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VEHICLE AIR-CONDITIONING SYSTEM
WITH AUTOMATIC LOUVER OSCILLATION

CONTROL

('.ROSS-RL'I L'RL'N('Li I'0 REI.AI L'I)

APPI.ICATIONS

The present application is related to, and claims priority
from, Japanese Patent Application Nos. 1()-130(i86,
10-387189, and 11-78198, thc contents of which arc incor-
porated hcrcin by rcfcrcncc.

BACKGROUND OF THE INVENTION

This invention rclatcs to generally to vehicle air-
conditiomng systems, and particularly to a system in ivhich
at least an air-conditioning parameter, such as a conditionecl
air blowout speed or direction, is automatically changecl
base&i on sensed conditions to increase the comfort of.

occupants ivithin a vehicle passenger compartment.
In Japancsc Utility Model Publication No. Hci. 7-54010

thcrc is proposed a vehicle air-conditionin system for
changing the blowout ihrection of comhuoned air blown
from an outlet by imparting an oscillating motion Lo mov-
able louvers in a swing grill A switch for setting a time
during which the movable louver& are temporarily stopped
from swinging is provided at the front of thc swing grill.
Through thc swin louver device, a desired swing state can
bc obtained by a vchiclc occupant setting a swing pause time
with the pause time selecuon switch.

I lowever, with conventional swinging louver devices, it
has been very troublesome for the vehicle occupant to have
to change thc swing pause time via nianual operation of the
pause time selection switch cvcry tinie an air-conditioning
load influence, such as the amount of solar radiauon entenng
the vehicle, changes. That is, manually adtusung ihe sv:ing
pause time shorter when incident solar radiation is weak, and
manually adjusting the swing pause time longer &chen inci-
dent solar radiation is strong, is difiicult

Furthcrmorc, obtaining an optinial swing state with
respect to air-conihtioning lorul factors which change slowly
as air-i:onditioning proceeds, such as passenger compart-
ment temperature, are still more complicated. That is, ivhen
the passenger compartment temperature is high the siving
pause time nccds to be sct to a relatively long time, and when
thc passen cr compartment tcmpcrature is low thc swing
pause time needs to bc sct to a relatively shorter time.
Manual adjustment therefore becomes even more dilficult.

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-conilitioning losel 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-
conditiomng unit having an outlet for blowing conditioned
air toward an air-conrfitioning zone. In the unit, a blowout
state of the conrfitioned air blov:n from the outlet is changecl
by a blowout state changing device. An actuator for impari-
ing an oscillating motion to the bloivout state changing
device An air-conditioning load detector detects an air-

condiuomn ~ load of the air-con&liuoning zone, while a
bloivout state controller controls the actuator to pause or
slow the oscillation of the bloivout state changing device for
a predetemiined time in an occupant direction, when the
air-conditioning load detected by thc air-conditionin losel
detcctin means is above a predctcrminerl value

The present invennon includes several embodiments,
each of which includes a blowout state control device for
controlhng Lhe actuator Lo thereby auuimatically control Lhe

blowout of conditioned air 'I'he blowout cnntrol device
control controls the actuators based on any number of
paranictcrs, including incident solar rarliation information,
so that conditioncrl air is blown towarrl, or away from, a
particular passen cr, for a predetermined amount of time
based on Lhe parameters.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a schematic view showmg the overall mnstruc-
tion of a vehicle air-conditioning system according to a first
preferred embodiment of the present invention;

I'IG. 2 is a front vieiv of a vehicle instrument panel;
I'IG. 3 is a front view of an air-conditioning operating

panel;
FIG. 4 is a front view showing thc overall construction of

a blowout state changing rlcvicc according to thc first
preferred emboihment,

FIG. SA is a secuonal plan view of. a louver left-wght
direction oscillatmg mechanism, anil FIG. SB is a secuonal
side vieiv of a louver up-down direction oscillating
mechanism, each according to the hrst preferred embodi-
ment;

FIG. 6 is a flow diagram showing an cxamplc of a control
program of an air-conrlitioning E('.U according to thc first

ia preferred emboihment),
FIG. 7A is a characteristic diagram showing a blower

control voltage vs. Large( outlet temperature charactenstic,
and I'IG. 713 is a characteristic diagram showing an outlet
mode vs target outlet temperature charactenstic according

tc to the first prefcrrcd embodiment;
FIG. 8 is a flow diagram illustratin swing louver control

carried out by an air-conditionin ECU according to the first
preferred emboihment,

FIG. 9A is an explanatory view showing louver owgin
LS correcuon directions, anil FIG. 9B is a charac(enatic dia-

gram shoiving a relationship between front seat position and
swing range accordin to the hrst preferred embodiment;

11G. 10Ais an explanatory view showing sivin ranges of
„conditioned air in a passenger compartment, anil FIG 10Bso

is a schematic view showing swing heights of center ancl
side louvers accoriling to the Iirst preferred embodiment,

FIG. IIA is a characteristic dia ram showing driver side
and passcngcr side louver sivin ranges vs. solar rarhation
direction aml sohir radiation strength characterisuc, anil FIG
IIB is a charactewsnc diagram showing a correction angle
vs. passenger compartmenL temperature charac(ensue, each
according to the first preferred embodiment;

FIG. IZ is a characteristic duigram showing swing range
correction coefficients vs solar radiation left-ri ht ratio
according to the first preferred embodiment,

FIG. 13A is a timing diagram showing a ranilom swin ~

operating pattern, and I IG 130 is a view showing anOil'ime

series according to the first preferred embodiment,
as FIG. 14 is a characteristic diagram showing a relationship

between air-conditioning load factors and total pause time
according to the first preferred embodiment,



FIG. 15A is a characteristic diagram showing a relauon-
ship between solar radiation amount and swing pause
directinn, and I'IG 15B is a characteristic diagram showing
a relationship betiveen swing stop direction, difference
bctwccn passenger compartment temperature and srt
tcmpcraturc, and passenger conipartment tcniperaturr
accordtng lo lhe lira( preferred embodiment,

I'IG. 16 is an explanatory view shniving swing pause
directinn change widths of the first preferred embodiment;

FIGS. 17A—17E illustrate a relationship between solar
rachatton chrection and swing pause direction according to
the lirsl preferrecf embodiment,

I'IG 18 is a characteristic diagram showing a relationship
bctwccn solar radiation direction and aniount and swing
pause direction according to thc first preferred embodiment;

FIGS. 19A—19E are operation illustrations showin ~ a
relationship between solar radiation direction and swing
pause direction according to the first preferred embndiment;

FIG. 20 is a characteristic diagram showing front seat
occupant face pause lime proportion and rear seal occupant
face pause ume proportion vs. mr-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 ume proportion vs. mr-conditioning load factors
accordtng lo lhe lira( preferred embodiment,

I'IG. 22 is a characteristic diagram shoiving 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 sv:ing pause.
time at a front seat occupant direction vs solar radiation
amount and passenger compartment temperature according
to thc first prcferrcd cmbodimcnt;

FIG. 24 is a characteristic diagram showing sv:ing pause.
lime at a front seal occupant direcuon vs. sohir radiation
amount and passenger compartment temperature and set
temperature according to the first preferred embodiment);

FIG. 25 is a characteristic diagram showing swin pause
lime at a front seal occupant direcuon vs. sohir radiation
amount ancf outside air temperature according lo lhe lira(
preferred emboiliment,

FIG. 26 is a characteristic diagram showing swin pause
time at a front seat occupant direction vs, blower control
volta c ancl passcngcr compartment teniperaturc according
to the lirsl preferrecf embocfimenl;

I'IG 27 is a characteristic diagram showing swing pause
time at a front seat occupant direction vs blower control
voltage and dificrcnce bctwcen passenger compartment teni-
pcraturc ancl sct tcmpcrature according to the first preferred
embochment,

I'IG 28 is a diagram showing swing pause time at a front
seat occupant directinn vs. blower control voltage and
outside air tcmpcrature according to the first preferred
cmbodimcnt,

FIG. 29 is a liming ihagram showing a dover side, ancf

passenger side center lnuver control method of ivhen the
timing nf reaching a closest occupant side is synchronized
according to the first preferred embodiment;

FIG. 30 is a liming ihagram showing a dover side, ancf

passenger sale center louver control method of when lhe
timing of reaching a most acfjacent air-concfiiioning cone
side is synchromzed according to the first preferred emluidi-
ment;

FIG. 31A is a charac(ensue diagram showing driver side
occupant face pause time vs. ditTerence betiveen passenger
comparllnent temperature and sel temperature, and I l(i. 3113

is a characteristic diagram shoiving passenger side occupant
face pause tinic vs. cfifi'crcncc bctwccn passenger compart-
ment tcmpcrature and sct tcmperaturc, according to thc first
preferred embochmeni

11G. 32A is a characteristic dia ram showing clriver side
occupant face pause time vs. ditTerence betiveen passenger

'" compartment tcmpcrature and sct tempcraturc, and FIG. 32B
is a characteristic cliagram showing passengn siclc occupant
face pause lime vs. dilTerence between passenger compart-
ment iemperaiure and sel temperature, accxtrdtng lo the first
preferred embochmeni

is FIG. 33 is a characteristic dia ram showing driver siclc
occupant face pause time vs, air-conditioning load factors
according to thc first preferrccl cmboclimcnt;

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 cliagram showing clrivcr side
occupant face pause lime vs. air-concfiuoning load factors
according to lhe lirst preferred embodiment,

"s I'IG. 36 is a characteristic diagram showing passenger
side occupant face pause time vs, air-conclitioning load
factors according to thc first prcfcrrcd cmbodimcnt,

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 dia ram showing passen cr
side occupant face pause time vs. air-conclitioning load
factors according to the lira( preferred embodiment,

11G. 39 is a characteristic diagram shmvmg driver side
occupant face pause time vs, air-conditioning load factors
according to thc first preferrccl cmboclimcnt;

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

11G. 41 is a characteristic diagram shmvmg driver side
occupant face pause time vs, air-conditioning load factors
according to thc first preferrccl cmboclimcnt;

FIG. 42 is a characteristic dia ram showing passen cr
za side occupant face pause time vs. air-conclitioning load

factors according to the lira( 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,

so I'IG. 44 is a characteristic diagram showing passenger
side occupant face pause time vs, air-conclitioning load
factors according to thc first prcfcrrcd cmbodimcnt,

FIG. 45 is a front view of an air-conditioning operating
panel according lo a secoml preferred embodiment of the
present invention,

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

FIG. 47A is an explanatory view showing a blowout state
from concentration dispersion swing rills in a spot blowout
mode, and FIG. 47B is an explanatory view shoivin a
blowoul stale from concentration-dispersion swin ~ grills in
a wide blowout mode according to the lhircf preferred
embodiment;

I'IG. 48A is a front view of a vehicle instrument panel,
and lrl(i 4813 is a schematic view of a face duct of an



air-i:onditioning umt accorihng lo a fourth preferred embodi-
ment of the present invention,

I'IG. 49 is a sectional view of a drum ventilator fnr a
vehicle in accordance with a fifth preferred embodiment of
lhe present invention;

I'l(i 50A is a perspective view shniving an air blowout
louver and I'IG. 508 is a sectional vieiv nf the air bloivout
louver accoriling lo a sixth preferred emboihmenl of lhe
present invention,

I'l(i 51 is a frnnt view of an instrmnent panel in accor-
dance with a seventh preferred embndiment of the present
inventton;

FIG. 52 is an cxplodcd perspective view showing a
blownut duct, a supporting frame and a rntary valve accord-
ing to a seventh preferred emliodiment of the present inven-
tion;

FIGS. 53A—53C are sectional views shov:ing an angular
position of the rotary valve in a spot blowout mode accord-
ing to a seventh preferred embodiment ot'he present inven-
tion,

I'IGS 54A—54C are sectional views showing an angular
position ot'he rotary valve in a wide bloivnut mode accord-
ing to a scvcnth preferred embodiment of thc present inven-
tion,

I'l(iS. 55A—55L're perspective vieivs showing alterna-
tive versions of thc rotary valve according to an eighth
prcfcrrcd embodiment of thc present invention;

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

FIGS. 57A—57F arc operation illustrations showing blow-
out positions at swing pause times for ditfcrcnt passenger
compartment temperatures according to lhe eighth preferred
emboihment,

FIG. 58A is an operation illustration showing a swing
pause lime blowout position changing melhori, and FIG.
58B is a charactenslic diagram showing a relationship
between swing pause time blowout position and passenger
compartment temperature aod difference between passenger
compartment tcmpcraturc and set temperature according to
thc eighth prcfcrrcd embodiment;

I'IG. 59A is an operation illustration shnwing a siving
pause time blowout position changing method, and FIG.
59B is a characteristic diagram showing a rciationship
between swing pause lime blowout position and solar radia-
tion direction according to lhe eighth preferred emboriiment;

FIG. 60 is a schematic view of the overall construction of
a vehicle air-i:omhtioning system accorihng to a ninth pre-
ferreil emboihment of. the present invention,

FIG. 6IA is a sectional plan view of. a louver left-nght
direction oscillating mechanism, and FIG. 61B is a secuonal
st&le view of a louver up-clown direction oscillahng mecha-
nism accnrrling to the ninth preferred embodiment;

FIG. 62 is a schematic view shov:ing the swing range of
comhtioned air lo a passenger compartment acmrdtng lo a
tenth preferred embodiment ot'he present invention;

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

FIG. 64 is a gmph showing pause ume at a front seal
occupant rlirection vs amount of detected solar radiation
according to the tenth preferred embodiment;

FIG. 65 is a liow diagram showing sv:ing louver control
carried out by an air-conditioning L'CU according to the
tenth preferred embodiment;

FIG. 66 is a charactewstic ihagram 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 scat
occupant direcuon vs. amount of. detected solar radianon at
high elevauon-an le and amount of correcleil solar radiahon
al low elevanon-angle accoriling to the tenth preferred
embodiment;

FIG. 68A is a schematic view showing swing pause
i i) direction, and FIG. 68B is a tinting rliagram showing sivin s

toward occupant direction aml frontal direchon according to
lhe tenth preferred embodiment;

I'IG. 69 is a graph shoiving feehng of comfort of

is occupant, in accordance with thc tenth prefcrrcd 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 emiiodiment;

oo FIG. 71 is a flow diagrani showing an example of a
control program of an air-condinoning ECU according to an
eleventh preferred embodiment of. the present invention, and

l1G. 72 is a graph showing a relationship between amount
of solar radiation used for control (amount of corrected solar
rarliation) vs, amount of rlctectcrl solar radiation in accor-
dance with the eleventh preferred embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

I'irst Preferred Lmbodiment
l1GS IW4 show a first preferred emiiodiment of the

invention In the vehicle air-conditioning system of this
prefcrrcd cmbodimcnt, air-conditionin actuators in an air-
conditioning unit I for air-conditioning a vehicle passen cr

is compartment are controlled by an air-con&iilioning control
urn( (hereinafier, air-conditioning ECU) 50. This air-
conilitiomng 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

so right scat to an occupant of a rear left seat) and a passenger
side air-conditioning zone (extcndin from an occupant of a
front left seal to an occupant of. a rear right seat) in the
passenger compartment of. lhe vehicle.

The mr-conditioning umt 1 has an air-conditioning duct 2
as disposed at the front of the vehicle passenger compartment

Ati inside,'outside air sivitching door 3 and a blower 4 are
disposed at an upstream end of this air-conditionin duct 2.
Thc insirlcioutsidc air switching rloor 3 is rlrivcn by an
actuator such as a servo motor 5, for changing the apertures

so of an inside air inlet 6 aml an ou(side air inlet 7 (that is, for
chan nng a so-called mlet mode). The blower 4, which is
driven by a blower motor 9 controlled by a blower drive
circuit 8, bloivs air through the air-conditioning duct 2
toivard thc passen er conipartmcnt.

An evaporator 10 of a rcfrigcratin cycle for cooling thc
air passing throu h lhe air-conihuonmg duct 2 is disposed in
a middle part of. the air-conditioning duct 2. A heater core 13
for heahng air passmg through lirst and secoml air passages
I I, 12 is disposed on the downstream side of this evaporator
10

The first and second air passages 11, 12 arc scparatcrl by
a partition plate 14. Driver sirlc and passenger side air-
mixing (A/M) doors 15, 16 for performing temperature
adjustment indepenilenlly for lhe dnver anil passenger side

os air-condiliomng zones are provided on the upstream side of
the heater core 13 'I'he driver side and passenger side A/M
doors 15, 16 are driven by actuators such as servo motors 17,



18 arnl adjust outlet temperatures of. air blown toward Ihe.

driver side arnl Ihe passenger sirie.
As shown in F(GS. 1—3, a defroster outlet (DEF) 20, a

driver side ccntcr face (FACE) outlet 21, a driver side side
face (1'ACL) outlet 22 and a driver side fnot (1'OOT) nutlet
23 are provided in an instrmnent panel (housing member) 40
at Ihe tlownstream enri of Ihe lirst air passage 11.

A passenger side center face (FACE) outlet 31, a passen-
ger side sirlc face (FACE) outlet 32 and a passen er side foot
(FOOT) outlet 33 arr 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 indepenriently seuing dnver side and passenger side.
outlet modes in Ihe passenger compartment are provirlerl
inside thc first anil second air passages 11 and 12.

Thc dwvcr and passcngcr side outlet switching doors
24—26 and 35, 36 are mnde sivitching doorN driven by
actuators such as servo inotors 28, 29 and 39, for sivitching
driver side anti passenger side outlet modes. Here, ihe dnver
sirie and passenger sirie outlet modes include for example a
FACE mode, a BiL mode, a FOOT mode, an FrD mode and
a DEF motte.

Also, at each of driver and passenger inde center swing
grills and driver and passenger side side swing grilLs fitted in
the driver side and passenger side center I'A('L'utlets 21,
31 and the rlriver side and passenger side side 1 ACL'utlets
22 and 32, a blowout state changing device is niounted in the
instrument panel (housing member) 40. Thc driver side side
FACE outlet 22 anil the passenger sirie side FACE outlet 32
may alternatively be located in the front rioors or in inner
panels nf side body nf 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 swin grills will br
bricfly dcscnbcd on the, basis of F(G. 4 and F(G. 5.

The blowout state changing devices are mounted in Ihe
driver anti passenger inde center swing gnlls and the dnver
and passenger side inde sv:ing gnlls. Atr passages in these
swing grills are used as the driver and passenger side center
(ACL'utlets 21, 31 and the driver and passenger side side
FACE outlets 22,32. Thc blowout state chan in device of
each of thc swing grills has a louver left-right direction
oscillating mechanism arnl a louver up-clown direcnon oscil-
lating mechanism

As shov:n in F(G. 5A, the louver left-nght direcnon
oscillating mechanism is made up of a link lever 42 for
imparting an oscillating motion tn a plurality of floiv-
dircctin louvcrs 41 about pivotal support points thereof,
anil a stepping motor 44 for reciprocating thc link lcvcr 42
horizontally by way of an arm plate 43. These flow-directing
louvers 41 are swinging louvers arrayed in the left-nght
direction (Ihe width threction of Ihe vehicle) in each of Ihe
swing grills Hereinafter the flow-directing louvers mounted
in the center grills ivifl lie called center louvers and the
flow-directing louvcrs mounted in the side rills will be
called side louvcrs.

As shov:n in FiG. 5B, Ihe louver up-down direcnon
oscillating mechanism ts mtmle up of. a link lever 46 for
imparting an oscillating motion Io a plurality oi. Bow-
directing louvers 45 about pivotal suppnrt 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-
dircctin louvcrs 45 arc swinging louvcrs arrayed in thr
verttcal direction (Ihe height direction of Ihe vehicle) in each
of the swing gnlls Hereinafter, Ihe flow-direcnng louvers
mounteri in the center grtlls will be caller( center louvers anil
the floiv-directing iouvers mounted in the side grills ivi(1 be
called side louvers.

Here, the dnver arul passenger side center anni 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
chan in devices for makin conrlitioncrl air (cold or warm
drafts) blown into the driver side and passcngcr side air-
conilitiomng zones oscdlate over predetermineti ranges of
oscillanon. By being stoppetl at preiletermined angles, the
stepper motors also work as blowout direction changing
devices or bloivout position changing devices for hxing 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 thc rlircctions of passenger
side and dnver side rear seat oix:upants.

To ensure that lar e loads are not appheil to the steppin ~

motors when the driver side and passen er 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 iic transmitted through thc link

zo lcvcrs 42, 46 or thc arm plates 43, 47 to the output shafts of
Ihe steppmg motors 44, 48 are provitied between the output
shafts of the steppmg motors 44, 48 and either the link levers
42, 46 or the ann plates 43, 47

The angles throu h ivhich the stepping motors move per
zs pulse are predetermined, and ivhen they are to point the

center and side louvers 41, 45 in a certain blowout rlirection,
or ivhcn they arc to make thc ccntcr and sirlc louvcrs 41, 45
swmg over a certain range, they are dnven by a number of
pufses obtained accorthng to Ihe following expression Exp
1 output from the air-conditioning LiGU 50

(I xp II

The air-conditionin ECU 50 comprises an ordinary
is microcomputer made up of a CPU, ROM, RAM and other

conventional components. As shown in F(G 1 anni F(G. 3,
switching signals from an air-coruhtioning operating panel
51, a driver side louver control (SWING SW) panel 52 and
a passenger side louver control (SWIN(i SW) panel 53 are

ao input into thc air-conditioning ECU 50.
Thc air-conditioning operating panel 51 is intc rally

mstalled with Ihe instrument panel 40 in the width direcnon
center of the vehicle at the front of Ihe passenger compart-
ment. On Ibis air-cornhuomng operating panel 51 are pro-

as vided an air-conditioning (A/C) sivitch 54, an inlet mode
switching switch 55, a front defroster switch 56, a rear
defroster switch 57, a DUAL switch 58, an outlet motte
switchin switch 59, a blower flow switching switch 60, an
AUTO switch 61, an OFF switch 62, a liquid crystal display

so (display) 63, a driver side temperature aching switch 64 and
a passenger side iemperaiure setting switch 65. All switches
may be displayed on the display 63.

Of these, the lyUAI. switch 58 is for invoking left/right
indcpcndent tcmpcrature control whcrcby temperature
adjustment of thc rlrivcr side air-conditioning zone and
temperature adlusiment of. Ihe passenger side air-
condinomn ~ zone are performed intiepenilently. The dnver
side iemperaiure setting switch 64 is for acting Ihe tem-
perature in the driver side air-conditioning zone to a desired
temperature. The passen er side temperature settin switch
65 is for setting thc tcmpcrature in thc passenger sirlc
air-conditioning zone to a dcsircd tcmperaturc

The driver side louver control panel 52 is mountetl near
Ihe central part of Ihe instrument panel 40 on the nght side

ss of the air-condinonin ~ operanng panel 51 anni is made up of
a MAIT'H .switch 66 for enabling .sivin in of the louvers
41, 45 of both the driver side center swing gnll and the



dnver side side swing grill, a CENTER switch 67 for
enabhng swinging of the louvers 41, 45 of the driver side
center siving grill, a SIDLi stvitch 68 for enabling swinging
of the lnuvers 41, 45 of the driver side side saving grill, and
a swing moclc switching switch 69.

Of thcsc, thc MATCH switch 66, thc CENTER switch 67
and the SIDE switch 65 are push sv:itches having a normal
posttion (OFF) and a pushed-in position (ON). The swing
mode switching switch 69 is a rntary switch having the
switching pnsitions of 'S'I'OP', *AUTO*, 'Rr', 'U-D
SWING*, and 'R-I. SWING*

When sct to 'AUTO', thc swing mode switching switch
69 outputs a command invoking automatic louver control of
the driver sole center anil sicie louvers 41, 45. When sel to
'Rr', the swing mocle switching switch 69 causes the dnver
side center and side louvers 41, 45 to swing so that the draft
flow distnbution favors a rear seat side air-conditioning zone
over a frnnt seat side air-conditinning zone I'nr example, the
swing rate of thc driver side center and side louvcrs 41, 45
is incrcasccl in a zone into which thc conditioned air is blnwn
to a dover side front seal occupant aml decreased in a zone
into which the conditioned air is blown lo not strike a dnver
side frnnt seat occupant (and rather to strike a passenger side
rear seat nccupant)

When set tn 'U-D SWING', the swing mnde switching
switch 69 outputs a command to make thc driver side center
and side louvcrs 45 swing in thc up-doivn direction (U-D
directton) over a precielermineci range. When sel lo '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-I. direction) over a
predetermined range.

Thc passcngcr side louver control panei 53, as with thc
driver side louver control panei 52, is niadc up nf a MATCH
switch 70 for enabling swinging of the louvers 41, 45 oi boih
the passenger side center swing grill and the passenger side
stile swing gnll, a CENTER switch 71 for enabhng swinging
of the louvers 41, 45 of the passenger side center saving grill,
a SI DLi sivitch 72 fnr enabling swinging of the louvers 41,
45 of thc passcngcr side side swing rill, and a swing niode
switching switch 73. All of thc switches may bc displayed on
the display 63.

Of these, the MATCH switch 70, the CENTER switch 71
anil the SIDE switch 72 are push switches having a normal
non-depressed pnsition (Oil') and a depressed pnsition
(ON) The swing mode switching switch 73 is a rotary
switch having the switchin positions nf 'STOP* (stop
swing), 'AUTO'auto swing), 'Rr', 'U-D SWING'up-
down direcuon swing), and 'R-L SWING'left-nght direc-
tion swing).

When set to 'AUTO', the swing mode switching switch
73, like the swing mode switching stvitch 69, outputs a
command invnking autnmatic louver control nf the passen-
ger side ccntcr and side louvcra 41, 45. When sct to 'Rr ', the
swing mode switching switch 73 causes thc passenger side
center and side louvers 41, 45 lo swing so that the draft flov,
distnbution favors a rear seal side air-conditioning zone over
a front seat side air-c:onditioning zone. For example, Ihe.

swing rate of the passenger side center and side louvers 41,
45 is increasecl in a znne into which the cnnditioned air is
blown to a passcngcr side front scat occupant and decrcascd
in a zone into which the conditioned air is blown to not strike
a passenger sole front seat occupanl (and rather strike a
driver side rear seat occupant).

When sel to *U-D SWING', the swing mode switching
switch 73 nutputs a command tn make the passenger side
center and stele louvers 45 saving in the up-down direction
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(U-D direcuon) over a predetermined range And when set
to 'R-I. SWIN(i", the swing mode switching switch 73
outputs a command tn make the passenger side center and
side lnuvers 41 swing in the left-right direction (R-I.
direction) over a prcdctcrmincd range. The switching moclc
switchin switches 69, 73 may bc substituted by a single
switching switch which carries out switching between
'AUTO mode* aml 'OFFL

As shnivn in I'IG 3, door openingrclosing switches 74 for
io manually operating shutters (nnt shoivn) fnr openin and

closing the driver side and passenger side center I'ACL
outlets 21, 31 arc proviclccl bctwccn thc driver side and
passen er side center swing grills. Also, thc driver and
passenger side center swing gnlls aml the driver aml pas-
sen er side stile swin ~ grilfs are each providecl with knobs
75, 76 for manually moving the lnuvers of the center and
side louvers 41, 45 in the left-right direction and the
up-down direction.

In thc air-conditioning ECU 50, sensor signals from
oo various sensors arc A:D-convcrtccl by an input circuit (not

shown) and then mput mto the microcomputer. That is, an
insicle air temperature sensor 91, an outside air temperature
sensor 92, and a solar radiation sensor 93 servin as solar
radiation detecting means for detecting the amounts of solar

zs 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 dover
and passenger side ouflel temperature sensors 94o, 946 for
detecting the outlet temperatures of conditinned air bloivn
into the driver side and passenger side air-conditioning
znnes, a post-evaporator temperature sensnr 95 for cletecting
thc tcmpcrature of air having just passed through the evapo-
rator 10, and a coolin water tempcraturc sensor 96 for

is detecung Ihe cooling water temperature of the vehicle
en nne.

The sohir radiation sensor 93 has a driver side solar
radiation stren th detecting device (fnr example a

photodiode), ivhich detects the amount of solar rachation
ao (thc solar radiation strength) entering thc driver side air-

conditioning zone ancl gcncratcs an output signal TS'(Dr)
corresponcling thereto. The sensor also includes a simdar
passenger side milar radiation strength detecting device
which detects the amount of solar radiation entering the

as passenger side air-conditioning zone and generates an output
signal TS'(Pa) correspnnding to that solar radiation strength

Next, an air-conditionin control methocl implcmcntecl by
thc air-cnnditionin ECU 50 of this prcfcrrcd cmbodimcnt
will be descnbed on Ihe basis of. FIGS. 1 —22.

so Reierring lira( to FIG. 6, a flow diagram showing an
example of. a control program of. Ihe air-conditioning ECU
50 is shoivn When a vehicle ignition sivitch is switched on
and d c pniver is supplied to the air-conditioning L'CU 50,
execution of the control pro ram is started. At this time, first,
initialization of stored content of a data processin memory
(RAM) is cerned out (slap Sf).

Then, various types of data are read in to the data
processin ~ memory. That is, switch signals from the
switches and sensor signals from the sensnrs are mput (step
S2) In particular, output signals corresponding to the solar
racliation strengths detcctccl by thc solar radiation sensor 93
(hereinafter called solar radiation sensor signals) TS'(Dr),
TS'(Pa) are input anil stored in the data processin ~ memory.

Next, solar radiauon strengths TS(Dr), TS(Pa) calculated
as wiih a lime const.ant (lag) of Tl(sec) with respect lo Ihe solar

radiation sensnr si nals TS'(Dr), IS'(Pa) stnred in step S2
are determined. That is, solar radiatinn strengths TS(Dr),



TS(Pa) for inside the passenger compartment are calculated
on the basis of the sniar radiation sensor signals 'I''(Dr),
I''(Va), a time constant T1 and the following expressions
Lxp 2 and L'xp. 3 (step S3)

TS (Dr)= (T)'(Dd)+(TDTITSn— 1(Dr)l,'(Ti+71

TS (Pu 1= (TS (Pu 1+(7 1: T1T5 n — 1(Pa(',,'(Ti+0

(L'xp

(Exp 3)

Here, T is a control period (for example I to 4 seconds),
anil TSn-1(Dr) is thc value of TS(Dr) onc period before and
TSn-1(Pa) is thc value of TS(Pa) for thc prior period. Also,
Tf is the value of. a time constant prov)ried in lhe solar
radiation strengths TS(Dr), TS(Pa) necessary for controlling
blower control vohages VA(Dr), VA(Pa) lo be impressed on
the blower motor 9 of the bio(ver 4, the driver side and
passenger side outlet switching doors 24—26 and 35, 36, and
thc rlrivcr side and passcngcr side A M doors 15, 16, and is
for cxamplc 30—120 seconds.

Next, a driver side target outlet temperature TAO(Dr) and
a passenger side target outlet temperature TAO(Pa) are.

calculalerl on the basis of the stored data mentioned above.
and the following expressinos Exp 4 and Lxp. 5 (step S4)

TAO\Drl= )'SET TSET(Dri — KR TR — KAM TAtl-
K'5'S(O 1+ («)10 )x (CO(O 1+

h (D (tlr( — )AM)) xl)S))(0 1—

TSET( Pn)l + C

(Lxp A(

TAO( Pn; = KSET TSET(Pal — KR TR — KAi) Tl M-
KS )S(P )+ KR(Prix(i'D(P +

KalPn)(lo — TAM)1xIT)ET(Pu)—

7SET\Dr))+ C

(Lxp 51

Herc, TSET(Dr) and TSET(Pa) respectively arc a sct
tcmpcraturc of the driver side air-conditionin zone and a sct
temperature of the passenger side air-comhtiomng zone, anil
TR anil TAM respecuvely are the passenger compartment
temperature and the outside air temperature KSLSI; KR,
KAM, KS, Kd(Dr) and Kd(pa) respectively are a tempera-
ture setting gain, a passenger compartment temperature gain,
an outside air tcmpcraturc gain, a solar radiation gain, and
driver side and passcngcr side air-conditioning zone teni-
peralure diiference 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-conditinning temperatures nf the driver and
the passenger side air-conditioning zones, (2)(Dr) and
CD(Pa) arc constants corresponding to this degree of
influcncc, anil C is a correction constant. Here, thc values of
Ka(Dr), Ka(Pa), CD(Dr) and CD(Pa) vary with various
parameters such as the mze and shape of lhe vehicle and lhe
hlownut directions from the outlets nf the air-conditinning
unit l.

Next, a bloiver flow (hlnwer contrnl voltage VA to he
imprcsscd on thc blower 4) is calculated on the basis of the
driver side and passen cr side target outlet temperatures
TAO(Dr), TAO(Pa) obtained m slap S4 (step S5).
Spectlically, the blower control voltage VA is obtained by
blower control voltages VA(Dr), VA(Pa) respecuvely suited
to the target outlet temperatures I'AO(Dr), TAO(Va) being
obtained on the basis of a characteristic diagram shnivn in
FIG. 7A, and thc blower control voltages VA(Dr), VA(Pa)
arc then avcm crl.

Then, outlet morles of the dnver and passenger side
air-conditioning zones are rletermined on the basis of. Ihe
target outlet temperatures TAO(Dr), TAO(Pa) of lhe dnver
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and passenger side obtmned in step S4 anil an outlet mode
vs target outlet temperature characteristic shown in I'l(i. 70
(step S6) Specifically, in the determination of the outlet
modes, the modes are determined to become the I'ACL'ode,

thc B)L mode anil then thc FOOT mode as thc
above-mentioned target outlet tcmpcraturcs TAO(Dr), TAO
(Pa) pro ress from low temperatures to high temperatures.
Also, any ouflet mode among the FACE mode, the B)L
mode, the I 'OOT mode and the I'l) mode can he fixed by the

io outlet mode sivitchin switch 59 provided on the air-
conditioning operating panel 51 bein operated manually

Thc FACE niode is an outlet morlc whncin conditioned
air is blown toward thc upper bodies of front and rear scat
occupants. The B(L mode is an outlet mode wherein con-
diuoned air is blown toward lhe upper bodies and the feet of
front and rear seat occupants 'I'he I'OO'I'ode is an outlet
mode wherein conditioned air is hloivn toward the feet of
front and rear seat occupants. I'he IPD mode is an outlet
mode whcrcin conditioncrl air is blown towarrl thc fcct of

oo front and rear scat occupants and toward thc insirlc of thc
front wmdshield of the vehicle. In this preierred
embodiment, when a defroster switch provided on an oper-
ating panel (not shown) is operated, a Dl'I'ode, wherein
conditioned air is blown toivard the inside nf the front

zs windshield of the vehicle, is set Also, in all of the outlet
modes, thc driver side side FACE outlet 22 and thc passcn-
gcr side sirlc FACE outlet 32 arc open

Next, a target A(M aperture SW(Dr) (%) of the dnver side
A(M door 15 and a target A/M aperture SrW(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 dnver
side and passenger side target outlet tcmpnaturcs TAO(Dr)
anil TAO(Pa), thc post-evaporator tcmperaturc (TE) dctcctcd

15 by lhe post-evaporator temperature sensor 95, the cooling
water temperature (TW) detecteil by the cooling water
temperature sensor 96, and the following expressions Exp. 6
and Lxp 7.

slitn )=()AC)(0 1

— 7E) (o'17,)w— 7))1 (1 «1 5)
AO

5

17(Pa)= 

(X)0(P () — TE i ia(i '(Tu — TE) (Lxp 71

Next, a routine shown in FIG. 8 is startetl, and swin ~

louver control (aulomauc or manual) is cerned out. That is,
m automauc louver control, lhe blowout state oi comhtioned

us air to he blown into the driver side air-conditionin vane
from the driver side center and side I A('L'utlets 21, 22 is
determined, and thc blowout state of conditioned air to bc
blown toward thc passen cr side air-conditionin zone from
lhe passenger side center and side FACE outlets 31, 32 is

so determined. Specilically, oscillauon ranges and louver direc-
tions of the center anil side louvers 41, 45 of the blowout
state chan ing devices of the siving grills are determined
(step Sg).

Then, an output signal is sent to thc blower rlrivc circuit
8 to prorlucc thc detcrmincd blower control voltage VA(Dr),
VA(Pa). The servo motors Zg, Z9 anil 39 are controlled to
implement the determined outlet modes. The servomotors
17, 18 are controlled lo 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 octa(pant directions or louver temporary stopping
positions (step S9).

After a predetermined control penod (T: ior example 0.1
second to 4.0 semindh) elapses at step S10, processing

es returns to slap SZ.
Next, swing louver control carried out hy the air-

conditioning E(jO 50 will be described on the basis of 11GS
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(') (I'R—TSVI'(I')

(Eap SI
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Here, TR is the passenger compartment temperature
dctcctcd by thc inside air tcmpcrature sensor 91, and TSET
(Dr), TSET(Pa) respectively arc a sct temperature of thc
driver saic air-conditioning zone and a set temperature of. Ihe
passenger side air-conriitioning zone. The above-mentioneri
determination value is preferably set lo 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 tcmpcraturc (TR) is very high, when conccn-
Iraleri blowout to a front seal or rear seal occupant conunues
for a long time, the conditioned air may be made Io sv:Ing
to reduce annoyance to the occupant

When the determination result of step S16 is YL'S, in the
case of the di(ference between the passenger compartment
tcmpcraturc TR and either of thc sct temperatures TSET(Dr)
and TSET(Pa) bein greater than a prcdcterniincd value (for
example 5'), omgin correction of the driver side and pas-
senger side center louvers 41, 45 aml Ihe rimver inde, anti
passenger side saic louvers 41, 45 is cerned out. Alar that,
as shown in HG. 9A, according to the seat positions of the
occupants of the driver side and passenger side front seats,
target values arc dctcrmincd to send control outputs to the
stepping motors 44, 48 so that the louver directions of the
dover saic anti passenger side center louvers 41, 45 and Ihe.

dover side and passenger stria sirie louvers 41, 45 point
towarri the front seat occupants (step S17). Theres(ter,
processing leaves the routine of I'IG 8 It is preferable for
the origin correction by the cooldown determination to be
pcrformcd so that it is carried out only once after the i nition
switch is turned ON.

Here, as the origin correction of. the dover and passenger
side center louvers 41, 45 aml the driver anti passenger side
side louvers 41, 45, conlrol outputs are sent lo Ihe stepping
motors 44, 48 to cause the ends to swing in the louver origin
correction directions shown in lqG 9A. In addition, ivith
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8 —12. First, il is determined whether or not either of. Ihe.

swing mode sivitching switches 69, 73 provided on the
driver and passenger side louver control panels 52, 53 has
lieen set to 'A(ff0* (step S12). When the result of this
dctcrmination is NO, manual louver control according to thc
sct positions of thc swin mode switchin switches 69, 73 is
cerned oul (step SI3). Thereaiier, processing leaves Ihe
rouune of FIG. 8.

When the result of the determination of step SI2 is YL)S,
the following automatic louver control is carried out I)irst,
it is determined if the outlet mode is either the I'A('L'ode
or thc B/L mode (step S14). When the result of this deter-
mination is NO, to c)feet anti-fogging of thc 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 YLS, a
cooklown dctcrmination is carried out. For example accord-
ing to thc following expressions Exp. 8 and Exp. 9, it is
determined whether or not the riiilerence between Ihe, pas-
senger compartment temperature TR anti either of. Ihe, set
temperatures TSL'I'(Dr), ISET(pa) is greater than a deter-
mination value (a predetermined value; for example 5') Or,
it is determined whether or not the passenger compartment
tcmpcraturc TR is greater than a determination value (a
prcdctcrmincd value; for cxamplc 35'.) (step S16).
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)hose louver positions as origins, when Ihe seat posiuons of
Ihe dover side aml passenger side front seat occupants are
forward, a fciv pulscs are sent to the stcppin motors 44, 48
When the seat positions of thc driver and passenger side
front seat occupants are rea)ward, pulses are sent to the
stepping motors 44, 48, whereby target values are deter-
mined so Ihal the louver directions of the dover ami pas-
sen er stile center louvers 41, 45 and the louver direcuons
of thc driver side and passcngcr side side louvcrs 41, 45

in point in thc directions of the occupants of thc dover and
passenger side front seats

The louvers are brought to their sivin ends in the louver
origin correcuon directions shown in FIG. 9A because, in
Ibis preferred embodiment, Ihe blowout sLate changing
dcviccs do not have potentiomcters to scrvc as blowout" direction detecting devices for detecting the prcscnt posi-
tions of the driver side and passenger side center and side
louvers 41, 45 ivhen the present positions of the driver side
and passenger side center or side louvers 41, 45 are changed
or manually moved. Also, Ihe louvers are brought to their

ao swin ends in the louver origin correction directions shown
In FIG. 9A to enable condilioneil air to be supplied to dnver
and passenger side front seat occupants as quickly as
possible, because the origin correction takes aiiout ten
seen)IILs

as It is conceivable to provide seat front-rear position detect-
ing devices such as potentiomctcrs in thc vicinities of thc
front seats (driver and passcngcr side seats) to detect the scat
positions of driver and passenger side front seaL occupants
Alternanvely, Ihe dnver and passenger side front seats may
be set by sivitches 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 scat occupants or by
a dealer is preferable, because it cnablcs thc louver direc-

ts tions adopted at times of cooldown Io be ad)usted according
Io personal preierence.

When the delerminauon result of step S16 is NO, i.e.
when the air-conditioning state is determined to be steady-
state or ivhen the passenger compartment temperature is

ao below a prcdctcrmincd value, a ran c over which thc driver
and passcngcr side ccntcr and side louvcrs 41, 45 arc to
swmg is determmeil accorihng to Ihe seat positions of the
driver and passenger side front seat occupants, as shown in
Ihe characteristic duigram of FIG. 9B (step S18). The

zs characteristic diagram of I I(i. 9l3 is of course corrected
according to the seat layout and the positions and apertures
of the FACE outlets, ivhich di(fer from vchiclc to vehicht
Also, accordin to the personal prcfcrcncc of thc occupant,
when comhuoned air is not desired, the swing range can be

so narrowed. In this preierreil embodiment, the swing range of
Ihe dover aml passenger side side louvers 41, 45 and Ihe
siving range of the driver side and passenger side center
louvers 41, 45 are the same.

Thc air-conditioning range over which air-conditioning
c)fccted by svvinging of thc driver side center louvcrs 41, 45
Is possible (Ihe range over which conihuoned air (rom the
driver side center FACE outlet 21 can be blown directly) is,
as shown in FIG. (UA, limited to the range of from a dover
side front seat occupant direction (lyr) to a passenger side

N) rear seat occupant direction (3(pa) I'he air-conditioning
range over ivhich air-conditionin c)fcctcd by swinging of
thc passenger side center louvcrs 41, 45 is possib(c (thc
range over which comhnoned air from the passenger side
center FACE outlet 31 can be directly blown) is, as shown

ss In FIG. 1UA, limited lo Ihe range of from a passenger side
front seat occupant direction (Pa) to a driver side rear seat
occupant direction )3(lyr).
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The dnver sirie front seat occupant direction (Dr) sv:ing

end shows a rlriver side frnot 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 prcfcrcnccs and posture of thc occupant of thr
driver side front scat. Similarly, thc passcngcr side front seat
occupant riireclion (Pa) swing enri shows a passenger side
front seal occupant sale 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

Thc further forward thr positions toward which it is
desired that thc driver and passenger side center louvers 41,
45 be pointed become, lhe more the swing ranges of lhe.

dnver side and passenger sirie center louvers 41, 45 are.

corrected in a widening direction Conversely, the further
rearward the positions toivard ivhich it is desired that the
driver and passenger side center lnuvers 41, 45 be pointed
bccomc, thc morc thc swing ranges of thc driver and
passcngcr side center louvcrs 41, 45 are corrected in a
direction making the swing ranges narrower.

In this preierred emboihment it is supposed that lhe
occupants of the driver and passenger side rear seats are in
a stanchird state, and the driver side and passenger side rear
seat occupant side siving ends are fixed. Of course,
altcrnativcly, in the same way as thc front seat occupant side
swing ends, thc rlrivcr side and passen er side rear scat
occupant side sv:ing emls may also be corrected according
to the rear seal positions or seal shapes or ihe physique,
conditioned air preferences and pnsture nf the respective
rear seat occupants.

Also, in this preferred embodiment, ivhen the driver side
front scat occupant or the passenger side front seat occupant
directly opcratcs thc center or side louvers 41, 45, the swing
range may be shifleri in the ihrection of. the occupant*s
operatton. The swing range determining control of lhe
present preferred emboriimenl may also be disabled an
occupant manually selects a mode wherein swinging
between the dover*s seat and the passenger seat is carried
out. Othcrwisc, by making it possii&ir for thr swin range of
thc invention to be canceled in accordance with manual
operation, even when the swing range of lhe present pre-
ferreil embodiment )loca 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
passcngcr scat and that seat is to be prefcrcntially air-
conditioncd, thc swing range detcrminin control of this
preferreri embodiment may be disableri lo rapidly preferen-
tially air-conriition a particular vehicle occupant zone. When
there is uneven solar radiation aml when lhe air-conditioning
capacity on a solar radiation side is insufiicient, the present
invention enables a conl draft to come nnt only from the
FACE outlets which air-condition primarily that air-
conditiomn zone, but aiso from a FACE outlet which
pnmanly air-5:omluions a neighbomng air-comlitioning
zone. Therefore, it is possible to improve lhe air cond)hon-
ing of the entire of the passenger compartment.

Also, at times such as air-conditioning start-up nr start-up
of the driver and passenger side center louvers 41, 45, the
driver and passcngcr side center louvcrs 41, 45 may each br
made to sivin into thc neighboring air-conditioning zone
sirie. This appearance improvement or ongin correcnon may
alternatively be carried out after a predetermined nme from
air-5:onditioning start-up or operation start-up of. the dnver
and passenger side center louvers 41, 45, or may be carried
out on air-conrlitioning shut-down, after shut-down nf the

B(Dr)=8(Dr)+a) )

H(P«)=H(P l+o(')

(Exp )O)

0'«p 11)

Also, swing heights of thc rlrivcr anil passcngcr sirlc
center and side louvers 41, 45 may be determined on lhe
basis of the blower control voltage VA(Dr), VA(Pa)
impressed on the blower motor 9. Specifically, as shown in
FI(i 10l3, ivhen the blower control voltage is 4(V) to 5(V),
the siving hei ht niay bc set to (A), when the blower control

„- voltage is 6(V) to S(V) thc swing hei ht may bc sct to (B),
and when the blower control voltage is 9(V) or over the
swmg height may be sel to (C). This control is for giving the
occupant a feeling of. a high-speed fiow of comhtioneri air,
even when the speed is loiv.

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

35 ll=lx(Dr ))(l'5(Dr)+X5(Pa)')

When (TS(Dr)+TS(Pa)) ~150 W)m, H is sct to 0.5.
Next, a total pause time to bc thc total of a swing pause

time at lhe dover side aml passenger side front seat occupant
so side swing ends anil a swmg pause ume at the driver side and

passenger side rear seal 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 tinic corresponding to thc swing ranges of thc driver
and passen cr sirlc center Iouvcrs 41, 45 and thc rlrivcr and
passenger side side louvers 41, 45 may be calculateil.

Using lhe solar radiation left-right rauo, it is calculateri
how much of. )he total pause ume obtaineil at step S20 is to
be distributed to the driver side front seat occupant
(KFORIIR) side siving end and to the passenger sirle rear
scat occupant (KNOTPA) sirlc swing end and hoiv much is
to be distributed to the passenger sirlc front scat occupant
(KFORPA) side swmg end and lo lhe dnver side rear seal
occupant (KNOTDR) side swing end (step S21). Thereafter,

85 processing leaves lhe routine of FIG. 8.
I'or the above calculation, the folloivin expressions L'xp

13—Lxp. 16 and the characteristic diagram of I I(i 12 are
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driver side aml 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 determmed on
thc l)asis of solar radiation rlirections and solar radiation
stren ths in thc rlrivcr and passenger sirlc air-conditioning
zones and lhe charac(ensue diagram shown in FIG. 11A.

Here, reference swing ranges 0(Dr), 0(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 respcctivc occupants. Anil thc reference swin range
0(Dr) of thc center and side louvcrs 41, 45 refers to
(up-down ihrection louver anglex2) about the occupant
direction when lhe louver directions of lhe center and side
louvers 41, 45 are pointed toivard an occupant

Also, passenger compartment temperature correction of
the swing ranges of the center and side louvers 41, 45 is
carried out. Specifically, refercncc swing ran cs 0(Dr), 0(Pa)

zo may be dctermincd on thc basis of driver and passenger sirlc
swin ~ ranges 0(Dr) and 0(Pa), lhe characteristic dia ram of
FIG. 11B, and the following expressions Exp. 10 and Exp.
li
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Herc, FORDR-STOP-TIME is the swin pause tinie at thc
driver side front seat occupant side swing encl.

(ROTOR STOP Tzl(El=A:VOTDR 7 (se ) (L'xp ia)

Here, NOTI)R-S'FOP-l1ME is the swing pause time at
the driver side rear seat occupant side siving end.

(FORPi-.sTOP-TIME)=FCFORPR I (scc) (Exp I I

Here, FORPA-STOP-TIME is the swing pause time at Ihe.

passenger sale iron( seat occupant side swing end.

(RO7)ri .57OP I)ME)=K%I))Pa 7 (e (I I I cl

Herc, (NOTPA-STOP-TIME) is the swing pause time at
thc passcngcr side rear seat occupant side swin end.

At least one second may be added to each of lhe sv:ing
pause times at the dnver aml passenger side front seal
occupant side swing ends and the swing pause times at the
driver side and passenger side rear seat occupant side siving
ends. Consequently, it is possible to avoid the swing pause
time at thc driver side and passenger side rear scat occupant
side swin ends being reduced to zero.

Although in Ibis preferrecf embodiment the total pause
time al slap SZU is set lo seven seconds, alternauvely Ibis
may be made a ramlom pause time (T), as shown in FIG.
13A and I'IG 1311 Specitically, in a random swing in this
preferred embodiment, a swing pause time for which a
swing Ls to stop at a predctcrmincd position is dctermincd.
In this prcfcrrcd embodiment a random swin pause time
determined with a preset operating pattern is used, but of
course there is no particular 1)mitauon.

Specifically, when a lirst swing is earned out, there is a
pause at a predetermined pnsition until one secnnd elapses
After the next siving, there is a paused at a predetermined
position until one second elapses. After the next swing, thcrc
is a pause at a prcdetcrmined position for ten seconds, and
so on for a sel of. sixteen swings, after which lhe sv:ing cycle
is repeated. As a result of Ibis cycle, occupants do not
become accustomnl lo Ihe comlitioned air, aml their feeling
of comfort is less liable tn diminish In this case, a random
tal)le for when the air-conditioning load is high and a
random table for when thc air-conditioning load is low may
bc providccl.

Also, when the air-i:onditioning losel is high, by increas-
ing Ihe (otal pause lime constiluling the total of lhe sv:ing
pause time at the cfriver side and passenger side front seal
occupant side swing ends and the swing pause time at the
driver side and passenger side rear seat occupant side siving
cncls as shown in thc characteristic chart of FIG. 14, it is
possible to incrcasc the proportion of time for which thc
swing ranges of Ihe clover rude aml passenger rude center
louvers 41, 45 point towarcf dnver side and passenger side
front seat occupants or passenger side aml dover side rear
seat occupants, and thereby increase the overall air-
conditioning effect This improvement can also be obtained
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used. Control is cerned out so that at the swing encl of an
occupant stele on which solar radiation is presumed to be
incident, the swing pause time is increased and the center
louvers 41, 45 are paused fnr a longer period than at the
swing cnd of an occupant side on which solar radiation is
prcsumcd not to bc incident, so that morc cool air is supplied
to the occupant on which solar radiation is inferred lo be
inculent

bv shortenmg the time require(1 for the blowout direcuons of
Ihe conchtioned air to move from Ihe dnver side aml pas-
sen cr side front scat occupant side swing cncls to the
passen cr side and driver side rear seat occupant side swing
ends svhen 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 seal
occupants or passenger side anil driver sicle rear seat occu-
pants.

IO
In FIG. 14, when a random pause time is corrcctecl, or

svhen the total pause time is a hxed value, the ranclom pause
time or the total pause time is set to increase as the outlet
temperature of. Mr blown into lhe passenger compartment,
Ihe ouLside air Lemperaiure and Ihe passenger comparlmenL
tempcraturc increase. ALso, the ranclom or total pause time is
sct to increase as thc speccl of blowout towarcl occupants, thc
difference between the passenger compartment temperature
and the set temperature, and the blower volta e increase
Likewise, Ihe random or total pause lime is set to increase
as Ihe post-evaporator lemperalure, a skin temperature, a

zo scat tcmpcrature, ancl a stccring whccl tempcraturc increase,
as the blower flow anil the sohir ra(ha(ion strength increase,
as Ihe sel lemperalure decreases, aml as the vehicle speed
increases.

Also, the random pause time or the total pause time is set
zs to be longer svhen the outlet mode is the 11)I. mode compared

to when it is the FACE niode, and longn when thc outlet
mode is a full-open mode compared to when it is thc B)L
mode. And the ran(lorn pause time or the total pause ume is
set to be longer when the vo)lar radiation direction is toward
the vehicle front than compared to when it is toivard the
vehicle rear, and longer when the solar radiation direction is
toward a vehicle side compared to when it is toivard the
vehicle front.

Because thc front seats arc near thc front windshield thc
ss seaLS are Irequenlly exposed to vo)lar radiauon. A ume to be

added to Ihe front seat side pause ume therefore is also
shown in the characlerisuc diagram of FIG. 14. However, in
special cases such as when guests are nding in the rear seats,
the time shosvn in the characteristic chart of lrf(i. 14 to be

ao added to thc front scat side pause time may bc taken as a
time to bc added to the rear seat siclc pause time.

Also, although in this preferred embodiment the swin ~

pause time of the driver side anil passenger side center
louvers 41, 45 at their front aml rear seat occupant side

as swing ends has been set to seven seconds or the swing pause
time has been made a random pause time prescribed on a

separately predetcrminccl random table, when the air-
conditioning losel is high, by incrcasin the swin pause
lime il is possible lo increase Lhe proporuon of lime for

so which Ihe driver and passenger side center louvers 41, 45
face occupants in Ihe louvers* respective swing ranges to
thereby increase the air-conditioning effect This improve-
ment of the air-conditioning effect can similarly obtained by
increasing thc time for which thc drivn and passcngcr side
center louvcrs 41, 45 face occupants by shortemng thc time
lal en for the draft direcuons to move from one swing end to
Ihe other.

Although in lhe foregoing a total pause lime of lhe dnver
and passenger side center louvers 41, 45 to be the total of a

so swing pause time at the driver side and passenger side front
scat occupant side swing ends, and a swing pause time at thc
driver side and passcngcr side rear seat occupant side swing
ends has been chscussed, similar effects to those of lhe
present preferred embochmenl can also be obtained by

ss providing ranges over which Ihe louvers swing very slowly
and, for example, chan in the de ree of that slowness or
changing the time for which the louvers ssving slowly



The swing pause directions or slop positions may be.

changed in correspnndence with the air-conditioning lnad as
Inferred for example from solar radiation strengths. As
shown in I'l(i. 16, a state wherein the driver and passenger
side ccntcr anti side louvcrs 41, 45 are facing the front will
bc taken as a swing position stop direction reference direc-
tion ((l'). ll will be assumed that the sv:ing position stop
direction at which the draft is most Ihslnbuted to the heart
and chest ot'ccupants is 4(I'n practice, adjustment of
louver orientation at each saving grill according to the shape,
orientation anil position of the swing grill, the ability of the
louvcrs to bend thc conditioned air, thc scat positions and so
on is ncccssary. Howcvcr, in this preferred cnibodinient the
descnption will proceed with il being assumeri that lhe.

distnbution of draft to the heart anti chest of. respecnve.
occupants is largest when the maximum change angle
(width) of the swing pnsition stop direction nf the louvers of
all of the swing gnils is 4(l'hen

during cooldown the passcngcr conipartmcnt trm-
pcraturc (TR) has fallen to for cxanipir 31'., swinging of
the driver sole and passenger side center aml side louvers 41,
45 is started, because if conditioned air continues to be
concentrated on occupants, it ivill result in local cooling and
make the occupants uncomfortable When a steady state of
swinging ot'he driver side and passenger side center and
side louvcrs 41, 45 continues for a long time, bccausc the
fccling of comfort of thc occupants diniinishcs, thc swinging
is paused in a predetermined position for a random ume.

However, when this kind of random swinging is cerned
out under high cooling load conditions, when the bloivout
directinn nr pnsition ot'conditinned air does not correspond
to a seated occupant, the occupant ivill and become uncom-
fortable if thcrc is a swing pause time of several tens of
seconds. Thcrcforc, the swing is paused as closely as pos-
sible lo the head and chest (particularly the face) of lhe
occupant. When random sv:inging is cerned out u nile r a low
cooling load, on lhe other hand, when lhe blowout direction
or position is close to the head and chest (and particularly the
face) of the occupant, and if there is a saving pause time of
scvcral tens of seconds, the occupant will bcconie unconi-
fortablc. Thcrcforc, thc swing is paused in a direction or
positton which as lar as possible misses the occupant The.

occupant side pause direction may alternatively be lixed in
the above-mentioned 4B'osition.

Because the sense of warmth of an occupant is greatly
at(ected by solar radiation, the lnuver angles at the direction
in which swin in is temporarily paused arc corrected in
corrcspondcncc with thc solar radiation strength, as shown
in the characteristic riiagram of FIG. 15A. Also, the louver
angles may be corrected in correspondence with lhe pas-
senger compartment temperature (TR) and the ditference
between the passenger compartment temperature ('IR) and
the set temperature (TSLT) as the cooling load, as shnivn in
thc charactcnstic diagram of FIG. 15B. However, this cor-
rection is not csscntial.

Also, as shown in FIGS. 17A—17E, when il ts possible for
solar rrmliation Ihrection with respect lo the vehicle forward
directton lo be detecleri, or when il is possible to deduce.
solar radiation with respect to the forward direction of the
vehicle using a navigation system, raiidom swinging Inay be
carried out by making thc blowout directions or positions of
thc driver side air-conditioning zone and thc passen rr side
air-conditioning zone Ihlfer in lhe left-nght Ihrection in
accordance with solar raihation riireclion.

For example, when as shown in FIG. 17A the solar
radiation direction is across from the left ivith respect to the
forward direction of the vehicle, because solar radiation
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stril es the left halves of lhe bodies of the dnver side and
passenger side occupants, the direction of the center and side
louvers 41, 45 of the I ACL'utlets on the left sides of the
occupants is made 2(l'rom the reference position, and the
direction of thc side and center louvers 41, 45 of thc FACE
outlets on the right sides of thc occupants is macle 53'rom
lhe reference posiuon. The temporary pause posiuons are
lhus set so that comhtioned air concentrates on the body
portions of the occupants upon which it is estimated that
solar radiation is incident.

When as shoivii in I'IG 17B the solar radiation direction
is diagonal from thc front left with rcspcct to the forward
direction of thc vehicle, bccausc solar radiation strikes thc
driver and passenger side occupants diagonally trom the lait,
lhe direcnon of. Ihe center aml side louvers 41, 45 of the
I'A('L'utlets on the left sides of the occupants is made3(l'rom

the reference position, and the direction of the side and
center louvers 41, 45 of the I'ACL outlets on the right sides
of the occupants is niarlc 45'rom thc rcfcrencc position.

ao And when as shown in FIG. 17C thc solar rarliation rlircction
is directly Irom the front or directly from the rear with
respect to the forward direcnon of. Ihe vehicle, the directions
of the center and side louvers 41, 45 of the I'A(IE outlets on
the left and right sides of the occupants are both made4(l's
from the reference position In the cases shown in I'IGS
17D and 17E, thc louver rlircctions arc sct to thc left-right
rcvcrsc of those of FIGS. 17A anti 17B.

A relationship between solar radiation dirac non and swing
pause direction is shown in the charactenstic diagram of

.Io I'l(i 18. As shoivn in I l(i. 18, it is desirable for not only the
direction of the sun but also solar radiation stren th to be
taken into account If this is done, with respect to iveak solar
rarliation, occupants do not fccl a stron draft on their faces,
anti their comfort is thereby iniprovcd.

is It is desirable for tuning of the louver angles to be earned
out for each FACE outlet, in secor&lance with the posiuon of
lhe swing nil, the shape of. Ihe vehicle, the positions of the
faces of occupants, and the seat positions. Also, liesides
pausing the sivinging of the louvers temporarily, a similar

so ctfcct can lie obtained by the louvers being made to move
very slowly in thc vicinity of a prcdetcrmincd position until
a predetermined ninlrol nme elapses.

Here, the swin ~ pause directions at the dnver side and
passenger side front seat occupant side swing en&is and the

as 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 thc characteristic
charts FIG. 15A, 15B and FIG. 18 anti in thc explanatory
views FIGS. 19A—19E.

so Dunn ~ coolin ~ and heating, as shown in lhe characteristw.
diagram in FIG. 20, a front seal occupant face direction front
seat occupant face pause time proportion (KI OR I'R) may
be made greater as the cooling load indicators such as the
outlet tcniperaturc, thc outsirlc air tempcraturc, thc passcn-
gcr compartment temperature, thc blowout speed, thc dif-
ference between the passenger compartment temperature
and the set temperature, the blower voltage, the post-
evaporalor temperature, a skm temperature, a seat
temperature, a steerin wheel temperature, the blower iloiv,

RI the solar radiation strength and the vehicle speed mcrease; as
thc set tcmperaturc rlccrcascs; as thc outlet mode provides
less draft flow to thc upper ho(lies of occupants; and as thc
solar radiation direcuon raises an occupant's need lor cool-
in

as Conversely, as shown m the charactensnc dia ram in
FI(i 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 (nutlet temperature above 3S'.), as
shown in the characteristic diagram in HG. 21, the front seat
occupant face direction front scat occupant face pause time
proportion (KFOR FR) may bc increased as thc spacc-
heating loml indicators such as the outlet temperature., Ihe
outside air temperature, Ihe passenger compartment
temperature, the blowout speed, the difl'erence betiveen the
passenger compartment temperature and the set temperature,
the lilnwer voltage, the post-evapnrator temperature, a skin
tcmpcraturc, a seat tcmpcraturc, a stccring wheel
tcmpcraturc, thc blower flow, thc solar radiation strength, the
vehicle speecl and the target outlet temperature (TAO)
decrease; as the set temperature increases; as the outlet mode.
is prnvides less draft flnw to the Inwer bodies of nccupants;
and as the solar radiation direction decreases an occupant*s
need for space-heating. Cnoversely, as shown in the char-
acteristic diagram in FIG. 21, the front scat occupant avoid-
ing direction (rear seat occupant face direction) rear seat
occupant face pause time proportion (KFOR RR) may be
decreased as the heanng losel incficators decrease.

Dunng heating (outlet temperature below 3S'.), as
shown in the characteristic diagram in frlG. 22, the front seat
occupant face directinn front seat occupant face pause time
proportion (KFOR FR) may be incrcascd as thc space-
hcating losel decreases. Conversely, as shown in thc char-
actenstic cfiagram in FIG. 22, the front seat occupant avoid-
ing direction (rear seal occupant face direction) rear seat
occupant face pause time proportinn (Kl'OR RR) may be
decreased as the heating load factors decrease .lust one of
the above controls may be carried out, nr alternatively tivo
or morc may bc carried out in combination.

Operation of thc vehicle air-conditioning system of this
preferrecf embodiment will now be cfescribed.

When Ihe swing mocle switching switches 69, 73 have
been set to 'AUTO', if. the outlet mode ts Ihe FACE mode
(or the B/I. mncle), outside air drawn in through the outside
air mlet 7 by the action of the bloiver 4 is cooled by the
evaporator 10 to for cxamplc about -I'. and then enters the
first and second air passe es ll, 12, and thc amount passin
through the heater core 13 is acftusted according to Ihe.

apertures of the driver inde and passenger side AiM doors
15, 16, whereby respective conditioned air at optimal tem-
peratures are produced

Thereafter, the conditioned air is blnivn thrnugh the driver
side ccntcr FACE outlet 21, thc driver side side FACE outlet
22, thc passcngcr side center FACE outlet 31 and thc
passenger sole side FACE outlet 32, at Ihe downstream ends
of the lirst anil seconcl air passages ll, 12, into a driver side
air-c:onditioning zone and a passenger side air-conditioning
vone. In particular, cool drafts are blown through the driver
side center and side I'A(PE outlets 21, 22 tocvard the upper
bocly of a driver scat occupant and blown throu h the
passcngcr side ccntcr and side FACE outlets 31, 32 toward
the upper bocfy of a passenger seat occupant.

At this time, a solar radiation strength TS(Dr) of the dover
stele air-conditioning zone, a solar rmhation strength TS(pa)
of the passenger side air-cnnditioning zone and a snlar
radiatinn directinn (ISRI.) from which snlar radiation is
cntcnng thc passcngcr compartment arc caiculatcd on thc
basis of a solar radiation sensor signal from the solar
radiation sensor 93 aml nme constants. When from Ihe
results of this calculation it is inferred that solar radianon is
striking an occupant of the driver side mr-conditioning zone
or an occupant of the passenger side air-conditioning xone,
as shown in the illustrations ItlG 19A—FIG. 19L', swing

position stop directions are determinecl on the basis ol'he
direction of the solar radiation entering the passenger com-
partment Specihcally, sivin in of the center ancl side
louvers 41 is paused so that the louver directions of the
center and siclc louvcrs 41 point in thc direction of an
occupant or in a direction avoiding thc occupant.

For example, when as shown in FIG. 19A the solar
radiation chrecuon is across from the left with respect to the
forward movement direction of the vehicle, because solar

io radiation strikes the left sides of the driver and passenger
side occupants, the direction of the center and side louvers
41 of thc FACE outlet on thc left siclc of each occupant is
made thc left side vicinity of the occupant ancl thc direction
of. Ihe center aml side louvers 41 of the FACE outlet on the
nght side of. each occupant is also made the left side vimnity
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.

oo When as shown in FIG. 19B thc solar radiation clircction
is diagonally lrom the left with respect to the forward
movement direction of the vehicle, because miler radiauon
strikes the driver side and passenger side occupants diago-
iially from the left, the direction of the side louvers 41 of the

as FACL'utlet on the left side of each occupant is macle the left
side vicinity of the occupant, and thc clircction of the side
louvcrs 41 of thc FACE outlet on the right side of thc
occupant ts made Ihe 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 lrACL outlets on the left and the right of each occupant
arc directed to thc head and chest of thc occupant. In thc
cases shown in FIGS. 19D and 19E thc settings arc thc

is reverse of those of. FIGS. 19A aml 19B.
Next, as shown in the charactensnc chagrams in FIGS.

23—25, a swing pause time at the front seat occupant
direction is obtained from the solar radiation strength and
tile passenger coinpartment teinperature, a siving pause time

so at the front seat occupant direction is obtained from thc solar
radiation and thc tcmperaturc diflcrcnce bctwcen thc pas-
sen er compartment temperature anil Ihe set temperature, or
a swing pause nme at Ihe front seat occupant direction is
obtained from the solar radiation aml the outside air tem-

Js perature For instance, as shmvn in the characteristic dia-
gram in Fl(i 23, ivhen the solar radiation is for example 5(NI

(W m ), if 26('.)=-TR&30(''..) thc swing pause time
becomes elcvcn acconcls, if 26(' )

& TR &28(' ) the swing
pause nme becomes eight seconcls, anil if TR&26('.) the

sO swin ~ pause time al Ihe front seat occupant direction
becomes five secomls. With the characterisuc diagram in
FI(i 23, although a siving pause time at the front seat
occupant direction has been discussed here, a similar effect
can bc obtained by changing in accorclancc with thc solar
radiation a time for which the swinging louvcrs oscillate
slowly, or an angle (') over which they oscillate slowly, at
Ihe lront seat occupant direciion.

Alternatively, as shown in the characterisuc diagram in
I'l(l 24, ivhen for example the solar radiation is 5(NI

so (W'm ), if 3('(')&TR — 'I'SL'T&S(') the sivin pause time
at thc front scat occupant clircction liccomcs clcvcn seconds,
if I(' ) =-TR-TSET&3('.) thc swing pause time at thc
front seat occupant direcuon becomes eight seconcls, and if
TR—TSET&1('.) the swing pause lime at the front seat

ss occupant chrecuon becomes live seconcls Or, as shown in
the characteristic diagram in I'IG 25, for example when the
solar radiation is 5(NI (Wim ), if 2(I('')& I'AM&3(l('.)
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Ihe sw&ng pause t&me al Ihe fronl seal occupant d&recuon
liecomes eleven seconds, if 2&i('')& I'AM&2S(') the
sw&ng pause t&me at the front seat occupant direction
liecomes e&ght seconds, aml if I'AM&2&&(') the s&ving

pause time at the front scat occupant direction becomes five
scconcfs.

Therefi&re, as also in Ihe charac&anat&c rfiagrams shov:n in
FIGS. 24 anil 25, although a sw&ng pause ume at the front
seat occupant d&rection has been discussed here, a similar
effect can be obtained by changing in accordance with the
solar rad&ation a time fnr which the swinging fnuvers oscil-
late slowly, or an angle (') over which they osciilatc slowly,
at thc front scat occupant direction.

As shown in the charactenst&c diagrams FIGS. 26—2S, a

sw&ng pause lime al Ihe fronl seal occupant direction may
alternatively be obtained from the bin&ver contrnl voltage
impressed on the blnwer motor 9 of the blower 4 and the
passenger compartment temperature, a swing pause time at
thc front scat occupant direction may bc obtained fron& thc
blower flo&v anil the difference bctwcen thc passenger com-
partment temperature and Ihe set temperature, or a swing
pause time at the front seal occupant threcnon may be
obtained frnm the blower flow and outside air temperature
I or instance, as shown in the characteristic diagram in FIG
26, when the bio&ver control vnftage is for example 6 5 (V),
if 2S('.)&TR&30('.) then the swing pause time at the
front scat occupant direction becomes eleven seconds, if
26('.) &TR&2S('.) &hen the sv:rng pause t&me al lhe front
seat occupant rhrect&on becomes eight seconrfs, aml if
I'R&2&i(') then the swing pause time at the front seat
occupant d&rection becomes five seconds With this charac-
terist&c d&agram, although a swing pause time at the front
scat occupant d&rection has linen discussed here, a similar
cflcct can bc obtained by changing in accordance with thc
blower control voltage (the blower flow) a l&me for wh&ch
the swinging louvers oscillate slowly, or an angle (') over
whtch they osc&llate slowly, al the front seal occupant
direction

Alternatively, as sho&vn in the characteristic diagram in
FIG. 27, when for example thc blower control voltage is
6 5(V), if 3('.) &TR—TSET&5('.) then thc swin pause
time al the front seat occupant d&rect&on becomes eleven
secontfs, if I(' ) &TR—TSET&3(' ) then Ihe sw&ng pause.
time al the front seal occupant d&rect&on becomes e&ghl
secnnds, and if I'R—TSIrl'&I ('I ) then the swing pause time
at the front seat occupant direction becomes five seconrls

Or, as shown in thc characteristic diagram in FIG. 2S, for
example when thc blower controi voitage is 6.5(Vl, if 28(')&TAM&3(l('.)then the swing pause ume at ihe front
seat occupant direction becomes eleven seconrfs. If. 26(')&TAM&2S('.)then the swing pause ume at ihe front
seat occupant d&rection becomes eight secnnds If
'I'AM&26('.) then the s&ving 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 threct&on has been discussed, a similar
effect can be obta&nerf by changing rn secor&fence with Ihe.

blower control voltage a time for wh&ch the swing&ng
louvers oscillate slowly, or an angle (') over which they
oscillate slnwly, at the front seat nccupant direction

As dcscnbcd above, in the vehicle air-conditioning sys-
tem of this prcfcrred embodiment, for example when it is
presumed that solar ra&lisbon incident upon a driver s&de

front seat occupant or a passenger safe front seat occupant,
the predetermined pause for the dnver sirfe anti passenger
s&de center and side louvers 41, 45 at the frnnt seat occupant
direction is automatically set to become longer as the

amount of solar increases or as the blower flow increases
Also, this predetem&ined time is automatically set to
increase as the passen er compartment temperature (TR)
increases, as the diflerence between the passenger compart-
ment tcmperaturc and thc sct tcmpcrature incrcascs, or as thc
outside air tcn&peraturc (TAM) incrcascs.

As shown in FIGS. 19A—19E, pause directions, at wh&ch
Ihe dnver aml passenger side center and side louvers 41, 45
are paused at front seat occupant bio&vout directions, are
automatically set in correspondence with the solar rathation
direction When it is presumed that solar radiation is not
strikin either thc driver or passenger sirlc front scat
occupant, swinging of thc driver side and passcngcr side
center aml side louver& 41, 45 is paused at a blowout loca non
(rear seat occupant d&rections) that avoihls the front seat
occupants until a predetermined pause time elapses more
than &vhen it is presumed that solar radiation is striking either
the driver side or the passen er side front seat occupant

Thus, it is possible for blowout tlircctions of conditioned
ao air to bc automatically sct to front or rear scat occupant

directions both w&lh respect to a&r-comhtioning load factors
which change frequently, such as for example when lhe
vehicle enters and leaves tunnels and buildings, Ihe forward
direction of the vehicle relative to the solar radiation

"s direction, and variation in the solar radiation sensor signal
output from thc solar radiation sensor 93, and with rcspcct
to air-conditioning loarl factors which change grarlually,
such as Ihe passenger compartment temperature decreasin ~

dunng air-condinon&ng.
Consequently, it is possible for the feeling of comfort of

driver side or passen er side front seat occupants or pas-
senger side and driver side rear seat occupants to be
improvctl &vithout thc nccd for complicated and troublcsomc
manual operations, such as thc need to manually direct or thc

ss need io manually &n&hate a pause lime selection sw&tch when
add&l&onal cooling &s desire&I.

As Ihe a&r-comhtioning load delecung dev&ce lor detecung
the air-conditioning load inside the passenger compartment,
besides the above, the set temperature, the outlet mode, the

&o difference between the set tcmpcrature anil thc passenger
compartment ten&peraturc, thc passenger compartment
temperature, ihe outside air temperature, the post-evaporator
temperature, lhe cooling water temperature, lhe vehmle
speed, the blower flow or Ihe number of passengers are also

as conceivable as air-honditionin load indicators, and sensors
for detecting these values and temperature setting dev&ces
for setting tcmpcraturcs can also bc used as air-conditioning
load tlctccting devices.

Effects s&m&lar to Ihose devcribed above can also be
so achieve&I by Ihe pause lime al the front seat occupant

direction be&ng set longer lhe larger the air-conhlilioning load
is &vhen 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 detcctcd by any
air-conditioning load detecting device is below a prctlcter-
m&ned value, by Ihe pause lime in a d&rection avoid&ng the
front seal occupant being sel shorter than when lhe a&r-

condiuomn ~ load is above the predetermine&I value the
smaller the air-conditioning load is, the overcoohng of

ec occupants can be prevented.
Other methods of automatic swing control of thc clover

side anil passcngcr siCh center louvcrs (anil tlnvcr sitlc anil
passenger s&de side louvers) 41, (45) will now be expla&ned
on Ihe basis of. Ihe timing d&agrams in FIGS 29 aml 3U and

es Ihe charac&enatic diagrams &n FIGS. 31—44
As .shown in I IG 29, even if the driver .s&de air-

conditioning load is greater than the passenger s&de air-



comhtiomng load, control may be so corned oul thai Ihe.

timing with ivhich the driver side center Iouvers 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 thc same as thc timing with which thc
passcngcr side center louvers 41, (45) reach the passcngcr
stile front seal occupant face direcnon from Lhe dnver side
rear seal occupant lace direction via the fronlal direcuon.
When this is done, notwithstanding that the driver side
air-conditioning load and the passenger side air-conditinning
load are difi'erent, because the mnvements of the driver side
and passcngcr side center louvcrs 41, (45) arc synchronous,
overall system operation is improved.

FIG. 30 is a liming diagram showing a control method of
when Ihe timing with which the driver sale and passenger
side center lnuvers 41, (45) respectively saving to the side of
the other air-conditinning znne most adjacent to them is
made the same, and again shoivs the control method as of
when for cxamplc the driver side air-conditioning load&thc
passcngcr sirlc air-conditioning load.

As shown in FIG. 30, control may be carried oul so that
even if Ihe dnver side air-comlitiomng load is greater than
the passenger side air-conditioning lnad, the timing ivith
which the rlriver side center louvers 41, (45) reach the driver
side frnnt seat occupant face direction from the passenger
side rear scat occupant face direction via the frontal direc-
tion is thc same as thc timing with which thc passcngcr side
center louvers 41, (45) reach the side of. the;xi)scent 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 dnver side and passenger side center louvers
41, (45) arc synchronous, system operation is improved. For
cxamphh at times of uncvcn solar radiation, after correction
increasing the swing pause time at the occupant side swing
end on the sirie of. the swing range of the dnver stile center
louvers 41, (45) where there was solar radiation has been
carried out, when a condition in which frontal sniar radiation
or nn solar radiation is resumed, the swing movements on
thc driver side anil passcngcr side (left and ri ht seats) do not
bccomc asynchronous, thereby iniproving overall systcni
performance.

In a vehicle with left-nght imlepemlent temperature
control, at a time of leibrighl independent temperature.
control of a dnver side air-conditioning zone and a passen-
ger side air-conditioning zone, if the passenger side center
louvcrs 41, (45) swing most to the driver side front seat
occupant sirlc when thc driver side center louvcrs 41, (45)
are pointing most in the direchon of the dnver inde front seat
occupant, the left side of the dnver rude front seal occupant
is very easily exposed lo the inliuence of the sel temperature
of the passenger side air-conditioning zone I loivever, when
the timing ivith which the driver side center louvers 41, (45)
reach thc driver side front scat occupant face direction and
thc timin with which thc passcngcr side center louvcrs 41,
(45) reach the adl scent driver side air-conditioning zone side.
are synchronizeri, as descnbed above, by Ihe conriilioned 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 I'ACL'utlet 21, left-right temperature control
inrlcpcnrlcncc can bc maintained.

FIG. 31A is a characteristic dia ram showing a relation-
ship between Ihe (hlTerence between the passenger compari-
ment temperature aml the sel temperature and the dnver side
occupant face pause time, aml FIG. 31B is a characlerisuc
diagram showing a relatinnship between the difference
between the passenger compartment temperature and the set
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temperature and Ihe passenger side occupant face pause
time. An example wherein the difference between the pas-
sen cr compartment tcmpcraturc in thc initial stage of
air-conditioning and thc set teniperaturc is bcioiv 25's
shown.

When the solar radiation left-right ratio (II) is 0.6 and it
is inferred thai solar radiation is strthing Lhe driver side,
when Ihe difference between Lhe ininal passenger compart-
ment tcmpcraturc and thc sct tempcraturc (TR—TSETDR) is

io
20', the driver side occupant face pause time may bc sct
longer than the passenger side occupant face pause time
Although in I'I(IS. 31A and 3133 driver s(de and passenger
side occupant face pause limes are explaineil, similar effecls
can be obtained by a ume for which the swingin ~ louvers
oscillate sloiviy, or an angle (') ovn which they oscillate
sioivly, by thc driver side and passenger side occupant face
directions heing changed in accordance with the difference
betiveen the passenger compartment temperature and the set
Lemperalure.

FIG. 32A shows a relanonship between the d)ITerence
zo between the passenger compartment tcmperaturc and thc sct

tempcraturc and thc rlrivcr side occupant face pause time,
and 11G 32I3 shows a relationship between the rhfi'erence
between the passenger compartment temperature and the set
temperature and Ihe passenger side occupant face pause
time. An example wherein the difference between the pas-
sen cr compartment tcmpcraturc in thc initial stage of
air-conditioning and thc set teniperaturc is bcioiv 15's
shown.

When the solar radiation left-right ratio (II) is 0.6 and it
is inferred thai solar radiation is strthing Lhe driver side,

()
when Ihe difference between Lhe ininal passenger compart-
ment tcmpcraturc and thc sct tempcraturc (TR—TSETDR) is
20', the driver side occupant face pause time may bc sct
longer than the passenger side occupant face pause time
Although in I'I(IS. 32A and 3233 driver s(de and passenger
side occupant face pause limes are explaineil, similar effecls
can be obtained by a ume for which the swingin ~ louvers
oscillate sloiviy, or an angle (') ovn which they oscillate
sioivly, by thc driver and passcngcr side occupant face
directions heing changed in accordance with the difference

ao bctwcen thc passcngcr compartment temperature and thc sct
tempcraturc.

In a control example of Ihe I inil shown in FIG 33, dunn ~

cooling, when Ihe vo)lar radiation left-nght rauo (H) is 0.65
(dnver side solar raduiuon) anil the (hlTerence between the

as initial passenger compartment temperature and the set tem-
perature ('I'R —TSL'I l)R) is IS', in the case of a fixed value
of a driver side (front scat) occupant face pause time in thc
swin of thc driver sirlc center louvcrs 41, (45) or a time over
which Ihe louvers oscillate slowly at the driver side (front

so seaL) occupant face or an angle (') over which they oscillate
slowly al Lhe driver side (Iron( seat) occupant face, or in a
case ivherein a fixed value of a random time is corrected (a
correction coefticient to be multiplied by a fixed value), it
may be niarlc ion cr or larger for thc passcngcr side (front
scat) occx(pant t'ace direction. For example it may bc fixed at
seven secomls or (x1.0).

In a control example of Ihe kinri shown in FIG. 34, in the
case of a lixed vahie of a passenger side (front seal) occupant
face pause time in the saving of the passenger side center

so louvers 41, (45) or a time over which the louvers oscillate
sioivly at the passenger side (front scat) occupant face or an
an Ic (') over which they oscillate slowly at the passen cr
side (front seat) occupant face, or in a case wherein a lixed
value of. a ramlom nme is correcied (a correction coeihcienL

ss Lo be multiplied by a Iixeil value), it may be made longer or
larger corresponding to the amount of increase in the cooling
load



In a control example of the I iml shown in FIG. 35, dunng
cooling, vvhen the solar radiation left-right ratio (II) is 0.(i
(driver side solar radiation) and the difference bet&veen the
initial passenger compartment temperature and the set tem-
pcraturc (TR-TSETDR) is 13', in thr case of a fixed value
of a driver side (front scat) occupant face pause time in thr
swing of: Ihe dnver side center louvers 41, (45) or a ume over
whtch the louvers oscillate slowly at the driver side (front
seat) occupant face nr an angle (') over which they oscillate
slowly at the driver side (front seat) occupant face, or in a
case wherein a lixed value of a random time is corrected (a
correction cocfticicnt to bc multiplied l&y a fixe value), it
may bc made longer or larger than for thr passenger side
(front seal) occupant face direction corresponding lo Ihe.

amount of increase in the cooling load.
In a control example of the kind shoivn in IIG 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 ccntcr louvcrs 41, (45) or a time over vvhich the louvers
oscillate slowly at thc passcngcr side (front scat) occupant
face or an angle (') over which they oscillate slowly al Ihe
passenger side (front seal) occupant lace, or in a case
wherein a lixed value of a random time is corrected (a
correction coeflicient to be multiplied by a fixed value), it
may be made longer or larger correspnnding tn an increase
in thc cooling load.

In a control cxamplc of thc kind shown in FIG. 37, during
healing (with Ihe ouflet temperature lo occupant upper
bodies being below 35'.), when Ihe solar radianon left-
right ratio (H) is 0.6S (driver side solar radiation) and the
ditference l&etween the initial passenger cnmpartment tem-
perature ancl the set temperature (TR— I'SE I'DR) is — IS', in
thc case of a fixe value of a driver side (front seat) occupant
face pause time in thr swing of thc driver side center louvers
41, (45) or a time over which Ihe louvers oscillate slowly at
the driver sicfe (front seat) occupant face or an angle (') over
whtch they oscillate slowly at the driver stele (front seat)
occupant face, or in a case ivherein a fixed value of a random
time is corrected (a correction coeflicient to be multiplied by
a hxcd value), it may bc made shorter or an&aller than for the
passcngcr side (front scat) occupant face direction corre-
spomfing to the amount of increase in the heanng load.

In a control example of. the I incf shown in FIG. 3g, al this
time, in the case of a lixed value of. a passenger inde (front
seat) occupant face pause time in the swing of the passenger
side center Inuvers 41, (45) or a time over ivhich the louvers
oscillate slowly at thc passcngcr side (front scat) occupant
face or an angle (') over which they osciliatc slowly at thr
passenger side (front seal) occupant lace, or in a case
wherein a lixed value of a ramlom time is corrected, it may
be Iixecf at zero seconds or (xfl).

In a control example of the kind shoivn in FIG 39, during
heating (vvith the outlet temperature to nccupant upper
boclics being below 35'.), when thr solar radiation left-
right ratio (H) is 0.6 (driver side solar radiation) and the
difference between the initial passenger compartment tem-
perature ancf the set temperature (TR—TSETDR) is — 13', in
the case of a lixed value of a dover side (front seat) occupant
face pause time in the saving of the driver side center louvers
41, (45) or a time over which the louvers oscillate slnivly at
thc driver side (front scat) occupant face or an angle (') over
which they oscillate slowly at thc driver side (front scat)
occupant face, or in a case wherein a lixed value of a rancfom
time is corrected (a correction coeflicient to be multiplied by
a lixed value), il may be macle shorter or smaller than for Ihe
passenger side (front seat) nccupant face direction corre-
sponding to the amount of increase in the heating load.

In a control example of Ihe 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 ivhich the louvers
oscillate slowly at the passen cr side (front scat) occupant
face or an an lc (') over ivhich they oscillate sloivly at thc
passenger side (front seat) occupant face, or in a case
wherein a fixed value ol: a random ume is corrected, it may
be made shorter or smaller corresponding to the increase in

io the heating load.
In a control example of the kind shown in I'IG 41, during

hcatin (with thc outlet tcmpcrature to occupant upper
bodies heing above 35'.), when thc solar radiation lcft-
nghl ratio (H) is 0.65 (dnver side solar radianon) ancf the
diflerence between Ihe initial passenger compartment tem-
perature and the set temperature (TR —TSI'TDR) is — 15', in
the case of a fixed value of a driver side (front seat) occupant
face pause time in the siving of the driver side center louvers
41, (45) or a tints over ivhich thc louvcrs osciflatc slowly at

zo thc driver side (front scat) occupant face or an angle (') over
which they oscillate slowly al the driver side (front seat)
occupant face, or in a case wherein a lixed 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-

zs responding to the amount of increase in the heatin load
In a control example of the kind shown in FIG 42, at this

time, in thc case of a fixed value of a passenger side (front
seal) occupant face pause ume in the swing of. Ihe passenger
side center louvers 41, (45) or a ume 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, nr in a case
vvhcrcin a fixed value of a random time is corrected (a
correction coeflicicnt to bc multiplied by a fixccl value), it

is may be made shorter or smaller corresponding to the amount
ol: increase in the heaung load.

In a control example of Ihe kind shown in FIG. 43, dunng
heating (ivith the outlet temperature to occupant upper
bodies heing above 35''), when the solar radiation left-

so right ratio (H) is 0.65 (clrivcr side solar radiation) and thc
difiercncc bctwcen the initial passenger compartment tem-
perature and Ihe set temperature (TR—TSETDR) is — 13', in
Ihe case of. a lixed value of a driver side (front seat) occupant
face pause time in Ihe swing of Ihe driver side center louvers

as 41, (45) or a time over which the louvers oscillate slowly at
the driver side (front seat) occupant face or an angle (') over
vvhich they oscillate slowly at thc driver side (front seat)
occupant face, or in a case wherein a fixccl value of a random
lime is corrected (a correction coefficient to be muluphed by

so a lixed value), it may be made shorter or smaller than for the
passenger side (Ironl seaL) occupant face direction corre-
sponding to the amount of increase in the heating load

In a control example of the kind shoivn in I IG 44, at this
time, in thc case of a fixed value of a passenger side (front
scat) occupant face pause time in the swing of the passenger
side center louvers 41, (45) or a ume 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, nr in a case

so ivherein a lixed value of a random time is corrected (a
correction coeflicicnt to bc multiplied by a fixccl value), it
may bc niaclc shorter or smaller corrcsponcling to thc
increase m Ihe heatmg load.
Second Preferred Embodiment

ss FIG. 45 is a view showing an air-condilionin operaung
panel of a second preferred embodiment nf the present
invention In this preferred embodiment, a louver control
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(SWING SW) panel 100 for conlrolhng the blowout slate of
conditioned air blown from the FA('Li outlets 21, 22, 31, 32
(the swing states of the center and side louvers 41, 45) in the
driver side air-cnnditioning zone, and the passenger side
air-conditionin zone is provided integraily with the air-
conditiomng operating panei 51. This louver control panel
IUU is made up of a MATCH switch 101, a Dr switch IUZ,
a Pa switch 103 and a sv:ing mode switching sv:rich IU4.
'I'he swing mocle switching switch 104, like the swing mode
switching switches 69, 73 of the first preferred embodiment,
is a rotary switch having the sivitching positinns of 'S'I'OP*

(stop swing), 'AUTO'auto swing), 'Rr*, 'U-D SWING'up-clown

direction swing), and 'R-L SWING'left-right
directton swing)

The MATCH swnch IUI, the Dr switch IU2 and Ihe Pa
switch 103 are push switches having a nomial position
(Oil') and a pushed-in position (ON). When the MATCH
switch 101 is turned ON, it generates an nutput causing at
least onc or thc other of thc driver side and passcngcr side
ccntcr ancl siclc louvers 41, 45 to osciliatc. When thc Dr
switch IU2 is turned ON, it generates an output causing at
least one or the other of the dnver side center ancf side
louvers 41, 45 tn oscillate. When the Pa switch 103 is turned
ON, it generates an output causing at least nne or the other
of the passenger side center and side Inuvera 41, 45 to saving
Third Prcfi:rrcd Embodiment

FIGS. 46 and 47 show a third prcfcrred cnif&odinient of
the invention. A louver left-right cfirection oscdlahng
mechanism 140 of this preferrecf embodiment is chsposecf in
each of concentratinn,'dispersion saving grifla 120, 130 form-
ing center and side I'A(IL'utlets 121, 131 This louver
left-nght direction oscillating mechanism 140 is made up of
a plurality of (in this exampic, first through third) louvers
141 rotatably mounted in thc left-ri ht direction in thc
concenlrauon/cfispersion swing gnlls 12U, 130, a plurahty of.

(in this example, first through third) hnk plates 143 for
making these first through thircf 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 thcsc first through third link plates 143 about pivotal
support points 144 thcrcof, and a louver motor 146 to serve
as louver dnving means (an actuator) for making ihis flai
plate 145 move hack ancf forth in the front-rear direction of
the vehicle

In each nf the first through third link plates 143 is formed
an oval mating hole 140 which mates with a cylindrical pin
147 provided on thc top cnd face of each of thc first through
third louvcrs 141. Thc flat plate 145 is provided with first
through third mating holes 151—153 for mating with cylin-
drical pins 149 provufecf on the upper faces of the linl plates
143, and a reel 154 iormecf on Ihe louver motor 146 encl 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 grili 120. Thc flat plate 145
is guicfed by a guicfe 155 and a rail 156 provicfed on an outer
face of the respective concentration/chspersion swing gnll
IZU or 130 ancf is sftcfabfe in the front-rear direction of. Ihe.

vehicle on that outer face. I'he lnuver motor 146 is mounted
on a mounting bracket 157 attached tn another nuter face of
thc concentration dispersion swing grill 120, 130. A pinion
159 mating with thc rack 154 is fitted to thc output shaft of
the louver motor 146.

In Ibis preferrecf embochment, when the louver motors
146 are operated in a forwarcf rotanon direcnon, lhe flat
plates 145 are brought tn their most rearward positions
(nearest to the occupant) on the outer faces nf the

concentration/dwpersion swing grills IZO and 130, as shown
in I'IG 47A Then, the first through third louvers 141 point
in the direction of the occupant, and a spot blowout mode
ivherein conditioned air blown from the mncentration'ispersion

savin gills 120, 130 is lilown locally onto thc
head and chest of thc occupant in thc air-conclitioning zone
is thereby set.

When the louver motors 146 are operated in the opposite
direction, the flat plates 145 are brought to their mnst

io forward positions (farthest from the occupant) on the outer
faces of the concentrationidispersion swing gnlls 120, 130,
as shown in FIG. 473 k As a result, thc first louvcrs 141 point
in directions avoiding thc occupant, the scconcl louvcrs 141
point in a central chrecnon, aml the third louvers 141 point
m Ihe direcnon ol: the occupant, and a wide outlet mode
ivherein conditioned air blown from the mncentration'ispersion

swin grills 120, 130 are blown dispersedly into
the air-conditioning zone is thus set. I3y forward and reverse
rotation of the louver motors 146 being repeated, thc first

oo throu h third louvcrs 141 are made to oscillate (swing)
aboui Iheir pivotal support points

In ibis preferred embodiment, as ihe passenger compart-
ment temperature (TR) increases, the first through third
louvers 141 are paused for a longer period of time, or move

zs slowly, ivith the conditioned air blown from the
concentration dispersion swing grills 120, 130 thcrcby being
concentrated on thc head ancl chest of thc occupant in the
air-conclitiomng zone. When solar radiation is incident from
Ihe mght of. Ihe occupant, Ihat is, when sailor radiation is

.io incident upon the right side of the occupant, the hrst through
third louvers 141 of the ri ht side concentration/dispersion
swing grill 130 stop or move slowly to bloiv cnnditioned air
in a morc conccntratccl state to the head ancl chest of thc
occupant, more than the first throu h thircl louvers 141 of thc

is left mde concentration/dispersion swing gnll 120
Conversely, when solar radiahon is incident from ihe left

ol: the occupant, that is, when solar radiation is striking ihe
left side of the occupant, the first through third louvers 141
of the left side concentration idispersion savin grill 120 stop

so or move slowly to blow conditioned air morc in a conccn-
tratcd state to thc head and chest of thc occupant, more than
Ihe Iirsl throu h third louvers 141 of ihe mght side
concentration/dwpersion swing gnll 130
Fourth Preferred Embodiment

as 11G. 40Ais a vieiv of a vehicle instrument panel and I IG
4013 a view of a face duct of an air-conditionin unit of a
fourth prcfcrrcd cmliocliment of thc invention. In this pre-
ferred embodiment, thc partition plate 14 in the air-
conclitiomng duct Z of. Ihe lirsi preferred embodiment is

so dispensed with. As the Ironl seal FACE outlets, a wide tlow
FACE outlet 161 opening ai Ihe downstream encl of a lace
duct 160 connected to the downstream end of the air-
conditioning duct 2 is provided. 'I'he wide tlow I A('L'utlet
161 is made up of driver siclc and passcngcr side center
FACE outlets 162, 163 opening in thc micldlc of the instru-
ment panel 40, driver side and passenger side side FACE
outlets 164, 165 opening al ihe encfs of the instrument panel
40, i.e. near ihe side windows of the vehicle, anil dnver side
and passenger side middle I A('L outlets 166, 167 opening
betiveen these other I A('L'utlets A plurality nf louvers for
chan in thc blowout clircction of a rcspectivc conditionccl
air ivhcn manually opcratecl by an occupant arc provided in
each of. the FACE outlets 162—167.

A FACE door 171 for opening anil closing the FACE
as outlets 16Z throu h 167, a driver side middle FACE door

172 for opening and closing the driver side side and middle
FACL'utlets 164, 166, and a passenger side middle I'ACE



31
door 173 for opening and closing the passenger sirfe side and
middle I'A('Li outlets 165, 167 are each pivotally mounted in
the face duct 160. The driver side and passenger side middle
I(ACL'oors 172, 173 correspnnd to the blowout state
changing rlcvicc of thc present invention. Accordin tn thc
rcspcctivc apcrturcs, thc doors change l&inwout states of
condittonetl air blown into respective air-i:omhtiomng zones
from Dr, the driver side aml passenger side rude FACE
outlets 164, 165, I&r and the driver side and passenger side
middle I'ACL'utlets 166, 167 (fnr example bet&veen a &vide

outlet mode and a spot outlet mode)
In this prcfi:rrcd embodiment, the FACE dnor 171 is

moved to its open side by an actuatnr such as a servo niotor
anil the driver side and passenger sirfe middle FACE doors
172, 173 are moved to their closed sirfes by acuiators such
as ~ervo motors. As a result, the driver side and passenger
side center I'A('Li outlets 162, 163 and the driver side and
passenger side side FA('Li outlets 164, 165 are opened and
thc driver side an(I passen er side middle FACE outlets 166,
167 arc closed and thc open area of the wide flow FACE
outlet 161 is reduced. As a result, the blowout range of.

condittonetl air blov:n from the wide flow FACE outlet 161
is reduced, and conditioned air is blown locally tnivard the
heads and chests of air-conditioning zone occupants

Alternatively, the I'A(IL'oor 171 is mnved to its open
side an(I thc driver side and passenger side middle FACE
doors 172, 173 arc moved to intcrmcdiatc positions. As a
result, the &lover side and passenger side center FACE
outlets 162, 163, the rfriver side and passenger side side.
I(ACL'utlets 164, 165 and the driver side and passenger
side middle I'A('.Li nutlets 166, 167 are opened, and the open
area of the wide flow f'A('E nutlet 161 is increased
Thcrcforc, thc blowout ran c of cnnditioncd air blown from
thc wide flow FACE outlet 161 is increased, and cnnditioncd
air ts blown dispersedly into the air-i:onditioning zones.

A FACE rfoor may also be provufed in the face rfuct 160
and sttll liner variable control of flow distribuuon carnerf
out, or one nr two partition plates may be provided in the
air-conditioning duct 2 and the face duct 160, and a bio&ver
provided in each air passage and thc flow distribution to
occupants of rlnvcr side and passen er side air-conditinning
zones vened by the delivery flows of the blowers being
changed.
Fifth Preferred Embodiment

I'IG. 49 is a sectional view of a drum ventilator fnr a
vehicle of a fifth preferred embndiment of the inventinn In
this rlrum ventilator, a cylindrical case 202 connecting with
a face rluct of air-conditioning duct is mounted in a vehicle
instrument pane12UI, forming a FACE outlet ZU3 insirfe. A
cyltmlncal flow-directing drum 2U4 ts rota(ably mounted in
a downstream anil of the case 2U2.

In this flovv-directing drum 204, vertical louvers 205 are
pivotally suppnrted in the left-right direction and cross
louver& 206 arc provided to form a griil in conti&ination with
thcsc vertical louvcrs 205. A damper 207 for adjusting the
flow of conditioned air blown from the FACE outlet 2U3 is
rota(ably mounted in the upstream end of the case 202. The.

vertical louvers 2US anrf the cross louvers 2U6, in ihe same.
way as in the first preferred embodiment, are oscillated by
actuators such as louver motors by way of a link mechanism
(not shown). Herc, thc flow-directing druni 204 of this
prcfcrrcd embodiment is made up of a cylindrical first drum
211 rotatably mounted in the front end of the case 202, anrf
a cylindrical seconil drum 212 built into the first drum 211.

In this preferred embodiment, to change the blowout
direction nf the conditioned air, it is only necessary to
change the orientation of the front opening of the second
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drum Z12. For example, il: as shown in FIG. 49 the center
axes of the case 202, the first drum 211 and the second drum
212 are substantiafly aligned, the blowout direction of the
conditioned air is diagonally upward, and the conditioned air
is blown locally to&vard thc head of an air-conrlitioning zone
occupant. If on thc other hand the first drum 211 and thc
second drum 21Z are turned counterclockwise with respect
to the center axis of the case Z02, the blowout direcuon of
the conditioned air is downward, and the conditioned air is

io blown locally at the chest vicinity of the air-conditioning
zone occupant.
Sixth Preferrcrl Emborlimcnt

FIGS. SUA and SUS show an air outlet louver of a sixth
preferred embodiment of. the present invenuon The air
outlet louver 220 of this preferred embodiment is made for
example of plastic and has the shape of a ion, narrow
cylinder A cross-sectionally 0-shaped mating hole 221 is
provided in one end face, and a htting hole 222 is provided
in thc other encl face. In a position ofl thc rotational axis 0

zo of thc air outlet louver 220, an air passage 223 is provide(1
extending in the axial direction of the air outlet louver 220,
and in a position on the opposite side of. the rotational axis
0 from the air passa e 223, a blocked part 224 also extends
in the axial direction 'I'he blocked part 224 has a convex

zs arcuate face 225 passing through the rotational axis 0, and
is formed solid between this convex arcuate face 225 anil a

part of thc outsirlc face of thc air outlet louver 220, and a
hollow 2Z6 is formed extending m the axial direction in the
miikfle of: this blocked part ZZ4. The air outlet louver 220 has

.io a concave arcuate face 227 having the same center of
curvature as the convex arcuate face 225; a fin 220 is formed
by this concave arcuate face 227 and a part of the outside
face of thc air outlet louver 220, anil an arcuate air passage
223 of a fixed width is formcrl bctwccn thc convex arcuate

is face 2ZS anil the concave arcuate face Z27. Also, an arcuate
flow-strai htening Iin ZZ9 is provitled in the middle of this
air passage ZZ3 in a widthwise direction.

This air outlet louver 220 is received in a iong, narrow
rectangular air outlet (not shown) opemng at the down-

so stream cnd of an air blowout duct. A cross-sectionally
D-shaped niating stump 232 formed on a rotating shaft 231
of. a motor Z30 mates with the mating hole 221 of the air
outlet louver 220. Abeanng pm Z33 protecting from a side
wall of. Ihe air blowout duct is rota(ably lilted in the litung

as hole 222. Thus the air outlet louver 220 is supported at tive
points by the rotating shaft 231 of the motor 230 and the
hearing pin 233 an(I can oscillate up and clown about its
rotational axis 0 and thereby chan c the blowout rlircction
ol: comhuoned air blown out from the air outlet.

so Seventh Preferred Embodiment
FIGS. 51—54C show a seventh preferred embodiment of

the present invention. 1&l(i. 51 is a front view of an instru-
ment panel, and l&IG. 52 is an exploded perspective view
showing a blovvout duct, a supporting frame anil a rotary
valve.

In this preferred embodiment, an air-coniliuoning unit
30Z for air-conihtionmg the vehicle passenger compartment
is installed behinil a vehicle instrument panel 3UI. One
bio&vout duct 304 formin a cross-sectionafly mverted

so square "c** shape straight air outlet 303 in the &vidth direction
of thc car, is mounted in thc front face of thc instrument
pancl 301. Air ducts 305 for guidin conditioncrl air from thc
air-conditiomng unit 30Z to the air outlet 303 are connected
to the rear side of. the blowout duct 3U4.

es A louver support frame 3U6 is attached to the front of the
blowout duct 304, and vertical louvers 307 and cross louvers
309 for changing the bio&vout direction of conditioned air
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blown into an air-conihuoning zone of the passenger com-
partment frnm the air outlet 303 are provided in the fern& 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 thc flow of thc conditioned air is mounted on thc
upstream side of thc frame 306.

The rotary valve 31U has support shalls 311 rolalably
supported in slits 312 iormed in the blowout riucl 3U4. The
rotary valve 310 roughly has the shape of a half-cylinder
havmg end walls 313; a rear (upstream) edge 314 of the
rotary valve 310 is substantially straight, and a front
(downstream) crl c 315 of the rotary valve 310 is made up
of a central horizontal strai ht portion 316 and roughly
arcuate curved portions 317 formed on the leil anil nght
stiles of this homzonlal straight portion 316. That ig Ihe.

cross-sectional shape nf 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 thc curved portions 317 to the left and right
en(la of thc rotary valve 310.

Adlusling dials 319 for adjusting Ihe blowout slate oi. Ihe
condittoneil air by rotaung the rotary valve 31U are fixed io
the outer ends of the support shafts 311 of the rntary valve
310 'I'he support shafts 311 of the rntary valve 310, similarly
to the hrst preferred embodiment, are given a turning motion
by an actuator such as a valve niotor l&y way of a link
mechanism (not shown).

Next, operation of Ihe seventh preferred emboriiment wdl
be bmelly ilescnbed on Ihe basta of FIGS. 51—FIG. 54. When
the rotary valve 310 is rotated by the actuator tn the angular
position nf the spot binwout mode, in the middle of the air
outlet 303, as shown in ItlG 53A, the air outlet 303 is
complctcly closed by thc rotary valve 310, whiic at thc left
anti ri ht ends of thc air outict 303, as shoivn in FIGS. 53B
and 53C, Ihe air outlet 3U3 is progressively opened.
Consequently, comhtioneil air from the air-i:ondinonin ~ unit
302 is not blown from the middle part of Ihe air outlet 3U3
at all, but rather is bloivn in increasing amnunts ivith
progress tnward the left and right ends nf the air outlet 303
As a result, in front of the left and right ends of thc air outlet
303, a spot blowout mode is assumed ivhercin a conccn-
traleri amount of. comhtioneil air is blown oul toward air-
comhtiomng zone occupants.

When on Ihe other hand Ihe rotary valve 310 is dnven by
the actuator to the angular position of the wide bloivout
mode, as sho&vn in I'IGS 54A—54C, the middle part and the
left and nght cnd parts of the air outict 303 arc all substan-
tially opcncrl. Thcrcforc, a wide blowout mode is assumed
wherein the comhuoned air from Ihe air-conditioning unit
302 is blown into the air-i:omhtioning zone uniformly from
along the length of. the mr outlet 3U3.
Lighth Preferred Embodiment

I'l(iS. 55A—59B show an eighth preferred embodiment of
thc prcscnt invention. FIGS. 55 A—55 E arc perspective views
of altcrnativc vcr&iona of thc rotary valve 310 of thc seventh
preferred emboiliment.

The rear edges 314 of the rotary valves 310 shown in
FIGS. 55A—55E are all formed on a straight line, idee Ihe.

rear edge 314 of the seventh preferred embodiment, but the
shapes of their front edges 321 —325 are ail different That is,
thc front edge 321 of thc rotary vaivc 310 of FIG. 55A is onc
obtained by forming a U-shaped concavity 326 in thc niiddlc
of Ihe honzontal straight portion 316 of the front edge 315
of the seventh preferred embodiment, so that in the spot
blowout mode Ihe conditioned air is blown in concentration
not nnly from the curved pnrtion 317 parts but aLso from the
concavity 326

The front edge 3ZZ of the rotary valve 310 of FIG. 55B
is one obtained by dispensin 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
bio&vn in concentration only from this right curve(1 portion
317. The front edge 323 of thc rotary valve 310 of FIG. 55C
is formed in an inverted V-shape extending over the length
of Ihe rotary valve 310, so that Ihe blowout liow of the
conditioned air gradually increases with pro ress from the
center of the rotary valve 310 toward its left and right ends

The front edge 324 of the rotary valve 310 of I'IG 55D
is V-shaped, in a manner rcvcrse from that of thc rotary valve
310 of FIG. 55C, so that thc blowout flow of thc conditioned
air mcreases with progress from the left and right enrls of the
rotary valve 310 toward the center. Also, the front erlge 325
of the rotary valve 310 of I'IG. 55L radually decreases in

height in a straight line from its left end to its right end, so
that the bio&vout Ilo&v of the conditioned air pro ressively
incrcascs from the left encl of thc rotary valve 310 to thc n ht

zo encl.
Nexl, a paliern of change oi. blowout positions of comh-

tioned air al pause umeg in a case where left anil mght
blowout ducts 304 are provided in the front of the instrument
panel 301 so that a driver side air-conditionin zone and a

zs passenger side air-conditioning zone can be air-conrlitioned
independently, &vill bc dcscribcrl on thc basis of FIGS
56—59.

yghen as shown m FIG. 56A the solar radiation direcuon
is across from the left with respect lo the forwaril motion of

.io the vehicle, driver side and passen er side rotary valves 310
are rotated to predetermined positions and blownut positions
of conditioned air blown from driver side and passen er side
bio&vout ducts 304 are thereby sct to positions such that thc
conditioned air is incident upon thc left sides of thc occu-

&S pants exposed to the solar radiauon.
When as shown in FIG. 56B the solar radiauon direcuon

is diagonally from the front anil 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

so and thc blowout positions of thc conditioned air blown from
the driver side and passcngcr sirlc blowout ducts 304 arc
thereby sel to positions such thai Ihe comhtionerl air is
mcident upon the left sides and the left sides of the heads and
chests of Ihe occupants, which are exposed to the solar

JS rarliatioil
When as sho&vn in I'l(i 56C the solar radiation direction

is directly from the front or directly from thc rear with
respect to thc forwarrl motion of thc vehicle, thc driver sirlc
and passen er side rotary valves 31U are rotated to prede-

so termmeil positions, and the blowout posiuons of the comh-
tioned air blown from the dover 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 thc occupants, ivhich are exposcrl to the solar
radiation. In the cases shown in FIGS 56D anti 56E, the
settings are Ihose of FIGS. 56B anil 56A reversed ior the
opposite side.

Next, when as shown in FIG. 57A the passenger com-
partment temperature ('I R) is 31'', if the set temperature
is for example 2&'', because the passenger compartment
tcmpcraturc is very high, thc driver sirlc anil passcngcr sirlc
rotary valves 310 arc rotated to prerlctcrmincrl positions, anil
Ihe blowout positions of. Ihe conditioned air blown irom the
driver side and passenger side blowout ducts 304 are thereby

ss sel to positions such thai the condiuoned 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) desceiuls to 30'., 29'., 27'. and 26'., as shov:n
in 11GS 570—57R, the blowout positions of the cnnditioned
air blown from the driver side and passenger side bloivout
ducts 304 are set to positions such that the conditioned air is
incident upon thc left and right side occupants morc toward
their left and right sides respectively. When thc passcngcr
compartment temperature (TR) descends to &5'., because
occupants will become uncomfortable if. conditioned air is
concentrated on them, the blowout positinns of the cnndi-
tioned air blown from the driver and passenger side blowout
ducts 304 are set to pnsitions such that the conditioned air
misses thc occupants.

FIGS. 58A and 58B show thc biowout positions of the
comhtioned air blown from Ihe dnver side and passenger
stele blowout ducts 304 being changed so that the condi-
tioned air is shifted from the vicinities nf the faces of the
occupants to positions that miss the occupants (shoivn as the
A direction in 11(iS 58A aod 58B as the cooling load falls,
when thc pause time occurs duc to thc sivinging of thc rotary
valves 310 In this case, as a cooling load indicator, thc
passenger compartment temperature (TR) may be usecf
alone, or the cfigerence between the passenger compartment
temperature (TR) and the set temperature (I'SL'I') may be
used, and solar radiation strength correction may be applied
to the indicator.

FIGS. 59A and 59B show thc biowout positions of the
conditionccl air blown from thc driver side and passenger
stele blowout ducts 304 being changed so that the condi-
tioned air is shiflecf from the vicinities of. the faces of Ihe.

occupants to positions that miss the nccupants when the
pause time comes during the swinging nf the rntary valves
310. In this case, the snfar radiation direction alone is used
as thc cooling load indicator.
Ninth Prcfcrrcd Embodiment

FIG. 60 aiul FIGS. 6IA aiul 6IB show a ninth preferrecf
embodiment of. the invention. In this preferred embodiment,
potenttometers 97, 98 for detecting Ihe present posiuons of.

the center and side louvers 41, 45 nf each of the blowout
state changing devices are connected to the air-conditinning
ECU 50 A plurality of potentiomctcrs 97 (in this example,
four) arc provided in thc vicinities of thc louver left-right
directton oscillating mechanisms, as shov:n in FIG. 61A,
anil are blowout chreclion or blowout position detecung
devices each made up of a moving contact 97a moving
horizontally together with the link lever 42, and a resistor
element 97(& nr the like for changing a partial vnftage ratio
along with thc movement of thc contact 97a.

A plurality of potcntiomcters 98 (in this example, four)
are provided in the vicinities of. the louver up-dov:n direction
oscillaung mechanmms, as shown in FIG. 61B, and are
blowout direction or blowout position detecting devices
each made up nf a moving contact 98n moving up and down
together ivith the link lever 46 and a resistor element 98/& or
thc like for chan in a partial voltage ratio aiong with the
movcmcnt of this movin contact 98a. In this preferred
emboihment, instead of stepping motors, louver motors (Ior
example d c. servo motors) 77, 78 are used as the actualors
for oscillating the blowout state changing devices.
I'enth Preferred Embodiment Construction

I'IGS 62—70 show a tenth preferred embndiment of the
mvcntion. To thc air-conditioning ECU 50 of this
cmbochmcnt, as shown in FIG. I, arc connected an inside air
temperature sensor 9, an outside air temperature sensor 9Z,
a solar radiation sensor 93, a post-evaporation temperature
sensor 95 ancf a cooling water temperature sensor 96. Here,
in the above described embodiments, the conditioned air
blown out from each ot''A(IE outlets 21, 22, 31 and 32 is

controlled to be directed for a long pened of time toward a
front seat occupant, thereby improving the feeling of com-
fort of the front seat occupant.

Ilowever, since the sensitivity of the solar radiation sensor
is clircctional, thc solar radiation sensor 93, optimally tunccl
when thc solar elevation-an lc is hi h 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
Fl(i 63 Alon»vith this, as shoivn in I'IG 64, the time
during which the conditioned air bloivn out from each of the
FACLi outlets 21, 22, 31 and 32 is directed towarcl the front
scat occmpant is reduced cvcn for strong solar radiation with
a low solar elevation-angle in winter. This causes a front scat
occupant to feel uncomfortably warm.

Hence, m this preferred embochmenl, a swing louver
control is perfomied such that the amount of detected solar
radiation is corrected depending on an outside temperature
(TAM) as shown in the raph of l&l(i. 64 for strong solar
racliation ivith a low solar clcvation-angle in winter, and a

ao cool draft is clircctcd toward thc front scat occupant for a
long lime as in summer to improve Ihe feeling of comfort of
Ihe front seat occupant. Here, m the graph of FIG. 64, tl is
an occupant direction pause time (sec), and tZ is a front
direction pause tilne (sec).

zs Next, the swing louver control implemented by the air-
conditioning ECU 50 of this prcfi:rrccl cmbodimcnt will bc
dcscribcd on thc basis of FIGS. 65—70 When thc routine of
FIG. 65 slarhs, it is determinecl by the swing mode,'OFF
mode switching switch whether or not the swin 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 thc driver and passen cr
side center louvers 41, 45 encl driver ancl passcngcr side siclc

is louvers 41,45 is stopped because OFF mode has been
selected (step S3Z). Processing then advances to the rouune
of: FIG. 65.

When the determination result of step S31 is YL'S, it is
determined ivhether or not the bio&ver controlling volta e

so applied to thc blower 4 (bloivcr lcvcLBLW) is zero (step
S33). When the result of this determination is YES, control
processing of. step S3Z is carriecl out.

W'hen the delerminanon result of step S33 is NO, it is
determined whether or nol the outlet mode is the FACE

as mode or the lf&l. mode (step S34). When the result of this
determination is NO, control processing of step S32 is
carried out.

When thc determination result of step S34 is YES,
elevaiion-an le correction of Ihe value of Ihe solar radiation

so sensor is carried out (step S35). Specifically, an elevauon
an le determination is Iirst cerned out on the basis of the
outside air temperature ('I'AM) detected by the outside air
temperature sensor 92 and the characteristic diagram of I'IG
66 showin an elevation-an lc dctermmation proccclurc For
cxaniplc, for outside air tcniperaturc above a predetermined
temperature (R&r example 20'.), il is cfeterminecf to be
summer when the elevation-angle is high. For the outside air
lemperalure below a predetermined temperature (for
example 15'.), it is detemiined to be winter when the
elevation-angle is low

Next, when it is clctemiincd to be summer ivhcn thc
elevation-angle bccomcs high, the front scat occupant direc-
tion pause time (tl) is calculated depencfing on the amount
of: the solar raduiuon detected by Ihe solar radiauon sensor

ss 93, as shown in FIG. 67. When il is determinecf 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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llere, the case is shoivn where the total pause time is 7

seconcLs. Ilowever, the total pause time mav be arbitrarily
changed. 'I'he symbol t2 is the pause time during ivhich the
driver side and passcngcr side center louvcrs 41, 45 are
dircctcd toward thc front of thc FACE outlets 21, 31(toward
the rear of the vehicle). Here, for squarely inciclenl solar
rachatton, the operating concfitions of the dover 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 thc floiv diagram
of FIG 8, the left-right ratio (H) of. strengths of. solar
radiation entering Ihe passenger compartment are calculated.

Next, the swing ranges nf 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 tcmpcraturc (TAM) detected by thc outside air tcmpera-
turc sensor 92, the amount of detected solar radiation (A) or
the amount of correclecf solar racfiauon (B), and temperature.
differences between the temperature inside the passenger
compartment (TR) detected by the inside air temperature
sensor 91 and the set temperatures ISL'T(Dr), ISI.'I'(Pa)
(step S37).

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

Specilically, as shown in step S21 of. the flow cfiagram in
FIG. 8, using the solar racfiauon left-nght rauo (H), il is
calculated how much of the total pause time is to be
distributed to the driver side front seat occupant side swing
cnd and to thc frontal side swing cnd, and how niuch is to
bc distributed to thc passenger side front scat occupant side
swing encl aml lo the front sicfe.

In the sv:ing louver control in Ihe air-conditioning unit 1

of Ibis embodiment, a low solar elevation-angle is esumaled
liy the nutsicle air temperature. Correctinn is then performed
for a lnw amount of detected snlar radiation, by ivhich the
conditioned air can be provided to bc incident upon thc
occupant for a rcquircd long time even ivhen the amount of
deteclecl solar racfiation is low. Speciiicafly, v:ith lhe
elevauon-angle determination procedure of FIG. 66, it is
determined whether the elevation-angle is high or low by
using the value nf the outside air temperature (TAM) that has
been obtainecl by the existing sensor I'hen, the front seat
occupant direction pause time is calculated front thc deter-
mined clcvation-angle, and thc aniount of detected solar
rachatton or the amount of corrected solar radiation by using
the graph of FIG. 67.

As is cfescribed above, in winter when the amount of solar
radiatinn is minimal due to lnw solar elevatioii-aiigle, a
control charactenstic different frnm that used in summer is
applied. This overcomes thc disadvanta c of a directional
solar radiation sensor 93 such that conditioned air is directed
to stnl e the front seat occupant for a time as long as in
summer as shown in Ihe graph of FIG. 69 to improve Ihe
leafing of comfort of the front seat occupant as well as in
summer. Ilere, the graph of 11G 69 exhibits the difference
in feeling of cnmfnrt between the cases with elevation-angle
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41, 45 toward the front seat occupant is calculated depeml-
ing on the amount of corrected solar radiation for ivhich the
amount of the snlar radiation detected by the solar radiation
sensor 93 is corrected, as shown in 11G. 67 1lere, ItlG 68A
shows swing pause direction and FIG. 68B shows the swing
toward thc occupant and toward thc front.

determination and without elevation-angle determination,
where the outside air temperature is —20'. and the solar
radiation is 700 Wicm', projected squarely with an
elevation-angle of 30'. It is unclcrstood from thc graph of
FI(i 69 that the case without elevation-angle determination
provides a slightly uncomfortable feeling, ivhile the case
with elevation-angle determination provides a comfortable
feehng.

Providin the conditioned air to bc mcidcnt upon thc rear
scat occupant for an extcndccl pcmocl of time will alsoio
improve the feeling of comfort of the rear seat occupant
during the summer. In addition, determination of the
elevauon-angle using the value detected by the already
providecl outside air temperature sensor 9Z enables season
estimation to bc easily performed with reduced cost.
Morcovcr, in order to obtain a comfortable cool draft blown
from the FACL'utlets 21, 22, 31, 32 in winter, the actual
outlet temperature or the target outlet temperature ('IIAO)
may be corrected together with lhe correcuon of the amount
of. the detected miler radiation.

ao In this cmliodiment, as shown in the graph of FIG. 66, an
amount of corrected sohir rachalion is used lor which an
amount of detected solar radiauon is rxtrrected lo become
larger when the outside air temperature is lielow a prede-
termined temperature (for example IS'') However, as

as shown in the graph of lrl(i. 70, an amount of corrected solar
radiation niay lie usecl for which an amount of clctcctccl solar
radiation to bc correctccl is increased, as thc outside air
temperature is cfecreased. That is, a change in the charac-
lensncs of lhe value of. Ihe solar rachalion sensnir using the
solar elevation-angle may be performed in either a stepwise
manner as shoivn in the raph of I'IG. 70, or alternatively in
a linear manner, thereby enablin further tine-tunecl control

Next, an air-conclitioning control implemented by thc
air-conditionin ECU 50 of this embodiment will bc

is described on Ihe basis of FIGS. 71 anil 7Z. Description of
steps corresponcling lo those in the flow diagram of FIG. 6

are omitted. Namely, after Ihe 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

so in step S35 in thc flow cliagram of FIG 65 (step S40). This
provides an amount of corrected solar racliation, for which
an amount of detected sohir rachalion is correctecl as shown
m Ihe graph of FIG. 72, to be used in step S4 to enable
calculauon of a target outlet temperature (TAO) that makes

as occupants feel comfortable.
Together ivith this, the calculation of the blower control

voltage applied to the blower 4 in step S4, thc outkt moclc
determination in step S6, and thc A M apcrturc calculation
in step S7 can also provide the calculated blower control

so voltage, ouilel mode and A/M aperture.
Other Preferred Embodiments

Although in the first preferred embodiment conclitioned
air ives bloivn from the driver side side lrA('L outlet 22 and
the passen er side side FACE outlet 32 cvcn when thc outlet
mode was thc FOOT mode or thc FiD moclc, conditioned air
may alternatively be blown from Ihe dnver sicle side FACE
outlet ZZ anil the passenger stile sicle FACE outlet 32 only
when Ihe outlet mode is the FACE mode or the Bi1. mode
Also, the swing temporary stop control for temporarily
stopping oscillation of the driver side and passenger side
center ancl siclc louvcrs 41, 45 ancl random siving control of
thc clrivcr side and passcngcr siclc center ancl side louvers 41,
45 may be utilized not only when the air-condiuoning state
is a coohn ~ stale, but also when Ihe air-comliuomng state is

ss a heaiing state.
Whereas in the hrst preferred embodiment the driver and

passenger side center swing grills and the driver and pas-



senger safe side sv:ing gnlls were lixecf lo the instrument
panel 40, alternatively each center ancf sicfe sv:ing gnfl may
bc rotatably mounted in thc left-right direction to a housing
mcmbcr, or each ccntcr and side swing grill niay be rotatably
mounted in the up-down direction to a hnusing member. In
this case, the swing grifls may be made to oscillate as
blowout state changing devices.

Whereas in the lirst preferred embodiment blowout stale.
changing devices such as swing louvcrs or flow-directing
grifls for realizing swing ranges and changing blowout
directinns or blovvnut pnsitions of conditioned air bfnivn
through outlets are provided in I'A(IL'utlets 21, 22, 31 and
32, blowout state changing devices such as flow-direcung
louvers or flow-ihrecting gnlls may alternatively be pro-
vided in outlets located in thc vehicle sides in the passenger
compartment, in the middle of the passcngcr compartnicnt
(for example in the vicinity of a consnfe box), nr in the
vehicle ceiling.

Although, in the Iirst 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 Ihe
left-nght direction aml louvers 45 osciflaling in the up-down
direction were both provided at each of the I'ACL nutlets,
alternatively one nr the other only of the louvers 41 oscil-
lating in the left-right direction and louvers 45 oscillating in
thc up-down direction may be provided at each nf the FACE
outlets

Whereas in Ihe first preferred embodiment conditioned air
was blown into Ihe passenger compartment through Ihe.

IcACL'utlets 21, 22, 31 and 32 nf the air-conditinning duct
2 by a single bloiver 4, alternatively two bloivers may be
used so that the floiv distribution of the conditinned air
blown into thc passen cr compartment throu h the driver
ancl passen cr side FACE outlets of the air-cnnditioning duct
2 can be variecf. Ahernatively, a number of. blower corre-
sponding to the number of FACE outlets may be used so that
the flow ifistribuuon of the concfitioned air blown into Ihe
passenger compartment through each of the I'A('L'utlets of
the air-conditioning duct 2 can be varied In addition, the
flow distribution to occupants may bc changed indepen-
dently for each FACE outlet or for onc side.

Although in Ihe Iirsl preferred embodiment the invenuon
was applied to a vehicle air-i:onditioning system having a
left-right imfepemfent temperature control type air-
conditiomng unit I, the inventinn may alternatively be
applied to a vehicle air-conditinning system having a front-
rcar inclcpcndcnt tempcraturc control type air-cnnditioning
unit. Also, thc invention can bc applied to a vehicle air-
condittomng system having an air-conditioning unit capable
of carrying oul temperature control inside a passenger
compartment with a single blowout temperature change
device

The various functions of the inventinn can preferably be
switched ON and OFF by occupants by operation nf a
multi-clisplay or thc like.

Whereas in the first preferred embochment a solar radia-
tion sensor 93 having a solar r;uhation strength detector was
provicfed as air-conihlioning losul detecting device, alterna-
tively a solar radiation selisor having a solar radiatioli
strength detecting device, a solar radiation direction detect-
ing dcvicc and a solar radiation height detecting device may
bc usccl. If as thc solar radiation scnsnr the height of thc sun
of that day aml ume aml the solar radiation direction v:iih
respect to Ihe 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 L'CU as a solar radiation sensor signal
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Alternatively, as Ihe solar radiauon sensor 93, a sensor

having a solar radiation strength detecting device (Ior
cxaniplc a phototransistor, a photodiode or a solar cell) for
detcctin the amounts of solar radiation cntcring driver siclc
and passenger side air-conditioning zones, a solar rachation
direction detecting device (for example a photodiode, solar
cell, or temperature-sensitive device such as a thermistor)
for detecun ~ the direction from which sunlight is incident
(solar radiation direction, solar radiation bearing angle), and
a solar radiation height clctecting clcvicc (for cxamplc a

I it
photodiode, sofar cell, or temperature-sensitive device such
as a themiistor) for detecting the height of sunlight (solar
radiation elevation angle, solar raduiuon height, sun eleva-
tion angle) may be used.

As thc air-conditionin loacl detecting device for dctccting
thc air-conditionin losel in thc passenger compartment, in
addition to the solar radiation amount, the passen er com-
partment temperature, the ditTerence between the passenger
comparlmeni temperature and the set temperature, the out-
side air temperature, Ihe post-evaporakir temperature, the

zo cooling water tcmpcrature, the vchiclc spcccl, thc blovvr
flow and thc number of occupants arc conceivable
indicators, and sensors for detecting these values and tem-
perature setting devices for setting temperatures can also be
used as air-comhuoning load detecung devices. Here, two
insicle air temperature sensors 91 may be used anil 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 onc or morc air-
condiuomn ~ zones. And swing temporary slop control for
lemporanly stopping swinging ol center louvers 41, 45 of
Ihe dnver side center FACE outlet 21 or side louvers 41, 45
of the driver side side I'ACL'utlet 22 may be earned out
independently Similarly, swing temporary stop control for
temporarily stoppin swinging of center louvers 41, 45 of
thc passen cr side center FACE outlet 31 or side louvers 41,
45 of the passenger side side FACE outlet 32 may be cerned
out indepemlently.

Finally, although in Ihe lirsi preferred embodiment a
method of counting pulses sent to the stepping motors 44, 48
or of detecting the operating position of the bloivnut state
changin device using potentiomcters was usccl as the
method for detecting the operating position of thc blowout
stale changing device, ahernauvely Ihe operating position of
Ihe blowout state changing device may be detected by
counting armature noise in servo motors having no polen-
tiometers and thereby calculating the operating angle as with
the stepping motors 44, 45.

While thc above description constitutes thc prcfi:rrcdso
cmboclimcnt of the present invention, it should lic appreci-
ated that the invention may be modified without deparung
from the proper sixipe or fair meamng of. Ihe accompanying
claims. Various other advantages of the present invenuon
will fiecome apparent to those skilled in the art after having
the beneht of studying the foregoing text and drawings taken
in conjunction vvith thc following claims.

What is claimed is:
1. A vchiclc air-conditioning system compnsing:
an air-conditioning unit bavin an outlet for blowing

conditionccl air towarcl an air-conclitioning zone;
a blowout state chan ing device for changing a blowout

state of thc conditionccl air blown from the outkt;
an actuator for imparting an osciflating motion to the

ss blowout state changing clcvicc;
an air-conditioning load detector for detectin an air-

conditionin load of the air-conditionin zone; and
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a blowout slate controller fl&r automatically controlling

the actuator to inhibit the oscilhiung motion of Ihe
blowout state changing device for a predetermined time
in a blowout direction when thc air-conditioning load
detected by the air-conditioning load detector is ala&ve
a predetermined value.

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

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

air-i:onditioning load detector increases.
4. Avchiclc air-conditioning system according to claim 1,

whcrcin thc prctlctcrmincd blowout direction is an occupant
blownut directinn

5. A vehicle airconditinning system according to claim 4,
wherein Ihe occupant blowout riireclion ts a front seat
occupant blowout direction.

6. Avchiclc air-conditionin system according to claim 1,
wherein the blowout slate controller inhibiL& the oscdlating
motton of Ihe blowout stale changing device by slowing Ihe
oscillatmg motinn over an oscillation range nf the bloivout
state changing device

7 A vehicle air-conditioning system according to claim 6,
whcrcin thc blowout state controller controis thc actuator so
that thc oscillating range over which thc blowout state
changing rievice is inhibileri mcreases as Ihe air-
comhtiomng loail detected by the air-conditioning load
detector decreases.

8. A vehicle airconditinning system according to claim 1,
wherein the blowout state controller is further for controlling
thc actuator to inhibit thc oscillating niotion of thc blowout
state changing device for a predetermined tinie in a ditfusion
blowout Lhrection when the rietected air-cond&honing load is
below a predetermined value.

9. A vehicle air-conriitioning system according Lo claim 8,
wherein the difl'usion blowout direction is a rear seat occu-
pant direction.

10. A vchiclc air-conditionin system according to claini
8, whcrcin thc blowout state controller further controls the
actuator so that a time for which the oscdlaling motion of Ihe.

blowout slate changing rievice is inhibited in a diflusion
blowout ihrection increases as the air-i:omhliomng load
detected by the air-conditioning load detector decreases

11 A vehicle air-conditioning system according to claim
1, whcrcin thc blowout controller includes a iouvcr control
panel for provithng sclcctivc control of conditioned air
blown from face outlets in predetermined occupant zones.

12. A vehicle air-i:onditioning system according Lo claim
1, wherein Ihe air-conditioning load detector is a solar
radiation information detector for detecting solar radiation
information entering the air-conditinning zone, and the
direction at which thc oscillating motion of thc biowout state
changing tlcvicc is inhibited is in a vicinity corresponding to
a part of an occupant upon which il ts estimated thai solar
raihatton detecleri by Ihe solar radiation information detector
is incident.

13. A vehicle air-conditioning system accnrding to claim
1, wherein the blowout state controller inhibits oscillation of
thc blowout state changing device by determining onc of an
oscillation pause position, a slow oscillation position, an
occupant-concentration position, and a blowout range al Ihe
occupant direction in accorriance with the air-conditioning
loari detected by the air-conditioning load rieteclor.

14 A vehicle air-conditioning system according to claim
1, wherein the air-conditinning load detector is a solar
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radiation inlormanon detector for detecting informauon
concerning solar radiation entewng an air-conditiomng zone,
and onc of an oscillation pause position, a slow oscillation
position, an occupant-concentration position and a blowout
range at the occupant direction is directed In an occupant
upon ivhich it is estimated that solar radiation detected by
Ihe solar raduition information detector is incident.

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

16. A vehicle air-conilitiomng system accortiing to claim
1, wherein thc blowout state changing dcvicc compnses an
alon ate air outlet louver rotatably mounted in thc air
conditioning unit outlet

17 A vehicle air-conditioning system according to claim
1, wherein Ihe blowout state changing device compnses an
elongale rolary valve rotalably posinoneil aL Ihe air-

&a conditioning unit outlet and contourctl to cause a change
conditionctl air flow through thc outlet when oscillated by
the actuator

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

an outside air temperature, an air-conditioning initial
post-evaporator temperature, an air-conditinning initial
passenger compartment temperature, an air-
comlilionin ~ imlial outlet temperature, an air-
conditioning initial draft flow, an air-conditioning ini-
tial blower voltage, an outlet motlc, an amount of solar
radiation, a set temperature, a ditference between an
air-conditionin initial passenger tompartment tem-
peraiure and a set temperature, an imlial seat
temperature, an ininal steenng wheel temperature, and
a vchiclc spccd.

19. A vehicle air-conrlitioning system accordin to claim
18, wherein the predetemiined time durin coolin increases
as one of the outside air temperature, the air-conditioning
m&Luil post-evaporakir temperature, Ihe air-comlinomng ini-

ZD Lial passenger compartment Lemperature, the air-
conditioning initial outlet tcmpcraturc, the air-conditioning
initial draft flow, thc 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 hotly,

as or as thc solar radiation direction is in a rlircction such that
the heat load imposed on an occupant incrcascs, or as thc sct
temperature or Ihe vehicle speed increases.

ZU. A vehicle air-conditiomng system according to claim
18, wherein the predetermined time during heatin increases
as one of the outside air temperature, the air-conditioning
initial post-evaporator tcmpcraturc, thc air-contlitioning ini-
tial passcngcr compartment tempcraturc, thc air-
conditioning initial outlet tempcraturc, thc air-conditionin
initial drafl flow, Ihe air-condinoning ininal blower voltage,
Lhe amount of solar radiation and the vehicle speed
decreases, or as the outlet mode decreases such that the draft
flo&v to an occupant's lower body decreases, or as the solar
radiation direction is a direction such that the heat load
in&posed on an occupant dccreascs, or as thc set tcmpcraturc

stl increases.
Z1. A vehicle air-conditiomng system according to claim

1, further compnsing a plurality of. outleL& for blowing air
conditioning drafts toward a plurahty of air-conditioning
zones;

ss a plurahty of blowout stale changing devices for changing
a bloivout state of the air-conditioning drafts blown
from the plurality of outlets;
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a plurality of aclu ators for imparting an oscillating motion

to the plurality of. blowout state changing means; and
a plurality of air-conditioning inad detectnrs each for

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

22. A vehicle air-1:onditioning system accorriing lo claim
21, wherein the plurality of blowout state changing devices
comprise a face door for changing an amount of cnnditioned
air flowing through a face duct to a plurality of face outlets,
anti driver and passen rr side face doors for changing
amounts of conditioned air flow through dnver and passen-
ger face outlets, respecnvely.

23. A vehicle air-1:onditioning system according lo 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 thr rcspcctivc blowout state changing
dcviccs arc inhibited in an occupant blowout direction, and
a time for which the oscillating mouon of. Ihe respecnve.
blowout slate changing rievices is inhibited over a range.
covering a passenger compartment dilfuse blowoul lime, are.

substantially the same
24. A vehicle air-conditioning system accnrding to claim

23, whcrcin thc occupant biowout direction is a front seat
occupant blowout direction.

25. A vehicle air-1:onditioning system according lo claim
21, further compnsing a plurality of air-1:omhnoning losel
detecung devices ior detecting an air-conditioning load in
each nf the piurahty of air-conditioning zones

26 A vehicle air-conditioning system according to claim
25, whcrcin thc blowout state controller controls thc actua-
tors of thc plurality of blowout state changing devices so that
when air-1:omhtioning loads iletected by Ihe air-conrlilioning
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 difl'erent air-cnnditioning
zones

27. A vchiclc air-conditioning system according to claim
25, wherein the blowout state controller controls aclualors of.

the blowout stale changing rievice so thai when air-
condittomng loads detected by the air-conditioning losel
detectors are above predetermined values, cnntroi of differ-
ent blowout state changing devices among the plurality of
blowout state changing devices is less than ivhen the air-
conditiomn loads arc below predetermined values, even
when thcrc is a diftercncr in air-conditioning loads between
diiferent air-conditioning zones.

28. A vehicle air-1:onditioning system accorriing lo claim
25, wherein the blnwout state controfler controls the actua-
tors of the blowout state changing devices such that, even
when thcrc is a diffrrcnce in air-conditioning loads between
diflcrcnt air-conditioning zones, control paranietcrs of thr
plurality of blowout state chan in devices converge as an
air-1:onditioning loads detecteri by Ihe air-condiuoning losel
detectors increase.

29 A vehicle air-conditioning system according to claim
21, wherein the plurality of blowout state changing devices
comprasc a plurality of louvrrs, and further comprising a
plurality of potientiomcters connected to thc actuators for
dctccting prcscnt positions of thc piurality of louvcrs.

3U. A vehicle air-1:onditioning system accorriing lo claim
1, wherein an air-1:omhtioning load above a predetermined
value during coniing is detected from one or mnre param-
eters frnm a group consisting of

a post-evaporator temperature, a passenger compartment
temperature, a skin temperature, an nutlet temperature,
a target outlet temperature, a seat temperature above a

IS

as

predetermined value, a steenng wheel temperature
above a predetermined value, a blower flow, a drat'I
flow above a prcrlctermincrl value, an amount of solar
radiation in a direction of an occupant's upper hotly
heing above a predetemiined value, a blower volta e
above a predetermined voltage; a solar radiation direc-
tion changed in such a direction as lo raise a heat load
imposed on an occupant, an executed set temperature
reducing operation, an outlet mode switched to a mode
such that a drafl tlow to an occupant's upper body is
dccrcascd, a diflcrencc bctwccn a sct temperature and
a passen cr compartment tcmpcraturc above a prede-
termined vahie, a vehicle speed below a prerlelermined
value, and a sel temperature below a prerlelermined
value

31 A vehicle air-conditioning system according to claim
1, ivherein an air conditioning load above a predetermined
value during heating is detcctcrl from onc or morc param-
eters front a group consistin of:

a post-evaporator teniperaturc, a passcngcr compartment
tcmpcraturc, a skin tempcraturc, an outlet tcmperaturc,
a target outlet tempcraturc, a scat tcmpnaturc, a stcer-
in ~ wheel temperature below a predetermined value, a
sei temperature below a predetermined value, a blower
floiv, or a draft tlow or amount of solar radiation in the
direction of an occupant*s upper body, above a prede-
termined value, a blower voltage above a prcdetcr-
mined blosvcr voltage, a solar radiation rlirection hav-
ing chan ed in such a direction as to raise a heat load
imposed on an occupant, an occupant having per-
formed a sel temperature increasing operauon, an outlet
mode bavin sivitched to a mode such that a draft flow
to an occupant*a lower body is decreased, a difference
bctwecn a set tcmpcrature anil a passenger compart-
ment tempcraturc above a predetermined value, and a
vehicle speed below a prcrlctcrmincd value.

32. A vehicle air-condiliomng system according to claim
1, wherem an air-comhtioning load below a prerlelermined
value during cooling is detected from one or more of a group
of pal aoielefs conshsliog ot:

a post-evaporator temperature, a passenger compartment
temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature, a steer-
in wheel tempcraturc below a prcrlctnmincrl value; a
vehicle spccd below a prcdetcrmined value, a blower
flow bcloiv a prcrlctermincd value, a rlraft floiv amount
of solar radiation in the direcnon of an occupant's
upper body below a pretletermined value, a blower
voltage below a predetemiined voltage, a solar radia-
tion direction chan ed in such a direction as to leaver a
heat load imposcrl on an occmpant, an cxccutcd sct
teniperature increasing operation, an outlet mode
switched to a niode such that a draft flow to an
occupant's lower body is increased, a ddference
between a sel temperature anil a passenger compart-
ment temperature heing below a predetermined value,
and a vehicle speed or a set temperature heing above a
predctcrminerl value.

33. A vehicle air-conrlitioning system accordin to claim
1, whcrcin an air-conrlitioning load below a predetermined
value during heanng is detecletl from one or more of a group
of. parameiers consisting of.:

a post-evaporator temperature, a passenger compartment
temperature, a skm temperature, an outlet temperature,

65 a target ouilel temperature, a seal temperature, a steer-
ing ivheel temperature, a vehicle speed abnve 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 tlow amount of. sohir radiauon in Ihe
direction of an occupant's upper body l&clow a prede-
tcrmincd value, a blower vnitage bciow a predeter-
mined bin&ver voltage, a solar radiation direction
changerl in such a directinn as tn lower a heat load
imposed on an occupant, an executed set temperature
reducing operation, a switched outlet mode thai
incrcascs a draft flow to an occupant's upper body, a
dtfference between a set temperature anrf a passenger
compartment temperature being below a prerfeierminerf
value, anrf a vehicle speed being below a prerfeierminerl
value.

34 A vehicle air-conditioning system comprising'n

air-cnnditiomng unit having a plurality of nutlets for
bio&ving conditinned air toward a plurality of air-
conditioning zones;

a plurahty of blnwout state changing devices for changing
blowout states nf the conditioned air bin&vn from the
plurality of outlets;

actuators for imparting an nscillating mntinn to the bin&v-

out state changing devices; and
a blnwnut state controller for automatically cnntrnlling

the actuatnrs so that a timing ivith which the blnwout
state changing devices apprnach and move a&vay from
rcspcctive most adjacent air-conditinnin zones is sub-
stantially thc same during oscillation of thc plurality of
blowout state changing devices.

35. A vehicle air-i:onditioning system accorrfing Io claim
34, wherein the plurality of blnwout state changing devices
comprise a face door for changing an amount nf cnnditioned
air flowing through a face duct tn a plurality nf face outlets,
anil driver and passen cr side face donrs for changing
amounts of conihtioned air flow through driver and passen-
ger face outlets, respecnvely.

36. A vehicle air-i:onditioning system according io claim
34, wherein the blowout state controller is for controlling Ihe
actuators so that for each of different air-cnnditioning zones
a total time for which the respective bio&vnut state changing
dcviccs arc paused or slowed in an occupant blowout
direction, and a time for which the oscillation of thc respec-
tive blowout state changing rfevices is paused or slowerf over
a range rfuwng a passenger compartment diffuse blowout
time, are substantially the same.

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

38. A vchiclc air-conditioning system accnrding to claim
34, further compnsing a plurality of air-i:omhnoning loarl
detectors fl&r ileiecting an air-conditioning load in each of. Ihe
plurality of: air-i:omlitioning zones.

39 A vehicle air-conditioning system according to claim
38, wherein the blowout state controller controls the actua-
tors of thc plurality of blowout state changing devices so that
when thc air-conditioning loads detected l&y the air-
conditioning loarf rfetectors are above a predetermined
value, control of. each of the plurality of. blowout stair.
changing devices is subsiannally the same even when there.
is a difFerence m air-cnnditioning lnad bet&veen different
air-conditioning znnes.

40. A vchiclc air-conditioning system accnrding to claim
38, whcrcin thc blowout state controller controls actuators of
the blowout stale changing rfevice so thai when air-
condittomng loads detected by the air-conditioning loarl
detectors are above a predetermined value, control of: rfiT.-

ferent blowout state changing devices among the plurality of
blownut state changing devices is less than ivhen the air-

condiuomn ~ load is below a preiletermined value, even
when there is a dilference m air-comhtioning load between
differcnt air-conditioning zones.

41. A vchiclc 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-comhtioning loads among
different air-conditioning zones, control parameters of dif-
ferent blownut state changing devices amnng the plurahty of
bio&vout state changing devices converge as an air-
conditioning loails dctectcd by the air-conditioning load
detectors incrcasc.

43. A vehicle air-condiiiomng system according to claim
38, wherein air-conditionmg loads above a prerleiermined
value during cooling are determined frnm one or more
parameters from a group cnnsistin nf

a post-evaporator temperature, a passenger compartment
temperature, a skin temperature, an outlet temperature,
a target outlet temperature, a seat temperature al&ove a
predctcrmined value, a steering wheel tcmpcraturc
above a predetermined value, a blower flow, a draft
flow above a predetermined value, an amount of solar
rruhaiion in a direction of. an occupant's upper body
being above a predetermined value, a blower voltage
above a predetermined voltage; a snlar radiation direc-
tion changed in such a direction as to raise a heat load
in&posed on an occupant, an cxecutcrl set temperature
rcducin operation, an outlet moilc switched to a moilc
such that a draft flo&v to an occupant's upper body is
decreased, a diflerence between a set temperature and
a passenger comparimenl 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-conrlitioning system accordin to claim
38, wherein air conditionin loads above a predetermined
value during heanng are determined from one or more
parameters from a group cons&sung of.

a post-evaporator temperature, a passenger compartment
an temperature, a skm Lemperaiure, an outleL temperature,

a Largei ouilel Lemperaiure, a seal 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 thc
direction of an occupant's upper body, above a prcde-
tcrmined value, a blower voltage above a prcilcter-
mined blower voltage, a solar radianon ihrecnon bav-
in ~ changed in such a direction a& 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 decrcascd, a ihffi:rance
bctwcen a sct tcniperaturc and a passen cr compart-
ment temperature above a predetermined value, and a
vehicle speed below a preiletermined value

44 A vehicle air-conditinning system accnrding to claim
38, &vherein air-conditioning lnads bein&v a predetermined
value iluring cooling are detcrmineil from onc or morc of a

group of paranictcrs consisting of:
a post-evaporator temperature, a passenger cnmpartment

tempcraturc, a skin tcmpcraturc, an outlet tcmpcrature,
a target outlet tcmpcraturc, a seat temperature, a stecr-
mg wheel temperature below a predeiermineil value, a
vehicle speed below a predetermined value, a blower

ss flow below a predetermined value, a draft liow amount
of snlar radiation in the directinn nf an occupant's
upper body belo&v a predetermined value, a blower
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voltage below a predetermined voltage, a sofar radia-
tinn direction changed in such a directinn as to lower a
heat load imposed on an occupant, an executed set
temperature increasing operation, an nutlet mode
switched to a mode such that a draft flow to an
occupant's lower body is incrcascd, a diflcrcncc
between a set temperature aml a passenger compari-
menl temperature being below a prerietermined value,
and a vehicle speed or a set temperature heing above a
predetermined value

45 A vehicle air-conditioning system according to claim
38, whcrcin air-conditioning loads beiow a predetermined
value rlurin heating arc determined from onc or morc of a
group of parameters consisting of.

a post-evaporator temperature, a passenger compartment
temperature, a skin temperature, an nutlet temperature,
a tar ct outlet temperature, a scat teniperaturc, a steer-
ing whccl 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 rariiauon in Ihe.

direction ot'n occupant's upper body beloiv a prede-
termined value, a bloiver vnitage 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 rirafl tlow to an occupant's upper body, a
difference between a set temperature and a passenger
compartment temperature heing below a predetermined
value, and a vehicle speed being below a predetermined
value.

46. A vchiclc air-conditionin system according to claini
38, wherein at least one air-condiuoning zone is controlled
imlepenilently from other air-i:ondilioning zones.

47. A vehicle air-conditioning system accnrding to claim
38, wherein at least one blowout state changing device is
controlled indcpcndcntly of the other bloivout state changing
dcviccs.

48. A vchiclc air-conditioning system according to claim
34, wherein the plurality of blowout state changing devices
comprise a plurality of. louvers, aml further compnsing a
plurality of potientiometers connected to the actuators for
detecting present positions of the plurality of louvers.

49. A vehicle air-conditioning system compnsing.

an air-condiuonin ~ unit having an outlet for blowin ~

conditioned air toivard a passenger compartment;
a blowout state changing device capable nf chan in a

blowout state of thc conditioncrl air blown from thc
oulleL,

is

an actuator for driving thc blowout state changing means;

a solar radiation amount detector for detecting an amount
of solar radiaiion entering Lhe passenger compartment,

an outside air tcmperaturc rlctcctor for dctcctin a tcm-
peralure ol. air ouiside Ihe passenger compartment, anil

a blowout state controller for controlling thc actuator so
Ihat Lhe amount of solar radiation detecleil by the solar
rarliation amount rlctcctor is corrected based on thc
temperature of air outside the passenger comparlmenL
detected by the outside air temperature detector, and the
operating comhuon of. Ihe blowout state changin ~

device is chan ed based on the corrected amount of
solar radiation.

50 A vehicle air-conditioning system according to claim
49, wherein thc blowout state controller is further for
correcting the amount of delecteil solar raduiuon detected by
thc solar radiation amount detector rlcpcnding on air tem-
perature outside the passenger compartment detecteil by the
outside air temperature rlctector, and for changing onc of an
amounL of. a blower flow, a Larger outlet lemperature, an

I) outlet tloiv, an outlet temperature, an outlet mode anil a

blowout stale depenihng on Ihe amount of corrected solar
radiation

51. A vchiclc air-conditioning system according to claim
49, wherein the amount of detected solar radiation is cor-
rcctcd to bccomc larger when the temperature of air outside
Ihe passen er ix)mpartment detected by the outside air
tcmpcraturc detector is below a prcdctnmincrl tcmpcrature.

53. A vehicle air-conditiomng system according to claim
49, ivherein the amount of detected solar radiation is cor-

SD reeled to become larger as Ihe iemperature of air outside Lhe

passenger compartlnent detected liy Ihe outside air tempera-
ture detector licconics smaller.


