcuate face 227. Also, an arcuate
flow-straightening fin 229 is provided in the middle of this
air passage 223 in a widthwise direction.

This air outlet louver 220 is received in a long, narrow
rectangular air outlet (not shown) opening at the down-
stream end of an air blowout duct. A cross-sectionally
D-shaped mating stump 232 formed on a rotating shaft 231
of a motor 230 mates with the mating hole 221 of the air
outlet louver 220. A bearing pin 233 projecting from a side
wall of the air blowout duct is rotatably fitted in the fitting
hole 222. Thus the air outlet louver 220 is supported at two
points by the rotating shaft 231 of the motor 230 and the
bearing pin 233 and can oscillate up and down about its
rotational axis O and thereby change the blowout direction
of conditioned air blown out from the air outlet.

Seventh Preferred Embodiment

FIGS. 51-54C show a seventh preferred embodiment of
the present invention. FIG. 51 is a front view of an instru-
ment panel, and FIG. 52 is an exploded perspective view
showing a blowout duct, a supporting frame and a rotary
valve.

In this preferred embodiment, an air-conditioning unit
302 for air-conditioning the vehicle passenger compartment
is installed behind a vehicle instrument panel 301. One
blowout duct 304 forming a cross-sectionally inverted
square “c” shape straight air outlet 303 in the width direction
of the car, is mounted in the front face of the instrument
panel 301. Air ducts 305 for guiding conditioned air from the
air-conditioning unit 302 to the air outlet 303 are connected
to the rear side of the blowout duct 304.

A louver support frame 306 is attached to the front of the
blowout duct 304, and vertical louvers 307 and cross louvers
309 for changing the blowout direction of conditioned air
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blown into an air-conditioning zone of the passenger com-
partment from the air outlet 303 are provided in the form of
a grill in this louver support frame 306. A rotary valve 310
for changing the aperture of the air outlet 303 and thereby
changing the flow of the conditioned air is mounted on the
upstream side of the frame 306.

The rotary valve 310 has support shafts 311 rotatably
supported in slits 312 formed in the blowout duct 304. The
rotary valve 310 roughly has the shape of a half-cylinder
having end walls 313; a rear (upstream) edge 314 of the
rotary valve 310 is substantially straight, and a front
(downstream) edge 315 of the rotary valve 310 is made up
of a central horizontal straight portion 316 and roughly
arcuate curved portions 317 formed on the left and right
sides of this horizontal straight portion 316. That is, the
cross-sectional shape of the rotary valve 310 is semi-circular
at the horizontal straight portion 316 but gradually changes
from a semi-circular to a quarter-circular shape with
progress along the curved portions 317 to the left and right
ends of the rotary valve 310.

Adjusting dials 319 for adjusting the blowout state of the
conditioned air by rotating the rotary valve 310 are fixed to
the outer ends of the support shafts 311 of the rotary valve
310. The support shafts 311 of the rotary valve 310, similarly
to the first preferred embodiment, are given a turning motion
by an actuator such as a valve motor by way of a link
mechanism (not shown).

Next, operation of the seventh preferred embodiment will
be briefly described on the basis of FIGS. 51-FIG. 54. When
the rotary valve 310 is rotated by the actuator to the angular
position of the spot blowout mode, in the middle of the air
outlet 303, as shown in FIG. 53A, the air outlet 303 is
completely closed by the rotary valve 310, while at the left
and right ends of the air outlet 303, as shown in FIGS. 53B
and 53C, the air outlet 303 is progressively opened.
Consequently, conditioned air from the air-conditioning unit
302 is not blown from the middle part of the air outlet 303
at all, but rather is blown in increasing amounts with
progress toward the left and right ends of the air outlet 303.
As a result, in front of the left and right ends of the air outlet
303, a spot blowout mode is assumed wherein a concen-
trated amount of conditioned air is blown out toward air-
conditioning zone occupants.

When on the other hand the rotary valve 310 is driven by
the actuator to the angular position of the wide blowout
mode, as shown in FIGS. 54 A-54C, the middle part and the
left and right end parts of the air outlet 303 are all substan-
tially opened. Therefore, a wide blowout mode is assumed
wherein the conditioned air from the air-conditioning unit
302 is blown into the air-conditioning zone uniformly from
along the length of the air outlet 303.

Eighth Preferred Embodiment

FIGS. 55A—59B show an eighth preferred embodiment of
the present invention. FIGS. 55A-55E are perspective views
of alternative versions of the rotary valve 310 of the seventh
preferred embodiment.

The rear edges 314 of the rotary valves 310 shown in
FIGS. 55A-55E are all formed on a straight line, like the
rear edge 314 of the seventh preferred embodiment, but the
shapes of their front edges 321-325 are all different. That is,
the front edge 321 of the rotary valve 310 of FIG. 55Ais one
obtained by forming a U-shaped concavity 326 in the middle
of the horizontal straight portion 316 of the front edge 315
of the seventh preferred embodiment, so that in the spot
blowout mode the conditioned air is blown in concentration
not only from the curved portion 317 parts but also from the
concavity 326.
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The front edge 322 of the rotary valve 310 of FIG. 55B
is one obtained by dispensing with the left curved portion
317 of the seventh preferred embodiment and leaving only
the right curved portion 317, so that the conditioned air is
blown in concentration only from this right curved portion
317. The front edge 323 of the rotary valve 310 of FIG. 55C
is formed in an inverted V-shape extending over the length
of the rotary valve 310, so that the blowout flow of the
conditioned air gradually increases with progress from the
center of the rotary valve 310 toward its left and right ends.

The front edge 324 of the rotary valve 310 of FIG. 55D
is V-shaped, in a manner reverse from that of the rotary valve
310 of FIG. 55C, so that the blowout flow of the conditioned
air increases with progress from the left and right ends of the
rotary valve 310 toward the center. Also, the front edge 325
of the rotary valve 310 of FIG. 55E gradually decreases in
height in a straight line from its left end to its right end, so
that the blowout flow of the conditioned air progressively
increases from the left end of the rotary valve 310 to the right
end.

Next, a pattern of change of blowout positions of condi-
tioned air at pause times, in a case where left and right
blowout ducts 304 are provided in the front of the instrument
panel 301 so that a driver side air-conditioning zone and a
passenger side air-conditioning zone can be air-conditioned
independently, will be described on the basis of FIGS.
56-59.

When as shown in FIG. 56A the solar radiation direction
is across from the left with respect to the forward motion of
the vehicle, driver side and passenger side rotary valves 310
are rotated to predetermined positions and blowout positions
of conditioned air blown from driver side and passenger side
blowout ducts 304 are thereby set to positions such that the
conditioned air is incident upon the left sides of the occu-
pants exposed to the solar radiation.

When as shown in FIG. 56B the solar radiation direction
is diagonally from the front and the left with respect to the
forward motion of the vehicle, the driver side and passenger
side rotary valves 310 are rotated to predetermined positions
and the blowout positions of the conditioned air blown from
the driver side and passenger side blowout ducts 304 are
thereby set to positions such that the conditioned air is
incident upon the left sides and the left sides of the heads and
chests of the occupants, which are exposed to the solar
radiation.

When as shown in FIG. 56C the solar radiation direction
is directly from the front or directly from the rear with
respect to the forward motion of the vehicle, the driver side
and passenger side rotary valves 310 are rotated to prede-
termined positions, and the blowout positions of the condi-
tioned air blown from the driver side and passenger side
blowout ducts 304 are thereby set to positions such that the
conditioned air strike the heads and chests (and particularly
the faces) of the occupants, which are exposed to the solar
radiation. In the cases shown in FIGS. 56D and 56E, the
settings are those of FIGS. 56B and 56A reversed for the
opposite side.

Next, when as shown in FIG. 57A the passenger com-
partment temperature (TR) is 31° C., if the set temperature
is for example 25° C., because the passenger compartment
temperature is very high, the driver side and passenger side
rotary valves 310 are rotated to predetermined positions, and
the blowout positions of the conditioned air blown from the
driver side and passenger side blowout ducts 304 are thereby
set to positions such that the conditioned air is incident upon
the heads and chests (and particularly the faces) of the
occupants. And, as the passenger compartment temperature
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(TR) descends to 30° C.,29° C., 27° C. and 26° C., as shown
in FIGS. §7B-57R, the blowout positions of the conditioned
air blown from the driver side and passenger side blowout
ducts 304 are set to positions such that the conditioned air is
incident upon the left and right side occupants more toward
their left and right sides respectively. When the passenger
compartment temperature (TR) descends to 25° C., because
occupants will become uncomfortable if conditioned air is
concentrated on them, the blowout positions of the condi-
tioned air blown from the driver and passenger side blowout
ducts 304 are set to positions such that the conditioned air
misses the occupants.

FIGS. 58A and 58B show the blowout positions of the
conditioned air blown from the driver side and passenger
side blowout ducts 304 being changed so that the condi-
tioned air is shifted from the vicinities of the faces of the
occupants to positions that miss the occupants (shown as the
A direction in FIGS. 58A and 58B as the cooling load falls,
when the pause time occurs due to the swinging of the rotary
valves 310. In this case, as a cooling load indicator, the
passenger compartment temperature (TR) may be used
alone, or the difference between the passenger compartment
temperature (TR) and the set temperature (TSET) may be
used, and solar radiation strength correction may be applied
to the indicator.

FIGS. 59A and 59B show the blowout positions of the
conditioned air blown from the driver side and passenger
side blowout ducts 304 being changed so that the condi-
tioned air is shifted from the vicinities of the faces of the
occupants to positions that miss the occupants when the
pause time comes during the swinging of the rotary valves
310. In this case, the solar radiation direction alone is used
as the cooling load indicator.

Ninth Preferred Embodiment

FIG. 60 and FIGS. 61A and 61B show a ninth preferred
embodiment of the invention. In this preferred embodiment,
potentiometers 97, 98 for detecting the present positions of
the center and side louvers 41, 45 of cach of the blowout
state changing devices are connected to the air-conditioning
ECU 50. A plurality of potentiometers 97 (in this example,
four) are provided in the vicinities of the louver left-right
direction oscillating mechanisms, as shown in FIG. 61A,
and are blowout direction or blowout position detecting
devices each made up of a moving contact 97¢ moving
horizontally together with the link lever 42, and a resistor
element 97b or the like for changing a partial voltage ratio
along with the movement of the contact 97a.

A plurality of potentiometers 98 (in this example, four)
are provided in the vicinities of the louver up-down direction
oscillating mechanisms, as shown in FIG. 61B, and are
blowout direction or blowout position detecting devices
each made up of a moving contact 98a moving up and down
together with the link lever 46 and a resistor element 98b or
the like for changing a partial voltage ratio along with the
movement of this moving contact 98a. In this preferred
embodiment, instead of stepping motors, louver motors (for
example d.c. servo motors) 77, 78 are used as the actuators
for oscillating the blowout state changing devices.

Tenth Preferred Embodiment: Construction

FIGS. 62-70 show a tenth preferred embodiment of the
invention. To the air-conditioning ECU 50 of this
embodiment, as shown in FIG. 1, are connected an inside air
temperature sensor 9, an outside air temperature sensor 92,
a solar radiation sensor 93, a post-evaporation temperature
sensor 95 and a cooling water temperature sensor 96. Here,
in the above described embodiments, the conditioned air
blown out from each of FACE outlets 21, 22, 31 and 32 is
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controlled to be directed for a long period of time toward a
front seat occupant, thereby improving the feeling of com-
fort of the front seat occupant.

However, since the sensitivity of the solar radiation sensor
is directional, the solar radiation sensor 93, optimally tuned
when the solar elevation-angle is high such as in summer,
will reduce the amount of detected solar radiation when the
solar elevation angle is low such as in winter as shown in
FIG. 63. Along with this, as shown in FIG. 64, the time
during which the conditioned air blown out from each of the
FACE outlets 21, 22, 31 and 32 is directed toward the front
seat occupant is reduced even for strong solar radiation with
alow solar elevation-angle in winter. This causes a front seat
occupant to feel uncomfortably warm.

Hence, in this preferred embodiment, a swing louver
control is performed such that the amount of detected solar
radiation is corrected depending on an outside temperature
(TAM) as shown in the graph of FIG. 64 for strong solar
radiation with a low solar elevation-angle in winter, and a
cool draft is directed toward the front seat occupant for a
long time as in summer to improve the feeling of comfort of
the front seat occupant. Here, in the graph of FIG. 64, tl is
an occupant direction pause time (sec), and t2 is a front
direction pause time (sec).

Next, the swing louver control implemented by the air-
conditioning ECU 50 of this preferred embodiment will be
described on the basis of FIGS. 65-70. When the routine of
FIG. 65 starts, it is determined by the swing mode/OFF
mode switching switch whether or not the swing mode has
been selected by which driver side and passenger side center
louvers 41, 45, and driver and passenger side side louvers
41, 45 (step S31) are oscillated. When the result of this
determination is NO, oscillation of the driver and passenger
side center louvers 41, 45 and driver and passenger side side
louvers 41,45 is stopped because OFF mode has been
selected (step S32). Processing then advances to the routine
of FIG. 65.

When the determination result of step S31 is YES, it is
determined whether or not the blower controlling voltage
applied to the blower 4 (blower level:BLW) is zero (step
S33). When the result of this determination is YES, control
processing of step S32 is carried out.

When the determination result of step S33 is NO, it is
determined whether or not the outlet mode is the FACE
mode or the B/ mode (step S34). When the result of this
determination is NO, control processing of step S32 is
carried out.

When the determination result of step S34 is YES,
elevation-angle correction of the value of the solar radiation
sensor is carried out (step S35). Specifically, an elevation
angle determination is first carried out on the basis of the
outside air temperature (TAM) detected by the outside air
temperature sensor 92 and the characteristic diagram of FIG.
66 showing an elevation-angle determination procedure. For
example, for outside air temperature above a predetermined
temperature (for example 20° C.), it is determined to be
summer when the elevation-angle is high. For the outside air
temperature below a predetermined temperature (for
example 15° C.), it is determined to be winter when the
elevation-angle is low.

Next, when it is determined to be summer when the
elevation-angle becomes high, the front seat occupant direc-
tion pause time (t1) is calculated depending on the amount
of the solar radiation detected by the solar radiation sensor
93, as shown in FIG. 67. When it is determined to be winter
when the elevation-angle is low, the pause time(tl) for
directing the driver side and passenger side center louvers
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41, 45 toward the front seat occupant is calculated depend-
ing on the amount of corrected solar radiation for which the
amount of the solar radiation detected by the solar radiation
sensor 93 is corrected, as shown in FIG. 67. Here, FIG. 68A
shows swing pause direction and FIG. 68B shows the swing
toward the occupant and toward the front.

T2=7(sec)-11 (Exp. 17)

Here, the case is shown where the total pause time is 7
seconds. However, the total pause time may be arbitrarily
changed. The symbol t2 is the pause time during which the
driver side and passenger side center louvers 41, 45 are
directed toward the front of the FACE outlets 21, 31(toward
the rear of the vehicle). Here, for squarely incident solar
radiation, the operating conditions of the driver side and
passenger side side louvers 41, 45 may be controlled simi-
larly to those of the driver side and passenger side center
louvers 41, 45.

Next, uneven solar radiation correction is carried out (step
S36). Specifically, as shown in step S19 in the flow diagram
of FIG. 8, the left-right ratio (H) of strengths of solar
radiation entering the passenger compartment are calculated.

Next, the swing ranges of the driver and passenger side
center louvers 41, 45 and the driver side and passenger side
side louvers 41, 45 are calculated depending on the outside
air temperature (TAM) detected by the outside air tempera-
ture sensor 92, the amount of detected solar radiation (A) or
the amount of corrected solar radiation (B), and temperature
differences between the temperature inside the passenger
compartment (TR) detected by the inside air temperature
sensor 91 and the set temperatures TSET(Dr), TSET(Pa)
(step S37).

Then, the pause time is distributed to the occupant side
and the frontal side of each of the seats Dr, Da. Thereafter,
processing leaves the routine of FIG. 65.

Specifically, as shown in step S21 of the flow diagram in
FIG. 8, using the solar radiation left-right ratio (H), it is
calculated how much of the total pause time is to be
distributed to the driver side front seat occupant side swing
end and to the frontal side swing end, and how much is to
be distributed to the passenger side front seat occupant side
swing end and to the front side.

In the swing louver control in the air-conditioning unit 1
of this embodiment, a low solar elevation-angle is estimated
by the outside air temperature. Correction is then performed
for a low amount of detected solar radiation, by which the
conditioned air can be provided to be incident upon the
occupant for a required long time even when the amount of
detected solar radiation is low. Specifically, with the
elevation-angle determination procedure of FIG. 66, it is
determined whether the elevation-angle is high or low by
using the value of the outside air temperature (TAM) that has
been obtained by the existing sensor. Then, the front seat
occupant direction pause time is calculated from the deter-
mined elevation-angle, and the amount of detected solar
radiation or the amount of corrected solar radiation by using
the graph of FIG. 67.

As is described above, in winter when the amount of solar
radiation is minimal due to low solar elevation-angle, a
control characteristic different from that used in summer is
applied. This overcomes the disadvantage of a directional
solar radiation sensor 93 such that conditioned air is directed
to strike the front seat occupant for a time as long as in
summer as shown in the graph of FIG. 69 to improve the
feeling of comfort of the front seat occupant as well as in
summer. Here, the graph of FIG. 69 exhibits the difference
in feeling of comfort between the cases with elevation-angle
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determination and without elevation-angle determination,
where the outside air temperature is —20° C. and the solar
radiation is 700 W/cm®, projected squarely with an
elevation-angle of 30°. It is understood from the graph of
FIG. 69 that the case without elevation-angle determination
provides a slightly uncomfortable feeling, while the case
with elevation-angle determination provides a comfortable
feeling.

Providing the conditioned air to be incident upon the rear
seat occupant for an extended period of time will also
improve the feeling of comfort of the rear seat occupant
during the summer. In addition, determination of the
elevation-angle using the value detected by the already
provided outside air temperature sensor 92 enables season
estimation to be easily performed with reduced cost.
Moreover, in order to obtain a comfortable cool draft blown
from the FACE outlets 21, 22, 31, 32 in winter, the actual
outlet temperature or the target outlet temperature (TAO)
may be corrected together with the correction of the amount
of the detected solar radiation.

In this embodiment, as shown in the graph of FIG. 66, an
amount of corrected solar radiation is used for which an
amount of detected solar radiation is corrected to become
larger when the outside air temperature is below a prede-
termined temperature (for example 15° C.). However, as
shown in the graph of FIG. 70, an amount of corrected solar
radiation may be used for which an amount of detected solar
radiation to be corrected is increased, as the outside air
temperature is decreased. That is, a change in the charac-
teristics of the value of the solar radiation sensor using the
solar elevation-angle may be performed in either a stepwise
manner as shown in the graph of FIG. 70, or alternatively in
a linear manner, thereby enabling further fine-tuned control.

Next, an air-conditioning control implemented by the
air-conditioning ECU 50 of this embodiment will be
described on the basis of FIGS. 71 and 72. Description of
steps corresponding to those in the flow diagram of FIG. 6
are omitted. Namely, after the time constant processing of
step S3 is carried out, an elevation-angle correction of the
value of solar radiation sensor is carried out similarly to that
in step S35 in the flow diagram of FIG. 65 (step S40). This
provides an amount of corrected solar radiation, for which
an amount of detected solar radiation is corrected as shown
in the graph of FIG. 72, to be used in step S4 to enable
calculation of a target outlet temperature (TAO) that makes
occupants feel comfortable.

Together with this, the calculation of the blower control
voltage applied to the blower 4 in step S4, the outlet mode
determination in step S6, and the A/M aperture calculation
in step S7 can also provide the calculated blower control
voltage, outlet mode and A/M aperture.

Other Preferred Embodiments

Although in the first preferred embodiment conditioned
air was blown from the driver side side FACE outlet 22 and
the passenger side side FACE outlet 32 even when the outlet
mode was the FOOT mode or the F/D mode, conditioned air
may alternatively be blown from the driver side side FACE
outlet 22 and the passenger side side FACE outlet 32 only
when the outlet mode is the FACE mode or the B/L. mode.
Also, the swing temporary stop control for temporarily
stopping oscillation of the driver side and passenger side
center and side louvers 41, 45 and random swing control of
the driver side and passenger side center and side louvers 41,
45 may be utilized not only when the air-conditioning state
is a cooling state, but also when the air-conditioning state is
a heating state.

Whereas in the first preferred embodiment the driver and
passenger side center swing grills and the driver and pas-
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senger side side swing grills were fixed to the instrument
panel 40, alternatively each center and side swing grill may
be rotatably mounted in the left-right direction to a housing
member, or each center and side swing grill may be rotatably
mounted in the up-down direction to a housing member. In
this case, the swing grills may be made to oscillate as
blowout state changing devices.

Whereas in the first preferred embodiment blowout state
changing devices such as swing louvers or flow-directing
grills for realizing swing ranges and changing blowout
directions or blowout positions of conditioned air blown
through outlets are provided in FACE outlets 21, 22, 31 and
32, blowout state changing devices such as flow-directing
louvers or flow-directing grills may alternatively be pro-
vided in outlets located in the vehicle sides in the passenger
compartment, in the middle of the passenger compartment
(for example in the vicinity of a console box), or in the
vehicle ceiling.

Although, in the first preferred embodiment as the swing-
ing louvers for realizing a swing range and changing a
blowout direction or blowout position of conditioned air
blown through the outlets louvers 41 oscillating in the
left-right direction and louvers 45 oscillating in the up-down
direction were both provided at each of the FACE outlets,
alternatively one or the other only of the louvers 41 oscil-
lating in the left-right direction and louvers 45 oscillating in
the up-down direction may be provided at each of the FACE
outlets.

Whereas in the first preferred embodiment conditioned air
was blown into the passenger compartment through the
FACE outlets 21, 22, 31 and 32 of the air-conditioning duct
2 by a single blower 4, alternatively two blowers may be
used so that the flow distribution of the conditioned air
blown into the passenger compartment through the driver
and passenger side FACE outlets of the air-conditioning duct
2 can be varied. Alternatively, a number of blowers corre-
sponding to the number of FACE outlets may be used so that
the flow distribution of the conditioned air blown into the
passenger compartment through each of the FACE outlets of
the air-conditioning duct 2 can be varied. In addition, the
flow distribution to occupants may be changed indepen-
dently for each FACE outlet or for one side.

Although in the first preferred embodiment the invention
was applied to a vehicle air-conditioning system having a
left-right independent temperature control type air-
conditioning unit 1, the invention may alternatively be
applied to a vehicle air-conditioning system having a front-
rear independent temperature control type air-conditioning
unit. Also, the invention can be applied to a vehicle air-
conditioning system having an air-conditioning unit capable
of carrying out temperature control inside a passenger
compartment with a single blowout temperature change
device.

The various functions of the invention can preferably be
switched ON and OFF by occupants by operation of a
multi-display or the like.

Whereas in the first preferred embodiment a solar radia-
tion sensor 93 having a solar radiation strength detector was
provided as air-conditioning load detecting device, alterna-
tively a solar radiation sensor having a solar radiation
strength detecting device, a solar radiation direction detect-
ing device and a solar radiation height detecting device may
be used. If as the solar radiation sensor the height of the sun
of that day and time and the solar radiation direction with
respect to the present position of the vehicle are stored in a
microcomputer of a car navigation system, an output signal
from that car navigation system may be read in to the
air-conditioning ECU as a solar radiation sensor signal.
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Alternatively, as the solar radiation sensor 93, a sensor
having a solar radiation strength detecting device (for
example a phototransistor, a photodiode or a solar cell) for
detecting the amounts of solar radiation entering driver side
and passenger side air-conditioning zones, a solar radiation
direction detecting device (for example a photodiode, solar
cell, or temperature-sensitive device such as a thermistor)
for detecting the direction from which sunlight is incident
(solar radiation direction, solar radiation bearing angle), and
a solar radiation height detecting device (for example a
photodiode, solar cell, or temperature-sensitive device such
as a thermistor) for detecting the height of sunlight (solar
radiation elevation angle, solar radiation height, sun eleva-
tion angle) may be used.

As the air-conditioning load detecting device for detecting
the air-conditioning load in the passenger compartment, in
addition to the solar radiation amount, the passenger com-
partment temperature, the difference between the passenger
compartment temperature and the set temperature, the out-
side air temperature, the post-evaporator temperature, the
cooling water temperature, the vehicle speed, the blower
flow and the number of occupants are conceivable
indicators, and sensors for detecting these values and tem-
perature setting devices for setting temperatures can also be
used as air-conditioning load detecting devices. Here, two
inside air temperature sensors 91 may be used and disposed
in a driver side air-conditioning zone and a passenger side
air-conditioning zone.

Also, swing temporary stop control for temporarily stop-
ping swinging of center and side louvers 41, 45 may be
carried out independently for each of one or more air-
conditioning zones. And swing temporary stop control for
temporarily stopping swinging of center louvers 41, 45 of
the driver side center FACE outlet 21 or side louvers 41, 45
of the driver side side FACE outlet 22 may be carried out
independently. Similarly, swing temporary stop control for
temporarily stopping swinging of center louvers 41, 45 of
the passenger side center FACE outlet 31 or side louvers 41,
45 of the passenger side side FACE outlet 32 may be carried
out independently.

Finally, although in the first preferred embodiment a
method of counting pulses sent to the stepping motors 44, 48
or of detecting the operating position of the blowout state
changing device using potentiometers was used as the
method for detecting the operating position of the blowout
state changing device, alternatively the operating position of
the blowout state changing device may be detected by
counting armature noise in servo motors having no poten-
tiometers and thereby calculating the operating angle as with
the stepping motors 44, 48.

While the above description constitutes the preferred
embodiment of the present invention, it should be appreci-
ated that the invention may be modified without departing
from the proper scope or fair meaning of the accompanying
claims. Various other advantages of the present invention
will become apparent to those skilled in the art after having
the benefit of studying the foregoing text and drawings taken
in conjunction with the following claims.

What is claimed is:

1. A vehicle air-conditioning system comprising:

an air-conditioning unit having an outlet for blowing

conditioned air toward an air-conditioning zone;

a blowout state changing device for changing a blowout

state of the conditioned air blown from the outlet;

an actuator for imparting an oscillating motion to the

blowout state changing device;

an air-conditioning load detector for detecting an air-

conditioning load of the air-conditioning zone; and
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a blowout state controller for automatically controlling
the actuator to inhibit the oscillating motion of the
blowout state changing device for a predetermined time
in a blowout direction when the air-conditioning load
detected by the air-conditioning load detector is above
a predetermined value.

2. A vehicle air-conditioning system according to claim 1,
wherein the blowout state controller automatically controls
the actuator by slowing or pausing the oscillation motion of
the blowout state changing device in the blowout direction.

3. A vehicle air-conditioning system according to claim 1,
wherein control of the actuator by the blowout state con-
troller increases as the air-conditioning load detected by the
air-conditioning load detector increases.

4. A vehicle air-conditioning system according to claim 1,
wherein the predetermined blowout direction is an occupant
blowout direction.

5. A vehicle air-conditioning system according to claim 4,
wherein the occupant blowout direction is a front seat
occupant blowout direction.

6. A vehicle air-conditioning system according to claim 1,
wherein the blowout state controller inhibits the oscillating
motion of the blowout state changing device by slowing the
oscillating motion over an oscillation range of the blowout
state changing device.

7. A vehicle air-conditioning system according to claim 6,
wherein the blowout state controller controls the actuator so
that the oscillating range over which the blowout state
changing device is inhibited increases as the air-
conditioning load detected by the air-conditioning load
detector decreases.

8. A vehicle air-conditioning system according to claim 1,
wherein the blowout state controller is further for controlling
the actuator to inhibit the oscillating motion of the blowout
state changing device for a predetermined time in a diffusion
blowout direction when the detected air-conditioning load is
below a predetermined value.

9. A vehicle air-conditioning system according to claim 8,
wherein the diffusion blowout direction is a rear seat occu-
pant direction.

10. A vehicle air-conditioning system according to claim
8, wherein the blowout state controller further controls the
actuator so that a time for which the oscillating motion of the
blowout state changing device is inhibited in a diffusion
blowout direction increases as the air-conditioning load
detected by the air-conditioning load detector decreases.

11. A vehicle air-conditioning system according to claim
1, wherein the blowout controller includes a louver control
panel for providing selective control of conditioned air
blown from face outlets in predetermined occupant zones.

12. A vehicle air-conditioning system according to claim
1, wherein the air-conditioning load detector is a solar
radiation information detector for detecting solar radiation
information entering the air-conditioning zone, and the
direction at which the oscillating motion of the blowout state
changing device is inhibited is in a vicinity corresponding to
a part of an occupant upon which it is estimated that solar
radiation detected by the solar radiation information detector
is incident.

13. A vehicle air-conditioning system according to claim
1, wherein the blowout state controller inhibits oscillation of
the blowout state changing device by determining one of an
oscillation pause position, a slow oscillation position, an
occupant-concentration position, and a blowout range at the
occupant direction in accordance with the air-conditioning
load detected by the air-conditioning load detector.

14. A vehicle air-conditioning system according to claim
1, wherein the air-conditioning load detector is a solar
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radiation information detector for detecting information
concerning solar radiation entering an air-conditioning zone,
and one of an oscillation pause position, a slow oscillation
position, an occupant-concentration position and a blowout
range at the occupant direction is directed to an occupant
upon which it is estimated that solar radiation detected by
the solar radiation information detector is incident.

15. A vehicle air-conditioning system according to claim
1, wherein the blowout state changing device comprises a
drum ventilator rotatably mounted within a casing in the
air-conditioning unit outlet, and a plurality of vertical and
cross louvers pivotably supported within the drum ventilator
for being oscillated by the actuator.

16. A vehicle air-conditioning system according to claim
1, wherein the blowout state changing device comprises an
elongate air outlet louver rotatably mounted in the air
conditioning unit outlet.

17. A vehicle air-conditioning system according to claim
1, wherein the blowout state changing device comprises an
elongate rotary valve rotatably positioned at the air-
conditioning unit outlet and contoured to cause a change
conditioned air flow through the outlet when oscillated by
the actuator.

18. A vehicle air-conditioning system according to claim
1, wherein the predetermined time is determined from one or
more parameters selected from a group consisting of:

an outside air temperature, an air-conditioning initial

post-evaporator temperature, an air-conditioning initial
passenger compartment temperature, an air-
conditioning initial outlet temperature, an air-
conditioning initial draft flow, an air-conditioning ini-
tial blower voltage, an outlet mode, an amount of solar
radiation, a set temperature, a difference between an
air-conditioning initial passenger compartment tem-
perature and a set temperature, an initial seat
temperature, an initial steering wheel temperature, and
a vehicle speed.

19. A vehicle air-conditioning system according to claim
18, wherein the predetermined time during cooling increases
as one of the outside air temperature, the air-conditioning
initial post-evaporator temperature, the air-conditioning ini-
tial passenger compartment temperature, the air-
conditioning initial outlet temperature, the air-conditioning
initial draft flow, the air-conditioning initial blower voltage,
and the amount of solar radiation increases, or as the outlet
mode minimizes the draft flow to an occupant’s upper body,
or as the solar radiation direction is in a direction such that
the heat load imposed on an occupant increases, or as the set
temperature or the vehicle speed increases.

20. A vehicle air-conditioning system according to claim
18, wherein the predetermined time during heating increases
as one of the outside air temperature, the air-conditioning
initial post-evaporator temperature, the air-conditioning ini-
tial passenger compartment temperature, the air-
conditioning initial outlet temperature, the air-conditioning
initial draft flow, the air-conditioning initial blower voltage,
the amount of solar radiation and the vehicle speed
decreases, or as the outlet mode decreases such that the draft
flow to an occupant’s lower body decreases, or as the solar
radiation direction is a direction such that the heat load
imposed on an occupant decreases, or as the set temperature
increases.

21. A vehicle air-conditioning system according to claim
1, further comprising a plurality of outlets for blowing air
conditioning drafts toward a plurality of air-conditioning
Zones;

a plurality of blowout state changing devices for changing

a blowout state of the air-conditioning drafts blown
from the plurality of outlets;
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a plurality of actuators for imparting an oscillating motion

to the plurality of blowout state changing means; and

a plurality of air-conditioning load detectors each for

detecting an air-conditioning load in a respective one of
the plurality of air-conditioning zones.

22. A vehicle air-conditioning system according to claim
21, wherein the plurality of blowout state changing devices
comprise a face door for changing an amount of conditioned
air flowing through a face duct to a plurality of face outlets,
and driver and passenger side face doors for changing
amounts of conditioned air flow through driver and passen-
ger face outlets, respectively.

23. A vehicle air-conditioning system according to claim
21, wherein the blowout state controller is for controlling the
actuators so that for each of different air-conditioning zones
a total time for which the respective blowout state changing
devices are inhibited in an occupant blowout direction, and
a time for which the oscillating motion of the respective
blowout state changing devices is inhibited over a range
covering a passenger compartment diffuse blowout time, are
substantially the same.

24. A vehicle air-conditioning system according to claim
23, wherein the occupant blowout direction is a front seat
occupant blowout direction.

25. A vehicle air-conditioning system according to claim
21, further comprising a plurality of air-conditioning load
detecting devices for detecting an air-conditioning load in
each of the plurality of air-conditioning zones.

26. A vehicle air-conditioning system according to claim
25, wherein the blowout state controller controls the actua-
tors of the plurality of blowout state changing devices so that
when air-conditioning loads detected by the air-conditioning
load detectors are above predetermined values, control of
each of the plurality of blowout state changing devices is
substantially the same even when there is a difference in
air-conditioning loads between different air-conditioning
zones.

27. A vehicle air-conditioning system according to claim
25, wherein the blowout state controller controls actuators of
the blowout state changing device so that when air-
conditioning loads detected by the air-conditioning load
detectors are above predetermined values, control of differ-
ent blowout state changing devices among the plurality of
blowout state changing devices is less than when the air-
conditioning loads are below predetermined values, even
when there is a difference in air-conditioning loads between
different air-conditioning zones.

28. A vehicle air-conditioning system according to claim
25, wherein the blowout state controller controls the actua-
tors of the blowout state changing devices such that, even
when there is a difference in air-conditioning loads between
different air-conditioning zones, control parameters of the
plurality of blowout state changing devices converge as an
air-conditioning loads detected by the air-conditioning load
detectors increase.

29. A vehicle air-conditioning system according to claim
21, wherein the plurality of blowout state changing devices
comprise a plurality of louvers, and further comprising a
plurality of potientiometers connected to the actuators for
detecting present positions of the plurality of louvers.

30. A vehicle air-conditioning system according to claim
1, wherein an air-conditioning load above a predetermined
value during cooling is detected from one or more param-
eters from a group consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature above a
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predetermined value, a steering wheel temperature
above a predetermined value, a blower flow, a draft
flow above a predetermined value, an amount of solar
radiation in a direction of an occupant’s upper body
being above a predetermined value, a blower voltage
above a predetermined voltage; a solar radiation direc-
tion changed in such a direction as to raise a heat load
imposed on an occupant, an executed set temperature
reducing operation, an outlet mode switched to a mode
such that a draft flow to an occupant’s upper body is
decreased, a difference between a set temperature and
a passenger compartment temperature above a prede-
termined value, a vehicle speed below a predetermined
value, and a set temperature below a predetermined
value.

31. A vehicle air-conditioning system according to claim
1, wherein an air conditioning load above a predetermined
value during heating is detected from one or more param-
eters from a group consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
ing wheel temperature below a predetermined value, a
set temperature below a predetermined value, a blower
flow, or a draft flow or amount of solar radiation in the
direction of an occupant’s upper body, above a prede-
termined value, a blower voltage above a predeter-
mined blower voltage, a solar radiation direction hav-
ing changed in such a direction as to raise a heat load
imposed on an occupant, an occupant having per-
formed a set temperature increasing operation, an outlet
mode having switched to a mode such that a draft flow
to an occupant’s lower body is decreased, a difference
between a set temperature and a passenger compart-
ment temperature above a predetermined value, and a
vehicle speed below a predetermined value.

32. A vehicle air-conditioning system according to claim
1, wherein an air-conditioning load below a predetermined
value during cooling is detected from one or more of a group
of parameters consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
ing wheel temperature below a predetermined value; a
vehicle speed below a predetermined value, a blower
flow below a predetermined value, a draft flow amount
of solar radiation in the direction of an occupant’s
upper body below a predetermined value, a blower
voltage below a predetermined voltage, a solar radia-
tion direction changed in such a direction as to lower a
heat load imposed on an occupant, an executed set
temperature increasing operation, an outlet mode
switched to a mode such that a draft flow to an
occupant’s lower body is increased, a difference
between a set temperature and a passenger compart-
ment temperature being below a predetermined value,
and a vehicle speed or a set temperature being above a
predetermined value.

33. A vehicle air-conditioning system according to claim
1, wherein an air-conditioning load below a predetermined
value during heating is detected from one or more of a group
of parameters consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
ing wheel temperature, a vehicle speed above a prede-
termined value, a set temperature above a predeter-
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mined value, a blower flow below a predetermined
value, a draft flow amount of solar radiation in the
direction of an occupant’s upper body below a prede-
termined value, a blower voltage below a predeter-
mined blower voltage, a solar radiation direction
changed in such a direction as to lower a heat load
imposed on an occupant, an executed set temperature
reducing operation, a switched outlet mode that
increases a draft flow to an occupant’s upper body, a
difference between a set temperature and a passenger
compartment temperature being below a predetermined
value, and a vehicle speed being below a predetermined
value.

34. A vehicle air-conditioning system comprising:

an air-conditioning unit having a plurality of outlets for
blowing conditioned air toward a plurality of air-
conditioning zones;

a plurality of blowout state changing devices for changing
blowout states of the conditioned air blown from the
plurality of outlets;

actuators for imparting an oscillating motion to the blow-
out state changing devices; and

a blowout state controller for automatically controlling
the actuators so that a timing with which the blowout
state changing devices approach and move away from
respective most adjacent air-conditioning zones is sub-
stantially the same during oscillation of the plurality of
blowout state changing devices.

35. A vehicle air-conditioning system according to claim
34, wherein the plurality of blowout state changing devices
comprise a face door for changing an amount of conditioned
air flowing through a face duct to a plurality of face outlets,
and driver and passenger side face doors for changing
amounts of conditioned air flow through driver and passen-
ger face outlets, respectively.

36. A vehicle air-conditioning system according to claim
34, wherein the blowout state controller is for controlling the
actuators so that for each of different air-conditioning zones
a total time for which the respective blowout state changing
devices are paused or slowed in an occupant blowout
direction, and a time for which the oscillation of the respec-
tive blowout state changing devices is paused or slowed over
a range during a passenger compartment diffuse blowout
time, are substantially the same.

37. A vehicle air-conditioning system according to claim
36, wherein the occupant blowout direction is a front seat
occupant blowout direction.

38. A vehicle air-conditioning system according to claim
34, further comprising a plurality of air-conditioning load
detectors for detecting an air-conditioning load in each of the
plurality of air-conditioning zones.

39. A vehicle air-conditioning system according to claim
38, wherein the blowout state controller controls the actua-
tors of the plurality of blowout state changing devices so that
when the air-conditioning loads detected by the air-
conditioning load detectors are above a predetermined
value, control of each of the plurality of blowout state
changing devices is substantially the same even when there
is a difference in air-conditioning load between different
air-conditioning zones.

40. A vehicle air-conditioning system according to claim
38, wherein the blowout state controller controls actuators of
the blowout state changing device so that when air-
conditioning loads detected by the air-conditioning load
detectors are above a predetermined value, control of dif-
ferent blowout state changing devices among the plurality of
blowout state changing devices is less than when the air-
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conditioning load is below a predetermined value, even
when there is a difference in air-conditioning load between
different air-conditioning zones.

41. A vehicle air-conditioning system according to claim
38, wherein the blowout state controller controls the actua-
tors of the blowout state changing devices such that, even
when there is a difference in air-conditioning loads among
different air-conditioning zones, control parameters of dif-
ferent blowout state changing devices among the plurality of
blowout state changing devices converge as an air-
conditioning loads detected by the air-conditioning load
detectors increase.

42. A vehicle air-conditioning system according to claim
38, wherein air-conditioning loads above a predetermined
value during cooling are determined from one or more
parameters from a group consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature above a
predetermined value, a steering wheel temperature
above a predetermined value, a blower flow, a draft
flow above a predetermined value, an amount of solar
radiation in a direction of an occupant’s upper body
being above a predetermined value, a blower voltage
above a predetermined voltage; a solar radiation direc-
tion changed in such a direction as to raise a heat load
imposed on an occupant, an executed set temperature
reducing operation, an outlet mode switched to a mode
such that a draft flow to an occupant’s upper body is
decreased, a difference between a set temperature and
a passenger compartment temperature above a prede-
termined value, a vehicle speed below a predetermined
value, and a set temperature below a predetermined
value.

43. A vehicle air-conditioning system according to claim
38, wherein air conditioning loads above a predetermined
value during heating are determined from one or more
parameters from a group consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
ing wheel temperature below a predetermined value, a
set temperature below a predetermined value, a blower
flow, or a draft flow or amount of solar radiation in the
direction of an occupant’s upper body, above a prede-
termined value, a blower voltage above a predeter-
mined blower voltage, a solar radiation direction hav-
ing changed in such a direction as to raise a heat load
imposed on an occupant, an occupant having per-
formed a set temperature increasing operation, an outlet
mode having switched to a mode such that a draft flow
to an occupant’s lower body is decreased, a difference
between a set temperature and a passenger compart-
ment temperature above a predetermined value, and a
vehicle speed below a predetermined value.

44. A vehicle air-conditioning system according to claim
38, wherein air-conditioning loads below a predetermined
value during cooling are determined from one or more of a
group of parameters consisting of:

a post-evaporator temperature, a passenger compartment

temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
ing wheel temperature below a predetermined value; a
vehicle speed below a predetermined value, a blower
flow below a predetermined value, a draft flow amount
of solar radiation in the direction of an occupant’s
upper body below a predetermined value, a blower



US 6,170,274 B1

47

voltage below a predetermined voltage, a solar radia-
tion direction changed in such a direction as to lower a
heat load imposed on an occupant, an executed set
temperature increasing operation, an outlet mode
switched to a mode such that a draft flow to an
occupant’s lower body is increased, a difference
between a set temperature and a passenger compart-
ment temperature being below a predetermined value,
and a vehicle speed or a set temperature being above a
predetermined value.

45. A vehicle air-conditioning system according to claim
38, wherein air-conditioning loads below a predetermined
value during heating are determined from one or more of a
group of parameters consisting of:

a post-evaporator temperature, a passenger compartment
temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
ing wheel temperature, a vehicle speed above a prede-
termined value, a set temperature above a predeter-
mined value, a blower flow below a predetermined
value, a draft flow amount of solar radiation in the
direction of an occupant’s upper body below a prede-
termined value, a blower voltage below a predeter-
mined blower voltage, a solar radiation direction
changed in such a direction as to lower a heat load
imposed on an occupant, an executed set temperature
reducing operation, a switched outlet mode that
increases a draft flow to an occupant’s upper body, a
difference between a set temperature and a passenger
compartment temperature being below a predetermined
value, and a vehicle speed being below a predetermined
value.

46. A vehicle air-conditioning system according to claim
38, wherein at least one air-conditioning zone is controlled
independently from other air-conditioning zones.

47. A vehicle air-conditioning system according to claim
38, wherein at least one blowout state changing device is
controlled independently of the other blowout state changing
devices.

48. A vehicle air-conditioning system according to claim
34, wherein the plurality of blowout state changing devices
comprise a plurality of louvers, and further comprising a
plurality of potientiometers connected to the actuators for
detecting present positions of the plurality of louvers.
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49. A vehicle air-conditioning system comprising:

an air-conditioning unit having an outlet for blowing
conditioned air toward a passenger compartment;

a blowout state changing device capable of changing a
blowout state of the conditioned air blown from the
outlet;

an actuator for driving the blowout state changing means;

a solar radiation amount detector for detecting an amount
of solar radiation entering the passenger compartment;

an outside air temperature detector for detecting a tem-
perature of air outside the passenger compartment; and

a blowout state controller for controlling the actuator so
that the amount of solar radiation detected by the solar
radiation amount detector is corrected based on the
temperature of air outside the passenger compartment
detected by the outside air temperature detector, and the
operating condition of the blowout state changing
device is changed based on the corrected amount of
solar radiation.

50. A vehicle air-conditioning system according to claim
49, wherein the blowout state controller is further for
correcting the amount of detected solar radiation detected by
the solar radiation amount detector depending on air tem-
perature outside the passenger compartment detected by the
outside air temperature detector, and for changing one of an
amount of a blower flow, a target outlet temperature, an
outlet flow, an outlet temperature, an outlet mode and a
blowout state depending on the amount of corrected solar
radiation.

51. A vehicle air-conditioning system according to claim
49, wherein the amount of detected solar radiation is cor-
rected to become larger when the temperature of air outside
the passenger compartment detected by the outside air
temperature detector is below a predetermined temperature.

52. A vehicle air-conditioning system according to claim
49, wherein the amount of detected solar radiation is cor-
rected to become larger as the temperature of air outside the
passenger compartment detected by the outside air tempera-
ture detector becomes smaller.



