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(5 I) ABSTRA(:T

A velncie air conditioner has an Ht sensor that detects a
temperature of air inside a vehicle compartment. The IR
sensor is disposed on an imtnnnent panel so tlmt the sensor
is disposed above switches and a face blowout port on thc
his(it(inca( pailcl. Accordiiiglys a ilctccliilg i dirge of lhc IR
sensor is prevented from interferin by hands of a driver or
an occupant even when the switches are opensted by the
driver 'I'hus, the air conditioner is capable of stable air
condrtioiuitg.
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VEHICLE AIR ('ONDITIONER

('RO)S RIIIIIIREN( E I'0 I(l!I,AI Ill)
APPI,I('Al'ION

This application is based on Japanese Patent Applications
No. 2002-315889 tiled on Oct. 30. 2002. No. 2003-307359
Iiled on Aug. 29, 2003, and No. 2003-308624 tiled on Scp.
I, 2003, the contents of which are incorporated herein by
reference. I i i

an electric potential dilfi:rance Ibom wluch thc tcmperaturc
of the temperature-detecting ranae is detehnined

I lowever, the sensor is Bfi'ected by the cooled air. so that
an uneven distribution of the temperature occurs in the
cmi-lil e case. Due to the uneven distnbution of the tem-
perature in the can-like case, the temperature difference
occurs As 0 result, lhc air conditioning in thc vehicle is
dishirbcd.

SUMMARY OF THE INVENTION

BACKGROUND OF THE INVENTION

I liield of the 1m ention
1'he present invention relates to a vehicle air conditioner

that is automatically controlled based on a temperature of
the Bir detected by a non-contact temperature sensor.

2. Description ol'clatcsl Arl
US-2002-005360IAI ihscloscs an mr conihlioner for 0

i chicle. Thc air conditioner has an infrared lcmperalurc
sensor, a contmller. and a sw:itch I'he infrared temperature
sensor is disposed in a center of an instniment panel of the
vehicle. The sensor detects a tempemsture around a dover
and occupants of a velucle comparunent. The controller
controls thc air coudiuoncr based on the dctectcd tempera-
ture. The switch is disposed on the instrument panel to be
opemtist by thc dover and Ihc occupants.

I.J 8 Pat. No 6,397,615 discloses another air conditioner
for a vehicle. The air conditioner has a thernuipile-type
infrared tenipemture sensor, an air conditioning unit. and Bn 10

electronic controller. The sensor detects the tempermue
around thc dnver and thc occuptmts. Thc mr conditioning
urn( controls thc tempcraturc and ihc mr volume oi'ond&-
uoned air. The coudiuoucd mr Is disclmrgcd from a blowout
port that is disposed on a facing pkste of a vehicle compart- Is
ment (e .. front surface of the insthnnent panel) 'the
controller controls the Bir conditionin unit based on the
tempemsture detected by the infrared temperanire sensor

In such air conditioners, as shown m FIG. 7, when the
switch on lhc instrument panel is operated by lhc dover and so
thc occupants. a detccuug rmigc 70II of lhc Iuibarcd sensor
is interfered ivith hands of the driver and the occupants 'I'lus
is because the infrared sensor (non-contact sensor) is dis-
posed in the center of the instrument panel. In such an air
conditioner, the infrared sensor fails to detect the tempem- Bs

nire around the driver and the occupants accurately. As a
Icslill. Ihc ilir coluiilioncr cBnnol ciintriil colidiliolnxi air
colnfohablv.

In addition. When the thernlopile-type infrared tempera-
ture sensor is disposed under the blowout port, the sensor is
afi'ected by cooled air blowmg from the blowout port. Tlus
is becmise the cooled Bir comes down from the blowout port
while the air conditioner opemstes in a coolin mode

In general, a thcrmoptlc-tyltc uifrarcd temperature sensor
includes a can-like case, an infrared-absorbing Iilm, and a
thenuocouple 'I'he can-like case has a window The infra-
red-absorbing filni is disposed in the case 'I'he film absorbs
incident infrared mys through the window and transforms
theat iltto 111'It.

lhc heat causes tmnperaturc diilbrcnce between a hot side (0
junction and a cold side junction of the thennocouple The
temperature differenc causes thermo-electronuitive force
between the junctions.

Namely. the utcidcnt uilrared rays Irom lhc lmnperalurc-
delcctuig range In the vchiclc causes lcmpcralurc diilcrencc ss
betiveen the hot and cold junctions of the thennopile The
temperature difference causes thermo-electronuitive force or

Il is an oblccl of lhc prcscnl invmiuon lo provide an air
conditioner I'or a vehicle that is capable of 0 suiblc air
cmtditioning even when a driver or an occupant in a vehicle
opemtes a switch on an insthiment panel

It is another object of the present invention to provide a
temperature detector that has a non-contact temperature
sensor, a tciilpclatulc-scnsllig v:Iliiiow of which ls 1101 casllv
soiled. and is capable ol'sensing the tempcraturc around thc
dover mid thc occupant accurately.

It is still another object of the present invention to pmvide
an air conditioner that controls air in a vehicle appropriately
by tluough the use of a non-contact temperature sensor.

According to one aspect of the present invention, a
vchiclc air conditioner has a non-contact tcmperaturc sensor
thai is disposed on thc uislrumenl panel, above a switch for
scttuig 0 lcmpcrature and mi mr volume utstdc a vehicle
cmnpartment

If a hmid of a driver or an occupant in a passenger seat of
the vehicle covers a tempemsture-detecting range of the
non-contact temperature sensor. the tempemsture sensor fails
to detect Ihc tcmperaturc of or around Ihc dover and lhc
occupants, discnabluig stable air conditioiung. The non-
coiltBcl tclnpcrahilc scllsor iif lhc Bir coiidilloltcr of lhc
present invention is disposed above the switches for setting,
the temperature and air voluine utside the vehicle compart-
ment. Accordingly, a detectin range of the non-contact
temperature sensor is prevented from interferin by hands of
the dover or thc occupmii in thc passenger scat cvcn when
hc or shc opcralcs lhc swiich Ior aching Ihc lcmpcralure or
the air volume at lus or hcr option. Tlnis, thc air conditioner
is capable of stable air conditioning

In addition, because the non-contact tenipemture sensor
of the air conditioner of the present invention is titted on the
instrument panel of a velucle. such instrument panels with
non-contact temperature sensors can conveniently be deiiv-
crcd as a module lo vclnclc manufacturers. conlnbuting lo
thc reduction of lhcir assmnbling costs. Bcsidcs, since thc
non-contact temperature sensor can be disposed near the
nucrocomputer of the contmller of the air conditioner, the
connectin v,ire between them can be short. This increases
a noise resistance of the temperature sensor„and the stability
of Bir conditioning. This also contributes to cost reduction.

According to another aspect of the present im ention. a
vehicle air conditioner has an air-conditioning unit, a non-
contact temperature sensor. and a control unit The air-
conditioning unit conditions the air inside a vehicle com-
paruncilt, Bnd lhc colidillilncd Bir ls blowll 11110 lhe vehicle
compartment tluough a blowout port Thc nou-contact tcm-
pcralurc sensor dclecm Ihc tmuperaturc within a tcmpcra-
hire-detecting mange 'lite control unit controls the tempem-
ture of the conditioned air in response to the detected
temperature detected by the non-contact temperature sensor.
The non-contact temperature sensor is disposed above the
blowout port.

Because the non-contact temperature sensor is not
atTected with the conditioned air tlowing out of the bloivout
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purl, It Is capable of measuring thc temperature wilhin thc
tenipemture-detecting range as accurate I herefore. the air
conditioner Is capable of conditioning the air in the vehicle
compartnient desirably

According to still another aspect of the present invention,
a vehicle air conditioner has an Bir-conditioning unit, a
non-contact lmnperaturc sensor, and a control uni!. The
du-coudinouuig unit coudiltous lhc au hisulc 11 vchlclc
compartment, and the conditioned air is bloivn into the
vehicle compartment through a blowout pou 1'he non- la
contact temperature sensor detects the tempensture within a
temperature-detecting range. The control unit controls the
temperature of the conditioned air in response to the
dcicmled tempcraturc dclccted by lhc non-conlacl Icmpcra-
lurc sensor. Thc uon-contact Icmpcrdlure sensor Is disposed
at one side of the blowout port in a horizontal direction.

Accordin ly, the non-contact teinperature sensor is not
affected with the conditioned air even when the conditioned
air is blown sideways from the blowout port. Therefore. It Is
capable of measurin the temperature of the air within the Io
tcmpcralurc-dctcctuig range Bs accurate. Thus, lhc air con-
ditioner Is capable oi'oudiuonin thc mr ui Ihc vehicle
compartment desirably

BRIEF DESCRIPTION OF THE DRAWINGS

llieaboie aud other oblccls. features Imd advtmta es of
the present invention ivill become more apparent trom the
following detailed description made with reference to the
accompanying draw in s In the drawings: iu

FIG, IA is a perspective view of an instnunent panel of
d vclnclc cquippcd with Bn automatic air conditioner accord-
ing lo d lirsl embodiment of lhc prcscnt uivenlion,

FIG. 1B is a I'rout view oi' control ptmcl for thc
automatic air conditioner according to the first emlxidiment, is

11(i 2 is a schematic illustration of the wlxile conhgu-
ration of the automatic air conditioner according to the first
embodiment:

FIG. 3 is a I'rout view oi'he uislrument pmicl accordutg
to thc lirsl embodunmit, do

FIG. 4 is a fiowchart of a control program cerned oul by
an I:('U of the air conditioner according to the first embodi-
nient:

FIG, 5 is a chamscteristic graph showing, a relation
between a target blowout temperature (TAOI and a blower d-

control voltage of the automatic air conditioner according to
lhc first culboduucut:

FICr. 6 Is B chditicn:risnc gtaph shov uig 11 u:idion
betiveen the 'I AO and a blowout port mode of the autontatic
air conditioner according to the first embodiment:

FIG. 7 is an illustration of temperature detecting ranges of
the infrared (IR) sensors disposed at a diff'creat position,

FIG. 8 is a floe chart of calculatiilg the TAO according to
thc lirsl muboduncnt,

FIG. 9 is a pcrspcctivc vww of an uislrummil panel of a
vehicle equipped with an automatic air conditioner accord-
ing lo a second enibodinient of the present invention:

FIG, 10 is a fiowchart of calculating a TAO according to
the second embodiment,

FIG, 11 is a perspective view of an instunnent panel of a ic
I chicle ixiuippixl with Bu Buloulalic Bu coudinouci Iiccord-
ulg Io d firsl uiodificBtiou oi lhc prcscul nlvcutiou.

FIG, 12 is a front view of a control panel according to a
second modification of the present invention:

FIG. 13 Is a sccnona1 view of Ihe uistrumcnl pmicl around as

the IR sensor, and a front view of the Ik sensor according. to
the first embodiment:

FICi 14A is a sectional view of an Instrument panel
around another IR sensor, and a fmnt view of the IR sensor
according to a third embodiment of the present invention;

FICi 14B is a perspective view of the instttunent panel
cquippcd with an aulomanc air conditioner accorduig lo thc
third embodiment,

FICi 15 is a sectional vieiv of an instrument panel around
another IR sensor. and a front viev of the IR sensor
according to a fourth embodiment of the present invention;

lil(i 16 is a sectional viev of an instnunent panel around
another IR sensor, and a fmnt view of the IR sensor
according to a fifth embodiment of the present invention:

FICi 171s a front view oi'an instrument panel of another
modilicalion of lhc present invmilion,

FICi. 18 is a sectional view of an Instrument panel around
a sensor according to a compamtive example:

lil(i 19 is a schematic illustration of the whole conhgu-
mtion of an automatic air conditioner according to a sixth
embodiment of the present invention:

FICi 20 Is a perspective view oi'u Instrument panel
cquippcd wtlh Bu Bulouiduc Ilir coudlnouci with du IR
sensor according to the sixth emlxidinient;

FICi 21 is a perspective vieiv of a blov out port assembly,
a sectionai viev, of the blowout port assembly, and a front
view oi lhc IR sensor dccordhig to lhc sixth culboduucul,

lil(i 22 is an illustration of a temperature detecting range
of the IR sensor according to the sixth embodiment;

FICi 23 is a iloumhdrl of a control pro~am carried oui by
an ECU according Io the sixth embodiment,

FICi. 24 is a characteristic paph showing a relation
between a TAO and a blower control volta e accordin to
lhc stxlh culboduucul,

lil(i 25 is a characteristic graph showing a rehstion
betwemi the 1'AO and a suction niode according to the sixth
embodiment:

FICi 26 is a characlcnstic graph showing a relation
bclw imn lhc TAO and a blowout port mode accorduig lo thc
sixth embodiment;

FICi 27 shoivs an experimental result of the air condi-
tioner according lo thc sixth mnboduncnn

lil(i 28 shoivs an experimental result ofan air conditioner
according to a related art;

FICi 29 is a perspcclivc vmw oi'i nmtrumcnt panel
equipped with an aulomalic air coudiuoucr with another IR
sensor according to a seventh emlxidinient of the present
invention; and

FICi. 30 shows an experimental result of the air condi-
tioner according lo lhe sci with embodimmit.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Thc prcfcircsI mnbodunmils of the present Invention will
bc explained with rcli:rmice lo Ihc accompauyuig drawings.
In the drawing, the same munerals are used for the smne
cmnponents and devices

First Embodunent

An automatic air conditioner 100A accordin to a first
embodiment of the present invention will be explained by
refcrnng to FIGS. 1A to 8. As shown In FICi 1A, Ihe
automatic air condinoncr 100A is provuled in a vcluclc. The
air conditioner 100A conditions thc air In a vchiclc com-
partnient of the vehicle 'I he vehicle has an engine for
driving the vehicle
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As shown in FIG. 2, the automatic air condiuoncr 100A
has an air conditioning unit I and an air conditioner eltm-
trical control unit (A/G Ii('U) 10 'I'he E('U 10 controls
actuators for the air conditioning unit I

1'he vehicle compartnient has a driver side air condition-
ing zone and a passenger side air conditioning zone 1 he
driver side air conditionin zone includes a rear seat on the
right side of the vehicle. The passenger side air conditioning
zone includes a rear seat on the left side of the vehicle. The
dli Cotlditiotliiig iiillt I Coilliols 9 (CilipiuB(itic Ol IIIC dir iil

blowing 10 thc vehicle comparunciu mid a blowou! port
mode 'I he air conditioning unit I controls the temperature
of the air and the blowout port mode of the driver side and
passenger side of the conditioning zones separately.

1'he air conditioning unit I has an air duct 2 disposed at
a fmnt of the vehicle compartment An inside/outside air
switching door 3 and a blower 4 are provided upstream in
the air duct 2. The inside/outside air svvitching, door 3 Is
ilrii Oil b)'iil Bc(IIBIOI, SIICII BS II SCrVOI110103 5, 10 CIIBiigc II

suction port mode. That Is, thc inside/Outside air switclung
iloor 3 Clliiilges Bii Opeiliiig Of Bit IIISidC dit SUC(ioii port 6 and
an external air suction pots 7 Inside air is auctioned tluough
the inside air suction port 6 Outside air is auctioned tluough
the outside air suction port 7

1'he bloiver 4 is a centrifugal fan, which is driven by a
blower motor 9. The blower motor 9 is contmlled by a
blovver driving circuit 8. The blower 4 generates an airflow,
vvhich flows tov, ard the inside of the vehicle compariinent,
0 ithm the air duct 2

An evapomtor 41 Is provided in the middle of the air duct 3(i

2 to cool the air flowing throu h the air duct 2. A heater core
42 Is prox idcd downstream of the evaporator 41. The hcatcr
42 lied(S Ilic Bii; Willi Ilie 11CBI Ol IIIC Ciioliiig water Ol 111C

engine. floivin through a first passage li and a second
39passaae 12

A part of thc air duct 2 is divided by a partition 14 uito a
firs passage 11 and a second passage 12 'I'he evaporator 41
may be replaced by a Peltier element if the automatic air
conditioner 100A is applied to electric vehicles.

do
A driver side air mix door 15 and a passenger ~ ide air mix

door 16 are provided immediately upstream of the heater
core 42. The air mix doors 15, 16 separately control the
temperatures of the driver side air conditioning zone and the
pii99CIlgCI Side Bir coiiditioitiilg Loiliv ICapCCIIVCIV.

The air mix doors 15, 16 are driven by their respective
actuators„such as servomotors 17. 18. The air mix doors 15,
16 adjust the tempcraturc ol'he cunditioned mr flowing
toward thc dover side air condiuonm zone mid fiie pas-
scngcr side air conditioiung zone, respectively. Especially,
the conditioned air is tlowed toward an inner surface of a
windshield of the vehicle

The evaporator 41 is a constituent part of a cooliitg cycle.
The cooling cycle has a compressor (not shown). a con-
denser (not shown), a receiver (not shovvn), an expansion ss
I it 1 VC (Ilo1 9130W Ii), Brid (lie CV B pot d list 41. 1110 CoitlprCSSOI IS

duimi by thc cnginc ol'hc vehicle to compress and dis-
charge a coolant 'the condenser condenses the coolant
discharged from the conipressor into a partially gasemis,
partially liquid coolant. The receiver separates liquid coolant ii,
front the tvvo-phase coolant. The expansion valve lets the
liquid coolant expand adiabatically. The evaporator 41 lets
thc partially gasixnis, partially hquid two-phase coolmit
cvaporalc.

lite compressor is intcrmittcntly dnven by an electro- si
niagnetic clutch (not shown). which is provided between the
engine and the compressor and is controlled by the Ei('ll 10.

When the clutch is uirncd on, the compressor starts. Then.
the evaporator 41 cools and dehumidifies the air floiving,
through the air duct 2 Accordingly, the tempemture in the
vehicle compmtment loivers, and mist, if any, on the imier
surfaces of the windows is cleared.

The compressor is a variable-capacity compressor u ith an
electromagnetic capacity-control valve. Thc valve regula(ca
111C CdpdCitv ill tllC Cotlipies90r iiCCordiiig 10 9 Coiltiol Sigiial
tha1 is genera(cd based on thc result ol compauson betwemi
a target evaporator outlet temperature 'lllO behind the
evaporator 41 and the air teniperature Tl: nieasured by a
post-evaporator air tempemture sensor 74 disposed behind
the evaporator 41.

A driver side defroster blowout port 20, a driver side
center face blowout port 21, 9 side I'acc blowout port 22 Ihr
thc dover sale, imd a driver side foot blowout port 23 arc
pmvided downstream ends of each blowout duct 11ie blow-
out ducts are connected to the tail end of the first passage I I

A passenger side defmster blowout port 30. a passenger
side center face blowout port 31. a side face blowout port 32
for the passenger side. and a passen er side font blowout
port 33 are provided downstream ends of each blowout duct.
The blowout ducts ure conncctcd to thc tail end of thc simond
passage 12.

Thc defroster blowout ports 20 and 30 blow conditioncxf
air (mainly, hot air) to the windshield I'he side face bloivout
ports 22 and 32 bloiv conditioned air (niainly, hot air) to the
side wutdows.

Blowout port sv Itclmig doors 24, 25, 26 are provnled in
the first passage 11 to change thc blowout port mode for the
driver side air conditioning mne. Blowout port switching
doors 34, 35, 36 are pmvided m the second passage 12 to
change the blowout port mode for the passenger side air
conditioiung zone.

Thc blowout port su i(clung doors 24 to 26 and 34 to 36
are dnvcn by actuators. such as servomotors 28, 29, 38, and
39 'I he blowout port sivitchin doors 24 to 26 and 34 to 36
change the blowout port modes for the driver side and the
passenger side. respectively.

Thc blowout port modes Ihr each of thc dnvcr sale and the
passcngcr side uicludc a FACE mode, a B/L mode, a FOOT
nxide, a F/I) mode. a l)EI'ode. and other modes, respec-
tively

The blov,out port switchin doors 24 and 34 open and
close thc dcfrostcr blowout ports 20 mid 30, rcspimtively,
scPiiidtclvs

'I'he E('U 10 begins arithmetic processing and contml
processing when an ignition switch of the engine is tumed
on (IG ON) and a DC power is supplied from the battery (not
shovvn) ol'hc vcluclc to Ihc ECU 10.

'I'he autoinatic air conditioner 100A is provided with a
control panel 51. which is installed into an installation hole
on the instnunent panel 50 of the vehicle. Various signals are
inputted from svvitches on the control panel 51 into the ECU
10.

As shown in FIG. IB. lhc control panel 51 lms a liquid
crystal display (I.CI)) 52, a I(l iG/11(8 switch 53 for switch-
ing benveen the inside air and the outside air. a I'r l)EI'witch

54 for the front defroster. and a Rr DEF switch 55 for
the rear defroster. The control panel 51 has a DUAL switch
56, a MODE sin itch 57 for thc changcovcr of thc blowout
port mode, a blower switch 58 for changuig thc air volume,
an A/C switch 59, an AUTO switch 60, and an OFF switch
61 'I'he control panel 51 also has a DI(IVIII( switch 62 fi)r
settiag the temperature of the driver side of the vehicle
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comparunent, a PASSENGER swnch 63 I'or scum thc
tenlpemture of the passenger seat side of the vehicle cont-
partment. and so on

The DUAL switch 56 enables the temperanire setting of
Ihc driver snli: dnd that of lhc ptissc'ngc'I scdl snlc sepal dli:lv
from each other.

The Fr DEF a~itch 54 is to command whether to raise the
denlisting power or not and put the blolvout port mode into
the DEF mode.

The MODE switch 57 changes the blowout port mode
among the FACE mode, the B/L mode, the FOOT mode. and
thc F/D mode ul response to an operauon of the driver and
thc passmigcr.

The LCD 52 has an area for indicating the set temperanue
of thc driver side air conihuonulg zoneand tlm passenger
side air condluoning zone. an area lilr indicdling lhc blowout
port mode with an icon, an area for graphically indicating
the air volume, and so on The I.('D 52 may also indicate an
outside temperature outside the vehicle. the suction nlode,
time. and so on. Besides. the above switches may be lo

replaced by touch switches arran ed on the LCD 52.
1he A/( slvitch 59 turns ica and off the cooling cycle (the

conlpressor). When it is pushed to turn the compressor off,
the coolin cycle is turned ofl'and the engine gets rid of the
mr conditioning load. This incrcascs a fuel ciliciency of thc
1 chicle. When the A/C switch 59 is once pushed, the cooling
cycle is turned on and Its I.ED 59a turns on When the A/C
switch 59 is pushed again. the cooing cycle i ~ turned o)Tend
its I ED 59ii turns otT

ui
When the blower switch 50 (the switch for changing the

air volume) is put in an off state of the blolver switch 58 or
the OFF sw itch 61 is pushed. the A/C switch 59 and its LED
59a go ofi'o stop the compressor.

'lhe I)RIVI IR switch 62 has an up switch 62a and a down
slvitch 626. The DRIVER switch 62 sets the tempemnire of
the driver side air conditionin zone at a desired level

1he PASSIIN(iUR switch 63 has an up sv'itch 63ii and a
down switch 636. The PASSENCIER switch 63 sets the
temperature of the passen er side air conditionin zone at a «I
dcsirixl level.

The ECU 10 has a CPU. a memory 10a, I/O ports. and so
on. The memory 10a has a ROM (EEPROM). and a RAM.
Aluilog siglrdls from venous sensors arc ulputled ullo the
ECU 10 tluough the I/O ports. The analog signals are
converted Into digital signals by an A/I) converter. and
inputted into the ('PU Specifically, a non-contact infrared
temperature sensor (IR sensor) 70 and an outside air tenl-
perature sensor 72 are electrically connected to the ECU 10.
The IR sensor 70 senses the temperature of or around the so
doser and occupants. Thc outwde mr tcmpcrature sensor 72
smlses the tmnpcrature outsnle the velucle.

As shown in FICi IB. the IR sensor 70. which also serves
as a sensor lor sensing thc tcmpcrature inside Ihe veluclc, Is
disposed on the nwtrumcnt panel 50. Spccdically, the IR
sensor 70 is disposed on ceiling side. namely, above the
switches 62, 63, and 50 as described in detail later. I'here ls
a sign of "IR SENSOR'* on a right side of the IR sensor 70
to indicate its existence.

As sholvn in li)G 13, the IR sensor 70 of )IIGS I and 3 io
is put in a hole 705 made in a synthetic-resin facing pkste 50a
of the instrument panel 50 The IR sensor 70 has a synthetic-
resul ense 701, a pcuncablc lilm 702, mid ml ntfrarcx)-
detixtulg clmncnt 703. The pcrmedblc lilm 702 funcnons as
a lens and Iilter. Tlm permeable Iilm 702 mid die ntfrarcx)- ss
detecting elenlent 703 are put in the inner space 706 of the
synthetic-resm case 701

Thc front plate of thc synthetic-resin case 701 lms an
oblique surface (slope) 704, which has a tnuicated cone
shape. 111e permeable film 702 is disposed at the bottom of
a bowl-shaped front plate 704 A synlbol "0" is the angle of
the sensing ran e of the IR sensor 70 The incident infmsred
rays from the surfaces of objects in the sensing mange
penetrate thc pemleablc lilm 702 and reach thc infrared-
dcnunng element 703.

Because of the truncated cone shape of the front plate 704,
a foreign material, such as dust. fallen on a bottom surface
704a of the front plate 704 slides and falls ofi'the front plate
704 Thus, dust docs not collect on the front plate 704 to
block oil'hc ulcident infrared rays.

Besides. because the IR sensor 70 is put in the inner part
of the hole 705 of the synthetic-resin facing plate 50a so that
its angle 0 of the sensing range is not disturbed. the driver
and thc occupants arc cllbcul sly prevcntcd Ibom touchulg
the pcnncablc lilm 702. Tluis, thc pcrmeablc lilm 702 Is
e)Tectively prevented from being soiled

Namely, with respect to thc installation of Ihc IR semor
70, thc IR sensor 70 lads dt least thc Infrared-dctectulg
element 703 and the pernleable film 702, and the permeable
filnl 702 is put in the inner part of the hole 705 'I'he IR
sensor 70 measures infmsred rays from the occupants and
v indows in the vehicle compartment to measure surface
tcnlpcliiuncs of thc ob)i:cts al thc vi:hlclc I:omptn1nlcnm

Because the IR sensor 70 is put in the inner part of the
hole 705, the IR sensor 70 is not soiled by fingers and so on.
Bccmisc thc front plate 704 of tlm hole 705 has the truncdtod
conc shape, the fiircign nuiterial slnlcs and If)is off'he slope
of thc tnulcatcd conc shaped front plate 704. Tlnis. foreign
materials fallen on the bottonl surface 704a of the front plate
7U4 are not collected on it It is desirable to fiirm the front
plate 704 in the truncated cone shape so that the angle of the
temperature-detectin range 0 can be secured.

Referring hack to Ill(i 2, the UCU 10 is also electrically
connected to the post-evaporator air temperature sensor 74,
a water temperature sensor 75„a hygrometric sensor 76, and
a vchiclc spccd sensor. The tmnpcraturescnsor 74 de(cela
thc tcmpcrature of the air belund thc evaporator 41. Thc
v ster temperature sensor 75 detects the temperature of
cooling water of the en ine lhe hygronietnc sensor 76
detects a relative humidity of the air in the vehicle compart-
ment. The hygrometric sensor 76 is disposed in a recess
portion. The recess portion is disposed in the instrument
panel 50 in thc viculity of the dnvcr scat Thc veluclc sperM
smlsor dc)lets a spend of thc vclnclc

The outside air temperature sensor 72, the post-evapomstor
dlr lculpcld lute scnsol 74. Snd thc w a)i:I tculpi:raulrc scnsol
75 are provulcd with tcmpcraturc-detixung elements such as
thcnulstcl's.

Thc ECU 10 is electrically conncctcd to a prcssure sensor
77. Thc pressure sensor 77 dctccts a prcssure of the coolant
on the high-pressure side of the cooing cycle 1 he pressure
sensor 77 is disposed between the receiver and the expan-
sion vah e.

Referring to IIIGS. 4 to 0, the operation of the automatic
air conditioner )UUA will be explained

When the ignition slvitch of the engine is turned on. DC
power is supplied to the E('1.) 10 'I'he ('PU operates
according to a control program as shown in I 'IG 4 stored in
the ROM.

In step Sl of III(i. 4. the RAM of the Ii('1.) 10, which is
a memory for data processing„ is initialized.

In step 52. Signa)s from the sv itches of the cicatnil panel
51 and data (detected values) are read into the RAM
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In lhc equations, "TSETDr** Is thc scl temperature On thc
duicr side air condilioiung zone. "TSETPa" Is the scl
lcnipcIIIIIIIC Un lhc pBsscngcl scdl sale au contlifionhig Bouc.
'I'he coetficient for set ten)perature "Kset" is 7 0 'I'he coef-
ficient for )8 "K)IF* is 5 I "I'IR" (' ) is the detected value
by the IR sensor The coefficient for air temperature outside
the vehicle "Kam" is 1.0. "TAMdisp*''.) is the air
tcmpcralurc ourn)de the vcluclc. The correclion constant "C"

is -45. B

Referring back to lqCi 4, in step 83, the target blov out
tempemtures TAODr and TAOPa calculated in step S14 of
FIG. 8 are stored in the RAM.

In step S4, a blower rale (air volume per uiut lime) of thc
blower 4 (Ihe blower control voltages VA))r and VAPa to be
applied to Ihe motor 9 of the blower 4) are calculated based
on the 1AOI)r and 1AOPa

More specifically. the blower control volta e VA to be
dpphcd lo Ihc motor 9 of the blower 4 Is calculated as

60
folio~ s.

1he blower control voltages VA))r and VAPa correspond-
ing to TAODr and TAOPa are determined based on the
characteristic graph of FICi. 5. Then, the blow:er control
1 ohages VADr and VAPa arc averaged. 66

In step S5. an openmg degree SW) )r (%) of the driver side
air mix door 15, and an opening degree SWPa (%) of the

lhc ddla, read into the RAM, uicludes a post-evaporator
air temperature value TE, a v ater tempemsture value TW. and
an avcragc )slue TIR (16).

An analog signal outputted from the temperature sensor
74 lor seeming Ihc tempcraturc of air behind lhe evaporalor
41 is converted into a digital signal with analog-to-digital
(A/D) conversion Thc ihgilB) signal ls lien converted allo
the post-evaporator air temperature value 11( winch Is

siored ui tlm RAM.
11)

An analo signal outputted from the water temperanue
sensor 75 I'or am)sing thc tempcraturc ol cooluig water of the
engine is converted Into a dig)tal signal with A/D conver-
sion. Then, the digital signal is convenml uuo Ihc water
lempcralurc value TW, wluch Is stored ui lhc RAM. I

1he average temperature 1 lg (16) around the driver and
the occupants is calculated in Step S13 of FICi. S.

A processing ol'steps S11 lo S14 of FIG. 8 is cuir)cd Out

win)a lhc processing ol'teps SI to S10 of FIG. 4 Is carried
Oul.

In step S11 of FICi. 8. the value of temperanire around the
driver and the occupants detected by the IR sensor 70 Is
inpuucd into the RAM every 2SO ms.

In step S12, the temperature values of step S1 I are set as
'I'IR (I )

In step S13, the average temperature value TIR (16) of 16
lempcralurc values TIR Is calculated.

In slap 814, target blowout teinperatures 'I'AODr and
'I'AOPa are calculated by using beloiv equations BI and //2.
The TAODr is the target blowout temperature of the cond&-

tioned air blown Into the driver side air conditioning zone.
The TAOPa is the tar et blowout temperature of the condi-
uoned air blown uuo thc passenger side air conditioning
zone. 36

passenger side Iur mix door 16 are calculated by usin thc
equations /3 and B4,

6 iiz)r (EIODr— TE) (it)it i TIP-TEI)

suz'a='„7'IOPB-TE/xtlua (7'r-TE)t

i 3)

ixdl

/x — IE— /I:O is 6 i

I„=/„ i-EP(iE„-E„,I+IBITil E.„'d6)
where 'I'l is the actual post-evaporator air tempensture

detected by the post-evaporator air temperature 74. TEO is
the target evaporator outlet temperature. Kp is a proportional
constant (for example, 0.03), 0 is a sampling time (for
exiunplc, one second), Ti Is iul hltcgi'stion consldnl (lol
example, 1000), E„ is a temperature deviation ('.) of tlus
time, E„, is a tcmpcrdlure deviation ('.) of a previous
time, I„ is a control current (A) of this tinie, Ixo is a contml
current (A) of the previous time

In step S7. control signals are outputted to llm blower
duving circuit 8 lo accomphsh blower control void cs
VADr and VAPa of step S4. In Step SS, control sigimls are
outputted to the servomotors 17 and PS to accomplish the
opening deg/ees SWDr and SWPB of step 85

In step S9, blowout porl modes corresponding to TAODr
and TAOPa are chosen based on lhc charactcnstic graph of
FIG. 6 and Outpuucd to thc dctuators 28. 29, 38, mid 39.

In step SIO. the solenoid current I„determined ln Step S6
is outputted to the solenoid of the capacity-control solenoid
valve installed on Ihc compressor mid the processing rclurns
to slap S2.

'I'he advantages of the automatic air conditioner I OOA of
the present invention are now descnbed.

(I) The IR sensor '70 is disposed above thc DRIVER
switch 62, the PASSiiNCil(R switch 63, and the bk)wer
switch 58 on the instrument panel 150.

Accordingly, when the driver or the occupant in the
passenger seat opcratcs lhc DRIVER switch 62 or thc
PASSENGER switch 63. his or her hand does not uuerfcrc
v ith a temperature-detectin ran e 70a of the IR sensor 70
(see ltl(i. 7)

Therefore. the IR sensor 70 is capable of detecting the
tcmperaturc ol'r around ihe driver mid the occupmus
accurately, causing no air-volume hunting and cnabluig
comfiutable air conditioning.

(2) There is a sign of "IR SENSOR*'n one side of the IR
sensor 70 to indicate its existence.

Accordingly, the driver and the occupant m the passenger
seat are warned not to interfere with the ten)perature-

whcrc TAODr is thc target blowout tempcraturc on Ihe
driver side air conditioning zone, TAOPa Is the target
blowout temperature on the passenger side atr conditioning
zm)e, f)l is the post-evaporator atr tempemture value
detected by the post-evaporator air temperature sensor 74 for
sensing the temperature ofair behind the evaporator 41, and
TW is Ihc water lcmpcrdlure )slue dcumted by the water
tcmperaturc sensor 75 for seeming the lmnpcralure ofcooluig
v,ster of the engine

In step S6, a target dischar e rate of the compressor is
determined by a feedback control (PI control) so that post-
cvaporator air tcmpcralurc TE ts equal to thc target evapo-
rator outlet tcmpcraturc TEO bchuid thc evaporator 41.

More specifically, a solenoid current (control current I„),
which is the target value of a control current to be supplied
to the solenoid of a capacity-control solenoid valve installed
on lhc conlprcsson is cdlcll)Bit:il b)'sulg thc cqUauons /'S

and 86.
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dctcmtuig range 70B duung opcraung Ihe DRIVER switch
62. the PASSI:NCil ig switch 63, and the blower sv itch 58.
'I'herefore, their hands are prevented v;itluiut fail front
interfering with the temperature-detecting range 70ii

(3) Becmise the IR sensor 70 is titted on the instrument
panel 50„ the instnuuent panel 50 with the IR sensor 70 can
corn enicntly be dchvcred as a module (o veluclc

manufact-

urerss, contnbuting to thc rcducuon of their assembling
costs. I)esides, the IR sensor 70 is disposed nesr the nucro-
compmer. the connectmg wire between thein is sluim which 10

increases the noise resistance of the sensor and. hence. the
stability of air-conditioning and contributes to cost reduc-
non.

)econd limbodiment

Referring to FICiS 9 and 10. the automatic air conditioner
100B li!r 1 chic)as ol'hc second mubodiment ol'hc presmit
invminon is now descnbed.

lllc bilstc conf!go/Buon of Ihc Butonlatic IIII conditioner ao

IOOB is the smne as that of the automatic air conditioner
I OOA 'I'he control panel of the automatic air conditioner
100B is disposed in an armrest 81.

In the present embodiment, another control panel 80 Is
installed on thc instrument panel 50. The control panel 80
has audio switches 82 and navigation switches 83 Ibr an
audio mid navigation system 84. As described above. the
switches for the air conditioning such as temperature-setting
switches and an air volunie-setting switch are disposed in
the Bnmest 81 of the contml panel 80. ia

The IR sensor 70 is disposed on the instrument panel 50,
dboi c the audio and navigation switches 82 mid 83.

Rcfcrring to FIGS. 4 and 10. Ihe operation of the auto-
mauc mr condiuoncr 100B of Ihe present embodiment Is
now described. is

As shown m lq(i 4. when the ignition sv itch of the
engine is tumed on. DC power is supplied to the ECU 10.
The CPU opemstes accordmg to the control program (the
flowchart ol'IG. 4) stored in the ROM.

In step S1 of FICi. 4, the RAM ol'he ECU 10, which is 60
d nlcntorv'or ilBIB proccssnig, is nutializcd.

In step S2. Signals from the switches tiir air conditioning
and data (detected values) described below are read into the
RAM.

The data. read into the RAM. includes the post-evaporator 6-

air tempemsnire value TE, the water temperanire value TW,
dnd lhc aseragc value TIR (16).

An dndli!g sign(i Outptulcs! front Ihc Icnlpcidloic scilsor
74 tbr sensing the teniperature of air behind the evaporator
41 is converted into a digital signal with the

Ail 

) conversion.
The digital signal is then converted into the post-evaporator
air temperature value TE, which is then stored in the RAM.

An analog siagnat outputted from the water temperature
sensor 75 I'or smising thc tempcraturc ol Ihe cooluig water of
thc enguic Is converted into a di i(dl signal with A/D
conversion 'I'hen. the digital signal is converted into the
temperature value 1 W, which is then stored in the )RAM.

The average temperature TIR (16) around the driver and
the occupants calculated in step ST5 of a flowchart in FICI.

10 is stored in the RAM. (o
A processing of steps Sq I to )'16 of I'ICi 10 is carried out

while the pmcessing of steps Sl to SIO of I!i(i. 4 is carried
Oul.

In step STI of FIG. 10, it is detcnnined whether It Is
w i(tun lii e seconds from a detection of operation miy of the 66

midio and navigation switches 82 and 83. If it is not ivithin
five seconds of said detection of sivitch operation (NO), the

processing advaiwis Io step ST2. If It Is within five seconds
of said detection of sivitch operation (NO). the processing,
advances to step 81'4

In step ST2. Ihe value of temperature around Ihe dover
and the occupants detected by the IR sensor 70 is inputted
into the RAM every 250 ms

In step ST3, tcmpcraturc values around Ihc dover and thc
occupants are designated as 'llR (I)

In step ST4, the tempera turc detcctcd by the IR sensor 70
ten seconds betbre said detection of switch operation is
retrieved from the RAM and designated as 'I'IR (I )

'I'IR (2)
is the value detected by the )R sensor 70 ten seconds mimis
250 ms before said detection of switch opemtion. TIR (3) is
the value detected by the IR sensor 70 ten seconds minus
500 ms bcforc saul dc)ection ol'witch opcrauon.

In step ST5. the average temperature value TIR of 16

temperature values TIR at intervals of 250 ms is calculated
as TIR (16).

In step ST6. thc tnrgct blowout tempcraturcs TAODr and
TAOPB arc calculated by using below (x)us(tons 47 and 48.
1'he 1AOI)r is the target bloivout tempemsture of the condi-
tioned air blown into the driver side air conditioning zone
The TAOPa is the target blowout temperature of the condi-
tioned air bloivn into the passenger side air conditioning
zone

/ROD( Raai ISZIDr-RIR PIP 16I-/:aiiwI'id/
dian+(/ ia! l

IROPa-Ra I IESTPS-RIR I/m16I-/:aiiwI'id/
dian+(/ iaiil

Third Embodiment

Rcfi:rring 10 FIGS. 2, 4. 8. 14A and 14B, a Icmpcrature
dctimtor 70E for the automatic air conihtioncr 100D accord-
ing to the third embodinient of the present invention is ni1%

described

In the equations, "TSETDr*'s the set temperature on the
driver side air conditioning zone. "TSETPa*'s the set
tcmperaturc on the pdsscngcr scat side air condiuonuig zone.
Thc coeflicicnt li!r sct temperature '*Ksct" Is 7.0. Thc coclt
ficient for IR "K IR*'s 5.1 "I IR" (''.) is the detected value
by the IR sensor 'I'he coetficient fiir air tenipemsture outside
the velucle "Kam" is 1.0. "TAMdisp" ('.) is the air
temperature outside the vehicle. The correction constant "G'*

is —45

Rcfi:rring back Io FIG. 4. In step S3, thc target blowout
tcmpcratures TAODr and TAOPa cd)mila(cd in step ST6 of
FIG. 10 are stored ui the RAM.

I'he pmcessing in steps S4 to SI 0 oft!i(i. 4 in the case of
the mitomatic air conditioner IOOB is the sante as the
processing in steps S4 to SIO of FICi. 4 in the case of the
automatic air conditioner 100A.

The automatic air conditioner 100B has not only the third
advantages dcscribcd ui the lirst embodiment but also thc
follow iilg inlviultagc.

(4) Thc IR sensor 70 Is disposed on thc instrument panel
50, which includes the audio and navigation switches 82 and
83 Accordingly, the driver and the occupant in the passenger
seat can opeoste the audio and navigation switches 82 and 83
v ithout interfering with the detectin range of the IR sensor
70. Therefore. the IR sensor 70 is capable of detecting the
tcmpcrature of Or around Ihc dover and thc occupm11s
accurately, causuig no air-volume hunting and cnabluig
cmnfortable air conditioning
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lllc iultolnatic alr conditlonci IUUD ol Ihe prcscnl

embodiment shown in I'I(i 14I3 has the same contiguration
as ihe automatic air conditioner IUUA of the tirst embodi-
ment (see Ili(i 2) except that the control panel 51 is replaced
by an LCD (fiquid crystal display) control panel 85 with
touch switches. The LCD control panel 85 is used for the
operation ofnot only theautomatic air conditioner 100D but
d)SO alldlo dial navlgd)1011 SYSICnlS.

1'he I:('IJ 10 of the automatic air conditioner IUUD
calculates the target blowout temperatures 'IAODr and io
'I'AOPa based on the temperature around the driver and the
occupants detected by the temperature detecror 70E (see
FRJ. 8). The ECH 10 controls the air-conditionin actuators
based on Ihc target blowout temperatures TAODr and
TAOPa (scc FICi. 4). I

As shov n in Ill(i 14A, the temperature detector 70)i has
a cover (made of zinc alloy) 91 and a non-contact tempera-
ture sensor 92. I'he tempenltme detector 70) 1 i ~ disposed in
a hole 86. lvhich is pmvided in a plastic facillg plate 506 of
the instrument panel 50 of the vehicle. The hole 86 is lo
postttoncx) above thc LCD control panel 85. a little OII'he
ccnlerline of Ihc vcluclc compartmcnl Iowdrd Ihc passcngcr
sear 1 he hole 86 is a through hole with rectangular open-
li'igs

1'he cover 91 is in the shape of a block and has a truncated
cone shape recess 90 in its front and another recess 906 in
its back. The recesses 90 and 906 communicntes with each
other. The non-contact tcmperaturc sensor 92 is disposed in
the back rcxcss 906.

')lie facing plate 506 is a part of the instrument panel 50 lo
(made of A)38 plastic) 'Ihe facing plate 506 i ~ titted into an
openina 500, which is provided in the instrument panel 50.

The non-contact tempemture sensor 92 has a plastic case
93. a temperature-sensing ~indow 94. and an IR sensor
clmnent 95. Thc tmnpcra lure-sensing 0 mdow 94 is made in li
thc front of the case 93 and provtdix) with silicon )elm with
a gennamum coat that functions as a Iilter. The IR sensor
element 95 including a thermocouple is disposed in the inner
part of the case 93. 'I he case 95 is filled with an inert gas
(nitrogen) 96 do

The front recess 90 has a tnmcnted cone shape. The
truncated conc shape Ibont recess 90 is opened toward thc
doter and the occupants A bouom surface 900 in a front
sui)acc Ol thc rcccss 90 slopes diiwn. Thc Ienlpcidtllrc-
sensing lvindow 94 is positioned at the bottom of the front
recess 90. linis, the angle 0 of detecting range of 90" is
secured.

The automatic air conditioner 100D of the third embodi-
ntcnl hits thc lollowlng ddvdntagcs.

(5) Because the Icmpcrature detector 70E is disposed 0

aboie the LCD control panel 85 lilr thc opemtion of the
mitomatic air conditioner IUUD, the audio, and navigation
systems As a result, the hand of the driver or the Occupant
in the passen er seat having access to the LCD control panel
85 does not interfere v ith the detecting mage of the tern- s.
pcrdture detixtor 70E.

lltcrcforc. thc temperature dc)tutor 70E is capable of
dcicxtulg Ihc tmnpcraturc of or around Ihe dover and thc
occupants accurately, causing no air-volume lnulting and
enabling conlfbriable air conditioning, io

((I) Because the temperature-sensing window 94 of the
non-contact tempemture sensor 92 is disposed ar the bottom
ol'thc truncated conc shape recess 90, thc lingers and other
parts of Ihc dnvcr and Ihc occupants arc prevented from
touclung llu: tcmpcrature-scnsulg wmdow 94. As a result, si
the temperature-sensing window 94 is not easily soiled by
oil and dirt of the fingers Accordingly, the temperature

dctixtor 70E is capable of detecting thc tcmperaturc of or
around the driver and ihe occupants as accurate.

On the other hand. in case that the tenlperature detector
7UX does not have the truncated cone shape front recess as
shown ln FICI. 18. the fingers of the dnver and the occupant
in the passenger seat easily touch the lens surface 901.
Hmlcc, Ihc lens surface 901 is liable to be sot)cd by oil and
dirt Of thc linger. lite )mls surlbca 901 is liable to be smeared
by detergent for the clemlina of the interior of the vehicle
cmnpartment including ihe instnunent panel. too If the lens
surface 901 is soiled. Ihe accuracy of the teniperature
detector 70X is reduced.

(7) Because the front recess 90 of the cover 91 is in the
shape of thc tnumdted conc and its bottom surface slopes
down toward the vehicle comparnncnt, dust entcrcd thc
truncated cone shape front recess 90 slides on and falls otf
its slope of the bottom surface 9Ua without collectulg in it
'I'hus, the temperanire-detection by the tentpemture detector
70E is not disturbed with such dust.

On the other hand, as in the case of the temperature
dc) ixtor 70X. which docs not hai e a bouom surfaceslopulg
down towanl Ihc vclucle comparnncnt as shown in FIG. 18,
dust collects easily in the cylindncal recess 902

(8) l3ecause the fmnt recess 9U Of the cover 91 is in the
shape Of a truncated cone that is opened toward the driver
and the occupant~, the angle 0 of the detecting mnge of the
non-contact temperature sensor 92 is as large as 90". Further,
since the recess 90 is opcnixl toward thc dnver mid thc
occupanls in Ihc ichiclc compartmmil, Ilm Icmperaturc
detector is capable ofdetectin the temperature of or around
the driver and the occupants accurately

(9) l3ecause the temperature-sensing window 94 is dis-
posed at the bottom of the tnmcated cone shape front recess
90 and the non-contact tempemture sensor 92 is put in the
back rcccss 906, the IR sensor element 95 rcx)utica no means
(such as coatulg) for shutting out infrared rays other than
incidmil infrared rays lluuugh the Icmpcralure-scnsulg win-
dow 94. 'I'his enables the reduction of production cost of the
temperature detector 70):

(10) Heat. around the driver and the occupant, is collected
by the silicon lens of the temperature-sensing window 94.
Thc heat is cllicicntly scut Io thc IR sensor element 95.
Bcsidcs, the gcrmmuum coat on thc Imis ol'he temperaturc-
sensing wuldow 94 cuts out heat and light rays of a ceruiin
v avelength range. which are detrimental to the IR sensor
element 95.

(I I) Because the tnmcated cone shape front recess 90 in
front of the cover 91 can be produced in advance, it can be
miulc easily. Besides, because the truncatixl conc shape
recess 90 is made in the cover 91 ol'hc tcmperaturc dctccior
70E, the Icmperaturc detector 70E can bc easily installed by
just fitting the non-contact tempemture sensor 92 into the
back recess 906 of the cover 91.

Fourth Embodiment

Referring to FI(J. 15. the tenlperature detector 70F of the
fburth cmboihmcnt of Ihe present invcnuon is now
described.

'I'he temperature detector 70I'as a cover (made of zinc
alloy) 91 having a truncated cone shape recess 90 in its front,
and a non-contact temperanlre sensor 92. The detector 70F
is put in 0 hole 87, winch is provided in a facing plate 50b
Of Ihc instniment pnncl ol'a vehmlc Tlm non-contact tem-
pcraturc sensor 92 of the Icmpcrature detector 70F has Ihe
smne coilstniction as the non-contact teinperanire sensor 92
of the temperature detector 70).
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lltc cover 91 is in Ilm shape of a block and has a truncated
cone shape recess 90 in its front and another recess 90b in
its back. 'I'he recesses 90 and 90b conununicates with each
other. I'he non-contact temperature sensor 92 is put in the
back recess 90b. Protrusions 97 are I'ormed on the top,
bottom, and right and left sides of the cover 91.

lite plastic facing plate 50b is liuod utto an opmung 50c
provided in thc instrument pmtcl 50 as shovnt ut FIG. 14B.
'I'he hole 87 is fiirnted in the plastic facing plate 50b and has
a cylindrical shape, which is rectangular in cross section and Io

has a certain depth.
Recesses for lockin (not shown) are made inside the hole

87 to engage with the protrusions 97 and fix the non-contact
Iempcraturc smtsor 92 inside Ihc hole 87. 11tc non-contact
Iempcraturc sensor 92 is positioned in thc hole 87 so that thc
fmnt end 98 of the cover 91 is flush with the front surface
of the plastic facing plate 50b.

'lite front recess 90 is in the shape of a truncated cone 'I he
front recess 90 Is opened toward the driver and the occupants
and its bottom surface slopes down toward the vehicle zo

compartment. Thc non-contact temperature sensor 92 is
postttoncxl in thc back rcccss 90b tmd surrounded by the
cover 91 so that the tentperature-sensing window 94 comes
to the bottont of the front recess 90 'I'lnis, the angle 0 of
detecting range of 90" of the temperature detector 70li is
secured.

The tempemsture detector 70F of the fourth embodiment
ll(ls Illc follow lllg BdvB(lutgc iit a(kit(toit 10 tltc Bdvalltitgcs of
the lbrcgoing cmbodunents ol'he prcscni mvcnuon.

(12) l3ecause the cover 91 has the protrusions 97 formed io
on the top, bottom, and right and left sides of the cover 91,
and the hole 87 has the recesses to engage ivith the protru-
sions 97. the non-contact tempemsture sensor 92 is fixed in
the hole 87 just by pushin the former into the latter.

3(
l(ifth I lmbodiment

Referring to FICi. 16, the tempemsture detector 70(i of the
lifth embodiment of thc present utvmtuon is now descnbcxk

lite tcmperaturc dctixtor 70G includes a cover (made of so
rute alloy) 91 having a rcccss 90 litnncd on its front, mtd a
non-contact tentperature sensor 92 'I'he temperature detec-
tor 70(i is put in the hole 87, which is provided in the plastic
facing piste 50b of the instrument panel 50 of the vehicle.
The non-contact temperature sensor 92 of the tempermue 3-

detector 70C) has the same construction as the non-contact
Iempcraturc sensor 92 of thc temperature detector 70E as
shown ut FIC) 14.

'lite cover 91 is in the shape of a block, and has a
pymmidal recess 90 in its front and another recess 90b in its
back. The recesses 90 and 90b communicates with each
other. The non-contact temperature sensor 92 is put In the
back recess 90b. Protnisions 97 are also formed on the top,
bottom. and right and lcfl sides ol'hc cover 91.

lite hole 87 is rectangular in cross sccuon imd has a
certain depth. Recesses (not shotvn) are made inside the hole
87 to en a e with the proto(stuns 97 and fix the (1i1(t-colltact
temperature sensor 92 inside the hole 87. The non-contact
temperature sensor 92 is positioned in the hole 87 so that the
front end 98 of the cover 91 is flush v, ith the front surface co
ol Ihc plastic lacuig plate 50b.

1'he plastic facing plate 50b is fitted into the opening 50(
made in the instniment panel 50 (see FI(i. 14B) to be
integral with the instrument panel 50. The hole 87 Is
positioned in a certain place on the facing plate 50b, ss

1'he fmnt recess 90 has a pyramidal shape 'lite pyramidal
fmnt recess 90 is opened toward the driver and the occu-
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pants. Its bottom surface slopes down. Thc non-contact
temperature sensor 92 is positioned in the back recess 90b
that is surmunded by the cover 91 so that the tempensture-
sensing v indotv 94 comes to the Ixittom of the pyramidal
front recess 90. Thus, the angle 0 of detecting range of 90"

of the temperature detector 70CI is secured
Thc tcmperaturc detector 70G of'hc prcscnt cmboduucnt

has Ihc fiillowing advantage ut addition Io theadvantages of
the foregoing embodintents of the present invention.

(13) l3ecause of the pyrantidal front recess 90 of the
temperature detector 70(i. the range of detecting the tem-
perature of or around the driver and the occupants is square.

The present invention includes modifications other than
thc cmbodimcnts desvnbed above.

(t) As shown ui FIG. 11, thc IR sensor 70 may bc dtsposod
on the inst( uunent panel 50. Otf the centerline of the vehicle
compartment to the passen er seat

In such an automatic air conditioner 100('f this first
modification, v:hen the driver opemstes the audio switches,
the navigation switches, or the switches for adjusting the air
Vohllllc i(ltd (11C IeillpCI'till(Its ltt: Or sile Call Bvold ilt(ClfCllllg
with Ihc dctccung range of thc IR Sensor 70. Besides, Ihc
influence of the opemtion of the steering wheel can be
avoided.

Accordingly, the IR sensor 70 is capable of accurately
detecting the temperature of or around the driver and the
occupants, thereby enabling comfiirtable air conditioning.

(n) Such conligurauon may be adopted as thc tcmperaturc
values dctixtcd by thc IR smtsor 70 at thc prcscnt poutt in
time or at a point in tinte preceding. by a certain time. the
detection of the operation of one of the audio switches 82,
the navigation stvitches 83. Ihe blower switch 58, the
DRIVER a~itch 62. and the PASSENCiER switch 63 are
maintained.

(iit) As shown ut FIG. 12, the temperature dc(ected by Ihc
IR Sensor 70 and thc air Imnperaturc outs(dc thc vehicle may
bc indicated on Ihe LCD 52.

(iv) 1'he truncated cone shape or pyramidal recess 90 tiir
the non-contact temperature sensor 92 of the third, fiiurth,
and hfth embodiments may be formed in a certain compo-
nent. design. or pattern.

For cxamplc. Bs shown ut FIG. 17, the recess 90 may bc
formed in a letter 99. In such a case, Ihc dover and thc
occupants rccogiuze thc recess 90 as a part ol'hc leucr 99
instead of recognizing the recess 90 as a recess Thus, the
In(eric('oi1ks filo!'C BttmCtlYC.

(v) The recess 90 may be fomted directly in the instru-
ment panel 50 or a plastic facing plate 50b.

Sixth iintbodintent

As shown tn FIG. 19. the automatic air conditioner 100
for vcluclcs ol'he prcscnt embodiment has mt air condi-
tioning unit 151 disposed in an air duct 105, which is
disposed in front of the vehicle comparnnent 103 'I'he air
conditioning unit 151 has a suction mode switching dmnper
107 for the changeover between the inside air and the
outs(dc air, a blower 109. Bn evaporator (heat exchanger lor
cooling) 111, an iur-mixutg damper 113, a heater core (heat
exchanger for healing) 115. and a blowout port switchutg
damper 117 for changeover betv een blowout ports.

When the suction mode switchin damper 107 is tumed to
its Iirst position (shown ut a solid lute in FIG. 19) by a
servomotor 119. it lets the mr Outside thc veluclc flow into
the air duct 105 (hrough mt outside-air intake port 105O.
When the suction mode sivitching damper 107 is turned to
its second position (shown in a bmken line in l(Ki 19) by
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the servomotor 119, it lets thc air mside the vctucle com-
partment 103 (inside air) flow into the air duct 105 tlirough
an inside-air intake port 105b.

')lie btov er 109 feeds the outside air taken in through the
outside-sir intake port 105a or the inside air taken in tluough
the inside-sir intake port 1056 to the evaporator 111 accord-
ing io ihc rotational speed of a blower motor 123. wtuch is
dnicn by a dnving circuit 121. The evaporator 111 cools
doivn the air fed fmm the blower 109 with a coolant
circulated by the action of the cooling cycle of the autontatic is
air conditioner 100

The driving circuit 121 and the blower motor 123 make up
a means for regulating the air volume of conditioned air into
the veluclc comparuncnt 103.

llicn, the mr-mixing damper 113 is dirccilv driven by a
servoniotor 125 According to its opening degree, part of the
cooled air from the evapomstor I I I flows thmugh the heater
core 115, and the remaining cooled air flows toivard the
blowout port switching damper 117 by bypassing, the heater
core 115. zo

lite air-mixing damper 113 tmd thc servomotor 125 are
includixl in means lor regulating thc icmpcraturc of cond&-
tinned air to be fed to the velucle coinparunent 103

When the automatic air conditioner 100 is put in its face
niode. the damper 117 driven by a servomotor 127 is put in
the first position (indicated as "d1'* in FI(.i. 19) nnd lets the
conditioned air flow through a face blowout port 105c of the
mr duct 105 toward thc upper parts of bodice of the dnver
snd thc occupants in thc veluclc compsruncnt 103. lite lice
blowout port 105c is fornied in the facing plate 550 of a so

blowout port assembly 150 to be described later (see l1(i.
20)

When the automatic air conditioner 100 is put in its foot
mode, the damper 117 is put in the second position futdi-
caied as "d2" in FIG. 19) and lets thc coniliiioned air tlow &s

fltrough a foot blowout port 105d of thc air duct 105 inward
thc lower parts of bodies of thc cover imd the occupants in
the vehicle compartntent 103 When the automatic air con-
ditioner I UU is put in its bi-level mode, the damper 117 is put
in the third position (indicated as "d3*'n FIC). 19) and lets so
the conditioned air flow tttrough both the blowout ports 105c
snd 105d toward thc bodice ol'hc dover and the occupmtts.

llic seri omotor 119 io dove ihe dtmipcr 107. thc dnving
circuit 121 to dove thc blower 109, thc servomotor 125 to
drive the air-mixing damper 113. and the servomotor 127 to
drive the dmnper 117 are controlled by an electrical contml
unit (ECU) 130

The ECU 130 reads si nels fbom a various elements. such
as s non-contact infrared icmpcraiure smtsor (tmrcina ftcr "IR
sensor") 131. a water-tcmperaturc sensor 132. a post-cvapo- c

rater air tempcraturc sensor 133, an mr-mix (A/M) opmting-
degree sensor 134. and a tempensture-setting sivitch 135.
'I'he I i(1) 130 reads the signals via an A/D converter 130e.
The IR sensor 131 detects a surface temperanire Tir of a
detecting range in the vehicle compartment 103. The water- s.
iempcraiurc sensor 132 dc)inta a tcmpersiurc Tw ol'cooling
water of ihc cnginc. Thc post-evaporator air icmpcraiurc
smtsor 133 dctccts a icmpcraiure Tc of thc coo)crt air belund
the evaporator ill 'I he A/M opening;degree sensor 134,
which is built in the servomotor 125, detects an opening ro
degree 0 of the air-mixin damper 113. The temperature-
setting ssvitch 135 is used for settiiig the tar et in-vehicle
compartment tempcraturc Tsei ai a dcsirixl lcvcl. The switch
135 is operated by the dnvcr or ihe uccupmtt ui the passen-
ger scat. The ECU 130 is also conncctctl to a display 152 ss

As shown in Iii(i. 20, an I,('I& control panel 160 v ith
touch sv itches is provided 1 he I,( I& control panel 160 is a

kutd of a display. Thc LCD control panel is used for
opemting the autoniatic air conditioner I UU, an audio and a
navigation system. 'I'he face btov out port 105r is disposed
closer to the ceiling of the vehicle above the I,('I& contml
panel 160. The IR finfmsred ray) sensor 131 is disposed
above the face blosvout port 105r. Accordin ly, when the
dover or thc occupant ut ihc passmigcr scat operates ihe
touch switches on ihe LCD control panel 160. his or her
hand or erin does not cover the IR sensor 131 inadvertently
to disenable the IR sensor 131 Although it is preferable to
dispose the IR sensor 131 above all the touch switches of the
LCD control panel 160. the IR sensor 131 may be disposed
above one of the touch switches.

Altcmatively, thc temperature-sctung switch 135 may bc
ol a type lor ihc dover or ihc occupant ui the passenger seat
to mput his or her fee)in ofheat or cold In such a case the
I:GU 13U determines the tar et in-vehicle compartment
temperature 'I'set according to the input of the feeling ofheat
or cold.

Referring back to FI(f. 19, the ECU 130 controls the
automatic air condiuoncr 100 based on thc above signals.
The ECU 130 has a central processuig unit /CPU) 130a, s
ROM 130b. an output unit 130c, and a quanz resonator
130d. 'I'he GPU 13Ua receives the above signals through the
A/I) converter 130e to calculate anlounts of nianipulation of
the above relevant devices, such as the drivin circuit 121
and the servomotors 119, 123. 125, 127. The ROM 130b
stores execution instrucuons of a flowchari to bc described
later. Thc output unit 130c outputs control signals corre-
sponding to the aniounts of manipulation calculated by the
('PU 130a to the above relevant devices 1 he quartz reso-
nator 130d sends out reference oscillation of several mega-
hertz to make the CPU 130a do digital aritlunetic processin
of software.

Wlmn thc igrution sw itch **IG" ol'he mtgutc w turned on,
the battery '*BAT" ol'hc vehicle bcguis to supply power io
the ECU 130. Then. the ECU 130 bcgnw to control air
cmtditioning v,hen an onioff switch 136 is turned on 1'he
on'off sv itch 136 is used ti)r turning on and

off
th automatic

air conditioner 100.
The IR sensor 131 is now described in detail. The IR

sensor 131 of thc present embodiment is a non-coniact
tcmperaturc sensor io dcicct ihe tcmpersturc ol' dctectutg
range in thc vcluclc comparimcnc More specifically, thc IR
sensor 131 is an infrared sensor with a thermopile-type
detecting element, ivhich generates thermoelectromotive
force in proportion in response to the intensity of incident
infrared rays.

Rcfi:rring back to FIG. 20. the IR sensor 131 is built in ihe
blowout-port assembly 150, w luch is disposed in thc middle
of ihc instnimeni pnncl *'IS".

Specifically, as shown in lii(i. 21, the IR sensor 131 is
positioned above the face blowout ports li)5c of the bloiv-
out-port assembly 150 and embedded„or sunk. m the facing
plate 550. More specifically. the IR sensor 131 is put in a
rcccss 501 made in thc instnuncnt panel Is together with a
cover 500. Thc cover 500 has a uuncstcd conc shape recess
500a, and it is moldixl to cover a case 510 of thc IR sensor
131

'I'he IR sensor 131 has the block-like cover 500, the case
510. and a thermocouple unit (detecting element) 520. The
case 510 houses the theunocouple unit 520. and has n
wuidow 530b. Thc thennocouplc unit 520 has a square
sliapc when viewrxl from ihc fronc Thc recess 500a is
fiirnnxl in the front of the block-like cover 500 to face
toward the in-vehicle compartment 'lite recess 500 has a
bottom surface 5006 that slopes down toward the in-vehicle
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comparunent. Another rcccss is also I'ormcd in thc back. Thc
bottom of the tnulcated cone shape fmnt recess 500a is open
to the back recess 'thus. the truncated cone shape front
recess 5()0a and the back recess comnnlnicate with each
other tluough the window 530b. The themtocouple unit 520
is disposed in the inner part of the case 510. which is put in
thc back recess ol'hc block-like cover 500. Thc thcnno-
couplc unit 520 cneratcs thennoehxtromotivc force corre-
sponding to the temperature difference between its hot and
cold junctloils ) I I

I'he case 510 has a window 530b overlapping the open
bottonl of the truncated cone shape front recess 500u of the
block-like cover 500. The truncated cone shape front recess
500u is directed to thc tcmperaturc-detecting range in thc
3 chicle comparunent Thus, the wmdow 530b ol'he case
510 is directed to the tempensture-detecting range in the
vehicle compartment through the tnulcated cone shape front
recess 5UUC.

The lvindov, 530b of the case 510 is fitted with a lens
530a, through which incident infmared rays pass. The infm- lo
re rays passing through thc icos 530a are convertml ullo
heal by utfrarcxl absorbing lilm (not shell n). Thc heat causes
temperature difference between the hot and cold junctions of
the thermocouple unit 520.

l3y determining the size of the thennocouple unit 520. the
size of the window 530b of the case 510. and the distance
between the thermocouple unit 520 and the window 530b
appropnately. an approprratc angle '*0" of tempcraturc-
dctccling rtulgc ctul bc achieved. Thc height ol lhc IR scilsor
131 is generally the same as the height of the abdomen or the lc
chest of the driver 'I'he reference letter "S" of 11(i. 21 is a
fmnt vielv of the truncated cone shape front recess 500a of
the IR sensor 131 and the lens 530m The display 152 is
provided on the blov out port assembly to indicate the
detixtcd value of thc IR sensor 131 and so on. li

FIG. 22 six)we thc detecting ran c 140A of the IR sensor
131. Thc IR semor 131 is dircctcd to thc drn er 142, ofl'he
centerline of the vehicle compartment and a little up off the
horizon. I he angle "0'* of the detecting range of the IR
sensor 131 is determined appropriately to detect the tern- So

perature of surfaces of objects in the detecting range 140A
shown by thc douixl hne

lhc detixtulg range 140A covers thc upper half of thc
body 142a of thc dnver 142 (the pan covered with thc
clothes). the head I 42b of the driver, part of the ceiling 143,
part of the side window 144u of the door 144 beside the
driver, and part of the rear window 145. In FICi. 22. the
reference numemls 146 and 147 are the driver* sent and the
rear seal, respcctivcly

Because thc cmhng 143 is not exposed to sunlight and is o

provided with an ulsulating material. its tempcralure gener-
ally follolvs the air tempenstme in the vehicle compartment.
'I'he glass temperature of the side window 144a and the rear
lvindow 145 are chan ed under the influence of the inside
and outside air tempemture, The surface temperature of the s.

upper half ol'hc dover's body 142a is changed under thc
influmlcc ol'sunlight. As a result, tlm IR sensor 131 measures
the tempcraturc of thc detecting rmigc 140A basml on thc
inside and outside air temperatures and environmental data
inc)odin the intensity of sunshine Sc

Besides, because the tempemature of the driver's nnd rear
seats 146 and 147 are also changed under the influence of
sunlight, )hc seats 146 tmd 147 may be mciuded in the
detix tulg range 140A.

Relhrnng to thc flow chart ol'IG. 23, thc opcrauon of the si
mitomatic air conditioner 10() of the present embodinlent is
nolv described 'I'he tlowchart shows the control process that

is carncd out by the ECU 130 Thc ECU 130 cxccutes a
control progranl stored in the 130M 130b accordulg to the
tlowchart of IINi 23

In step SIUU, counters. flags are initialized. The counters
and the flags arc used m thc processing. Then, in stc7) S110.
thc set tcmperaturc Tact ulpuucd dm)ugh thc temperaturc-
setting switch 135 is read into the ('PI.J 130u In step SI20,
the temperature I'ir detected by the IR sensor 131 and the
signals of the sensors 132 to 134 are read into the CPU 130i).
In this embodiment. steps S110 and S120 are included in
means for inputting detected si~als.

In next step SI30, a target blowout tenlperature (herein-
after, "IAO") is calculated based on the set temperature I'set

and the temperature Tir read in step S120 by using the
equation (r)9), which is stored in the ROM 130b in advance.

ZIO— ka WIS I— k I)+I'ss)
whcrc "Kset** and **Kir'* arc coeflicicnts, mid "C" is a

coilstaflt
In step S1 40. Ihe 3 o1 1age to be applied to thc blower motor

123 (blower voltage) corresponding to thc target mr volume
is determined based on the 'I'AO acquired in step S130 and
the characteristic graph of I'l(i 24 stored in the l3OM 130b.

In step S150. the target opmnng dcgrcc Uo of the air-
nuxing damper 113 is calculated from the TAO acquired in
step S 130 and the temperature of cooling water of the engine
Tw and the air tempemture Te behind the evaporator 111
both acquired in step S120 by using the equation (410).

a =()I 10— I ) 1) — I') ui) I"') )I 10)

In step S160, it is dctcrmincd a sucuon mode whether
inside air, outside air. or both (semi-inside air) is sucked
based on the tar et blolvout temperature 'I'AO and the
characteristic graph of FICi. 25 stored in the ROM 130b.

In step S 170. a blolvout port mode is chosen from among
a face mode (I'A('I l), a bi level mode (13/I ) and a foot mode
(FOOT) based on the TAO and the chamctenstic graph of
FICi. 26 stored in the ROM 130b.

In step S180. according to calcuLated results in the above
steps S140 to S170, control signals for the blower voltage,
the opening degree of the air-mixin damper, the inside/
outs)dc air suction mode and the blowout port mode are
outputtcd to thc doting circuit 121, thc servomotor 125. )he
servomotor 119. and a servomotor 127, respectively

Then, thc process advances to step S190 In step S190, it
is determine whether a t-scwond penod has passed or not.
When it is determined to "NO", the process stays in step
5190 When it is determined to PYI:S'L the process returns
to step S110.

As the air conditioning process is conducted in such a
way, when the blower IU9 feeds the outside air taken in
throu h the outside-air intake port 105a or the inside air
taken in tltlough the inside-air intake port 105b to the
evaporator 111 in theair duct 105, thc evaporator 111 cools
down thc air li:d Ibom the blower 109

An air-mixing damper 113 allows part of the cooled air
Irom thc evaporator 111 to flow ulto thc heater ccrc 115, and
the remaining coolcxI mr to bypass lhc hcatcr core 115.

Then, the cooled air bypassing the heater core 115 and the
air flowing into the hcatcr core 115 arc mixed at upstream of
thc blowout port switchuig damper 117. Further, corre-
sponding to the sivitchin position of the ihnlper 117, the
nuxed air flows into one of the font blowout ports 1054 and
the face bio~out port 1051.

I'hus, the air inside or outside the vehicle compartment is
cooled (or warmed), and then the air blows into the vehicle
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comparunent tluouJI one of thc fooi blowout ports 105J
and the face blowout port 105c.

Now, cflhcts of thc present embodiment v;111 bc dcscubcxi.
Thc air conditioner for vchiclcs of the present cmboduucnt
includes the air conditioning unit 151, the IR sensor 131, and
the ll( U 30 The IR sensor 131 is disposed above the face
bloivout port 105c.

The air conditioning unit 151 re ulates the air remperanue
and feeds the conditioned air into the vehicle compartment
tluough onc of thc face blowout port 105C, Ihc fi)ot blowoul
port 1054, and both. Thc IR sensor 131 senses the surlhcc
Iempcraturc ol a tcmperaturc-dctectulg rmigc ul Ihc veluclc
compartnlent without contacting. The I I( ll 130 controls the
air conditioning unit 151 according to the temperature
sensed by the IR sensor 131 so that the air conditioning unit
51 can regulate the air tempemsture and feed the conditioned
mr tluough Ihc I'acc blowout port 105C tmd Ihe filot blowout
por(

For cxdmplc, when the air is cooled down, Ihe cooled mr
floivs in a downward direction from the face blowout port zo

1051 in such a situation, if the IR sensor 131 is disposed
below the face blowout port 105c, the facing plate of the
bloivout-port assembly 150 is cooled. In addition. when the
instrument panel Is is molded with a thermally insularing
ma(coal, the back side ol'hc blowout-porl assembly 150 Is
Ihennally insulated by Ihc Instrument ptmcl Is. In such a
situation, an uneven distribution of tempensture at the blov-
out-port assenlbly 150 and also at the IR sensor 131 Is
existed.

3ti
Accordingly, regardless of incident infrared rays from the

tempemture-detecting range. there occurs difl'erence in tem-
perature bet«can thc hot and cold luncuons of Ihc thcnno-
couplc unit 520. Thcrcforc, thc Qlermocouplc urn( 520
generates tlmmloclcctromotivc lilrce ulcluding delection ls
error corresponding to the tempenlture diiference between
its hot and cold junctions

On the other hand, according to the present embodiment,
the IR sensor 131 is disposed above the face blowout-port
105C. Therefore. the IR sensor 131 is hardly nflected by the «I
cooled mrflow blown out of thc face blowout-porl 105c. Thc
soilage outpuucd by thc IR sensor 131 shov,s Ihe surlhcc
tenlpemture of the tempenltme-detecting range as accurate.
Since the li('U 130 carries out the air-conditioning contml
based on the voltage outputted by the IR sensor 131. the air ds
in the velucle compartment is desirably air-condirioned. The
air-conditioning control means here is to control the tem-
perature and thc air volume ol'he conditioned air, which Is
flowcd through the blowout pons 150c and 150d.

According to thc prcsmlt cmbodunent, Ihc IR sensor 131
detects the surface temperatures of the ceiling 143, the side
windoiv 144a. the rear window 143, and the upper half of the
driver's body The surface temperature of the ceilin 143 is
varied generally according to the air temperarure of the
vehicle compartment The surihce temperature of the side ss
window 144a and thc rear w uidow 145 is varwd under thc
influmlcc of thc outside air tcmperaturc. That ol'he upper
half of the dover*s body l42ir is varied under the influence
of sunlight. Accordingly, the IR sensor 131 measures the
surface temperatures within the detecting range based on the rt,
inside and outside air temperatures and environmenml data
including the intensity of sunshine.

illus. sulcc It is possible Io properly control Ihc compart-
ment Iemperauirc based on Ilm insula dnd outsiilc air tem-
peratures and Ihc ultcnsity of sunshuic, while prcvenling the ss
reduction in contmllability of the coinpartinent temperature,
costs for the sensors and for assembling the sensors can be

rcduccd by getting rid ol'hc sensors for uisidc and outside
air tenlperatures mid for the intensity of sunshine

liurther, according to the present invention, the iR sensor
131 is built in the blowout port assembly 150 and embedded
or sunk in the facin pLate 550 as shown in FICI. 21.
Therefore, even ivhen the airflow is directed in an upward
direction by an airtlow direction regulation plate disposed at
the face blowout polt 105C. Ihc IR sensor 131 is hardly
aiTected by the temperature of the airflow.

Since the IR sensor 131 is built in the blowout port
assembly 150 mid enlbedded or sunk in the facing plate 330,
the sunlight outside the vehicle compartment is prevented
from directiy enterin and causin unreliable measurement
of Icmpcra lure.

As dcscribcd above, thc IR sensor 131 is disposed in thc
blov out port assembly 150 of the instnunent panel Is
'I'herefore, ivhen the iiGU 130 is placed in the instrument
panel Is, connection ivires between the I I('l.l 130 and the IR
sensor 131 can be slmrt compared to the case of placing the
IR sensor 131 at other positions, such as the one near a room
nurror of Ihc cciluig. Tlus cuts down ou costs and rcduccs
lnlhlcnccs lrolll clcctrlc 1101st:s sllcil Bs clcctrolllc wdvcs.

According to experimental results in lil(ig 27, 28, open-
tions of the air conditioner of the present embodiment is
explained in comparison with a conventional air conditioner
for vehicles. The conventional air conditioner has an IR
sensor disposed beloiv a face blowout putt

In FIGS. 27 and 28. the horizontal axis shows iimc
(nnuutcs). Bnd thc vertical axis show s tcmpcrature ('.) and
voltage (volt). A line III shov s a temperature around a
driver such as a face, knees, and a waist of a driver A line
112 shov s an avenlge value of tenlperatures detected by the
IR sensor 131 (for example„an average value of four
detected temperatures). A line H3 shows a blower voltage
applied Io the blower motor 123. Thc luics H1 Io H3 of FIG.
27 show expenmcntal results ol'he air conditioner lor
vchiclcs ol'hc prcscnt embodiment. Thc lines H1 to H3 of
ill(i 28 shoiv experimental results of the conventional air
cmiditioner

According to the experimental results of FICiS 27 and 28,
the blov,er voltage correspondin to the line H3 in the
present cmbodimcnt of Ihe prcsmlt invenuou is smoothly
rcChlccil Bs Iclnpcraulli:s ol Ihi: lacix kllccs dull waist ol Ihc
dover dimrcasc in comparison with thc conventional air
conditioner shown in ill(i 28 l hat is. the blower voltage,
namely, the air volume of the air fed through the bloivout
ports decreases smoothly in accordance v ith the driver*s
feeluig of heat or cold.

In otlmr words, v hcn coolulg down, a transient period and
a stalionary state arc properly switched in accordance with
the driver*s fi:elulg ol'eat or cold lite transient pcnod Is
when air teinperature of the vehicle conlpartment decreases
1'he stationary state is ivhen the air temperature of the
vehicle compartment is stabilized. Therefore, the air in the
vehicle compartment is desirably controlled for the driver.

Seventh iinlbodiment

In Ihc sixth embodimmlt, the IR sensor 131 is dtsposcxl
above Ihc face blov,out polt 105c Instead, in thc sevenfll
embodinlent, the IR sensor 131 is disposed beside the face
blicwout port 105C as shoivn in I'l(i 29 1'he IR sensor 131
is disposed in the instniment panel Is and embedded or sunk
in the facing plate 550B sinlilarly to the sixth embodiment.

In such a locauon ol'hc IR sensor 131, since thc air fcxl

through the face blowout port 1051 floivs in a doivmvard
direction, the IR sensor 131 is hardly aiTected by the
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iempcralurc of thc Birflow. Further, even when tim airflow is
directed sideways by the airflow direction regulation plate of
the face blowout port 1050, the IR sensor 131 is hardly
affected by the tempemture of the air flow because the IR
sensor 131 is disposed in the instrument panel Is to be
embedded or sunk in the facing plate 550a.

lite experimental results of thc air conditioner for
i chic)as of lhc scvcnth embodiment areshown ui FIG. 30.
In ill(i 30. the honzontal axis shows time (minutes), and the
vertical axis shows tenlpemture (" (1) and voltage (volt). 10

'I'he line I I I shows temperatures of a face, knees and a waist
of a driver. The line HZ shows an average value of tem-
peratures detected by the IR sensor 131 (for example, an
average value of I'our detixicd tcmpcraiures). The linc H3
show s the blower voltage applied lo lhc blower molor 123.

Accordin to the experimental results oflIKi 30. as in the
abm e sixth emlxldinlent, the blower voltage in the seventh
embodiment is smoothly reduced as tempenstures at the
face. knees and waist of the driver decrease in comparison
with the conventional air conditioner shown in FILI 28. Io
Furlhcr, during thc cooling. thc transient pcnod and the
stationary state arc properly switched ui dccordimce w ilh the
driver's feeling of heat or cold 'I he transient period is v hen
air tempemture of the vehicle compartment decreases 1 he
stationary state is when the air temperature of the vehicle
conlpartment is stabilized. Therefore, the air in rhe vehicle
conlpartment is desimsbly controlled for the driver.

OTI Il:8 MOI&i)II( AfIONS
10

The present invention should not be limited to the
mubodimcnts discussed above Imd shown m thc Iigurcs. bul
may bc unplemmilcd In venous ways withoul dc7tarling
from the spint of the inveuhon. For cxamplc, in lhc sixth and
seventh embodiments, the thennopile-type infrared sensor ls
131 is used as the non-contact temperature sensor I lov ever,
any tenlperature sensors may be used so loilg as they shov
detection ermrs when the sensor is aflected by the rempem-
turc ol'he cooled airflow.

In thc embodiments, thc air condiuoncr for vciucles has a do
cooluig mode and a heatulg mode, and lhc modes are
switched. Instead of it. however, an air conditioner exclu-
sively used for cooling may be adopted.

The IR sensor is preferably disposed above the face
blolvout poit and the switches. such as the temperature- d-

setting switch on the LCD.
Wltrn Is cldllllixl lw

1. A veluclc air conditioner for a velucle, the veluclc
havillg an instnlnleilt pailel on lvhich at least one of a
tenlpemture-setting switch, an air volunte-setting sivitch, an
audio switch, and a navigation sw)tch is disposed. the
vehicle air conditioner comprising:

a non-contact temperature sensor that detects a rempem-
iure of inside air ol'he vehicle:

a conuol unit that controls a icmpcraiurc of conditioned
air floiving into a vehicle compartment based on the
tenlperature detected by the non-contact temperature
sensor, and

a memory thai stores d plurahly of detection values
detected by the non-contact tempemsture sensor;
wherein

the non-contact tempemsture sensor is disposed on the
uistnuncnl panel so Ihal Ihc non-contact lcmpcralure
sensor is disposed above at least one of the tempera-
ture-setting switch. thc mr iolumc-seuing switch, thc
audio sv,itch, and the navigation switch: and

Upoil dCICCllllg dll OpCII01011 Ol Otic Of thc IClllpCrdhllc-
setting switch, the air volume-setting switch. the audio
swttclb and lhe navigation switch. Ihe control uiul
controls the temperature 0 f the conditioned air based on
lllC dCICCI1011 Vahres 01st ls Bll BVCI'IigC OI fllc plUIB)11V

of detection values stored in the nlenlory
2 TIIC VCIIICIC Bll Colldlllollcr dCCOrdlllg 10 Cldllll 1.

wherein the non-contact temperature sensor is disposed
above thc Imnpcralure-selling switch and thc air volume-
setting switch

3 Tlm vclucle mr conditioner according to claim I,
v herein the non-contact temperature sensor is positioned off
a ccnlcrlinc of Ihc vehicle ioward a passenger sca(

4 The ielflcle air conditioner according to claim 1,
wherein lhe non-contact icmperaiure smisor Is mi uifrarod
temperature sensor, and a sign of the infrared temperature
smisor is placed Un onc side of Ihc infrared lcmpcralure
sensor to indicate its existence

5 Tlm vclucle mr conditioner according to claim I,
v herein the instiluttent panel has a front recess in a shape of
011C Of d CUIIC Slid II pvldlllnl. Bill hrls a tclllpcldlUIC-SCIlslllg
window positioned at the bottom of the fmnt recess

6 TIIC VCIIICIC Bll Colldlllollcl'CCOrdlllg 10 Cldllll 5.
wherein the front recess is opened toward the vehicle
compartment so thai Ihc front recess has a bonom surface
slopmg down toward the vehicle compartment

7 Tlm vclucle mr conditioner according to claim 5,
v herein the front recess is directly formed in a facing plate
thai is a pari ol'he instrument pmlcl.

8 The ielflcle air conditioner according to claim 5,
v herein the non-contact temperature sensor includes

a temperature sensing element tlmt has a thermocoupie;
a sensor conlauicr Ihdi houses the tcmperaturc scllslllg

ClelllCll I:

wherein the temperature-sensing window has a lens and a
filter that is disposed at front side of the sensor con-
tainer. and

1bc 1hcmioco up) c is d is p0 sexi ul an nuicr part of Ihc semor
COIIIBIIICI'

The veiucle air conditioner according to claim 5,
wherein the instrument panel has a facin plate that has a
hole in which lhc non-contact Icmperaturc semor is dis-
posed.


