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(s7) ABSTRACT

9 Claims, 3 Drawing Sheets

A vehicle air conditioner controls the air-conditioning auto-
matically based on sensors detecting environmental condi-
tions regarding thc air-conditioning of a vchiclc anti based
on an operational portion operable by a passcngcr Onc of
)he sensors ts a sunhght sensor for detecung the amount of
sunhght incident into the vehicle. A signal detecteil by the
sunlight sensor is modified to have a time constant bv a time
constant process The modihcation is based on the elevation
an ic of thc sunli ht and thc inside air tempcraturc of thc
vehicle. Thc modified signal is used for automatic control of
thc air-conditionin .
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VEHICLE AIR CONDITIONER WITH
AUTOMATIC AIR-CONDITIONING

CONTROL

CROSS REFERENCE TO RELATED
APPLICA11ON

This application is based upon )apanese Patent Applica-
tion No. 2002-1S694, tiled on Ian. 24, 2002, the contents of
which are incorpnrated herein by reference

HACK(3ROUND OI'HL INVL'N IION

I I ield of the Inventinn

Thc prcscnt invention rciatcs to a vehicle air cnnditioncr,s
whtch has an automatic air-conditioning control funcuon.

2. Related Art
An air conditioner, such as the one described above, uses

a calculaterl value of a signal from a sunlight sensnr for
automatic contrnl of the air-cnnditioning I'he calculated ac

value is obtained by a time constant process in which a
dctcctcd value (pure value) frnm the sunlight sensor is
modified to have a time constant. Thc time constant process
is performerl due to the following reasons.

When the vehicle travels along a valley between Lafl

buiklings on a sunny day, the sunlight incident into Lhe.

vehicle is intermittent so that the detected value at the
sunlight sensor varies dynamically so as to make the control
of thc air-conditioning unstable. Therefore, the time constant
process is used to prcvcnt thc unstable condition of thc
automatic control of. Lhe air-conditioning by using the modi-
Iieil rletecteil value of. the sunlight sensor in the automauc
control of the air-conilitioning.

The time cnnstant process is perfnrmed so that the cal-
culated value (output value) is changed exponentially ivith
respect tn time when the detected value (pure value)
changes. A time constant can be denoted thc time (second)
until change in the calculated value reaches a value of, for
example, 63.2% with respect to change in the detected value.
of the sunlight sensor. When the time constant is large, the. sc

change m the calculated value is moderated with respect to
change in the detected value

In a laid-open patent application publication .IP-A-1104-
138910, thc time constant process for the detected value by rs
thc sunlight sensor is performed in conncctinn with change
in an clcvation angle of thc suniight incident into the vehicle
in the automatic controllable air conditioner.

In a technical disclosure of DENSO CORPORATION No.
107, which was publisheil on Mar. 15, 1996, Lhe time
constant process for the detected value by the sunlight
sensor is performed in connection with the elevation angle
of thc sunlight incident into thc vehicle and an outside air
tcmpcraturc of the vehicle.

Thc temperature feeling of thc passen er, which is the;;
feehng of the passenger imhcaung how much he)she feels
the temperature, is changed in accorrlance with (I) the.

stream of air inside the vehicle, (2) the radiation nf the
sunlight nr the hke and (3) an enviromnental temperature of
thc passenger (inside air temperature). i t)

Arlcgrcc in time-rate change of the temperature fcclin of
thc passcngcr changes in relation to the inside air tempera-
ture even if the radiation of. the sunlight ts in the same
conditton. The above-ileacnbed prior arts do not take inio
consi&leration the fact that the inside air temperature influ- as
ences the temperature feeling of the passenger Therefore, in
the conventional arts, a difference occurs between the con-

trol of the air-conilitiomng by the calculated value after the
time constant process and Lhe actual change in the tempera-
ture fcelin of thc passenger. As a result, thc air-conditioning
cannot follow the actual change in thc tcmpnaturc fccling of
the passenger More specifically, the control of a blnw-out
temperature of the conditioned air tn be supplied to a
passenger compartmeni or a blow-out mode to supply Lhe
condiuoned air Lo the passenger compartment ihilers from
thc actual change in thc teniperaturc fccling of thc passen cr
so as to niakc the air-conditioning uncomfortable or strange
for thc passen er.

Although the time constant is changed in connection with
thc outside air tcmperaturc in thc latter prior art rlcscmbcd
above, it influences thc heat load of thc whole air-
conilitiomng of the of the vehicle, but does not influence Lhe

temperature feehng of. Lhe passenger directly. Therefore, u
still causes the difference between the actual change in the
temperature feeling of the passenger and the contrnl of the
air-conditioning by the calculated value after the time con-
stant process.

SUMMARY OF THE INVENTION

An object of the invention is to provide an improved
vchiclc air conditioner that performs air-conditioning fol-
lovvin an actual change in a tcmpnaturc fccling of a
passenger that is influenced by an inside temperature in a
vehicle so as to be comflirtable for the passenger.

According to an aspect of the prcscnt invention, thc air
conilitioner has time constant process means ior performing
a ume constant process taking in consideration the inside
temperature, which denotes a temperature inside the vehicle
such as a temperature of the air inside the vehicle, as well as
an elevation angle of thc sunlight incirlcnt into thc vehicle in
an autoniatic air-conditioning control.

With this feature, the air oonditioner can determine a time
constant which matches the actual change in thc tcmperaturc
fcclin of thc passenger since it is rlctcrmincrl using thc
insiile temperature as well as Lhe elevation angle of Lhe

sunhght. This is because a tlegree (spec&i) in ume-rate
chan e of Lhe change in the temperature feehng of Lhe

passenger is influenced by not only the elevatinn angle of the
sunlight but also the inside temperature Therefore, the
passen er can fccl a comfortable air-conrlitioning.

The passenger feels the heat ivith respect tn an increase of
the inside temperature more sensitivelv 'I'herefore, it is
prefcrablc that thc time constant is dccrcascd in accordance
with the incrcasc of thc insirlc tcmperaturc to meet thc
control of Lhe air-comhuoning with the change in the tem-
perature feehng of ihe passenger more suitably.

Preferably, thc time constant changes in accordance with
the elevauon angle of. the sunhght. For example, the ume
constant has a minimum value at a predetermined angle of
the elevation an le, and has a maximum value at another
angle other than the predetermined angle of the elevation
angle

More specitically, the time constant has the minimum
value at around 30'f the elevation an le since the sunlight
can reach a face portion of thc passcngcr directly at thc angle
so that thc tempcraturc feeling of the passcngcr changes
spccdily in a short time. In this case, the control of thc
air-conilitiomng follows a sensitive change in the tempera-
ture feeling of the passenger with a quick change in the
control of the air-conditioning.

When the elevauon angle mcreases from arouml 30', it is
preferable that Lhe ume constant is increased since a sunlight
amount is decreased which is directly incident to the face
portion of the passenger.
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Preferably, a degree &n increase of the l&me constant w&th

respect to increase of the elevation angle of the sunlight is
decreased in accordance &vith increase of the inside tem-
perature. 'I'his is because a slight increase of the sunlight
causes a scnsitivc chan c in thc temperature feeling of thc
passcngcr at a high inside ten&peraturc such as 30'. or
more.

Other features and advantages of the present invention
w&11 become more apparent from the following detailed
description macle with ref&:rcncc to thc accompanying draw-
ings.

BRILI'L&S('.RIPI1ON Ol'HI.'RAWIN(lS
FIG. 1 is a system diagram illustrating a construction of

&s
a ventilation system of thc prcscnt invention;

I'IG 2 is a flow chart shnwing an automatic air cnndi-
tioning cnntrni nf the present invention;

FIG. 3 is a dm ram showing characteristics for determin-
ing a time constant in a time constant process &n a Iirst
embod&ment of the present invention, and

I'IG. 4 is a d&agram showing a relationship between an
amount ot' received calorie by the sunlight and a sunlight
clcvation angle 0 in thc first cmbodimcnt of thc prcscnt
invention. "s

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Specific embodiments of thc present invention will now
bc dcscl&bcd hcreinaftcr with reference to the accompanying "'raw&ngs

&n wh&ch the same or s&m&lar component parLs are
designated by the same or sim&lar reference numerals.

(F&rst Emboriiment)
Ftrst, a schematic ventilation system in wh&ch a&r &s blown

toward a passenger compartment of a vehicle will be
described with reference to 11G. 1 An air cnnditioning unit
10 has an inside/outside air switching box 11 in which an
outside air inlet fl» for introducing outside air (air from the
outside of thc vchiclc) and an inside air inlet lib for
introducing inside air (a&r from Ihe passenger compartment)
at the most upstream side of the a&r conciiuon&ng un&L 10. The.
inside/outside a&r switching box 11 is provided at the most
upstream end nf the air conditinning unit 10

The inside,'outside air switching box 11 has an inside
outside switching door 12 rotatabiy disposed thcrcin
bctwccn thc outside air inlet lf» and thc inside air inlet 116.
The &nsirie/oulsirie switching door IZ is dnven by an
electnc-dove apparatus 12u such as a servomotor. The
sw&&ching door 12 opens aml closes Ihe outside a&r inlet Ifu
and the inside air inlet 11/& tn determine frnm &vhich inlet the
air should be introduced or to detem&ine the mixing rate
bctwccn thc air from thc outside of thc vchiclc and thc air
from thc passen cr compartment of the vehicle.

An air blower unit 13 is provided at a downstream side of;;
the inside&outs&de air switching box 11 &n Ihe a&r cond&hon-
ing unit 10, I or blow&ng air to the dov:nslream side of Lhe air
conditiomng unit 10 I'he air blower unit 13 has a blower-
driving motor 14 and a centrifugal blower fan 15 connected
to a rotor shaft of thc blower-driving motor 14. An cvapo- „,.&

rator 16 and a heater core 17 arc arranged in thc do&vnstrcam
side of thc blower fan 15.

The evaporator 16 is a cooling heat exchanger and con-
stitutes a refngeralion cycle w&th a compressor dnven by an
eng&ne (not shown) and the like, for coohng air by absorb&ng ss
heat from the air cnming into the air conditioning unit 10 by
causing evaporatinn of low-pressure coniant. The heater

core 17 is a heanng heat exchanger for heaung the air usin ~

hot water (coolin &vater) tlo&vin in the engine as a heat
source.

An air mix door 18 is rotatably provided at an upstream
side of thc heater core 17. The air mix rloor 18 is dwvcn by
an actuator 18(& to dctem&inc an opening dcgrcc thcrcof for
adjusung Lhe ratio between the amount of. heatetl air passing
Ihrough Lhe healer core 17 and the amount of cooled a&r

bypass&n ~ Ihe heater core 17, thereby adlusnng the tempera-
ture of the air blown into the passenger compartment
Namely, the heated air passing through the heater core 17
and thc cooled air bypassing thc heater core 17 arc mixed
with each other so as to pro(luce mixed air bavin a
tempcraturc indicated by a passcngcr. Therefore, thc air mix
door consliiules a temperature adjusting means lor the air
blown inu& Ihe passenger compartment.

At the most downstream end of the ventilation passa e in
the air conditionin unit 10, a blow-out mode switching
portion is provided. More specifically, a defroster tloor 20
for opening and closing a rlcfrostcr blow-out port 19, a face
door 22 for opening and closing a face blow-out port 21 anil
a foot door 24 for opening aml closing a foot blow-out port
23 are provide&I.

These doors 20, ZZ, 24 correspoml lo blow-out mode
s&vitching means, and are driven by an actuator 25 to
open&close the respective bio&v-out ports 19, 21 and 23 to
thereby detcrminc a blow-out motte of thc conclitioned air,
for cxan&pic, a FACE mode (FACE), a BI-LEVEL mode
(B&L), a FOOT mode (FOOT), a FOOT-DEF mode or a
DEFROSTER mode. The conditioned air is blown into the
passenger compartment from an opened port accord&ng to
the bio&v-out mode

An air conditioning control device 30 has a microcom-
puter 31 as control means 'I'he amount of the condit&oned air
blown into thc passen cr compartment is controlled by
determining the revolution spccd of thc blower motor 14 that
&s determ&ned by Ihe applied voltage (blower voltage)
Iherelo. The blower voltage is adjusted in secor&lance with
an output s&gnal from Lhe m&crocomputer 31 through a dnve
circuit 32 Other actuators IZ», lga and 25 are also con-
trolled by the drive circuit 32 based on output signals from
the n&icrocomputcr 31.

Thc microcon&putcr 31 has a &veil-known structure includ-
ing a CPU, a ROM portion, a PAM portion, a standby RAM
port&on, an I/O port pornon, an A&D converter aml the I&ke

Operational s&gnafs are &npu I Lo the m&crocompu ter 31 that
are sent from an air conditiomng operauonal poruon 33
arranged on an instrument panel in the passenger compart-
ment Many kinds of switches are prov&ded in the opera-
tional portion 33, such as an AUTO switch 34 for setting an
automatic control condition of thc air conditioner, an inside
outside air selecting switch 35 for manually sclcctin a
sucuon mode between an ins&de a&r suction mode anil an
outs&de air suction mode, a blow-out mode selecting switch
36 for manually selecting the blow-out mode described
above, a blowing air amount adjusting s&v&tch 37 for manu-
ally adjusting the amount of air blown by the fan 15, a
tempcraturc setting s&vitch 38 for scttin a prcfcrred tcm-
pcrature of the passen cr.

The microcomputer 31 rcccives sensor signals from sev-
eral sensors, each of which rlctects an environmental con-
dit&on that &nfluences the air &x&ndit&on&ng in the passenger
comparlmena More specdically, Ihe sensors are an inside a&r

temperature sensor 39 for delecung the temperature (TR) of
air inside of the passen er compartment, an outside air
temperature sensor 40 for detecting the temperature ('I'AM)
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of air outside of Ihe vehicle, a sunhght sensor 41 for
detecting the amount of sunlight (I') incident into the
passenger compartment, an evaporator temperature sensor
42 for detecting the temperature (TL') nf the evaporator
(actually, thc tcmpcraturc of thc air ininiediately after pass-
ing through thc evaporator), a water tenipcraturc sensor 43
for detecung the temperature (TW) of. the cooling water
circulating in the engine aml the heater core Iy, and Ihe, hke.
'I'he signals from those sensors are input tn the microcom-
puter after being converted by the A)D converter I f)

The microcomputer 31 in the air conditioning control
dcvicc 30 is coupled with a vehicle navigation system 50 to
conrluct communication of electrical si nals bctwccn
vchiclc navigation system 44 and thc air conditionin con-
trol device 30 with a predetermined communicauon protocol
(for example, CAN).

As well known, the navigation system 44 has a GPS
(Global Positioning System) antenna to receive radio ivaves
emitted frnm plural artificial satellites for determining a
position of the vehicle (latitude and longitude), a direction of —.

travcl of thc vchiclc or thc like. Thc navigation system 44
informs the passenger of rorul information and the idee using
information fhsplaying means by way of. a display or voice
message in association with iniormauon including the posi-
tion of the vehicle, the direction of travel of the vehicle and
the like, and map infnrmation recorded in a high-capacity
atom c mcrlium such as a DVD and a CD-ROM. A monitor
(not shown) displays a current position of the vehicle.

In this embodiment, the inforniation regarding thc posi-
f))

tion of the vehicle (latiturle aml longitude), a direcnon of ''
travel of the vehicle or the lil e is input from the vehicle.
navigation system 44 to the microcnmputer 31 in the air
conditiomng control device 30.

Next, a flow chart executed by the microcomputer 31 in
this cmbodimcnt will bc dcscril&cd with reference to FIG. 2.
This flow chart will start by turning on the ignition IG. First
of all, every conversion aml setting of initial values of. Ilags
or Ihe like are executed in slap S10U. Next, Ihe microcom-
puter 31 reads the operauonal signals from Ihe sv:itches
34—3(I of the air conditinning operational portion 33 in step
S110 Also, the micrncnmputer 31 reads the detected signals
indicative of thc environmental conditions of thc vehicle
from thc sensors 39%3 and a signal from the navigation
system 5U in step S12U.

In next slap S130, the microcomputer 31 reads Ihe infor-
mauon regarding the pofuuon of. Ihe vehicle (lautude and
longitude), the direction of travel of the vehicle or the like
and calendar information having date and time In next step
S(40, the microcomputer 31 calculates a sun position with
rcspcct to thc vchiclc using thc information read at step S130
to obtain an clcvation angle 0 of thc sunlight incident into
the vehicle. The elevation angle denotes an incident angle
with respect to an up-flown direction of Ihe vehicle body.
'I'he calendar informatinn can be used that is stored in the
micrncomputer 31 itself.

In next step S150, a time constant x, ivhich is used in a
time constant process with respect to a detected value front
thc sunli ht sensor 41 which is read at step S120, is
dctcrmincrl. Thc time constant x is determined according to at)

a control map shown in HG. 3 aml memomzed in Ihe ROM
portion of the microcomputer 31 using the elevation angle 0
of the sunlight and the inside temperature TR as parameters

In the control map shown in FIG. 3, the time constant x
is determined in relation lo change in the elevauon angle 0 as
of the sunlight in every range of the inside temperature TR
'I'he time cnnstant v is determined in, fnr example, four

ranges such as a Iirst range rl in which the inside air
temperature TR is equal to or less than ZU'., a second
range r2 in which the inside temperature TR is between 25'

and Zl'', a third ran e r3 in which the inside air
tcmpcraturc TR is bctwccn 30'. and Zb'. anil a fourth
range r4 in which thc insirlc air tcmperaturc TR is equal to
or more than 31'. The lime constant x is determined in
relauon to change in Ihe elevation angle 0 of the sunhght in
respective ranges rl to r4

The temperature feeling of the passenger sensitively
changes when an ambient temperature, i.e, the inside-air
tempcraturc TR is increased. Therefore, the time constant x
is lowcrcd when the inside air tcmperaturc TR rises.

As shown in FIG. 4, the aniount of rcccived calories of the
sunhght is maximum al arouml 30'f. Ihe elevanon angle
which is relatively small. Moreover, the sunlight reaches
directly to a face portion of the passenger through the
ivindow glass of the vehicle ivhen the elevation an le 0 is
low like 30'n this situation, the temperature feeling of the
passen cr changes rapirlly in a short time.

In taking account thc above-dcscril)ed fact, the time
constant x is minimum at around 30'n evny ran c rl to r4
for the insiile air temperature. While the elevation angle 0 is
increased from the angle around 30', the change in Ihe
temperature feeling of the passenger ivith respect to the
change in the amount of sunlight is gradually less sensitive
since thc amount of thc sunlight directly incirlcnt to thc face
portion of thc passenger is rlccrcascd grarlually. Namely, thc
change in thc teniperaturc fcelin of thc passenger with
respect to the change in the amount of sunlight takes some
lime. Therefore, Ihe ume constant x is increased gradually in
every range rl to r4 for the inside air temperature while the
elevation angle 0 is increased from the angle around 30'lowever,a degree in the increase of the time constant x
accordin to the incrcasc of the clcvation angle 0 is
decrcascd according to the incrcasc of thc inside air tem-
perature TR. This is because the temperature feeling of Ihe
passenger chan es lo cause a hot feeling in a short ume with
a slight change in the sunlight amount. As a result, in Ihe
range r4 in ivhich the inside air temperature is the highest,
i e, 31' or more, the time constant x is increased very
slightly even ivhcn thc elevation angle 0 is incrcascd. Thc
time constant x in thc range r4 is kept at a small value lower
than 40 seconds even though the elevation an le 0 is
mcreased as shown in FIG. 3.

On the other hanil, m Ihe range rl in which the inside air
temperature is the loivest, i.e, 20'I or less, the time
constant x is increased dynamically so as to be increased
from the minimum value around 40 seconds to a maximum
value around ISU seconds since thc change in thc tempcra-
turc fcclin of thc passenger with respect to thc change in thc
amount of. sunlight is less sensiuve with the increase of Ihe
f:lf:vs)if)rl arl 'le 0.

In the next step 160, Ihe time constant process is per-
fomied ivith respect to the detected value (pure value)
obtained from the sunlight amount sensor 41 by using the
folloivin equation (I).

I) r =t1,'«) la+)f( — il) I ixvia

Wherein 'ISnciv is the sunlight amount obtained after thc
time constant process is performed, TS is the current
detected value (pure value) at Ihe sunlight amount sensor 41
read at step S120, TSold is the previous sunlight amount
after the time constant process was performed, aml "a's a
value corresponding to a formula of (time constant wcontrol
cycle "t*') 'I'he time fonstant x is determined at step S150
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descnbed above, and the control cycle 1 is a wainng time in
the following step 8230. I'he step S160 denotes time con-
stant process means in this invention

In next step SI70, a target blowing temperature TAO of
thc air blown into thc passcngcr conipartmcnt is calculated
according to the signals indicative of thc cnvironmcntal
condittons and the preset temperature TSET that are read out
at the step S11U anil S12U by using the following equation
2 The TAO is a necessary air bloiving temperature for
keeping the passenger compartment at the control preset
temperature I'SL7 I'egardless ot'change in the environmen-
tal conchtion (thc heat load condition of thc vehicle).

7afi=xi'67 fxf f — arf If(—let 17 7317—Tai'11+f7 (c)

Wherein KSET, KR, KAM and KS represent coeliicients,
and (: represents a correction constant TSLT, I'R, TAM, 'IS
represent the control preset temperature, the inside air
temperature, the outside air temperature, the sunlight
amount as clcscnbcd above, respectively. Moreover, thc
sunlight amount TSncw, which is obtained l&y the time ao

constant process at step S16U, is employed as ihe sunlight
amount TS in the above-rlescribed equation 2.

In next step S180, a bio&ver voltage for determining the
blowing air amount is determined in accordance with the
'I'AO obtained from the above-described equation (I). As as
well known, thc blower voltage changes in multistage in
connection with change in thc TAO. Also, the blower
voltage has a maximum value at a lower temperature side.
and higher temperature stile of the TAO, and has a medium
value therebetween if)

Next, a target opening degree SW of the air mix door 18
is calculated according to the following equation (3) with
rcspcct to thc TAO.

sll'=(iT10— TET(&w— TEli ion&( "7 (&7

In next step S2UU, the inside,'outsxle air suction morle, which
is adjusted by the inside/outside-air switching door 12, is
determined according to the TAO. Namely, ivhile the TAO
changes from the loiver temperature side to the higher
tcmpcraturc side, thc suction mode changes from an inside- ao

air mode to an outside-air mode through a half-inside-air
mode, or changes directly Irom the inside-air mode to the.

out&tile-air mode without going through the half-insirle-air
mode.

In next step 8210, the blow-out mode, which is achieved as
with the blow-out mode doors 20, 22 and 24, is determined
according to thc TAO. Namely, while the TAO chan cs from
thc lower tcmpcrature side to thc higher temperature side,
the blower mode changes from the FACE mode to the FOOT
mode through the BI-LEVEL mode. so

In next step S220, an activation in each actuator 12n, lgn
and 25 in addition to the revolution rate ot'he bio&ver motor
14 is controlled by supplying control signals to them through
thc drive circuit 32 that arc obtained at each step S180 to
8210.

In next step S230, it is iietermined whether or not ume 1

has passed that represents a control cycle of. ihe air condi-
tioning When the time 1 has passerl, the liow restarts from
the step SIIU.

The sunlight amount I'S is used for calculating the target ao

blowing tcmpcraturc TAO as a basic target value in thc
equation (Z) as dcscribcd above. Morcovcr, thc sunlight
amount TSnew, which is obtained after the nme constant
process is performerl in step S16U, is used as the TS in the
equation instead of the detected value obtained al the as
sunlight amount sensor 41 to make the air-conditioning,
based on the TAO, stable

In this embodiment, the nme constant v is not a lixed
value, but is variable in connecuon with both of the eleva-
tion angle 0 of the sunlight and thc inside air tcmpcrature TR
determined in the control map shown m FIG. 3. As clcscnbcrl
above, the degree (speed) in time-rate change of the chan e
in the tcmpcrature feeling of thc passenger with rcspcct to
change in thc sunlight aniount is iniiucnced by thc change in
the inside air tcmpcraturc TR in adclition to thc elevation
angle 0. Therefore, the time constant v is determined sni as
to be matched with the actual change in the temperature
feeling of the passenger in this embodiment

As a result, the air-conditioning which follows the actual
chan c in the tcmperaturc fcelin of thc passcngcr, such as
thc control in thc blow-out tcmperaturc of thc air blown into
thc passcngcr compartnicnt, the control in thc blow-out
amount of. the air blown into the passenger compartment or
the lil e, can be achieved. Accordingly, the air-condiuoning
feeling can be improved.

In the above-described embodiment, the navi ation sys-
tem 44 is employed to obtain the current position of thc
vchiclc (latituclc and longiturlc), the travelin direction of
the vchiclc, thc calendar information and the like so that thc
elevauon angle 0 of the sunlight, which is incident into the
vehicle, can be calculated using the resuh of calculauon for
the sun position with respect to the vehicle Ilowever, the
elevation angle 0 can be obtained, for example, usmg a
sunlicht amount sensor having three sunlight-scnsinvc por-
tions as disclosccl in Jp-A-S56-64611 without usin thc
navi ation system.

Moreover, the navigation system 44 and the air comh-
tioning control device 3U may be consohdated in a single
control unit (ECU)

Moreover, a sunlight sensor can be provided in each
passen er scat for inclepenrlcntly controlling thc air-
conditioning of each seat using the time constant process
dcscril&cd above in connection with thc dctccted signal from
each sunhght amount sensor.

Instead of. the inside air temperature, for example, a skin
temperature of the passenger detected using an infrared
sensor can be used as an inside temperature of the vehicle for
determining the time constant v andlor for calculating thc
TAO. Namely, a teniperaturc value denoting thc tcmperaturc
fcclin of thc passcngcr in the vehicle can bc used as thc
inside temperature of the vehicle.

While the present invennon has been shown and
described ivith reference to the foregoing preferred
embodiment, it will be apparent to those skilled in the art
that changes in form and detail may be therein without
departing from thc scope of thc invention as dcfincd in thc
appcndcd claims.

yyhat ts claimed is.
1. A vehicle air conihtioner having automatic control,

comprising
a sunhghl sensor for delecung an amount of sunhght

mcident into a vehicle;
a control portion for automatically controlling air-

conditioning of. a passenger compartment of a vehmle
usmg inlormanon relating to said sunlight sensor, said
control portion including tilne constant means for pro-
cessing a si nal detected by said sunlight sensor using
a time constant, wherein:
said time constant is determined in accorclancc with an

elevation angle of the sunlight incident into the
vehicle and an inside temperature in the vehicle.

Z. A vehicle air comhuoner having automatic control
according to claim I, wherein a target blowing temperature
of air Iilown into the passenger compartment is calculated
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according to a calculateil value after the ume mnstant
process is performed, and the air-conditioning nf the vehicle
is cnntrnlled in associatinn with the calculated value.

3. A vehicle air conditioner having automatic control
according to claim 1, further comprising an inside air
tcmpcraturc sensor for detecting a teniperaturc of air inside
the vehicle

4. A vehicle air conihtioner having automatic control
according to claim 1, further comprising an elevation deter-
mining portinn for determining said elevation angle. 1(i

5 A vehicle air conditioner having automatic control
accordin to claim 4, wherein said elevation determining
portion is a vchiclc navigation system.

6. A vehicle air conditioner having automatic control
according to claim 1, wherein said time constant is
decreased in accnrdance with an increase of said inside
temperature

7. A vehicle air conditioner having automatic control
according to claim 6, wherein said time constant is minimum
at a prcrlctermincrl value of thc elevation an ic at which an "o

amount of received calories by the sunlight of the passenger
is maximum, aml sairi ume constant, which is determined in

connecuon with the increase of the inside temperature, is
increased in accordance ivith an increase of the elevation
angle at a range in which the elevation angle is larger than
the predetermined value.

8. A vehicle air conditioner havmg automatic control
according to claim 7, whcrcin a rlc rcc m the increase of thc
time constant in response to Ihe increase of Ihe elevation
an le of the sunhght is decreaseil m accordance with the
increase of the inside temperature

9. A vehicle air conditioner bavin automatic control
according to claim 1, wherein said time constant has a
characteristic including a curve which has an inflection point
bctwcen a minimum value and a maximum value of said
elevauon an le when said charactenstic is shown in a
diagram in which said elevauon angle denotes a honzontal
axis and said time constant denotes a vertical axis so that
said curve rises larger in a range in ivhich the elevation angle
is smaller than the predetemiined value having the intlection
point than in a ran e in which thc elevation angle is lar cr
than a prcdctermincd value.
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