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[57] ABSTRACT

An air coadinoning apparatus for a vehicle includes a first

sunlight sensor disposed in a driver's seat side and a second

sunlight sensor disposed in a passenger seat side space. The
sunlight sensors are integrally formed with a filter and a

Fresnel lens. When an elevation angle of sunlight is low. an

inadequate correction of sunlight amounts is prevented by
the Fresnel lens. Further, when sunlight enters the vehicle

from the side, detected sunlight amounts detected by the first

and second sunlight sensors are corrected so that a ratio or

a dltference between the detected sunlight amounts becomes
large when the ratio or the difference is in a predetermined

range. Therefore, when sunlight enters fiom the side. the
correction of the detected sunlight amounts can be per-

formed adequately so that passengers in the passenger
compartment of the vehicle feel comfortable.

21 Chime, 8 Drawing Sheets
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AIR CONDITIONING APPARATUS WITH AN the sunlight does aot enter directly may feel cold due to an
IMPROVED SUNLIGHT CORRECTION excessive correction of the sunlight amounL

CROSS ~CE TO RELATED
APPLICATIONS

This application is based upon and daims the benefit of
priority of the prior Japanese Patent Applications No. Hek
7-220901 filed on Aug. 29, 1995. and No. Hei 8-172555
filed on Jul. 2. 1996. the contents of which are incorporated
herein by reference.

BACKGROUND OFTHE ~ON
1. Field of the Invention
The present invention generally relates to an air condi-

tioning apparatus for vehicles, which independently contmls
each temperature or each amount of conditioned air blown
out into a passenger seat side space and a driver's seat side
space in an passeager compartment. More particulady, Ihe
preseat invention relates to a correction of a sunlight amount
detected by a sunlight sensor for controhing temperatures or
amounts of conditioned air blown out into the passenger seat
side space and the driver's seat side space in the passenger
compartment.

2. Related Arts
Coaventionally, various types of air conditioning

apparatuses, which independently control each temperature
or each amount of coaditioned air blown out into a passenger
seat side space and a driver's seat side space has been
proposed. In one of such conventional apparatuses, a first
and a second sunlight sensors for detecting amounts of
sunlight which entered the passenger seat side space and the
driver's seat side space, respectively, are provided, and a
filter through which sunlight enters the first and second
sunlight sensors is integrated with a Fresael leas, as dis-
dosed in JP-A-6-43028.

If the sunlight sensors is not integrally provided with the
Fresael lens. when an elevation augie of sunlight is small,
the detected sunlight amount by the sensors are small,
despite the passeager is exposed to the sunlight. Therefore,
there occurs a problem that the passengers may feel hot.

When the sensors have the Fresnel lens as disclosed in
JP-A-6-43028, the Fresnel lens changes a diredlon of sun-
light so that each amount of sunlight which enters the first
and second sunlight sensors is increased when the elevation
angle of the sunlight is smalL Accordiagly, when the eleva-
tion angle of the sunlight is smalL the detected sunlight
amount is preveated from being insuthcient so that the
passengers do not feel hot.

However, as a result of studying and experimentation by
the inventors. it has turned out that the above conventioaal
type has the following problems. That is, since each of the
first and second sunlight sensors is integrally provided with
the Fresnel lens at a sunlight incidence side thereof, whee
the sunlight eaters the passeager compartment &om the side
of the vehicle, e.g., the side of the driver*s seat, amounts of
sunlight which enter the first and second sunlight sensors
become approximate value each other by an action of
changing the sunlight direction (prlsmafic action) with the
Fresnel lens. Accordingly. an output ratio between the
detected sunlight amounts by the first and semnd sunlight
seasors becomes smalL Therefore. there occurs a problem
that a driver on the driver's seat side exposed to the sunlight
may feel hot due to an insufficient correction of Ihe sunlight
snlounL

On the coatrary, it has turned out that there occurs another
problem that the passenger on the passenger seat side where

S~Y OF THE ~ON
S The present invention has been accomplished in view of

the above mentioned problems and it is an object of the
present invention to provide an air conditioning system for
a vehicle, capable of petfarming an adequate correction of
a sunlight amount when a sunlight enters a passenger

io compartment of the vehicle from the side of the vehide as
well as when an elevation angle of the sunlight is small.

It is another object of the present inveatioa to provide an
air conditioning system for a vehicle, capable of providing
comfortable feeling of conditioned air for a passenger in a
passenger compartment of the vehide.

According to the present invcntioa. an air conditioaing
apparatus includes a first and second sunlight sensors for
detecting each amount of sunlight which enters a driver'
seat side space and a passenger seat side space in a passenger
compartmeat and outputting sualight amount signals
accosting to the detected values, and a sunlight direction is
changed so that the amounts of sualight which enters to the
first and second sunlight sensors becomes larger when an
elevation angle of sunlight which enters to the passenger
comparuneat is small. Further, states of conditioned air
blown out into said driver's seat side space and said pas-
senger seat side space are independently controlled.

In the air conditioning apparatus according to the present

sp invention., a first and second target value of air blown out
into the driver's seat side space and the passenger seat side
space are calculated on the basis of interior environmental
factors including the sunlight amounts to be detected by the
first and second sunlight sensors. and at least one of the
target values is corrected so that a ddference between the
states of air blown out to the driver's seat side space and the
passenger seat side space becomes larger when a ratio or a
difference between the sunlight amouat signals is within a
predetermined range.

Further, at least one of Ihe sunlight amount signals of the
first and second sunlight sensors is corrected so that the ratio
or the dhference between. the sunlight amount signals
becomes larger when the ratio or the difference between the
sunlight amount signals is within a predetermined range.

ss Accordingly the state of the coaditioned air blown out to
the driver's seat side space and the passenger seat side space
are independently contmhed on the basis of interior envi-
ronmental factors including Ihe sunlight amounts corrected
as the above. As a result, when the sunlight enters the

so passenger compartment fiom the side, even if the sunlight
direction is changed, the correction of sunlight can be
performed adequately, and thereby the states of condihoned
air blown out to the driver's seat side space and the pas-
senger seat side space can be independently controlled

ss without causing an inadequate correction or an excessive
corredion so that the passengers fed comfortable.

Here, the interior environmental factors means physical
values affecting interior envimnmeat in the passenger com-
partmeat such as outside air temperature. inside air

so temperature, or the like. The state of conditioned air includes
all factors alfecting the air state such as temperature,
humidity, air amount, or distribution of air blown out to the
driver's seat side space and the passenger seat side space.

Further, when the sunlight amount signals are within a
ss predetermined range. the sunlight amount signals are not

corrected. Therefore, when the sunlight enters to the pas-
senger compartment fmm the front, the output ratio or the
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difference. between the sunlight amount signals can be
prevented form being increased on the basis of a variation of
the sunlight amount signals of the sensors or a variation of
positions where the sunlight sensors are instaUed, whereby
the states of conditioned air can be controlled adequately. 3

Furthermore. the sunlight amount signals are carreded by
means of calculating of a correction coeKcient on the basis
of the ratio or the ddference. between the sunlight amount

signals. Further. the correction coeKcient is kept at an upper
limit value when the ratio or the diff'erence, between the
sunlight amount signals is equal to a predetermined value or

more. while kept at a lower limit value when the ratio ar the
&fifference of the sunlight amount signals is lower than a

predetermined value. Therefore, the ratio or the difi'erence

between the sunlight amount signals after the carrection can

be prevented from being increased excessively.

BRIEF DESCRIFIION OF THE DRAWINGS

The present invention will becorue mare fully understood
fram the detailed description given hereinbelow and the

za

accompanying drawings which are givea by way of illus-

tration only and are not intended to limit the present
invention, and wherein:

FIG. I is a diagram showing an aidlow system of an air 23
conditioaing apparatus according to a first embodiment of
the present inventioa;

FIG. 2 is a block diagram showing a control unit (ECU)
in the first embodiment;

FIG. 3 is a fragmentary sectional view of a sunlight sensar 3a

in the first embodiment;
FIG. 4 is a perspective view showing a rosin patt of the

sunlight sensor shown in HG. 3;
FIG. 5 is a perspective view showing a sensor element

part of the sunlight sensor shown in FIGS. 3 and 4;
33

FIG. 6A is a graph showing a relative output ratio betweea
detected sunlight amounts by the sualight sensors with
reference to a sunlight elevation angle in the first embodi-

ment;
FIG. 6B is a graph showing a left-right output ratio

between the sensor outputs far ihe detected sunlight amounts

by the sunlight sensors with reference to a sunlight azimuth
angle in the first embodiment;

FIG. 7 is a flow chart showing a control system by ECU 43

in the first embodimeat;
FIG. 5 is a graph for calculating a carrection coeKcient

Kl in the first embodiment;
FIG. 9 is a graph showing the left-right output ratio

between the sensm outputs for the detected sunlight amounts

by the sunlight sensors with reference to the sunlight azi-

muth angle before aad after correctioa in the first embodi-

ment;
FIG. 10 is a graph showing a fan motor voltage with

reference to a target blown-out air temperature (TAOi) in the
first embodimeat;

FIG. 11 is a graph showing a characteristics between an

air outlet mode and a target blown-out air temperature

(TAOi) in the first embodiment;

FIG. 12 is a graph for calculating a carrection coeKcient
K2 in a second embodiment of the present invention;

FIG. 13 is a graph for calculating a carrection codlicient
Kl in a modification of the present invention; and

FIG. 14 is a diagram showiag an aidlow system of an air ss

conditioning apparatus in another modification of the
present invention.

4
DEI'AILED DESCRIPTION OF THE

PRESENTLY PREFERRED EXEMPLARY
EMBODIMENTS

Embadiments according to the present invention will be

described with respect to the drawings.

A first embadhnent of the present invention wiU be
described.

FIG. I schematicafiy shows aa airflow system of the first
embodimeat in which the present invention is applied to an
air coaditioniag apparatus for a vehide, The airfiow system
is constituted so as to indepeadently control each tempera-
ture of conditioned air blown out into a driver*s seat side
space and a passenger seat side space in a passenger com-
partment in the vehicle.

FIG. 2 shows an electric control system including an air
conditioning control unit 6 (hereinafter simply called ECU
6) far controlling driver's seat side air conditioning means
and passenger seat side air conditioning means indepen-
dently.

As showa in FIG. I, on an air upstream side, an air
conditioning case I is formed with an air inlet 2 for sucking
inside air in the passenger compartment. an air inlet 3 for
sucking outside air. and an inside/outside air switching door
4 for selectively opening or dosing the air inlets 2 and 3. The
inside/outside air switching door 4 is drivea by a servomotor
4a shown in FIG.2.

A cenhifugal type blowing fan 5 is disposed in the air
conditioning case I on an air downstream side of the
inside/outside air switching door 4 as air blowing means.
The blowing fan 5 is driven by a fan motor 5a and a
rotational speed of the fan 5. i.e., an amount of air blown out
into the passenger compartment is controlled by a voltage
applied to the fan motor 5a. The applied voltage is deter-
mined by means of the ECU 6 shown in FIG. 2.

On an air downstream side of the fan 5 in the air
conditioning case I, an evaporator 7 is disposed as air
cooling means. The evaporator 7 constitutes a refrigerating
cyde with a compressor drivea by aa engine of the vehicle,
condenser, prcssure reducing means. and the like.

On an air downsneam side of the evaporator 7 in the air
conditioaing case I, a partition plate 8 is disposed so that an
air passage is divided into a driver's seat side air passage 9
for innaducing air to the left side of the front seats in the
passenger compartment. i.e., to the driver's seat side. and a
passenger seat side air passage 10 for intmducing air to the
right side of the froat seats in the passenger compartment.
i.e., to the passenger seat side.

A heater core 11 as air heating means is disposed on the
air dowastream side of the evaporator 7 in the air passages
9 and 10. Cooling water of the engine flows within the heater
care 11 so that the air passing through the heater core 11 is

heated by cooling water as a heat source,

Air mix doors 12 and 13 are disposed in each of the air
passage 9 and 10 on an air upstream side of the heater care
11. The doors 12 and 13 are respectively driven by servo-
motars 12a and 13a (see FIG. 2) to respectively adjust an

ratio of air amounts fiowing into the air passage 9 and 10.

Further. driver's seat side face air outlets 14a and 14b for
blowing out air toward the upper half of the body of the
passenger on the driver's seat side, and a driver' seat side
foot air outlet 15 for blowing out air toward the feet of the
passenger on the driver's seat side are formed on an air
downstream end of the air passage 9. Passenger seat side
face air outlets 16a and 16b for blowing out air toward the
upper half of the body of the passeager on the passenger seat



5,704,544
5

side. and a passenger seat side foot air outlet 17 for blowing
out air toward the feet of the passenger on the passenger seat
side are formed on an air dowastream end of the air passage
lb.

Further, a defroster air outlet 10 for blcwing out air
toward an inside surface of a windshield glass is also formed
on the air downstream end of the air passage 9.

Air outlet mode switching door 19a is disposed on the air
upstream sides of the driver's seat side air outlets 14u aad
14b, and air outlet mode switching door 19b is disposed on
the air upstream sides of the driver's seat side air outlet 15.
'Ihe doors 19u and 19b are driven by a servomotor 19c (see
FIG. 2). Sunilarly, air outlet mode switching door 20u is
disposed on the air upstream sides of the passenger seat side
air outlets 16u and 16b, and air outlet mode switching door
20b is disposed on the air upstream sides of the passenger
seat side air outlet 17. The doors 20u and 20b are driven by
a servomotor 20c (see FIG. 2). Further, a defioster mode
door 21 is disposed on an air downstream side of the
defroster air outlet 18, and driven by a servomotor 21u (see
FIG. 2).

Next. a constitution of a control system according to the
embodiment wifi be described refemng to FIG. 2.

The ECU 6 controls each air conditioning means in the
above meationed aidlow system of the air conditioning
apparatus. A driver's seat side temperature setting device 22
for setting a required temperature Tact(Dr) on the driver'
seat side by the passenger, and a passenger seat side tem-
perature setting device 23 for setting a required teruperature
Tact(pa) on the passenger seat side by Ihe passenger are
connected to the ECU 6, so that the setting temperatures are
input to the ECU 6.

Further. an inside air temperature sensor 24 for detecting
an inside air temperature Tr in the passenger compartment,
an outside air temperature sensor 25 for detecting an outside
air temperature Tam, a sunlight sensor 26 for detecting an
amount of sunlight which enters the passenger compartment,
an evaporator air temperature sensor 2? for detecting a
temperature Te of the air just blown out from the evaporator,
a cooling water temperature sensor 28 fur detecting a
temperature Tw of the cooling water flowing into the beater
core 11, and the like. are connected to the ECU 6.

The sunlight sensor 26 includes a driver*s seat side
sunlight seasor 26u (first sunlight amount detecting means)
for detecting a sunlight amount TsDr'n the driver's seat
side, and a passenger seat side sunlight sensor 26b (second
sualight amount detecting means) for detecting a sunlight
amount Tspa'n the passenger seat side. Further. the ECU
6 controls an electromagnetic dutch for intermitting an
operation of the compressor in the refrigerating cyde.

The ECU 6 indudes a micmcomputer having CPU, ROM,
RAM and the like (not shown) therein. Signals from the
sensors 24—28 are input to the microcomputer after
analogue-digital conversioa by an input circuit (not shown)
in the ECU 6. The ECU 6 is supplied electric power from a
battery (not shown) when an ignition switch (not shown) of
the engine of the vehicle is turned on.

In the operation for the air conditioning control. the
sunlight seasors 26a and 26b detect the sunlight amounts so
as to correct the thermal feeling. which is changed by the
sunlight amount, of the passenger. Specific consfitution of
the sunlight sensor 26 in the embodinmnt wifi be described
as below.

An output ratio between the detected sunlight amounts by
the sualight sensors 26a and 26b are changed in respoase to
an azimuth angle of the sunlight in addition to the detected

sunlight amount so as to independently control the air blown
out to the driver's seat side space and the passenger seat side
space in the passenger compartment. The azimuth angle 0 is
an angle of the direction of sunlight which enters the

3 passenger compartment from the side of the vehicle with
respect to the navelling direction of the vehicle as shown in
FIG. 6b.

As shown in FIG. 3. the sunlight sensor 26 includes a
casiag member 260 made of elastic resin into a cylindrical

io shape. The casing member 260 is integrally formed with
several elastic fixing pieces 261. Therefore, the sunlight
sensor 26 can be fixed to suitable position, e.g., to upper
surface of an instrument panel (not shown), just by fimng the
fixing pieces 261 with a hand.

The sunlight sensor 26 also includes a holding tube 262
for holding the first and second sunlight sensors 26u and 26b
and a holding stand 263 for mounting the first and secoad
sualight sensors 26u and 26b. The first and second sunlight
sensors 26u and 26b are disposed on an upper side of the

m casing member 260 by means of the holding tube 262 and
the holding stand 263.

A filter member 264 is disposed on the casing member
260 so as to cover the sunlight sensors 26u aad 26b. The
filter member 264 is made of transparent resin material
thmugh which the transmitted sunlight passes toward the
sunlight sensors 26u and 26b, and is formed into a hemi-
spherical shape. The filter member 264 transmits only the
sualight of which wavelength is within a predetermined
range, thus selecting the sunlight which enters the sunlight
sensors 26a and 26b.

Further. the filter member 264 is integrally forrued with a
Fresnel lens 264u on its inner surface. The Fresnel lens 264u
performs prismatic action of changing (refracting) the direc-

35
tioa of the sunlight which enters the sunlight sensors 26o and
26b so as to increase the sunlight amount when an elevation
angle 0 of the sunlight is small (referred to FIG. 6A).
Therefore, in the embodinmnt, the Fresnel lens 264u con-
stitutes sunlight direction changing means.

As showa in FIGS. 4 and 5, the sunlight sensors 26u and
26b include a first aad second sunlight sensor elements26o'nd

26b'lectrically independently formed on an insulating
substrate (chip) 265. Further, a shading layer 266 having a
sunlight transnuttiag hole 266 with a predetermined area is
formed on an upper surface of the holding tube 262 so as to
be positioned on the sensor elements 26u 'nd 26b's shown
ia FIGS. 3 and 4.

The sensor elements 26u'nd 26b're coanected to plural
terminals 267 for the electrical connection with an outside
dfculk

As shown in FIG. 5, the first sensor elemeat 26si's
disposed on the left of the vehicle as a driver' seat side (left)
detecting member and the second sensor element 26b's
disposed on the right of the vehicle as a passenger seat side

ss (right) detecting member. The sensor elements 26u'nd26b'ncludesphotodiodes. output current of which is propor-
tional to the sunlight amount.

According to the constitution, only the sunlight having
passed through the sunlight transmitting hole 266 of the

so shading layer 266 enters the right aad left seasor elements
26a'nd 26b'. Therefore, each output current of the right and
left sensor elements 26st'nd 26b's chaaged in response to
the irradiated area and the intensity of the sunlight having
passed through the sunlight transmitting hole 266u of the

ss shading layer 266.
Output characteristics of the right and left sensor elemeats

26u'nd 26b'ith respect to the directioa of the sunlight
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when the Fresnd lens 264u is not disposed are shown by
solid lines in FIGS. 6A and 6B. Concerning the sunfight
elevation angle 0, as shown in FIG. 6A. the larger the
sunlight elevation angle 0 becomes. the larger the sensor
relative output ratio betweea the detected sunlight amounts

by the sunlight sensor elements 26u'nd 26b'ecomes.
Further. concerning the sunlight azimuth angle t), as shown
in FIG. 68. the larger the su alight azimuth angle t) becomes,
the larger the output ditference between the detected sunlight
amounts detected by the right and left sensor elements26o'nd

266'ecomes. Here. the characteristics in FIG. 6A is

under such coaditions as the azimuth angle t) is O'. The
characteristics in FIG. 6B is under such conditions as the
elevation angle 0 is 3(F aad the azimuth angle is less than
90'.

Output characteristics of the right and left sensor elements
26o'nd 26b'hen the Fresnel lens 264o is disposed are
shown by broken lines in FIGS. 6A and 6B. The Fresnel lens
264o changes the direction of the sunlight entering the right
and left seasor elements 26o'nd 26b'y the prismatic
action, and the sunlight amount can be thereby increased.
Therefore, when the elevation angle 0 is low, the relative
output ratio between the detected sunlight amounts by the
sensors is improved fmm the solid line to the broken line as
shown in FIG. 6A.

On the contrary, when the sunlight enters the passenger
compartment from the right or left side. the amounts of
sunlight which enters the right and left sunlight seasor
elements 26o'nd 26b're uniformed by the prismatic action
of the Fresnel lens 264o. Consequently, the output difference
between the detected sunlight amounts detected by the right
and left sunlight sensor elements 26et'nd 26B'ecomes
small as indicated by the broken lines in FI. 6B. While the
output difference betweea the detected sunlight amounts
detected by the right and left sunlight sensor elements26o'nd

266's reduced as indicated by the broken lines in FIG.
6B, there still remains a d(ffetence which can be used. as
described below to adjust the air coaditioning apparatus
betweea the driver's seat side and the passenger seat side.

Therefore, when the sunlight enters the passenger com-

partment from the right side (driver's seat side). the passen-
ger in the driver's seat side space may feel hot due to the
insufficient sunlight amount correction, whereas the passea-
ger in the passenger seat side space may feel cool due to the
excessive sunlight amount correction.

Therefore, in the embodiment according to the present
inventiolx the air conditioning apparatus corrects the
detected sunlight amount to con(rol each amount or each
temperature of air blowing out to the driver's seat side space
and passenger seat side space independently so that the
passengers feel comfortable even when the sunlight enters
from the side.

Next, an operation for connolling an amount or tempera-
ture of air will be descrilxxl referring to a fiow chart in FIG.
7. When an automatic air conditioning mode is selected,
firstly. an automatic contml process of the air conditioning
apparatus is started in a step 100. In a step 181, each of the
output signals, Le.. the temperature setfing Signals Tact(Dr)
sad Tact(pa) from the temperature setting devices 22 and 23,
the signals Tr, Tam, TsDr', TsPa'. Te, aad Tw from the inside
air temperature sensor 24, the outside air temperature sensor
25. the sunlight sensor 26o and 26b, the evaporator air
temperature sensor 27 and the cooling water temperature
sensor 28. is input to the ECU 6.

In the next step 102, the output ratio between the sensor
outputs for detected sunlight amounts by the right and left

sunlight sensor elements 26o'nd 26b's calculated by the
sensor outputs TsDr'nd TsPa'n the basis of the following
formula (I).

ton-riant sensor meant retie=TsDrKTsDr'+Tspo')

TsDmK(x(TSDP+TsP ')

TsPro(t-Kl)x(llDr'ezsPo) (s)

Accordingly, the sensor detected sunlight amounts are
corrected. and the left-right sensor output ratio is thereby
improved as shown in FIG. 9 whee the azimuth angle t) is
larger than 30'.

In the sext step 105. target temperatures TAO(Dr) and

ss TAO(Pa) of air blown out into the driver's seat side space
and the passenger seat side space in the passenger compart-
ment are calculated on the basis of the following formulas
(4) and (5).

Ts(O(Dr)=Kmrxzsrs(Dr)-Krxrr-Kmoxvom-KsxTs(Dr)tc (4)

T40(po)=KsemT s(po)-Krxrl-Komxzoo Ksxzs(popO (S)

Wherein, Kset is a temperature eaning gain. Kr is a inside
ss air temperature gain. Kam is s outside air temperature gain.

Ks is a sunlight amount gain. and C is a constant for
correction.

Next. in a step 103. a correction coefi)cleat Kl is deter-
mined ffom the output ratio aad a correctioa graph shown in
FIG. 8. The correction graph in FIG. 8 is stored in the ROM
in advance, in which the output ratio between the sensor
outputs for the detected sunlight amounts by the right and
left sunlight sensor elemeats 26o'nd 26b's increased.
However, the correction graph is set so that the output ratio

,s is not changed before and after the correction (in ether
words, the correction is prohibited) when the output ratio is
in the middle region of 0.45-0.55, When the sunlight is
entered from the front (the azimuth angle t) is 0'), although
the output ratio should be almost 0.5. the output ratio may

zo
be changed by a variation in the detected amounts detected
by the sensor elements 26o'nd 26b'r a variation in the
positions where the sensor elemeats 26et'nd 26b're
installed. Thtxefore. when the sunlight enters passenger
compartment from the front. the output ratio between the

zs sensor outputs for the detected sunlight amounts by the
sensor elemeats 26o'nd 26b's prevented from being
increased, so that the ouqtut ratio between the sensor outputs
for the detected sunlight amounts by the sensor elements
26o'nd 26b's kept to be almost 0.5.

On the other hand. in the correction graph in FIG. 8, to
preveat the output ratio between the seasor outputs for the
detected sunlight amounts by the sensor elements 26o'nd
26b'rom being increased excessively, the correctioa coef-
ftcient KI is set to keep an upper limit value (0.7 in the

ss embodimeat) when the output ratio is equal to a predeter-
mined value (0.575 in the embodimeat) or mare, while it is
set to keep a lower limit value (0.3 in the embodiment) when
the output ratio is less than a predetermined value (0.425 in
the embodiment).

Next, in a step 104. the corrected detected sunlight
amounts TsDr and TsPa are calculated from the correction
coefficient Kl deteunined as the above snd the sensor
detected sunlight amounts TsDr'nd Tspa'ith the fofiow-
ing formulas (2) and (3).

4s
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In the sext step 106, a driver's seat side blowing fan
voltage VA(Dr) and a passenger seat side blowing fan
voltage VA(Pa) are determined on the basis of the TAO(Dr)
and the TAO(Pa) calculated in the step 105 and a graph
shown in FIG. 10. Thereafter. an average voltage of the
blowing fan voltages VA(Dr) and YA(Pa) is calculated as an
actual blowing fan voltage (target voltage) for applying to
the fan motor 5a of the blowing fan 5. thereby controlling
the air amount. In FIGS. 10 and 11. i means the driver's seat
side (Dr) or the passenger seat side (Pa).

In the next step 107, the air outlet mode is determined on
the basis of the TAO(Dr) and the TAO(Pa) as shown in FIG.
11. Here, a face (FACE) mode is a mode for generaUy
blowing out cool air toward the upper half of the body of the
passenger fiom the face air outlets 14a, 14b, 16a, and 16b
a foot (FOOT) mode is a mode for generally blowing out hot
air toward the feet of the passenger from the foot air outlets
15 and 17, and a bilevel (B/L) mode is a mode for generally
blowing out cool air fiom the face air outlets 14a, 14b, 16a,
and 16b and for generally blowing out hot air from the foot
air outlets 15 and 17 at the same time.

Adjuster mode for generafiy blowiag out hot air toward
the inside surface of the windshield glass is not determined
by TAO, but by turning on a detroster switch providedon the
air conditioning control panel.

Next, in a step 108, a target opening degree SW(Dr) of the
air mix door 12 on the driver' seat side and a target opening
degree SW(Pa) of the air mix door 13 on the passenger seat
side are calculated oa the basis of the following formulas (6)
and (7).

SW(Dr~ (TS(D(Dr)— Tey(T(r Te ))x 1cn (%)

SW(Pa+((li10(Pa)-Tey(nr Te))xt(D (%)

Wherein. Tw ('C.) is a cooling water temperature. and Te
('C.) is an evaporator biowasut air temperature.

Next, in step 109, 110. and 111, each of the actuators 5a,
12a, 13a, 19c, and 20c is controlled to be the target value on
the basis of the value calculated in the above steps 106. 107.
and 108.

A second embodiment of the present invention will be
descr)bcsL

Ia the first embodiment, the output ratio between the
sensor outputs for the detected sunlight amounts by the left
and right seasor elements 26a'nd 26b're calculated, the
correct(on coelficient KI is calculatsxi on the basis of the
output ratio, and the output ratio are corrected. In the second
embodiment, the output difference (the difference between
the absolute values of the outputs) between the left and right
sensor elements 26a'nd 26b'that is. TsDr'-TsPa') are
calculated, and a correction coe(ficient K2 are calculated oa
the basis of the output dBference and a correction graph in
FIG. 12.

Next„ the corrected output values TsDr and Tspa for the
detected sujet amounts are calculated from the correction
coefficient K2 and the output values TsDr'nd TsPa'y using
the following formulas (8) and (9).

TsDr=42xrsDr'sPa=(2

—S2)xTsPa 'he

outputs for the detected sunlight amounts are cor-
rected on the basis of the output difference, so that an output
ratio between the sensor outputs for the detected sunlight
amounts by the left and right sensors can be improved when

the sunlight enters the passenger compartment from the side.
as shown in FIG. 9.

In each of the above embodiments, although the output
values for the detected sunlight amounts of the sunlight
seasors are corrected, the sunlight amount gain (sunlight
amount correction coefficient) Ks may be corrected by the
correction coefilcient Kl or K2, and the target temperatures
TAO(Dr) and TAO(Pa) of air blown out to the driver's seat
side and to the passeager seat side in the passenger com-
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parunent may be calculated from the corrected sunlight
amount gain Ks on the basis of the formulas (4) and (5).
Accordingly. the same effects as meationed above can be
obtainetL

Further, in each of the above embodiments, although the
output values for tbe detected sunlight amounts of the right

is and left sunlight sensor elements 26a'nd 26b're corrected.
the output value or the sunlight amount gain Ks of only oae
of sunlight sensor elements 26a'nd 26b', the sunlight
amount detected by which is larger than that by the other.
may be corrected.

Further, in each of the above embodiments, photodiodes
which output current is in proportion to the sunlight amount
are used for the sensor elements 26a'nd 26b'f the sunlight
sensor 26, but solar cells for producing electromotive force
accordiag to the sunlight amount, or the like may be used for

23 the sensor elements 26a'nd 26b'.
Further. in each of the above embodiments. the corrected

output value for the detected sunlight amounts TsDr and
TsPa calculated from the detected sunlight amountsTsDr'nd

TsPa'f the sunlight sensor elements 26a'nd 26b're
so used in the fortnutas (4) and (5) as a factor of sunlight

amount for calculating the target blown-out sir temperatures
TAO(Dr) and TAO(Pa). However. the detected sunlight
amounts TsDr'nd TsPa'ay be used in the formulas (4) and

(5) as the factor of sunlight amount for calculatiag the target
35 blown-out air temperatures TAO(Dr) and TAO(Pa). Then.

one of the target blown-out air temperatures TAO(Dr) and
TAO(Pa) or bo(h thereof may be corrected by the correction
coeificient Kl of K2. and the same effects can be obtained.

The ccarectioa graph for calculating the correction coef-
ao ficient Kl is not limited to FIG.8. As shown in FIG. 13. a

correction graph where the correction coefiicient Kl
changes linearly in response to the output ratio between the
sensor outputs for the detected sunlight amounts by the right
and left sensor elements 26a'nd 26b'Ts/(TSDr'+Tspa'))

as may be employed. In the cmrection map showa in FIG. 13,
the correction coefficient Kl is set to be 0.5 when the output
ratio is 0.5. so that the output ratio after the correction
becomes equal to the output ratio before the correction (in
other words, the correction is prohibited).

so In the first embodiment shown in FIG. I, the air condi-
tioning apparatus, which indudes the air mix doors 12 and
13 for independently controliing each temperature of the
conditioned air blown out to the driver's seat side and the
passenger seat side, is described. However, blowers capable

ss of being contmlled independently may be employed as
blowing mean so as to independently control each amount of
conditioned air blown out to the driver's seat side aud the
passenger seat side. Variable throttles (doors and the like)
may bc respectively disposed at the driver's seat side air

so passage aad the passenger seat side air passage so as to
independently control each amount of air blown out to the
driver's seat side and the passenger seat side. The blowers
and the variable throtties may be employed to independently
control each amount of air blown out to the left and right in

ss the vehicle.
Furthermore. as shown in FIG. 14. in an air conditioning

apparatus where only one air mix door 12(13) is disposed in



5,704,544
12

order to control the temperatures of air blown out to the
driver's seat side aad passenger seat side equaUy leach
temperature of the left side and the right side are not
controlled independently), a distributing air door 30 is
disposed in order to control the distribution ratio between
the amount of air blown out to the driver' seat side air outlet
14a, 14b, aad 15 and the air amount blown out to the
passenger seat side air outlet 16a, 16b, and 17. The present
invention may be applied when the distribution ratio
between the air amounts toward the left side and the right
side in ihe vehicle is changed by coatrolliug the opening
degree of thc door 30.

While tbe present invention has been shown and
described with reference to the foregoing preferred
embodiment, it will be apparent to those skilled in the att
that changes in form and detail may be roads therein without
departing from the scope of the invention as defined in the
appended claims.

What is chimed is:
1. An air conditioning apparatus for a vehide having a

passeager compartment. comprisiag:
first sualight amount detecting means for detecting an

amount of sualight which enters a driver's seat side
space in said passeager compartment and outputting a
sunlight amount signal according to Ihe detected value;

second sunlight amount detecting means for detecting an
amount of sunlight which enters a passenger seat side
space in said passenger compartment and outpuiting a

sunlight amount signal according to the detected value;

changing means for difi'erentially changing the amounts
of sunfitdtt detected by said first and second sunlight
amount detecnng means in response to a side direction
in which sualight enters said passenger compartment,
said side direction having a non-zero azimuth angle;

sunlight direction changing means for changing a sunlight
direction so that said amounts of sunlight which enters
said first and second sunlight amount detecting means
becomes larger when an elevatioa angle of sunlight
which eaters said passeager comparunent is small;

air conditioning means for controlling states of condi-
tioned air blown out into said driver's seat side space
and said passenger seat side space;

first air target value calculating means for calculating a

first target value of air blown out into said driver's seat
side space, on the basis of interior environmental
factors including sualight amount to be detected by said
first sunlight amount detecting means;

second air target value calculating means for calculating
a second target value of air blown out into said pas-
senger seat side space, on the basis of said interior
environmeatal factors induding sunlight amount to be
dere«zed by said secoad sunlight amount detecting
means; slid

air conditioning control means for controlling said air
conditioning means on the basis of said first and second
target values calculated by said first and second target
value calculating means; wherein

said first and second air target value calculating means
correct at least one of said first and second target values
so that a dilference between said states of conditioned
air blown out into said driver's seat side space and said
passenger seat side space becomes larger, when a ratio
or a dfifereace. between said sunlight amount signals of
said first aad second sunlight amount detecting means
is within a predetermined range.

2. An air conditioniag apparatus according to claim 1.

wherein;
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said air conditioning means controls at least one of a
temperature and an amount of air blown out to said
driver's seat side space and said passenger seat side
space.

3. An air conditioning apparatus according to claim 1,
wherein;

said air conditioning means includes first air coaditioning
means for controlling a state of conditioned air blown
out into said driver's seat side space and second air
conditioning means for controlling a state of condi-
tioned air blown out into said passenger seat side space.

4. An air conditioning apparatus according to claim 3.
wherein;

said first and second air conditioning means control at
least oae of a temperature and an amount of air blown
out to said driver's seat side space and said passenger
seat side space.

5. An air coaditioning apparatus according to claim 1,
wherein;

said first and second air target value calculating means
independeatly calculate a first temperature control tar-
get value ia said driver's seat side space and a second
temperature control target value in said passenger seat
side space on the basis of interior eavironmental factors
including said sunlight amounts, and said air condi-
tioning control means controls said air conditioning
means on the basis of said first and second temperature
contml target values.

6. An air coaditioning apparatus according to claim 1.

further comprising:
a filter member through which sunlight enters said first

and second sunlight amount detecting means.
7. An air conditioning apparatus according to claim 6,

wherein said sunlight directioa changiag meaas is a lees
structure integrally formed with said filter memb«x.

8. An air conditioning apparatus according to claim 1

wherein, said changing means comprises a shading member
which differentially changes irradiated areas of said first and
second sunlight amount detecting means.

9. An air conditioning apparatus according to claim 8

40
wherein, said shading member has a hole positioned above
said first and second sunlight amount detecting means. and
sunlight enters said first and second sunlight amount detect-
ing means through said hole.

10. An air conditioning apparats for a vehicle having a

45
passenger comparimeat. comprising:

first sunlight amount detecting means for detecting an
amount of sunlight which enters a driver's seat side
space in said passenger compartment and au«putting a
sunlight amount signal according to the detected value;

sp second sunlight amount detecting means for detecting an
amount of sunfight which enters a passenger seat side
space in said passeager compartment and outputting a
sunlight amount sigaal according to the detected value;

changing means for « fiferentially changing the amounts
of sunlight detected by said first and second sunlight
amount detecting means in response to a side direction
in which sunlight enters said passenger compartment,
said side directioa having a non-zero azimuth angle;

sunlight directioa chaaging means for changing a sunlight
direction so that said amounts of sunlight which enters
to said first and second sunlight amount detecting
means becomes larger when an elevation angle of
sunlight which eaters said passenger compartment is
small;

ss air conditioaing means for «sintrolling states of condi-
tioned air blown out into said driver's seat side space
and said passenger seat side space;
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control means for coatrolling said air coaditioning means
on the basis of interior eavironmental factors induding
sualight amounts to be detected by said first and second
sunlight amount detecting means; and

sunlight amount conecting ineaus for correcting at least
one of said sunlight amount signals of said first and
secoad sunlight amount detecting means so that a ratio
or a dilference. between said sunlight amount signals
becomes larger when said ratio or said difference,
between said sunlight amount signals is within a pre-
determined range.

11. An air conditioning apparatus according to claim 10.
whereia;

said air conditioning means includes first air conditioning
means for controlling a state of conditioaed air blown
out into said driver's seat side space and second air
conditioning means for controlliug a state of condi-
tioned air blown out into said passenger seat side space.

12. An air coaditioning apparatus according to claim 10,
wherein;

said air conditioning meaas controls at least one of a
temperature and an amount of air blown out to said
driver's seat side space and said passenger seat side
space.

13. An air conditioning apparatus according to claim 10,
wherein;

said control means independently calculates a first tem-
perature coatrol target value in said driver's seat side
space and a second temperature coatrol target value in
said passenger seat side space on the basis of interior
envimnmental factors including said sunlight amounts,
and independently controls said air conditioaing means
oa the basis of said first and second temperature conrrol
target values.

14. An air conditioning apparatus according to claim 10.
further comprising:

a filter member through which sunlight enters said firn
and second sunlight amount detecting means.

15. An air conditioning apparatus according to claim 14.
wherein said sunlight direction changing means is a lens
structure integrally formed with said filter meinber.

16. An air conditioning apparatus according to claim 10.
wherein;

said sunlight amount cotrecting meaas indudes first sun-
light amount orrecting means for calculating said ratio
or said diifereace, between said sunlight amount
signals. second sunlight amount conecting means for
calculating a correction codficient on the basis of said
ratio or said difference calculated by said first sunlight
amouat correding means. and third sunlight amount
correcting means for correcting said sunlight amount
sigaals on the basis of said correction codficient cal-
culated by said second sunlight amouat orrecting
means.

17. An air conditioning apparatus according to claim 16,
wherein;

said correction codlicient is kept at an upper limit value
when said ratio or said ddfetence between said sunlight
amount signals is nlual to a predetenniutsl value or
mare. while kept at a lower limit value when said ratio
or said difference between said sunlight amount signals
is lower thea a predetermined value.

1$. An air coaditioning apparatus according to claim 10,
wherein;

said sunlight amount correcting means is prohibited fiom
performing a correction of said sunlight amount signals

ss

when said sunlight amount signals are within a prede-
termined range.

19. An air conditioning apparatus according to claim 10

wherein, said changing means comprises a shading member
which differenfiafiy changes irradiated areas of said first and
second sunlight amount detecting means.

20. An air conditioning apparatus of a vehicle having a
passenger compartment, comprising:

a first sunlight sensor so arranged as (o detect an amount
of sunlight which enters a driver's seat side space aad
output a first sunlight amount signal on the basis of the
detected value;

a second sunlight sensor so arranged as to detect an
is amount of sunlight which enters a passeager seat side

space and output a second sunlight amount sigaal on
the basis of the detected value;

an optical transparent member arranged above rhe first
aad secoad sunlight sensors and including a prism

20
portion which changes a direction of sunlight passing
therefiu ough;

a changing member so arranged as to ddferentially change
amounts of sunlight entering said first and second
sunlight amount detecting means in response to an
amount of sunlight entering said passenger compart-
ment in a side direction having a noa-zero azimuth
angle;

sunlight amount correcting means for correcting at least
one of said first and second sunlight amount signals
outputted i'rom said first snd second sunlight sensors.
respectively. when one of a ratio and a diifereace
between said sunlight amount signals is within a pre-

ss
determined range; and

air coadiuoning means for conuolling states of coadi-
tioned air blown out into said driver's seat side space
and said passenger seat side space, on the basis of
interior environmental fadors includiag the first and
second sunlight amount signals corrected by said sun-

light amount correcting means.
21. An air conditioning apparatus for a vehide having a

passeager compartment. comprising:
first sualight amount detecting means for detecting an

amount of sunlight which enters a driver's seat side
space in said passenger comparlment and outputting a
first sunlight amouat signal according to the detected
value;

second sunlight amount detecting means for detecting an
amount of sunlight which enters a passenger seat side
space in said passenger compartment and outpuuing a
second sunlight amount signal according to the
detected value;

changing means for ddferentiafiy changing amounts of
sunlight detected by said first and second sunlight
amount detecting means in response to an amount of
sualight eateriag said passenger compartment in a side
direction having a non-zero azimuth angle;

sunlight direction changing means for changing a sunlight
direction so that said amounts of sunlight which enters
said first and second sunlight amount detecting means
becomes larger when an elevatioa angle of sunlight
which enters said passenger compartment is small;

as air conditioning means for controlling states of condi-
tioned air blown out into said driver's seat side space
and said passenger seat side spam;
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first air targts value calculating means for calculating a

first target value of air blown out into said driver's seat
side space. on the basis of interior environmental
factors including sualight amount to be detected by said
first sunlight amount detectiag tucana; s

second air target value calculating means for calculating
a second target value of air blown out into said pas-
senger seat side space. on the basis of interior environ-
mental factors including sunlight amount to be detected
by said second sunlight amount detecting means; and

air conditioning control means for controlling said air
conditioning means on the basis of said first and second
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target values calculated by said first and second target
value calculating means; wherein

said first and second air target value calculating means
correct at least one of said first and second target values
so that a ditference between said states of conditioned
air blown out into said driver's seat side space and said
passenger seat side space becomes larger. when a ratio
or a difference. between said first and second sunlight
amount signals of said first and second sunlight amount
detecting means is within a predetermined range.


