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[57] ABSTRACT

ZU Claims, 8 Drawing Sheets

When target blowout temperature to Ihe inside of a vehicle
is over a predetermined temperature m, an air temperature
control system accordin to the present invention controls a
cooling-ability controller to control air tempcraturc of air
cooled by a heat exchanger for coolin so that airflow
becomes a predetermined temperature, anil reduces the
amount of blowout air inu& Ihe vehicle per unit arne com-
pared with the amount of the blowout air when the target
bio&vout temperature is under the predetermined tempera-
ture Accordingly, the coolin air temperature due to the heat
cxchan cr for cooling is lixed at thc prcilctcrmincd tcm-
peraturc even &vhcn thc target blowout tempcraturc is over
Ihe predetermined temperature. Therefore, generauon of
malodors due to dust and mold in the heat exchanger lor
cooling is prevented.
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AIR TEMPERATURE CONTROL SYSTEM rear heanng unit. This ktncf of problem also occurs when
FOR A VEHICLE providing the heatin unit at the front seat area.

CROSS-REFERENCE TO RELATED
APPLICATION

Thc prcscnt application is related to and ciaims priority
from Japancsc Patent Application No. Hei 7-3371-13, incor-
porated hcrmn by rcfcrence.

BACKGROUND OF THE INVENTION

l. I'ield of the Invention
Thc prcscnt invention relates to an air temperature control

system for a vehicle for conlrolhng a cooling unit cooling
the inside of the vehicle or a heating urn( heaung the inside.
of the vehicle.

2. Dcscnption of Related Art
An air temperature control system for a vehicle for

controlling air conclilioning or heating units in order io cool
the vehicle*s rear seat area by means of a rear cooling unit
and to heat the rear seat area liy means of a rear heating unit
is disclosed in Japanese Patent Number 132 2SS12(i More
specifically, a rcquircd quantity of heat CF's determined for
maintaining thc rear scat air temperature at a predetermined
rear seal air temperature. When the requireci quantity of heal
Q" is negative, the rear cooling unit starts cooling ihe rear
seat air with the rear heating unit turned off When the
required quantity of heat Q" is positive, the rear heating unit
starts heating with the rear cnoling unit turned off

When cooling thc rear seat air, a required air quantity
WRC to thc rear scat is determined based on thc deviation
between the rear seat mr temperature anci the precieiermineci
rear seal air temperature, and a largel blowout temperature
TAO necessary for obtaining ihe above-mentioned requireci
quantity of heat Q" under the required air quantity WRC is
calculated Accnrdingly, a coniant valve fnr cnntrnlling the
coolant flow to a rear evaporator is turned on and off to
obtain thc target blowout temperature TAO" without frost-
ing thc rear evaporator.

In aciciition, when heating the rear seat area, the required
air quantity WRH is determined based on a devuinon
lietween the rear seat air temperature and the determined rear
seat air temperature, and the target bloivnut temperature
FA(F', necessary for obtaining the required quantity of heat
Q" under thc rcquircd air quantity WRH, is calculated.
Accordingly, a water valve for controllin thc flow of ivarm
water lo a rear heater core in the rear healing unit is uirneci
on anil off to obtain the target blowout temperature TAO .

However, in the aforementioned air conditioning unit,
when the outside air temperature is in an intermediate
region, iietween 10 and 2(l', for example, a problem
occurs. That is, when cooling the rear scat, sonietinies the
target blowout tempcraturc TAO is over, c.g., IS'. At this
time, after wincl airflow based on thc temperature is gener-
ated by the rear evaporator, a foul smell is emined due to Ihe.

dual and molcl in the rear evaporator aml oxide caused by Ihe.

corrnsion of the rear evaporator, thereby giving passengers
in the vehicle compartment an unpleasant feeling Needless
to say, this kind of problem also occurs when providing a
coolin umt at thc front seat area.

Further, when hcatin thc rear scat, the tar et blowout
temperature TAO somenmes falls below Ihe inlet tempera-
ture of the rear healing unit. However, since the rear heaLer
core in the rear heating unit produces airllow al temperature
in excess of the inlet temperature, the airflow at a tempera-
ture under the inlet temperature cannot be produced by the

SUMMARY OF THE INVENTION

Thc aforcnientionccl problems of thc prior art are solved
according lo a lirsi aspect of. the present invennon by
providing a system in which, when target blowout tempera-
ture io the insicle of the vehicle is over a precieiermined
temperature, an air temperature control system includes a

lu
cooling ability controller for controlling air coolin tem-
perature liy a heat exchanger for cooling so that airflow
becomes a preclctcrminccl teniperaturc, ancl reduces thc
amount of blowout air into Ihe vehicle per unit lime com-
pared with the amount of. the blowout air when the target

is
blowout temperature is umler ihe precletermined tempera-
ture

Accordingly, thc cooling air tcmpnaturc duc to thc heat
cxchan cr for cooling is fixed at thc prcclctcrmincd tem-
perature even when Ihe largei blowout temperature is over
Ihe predetermined temperature. Therefore, generanon of
malodors due to dust and mold in the heat exchanger for
cooling is prevented

Herc, accordin to the above clcscription, if thc coolin air
as temperature is lixed ai the predetermineci temperature even

Ihough the target blowout temperature is over the predeter-
mined temperature, the quantity of supply heat to the vehicle
is supertluous in an aspect of temperature

However, according to the present invention, thc cxccss
sti heat quantity can bc set off and a dcsirccl quantity of heat can

be supplied io the inside of Ihe vehicle because ihe blowout
air amount per unit hour is reduced compared io the blowout
air amount ivhen the target blowout temperature is under the
predetermined temperature.

According to a second aspect of thc present invention,
when the target blowout temperature to the inside of ihe
vehicle is uncler an air temperature ai an inlet sicie of a heaL
exchanger for heating (hereinafter, inlet temperature), the
blowout air amount to the vehicle per unit time is reduced
compared to the blowout air amount when the target blowout
tempcraturc is over thc inlet tenipcraturc.

Here, Ihe heal exchanger for heaung is for heaung ihe
inlet temperature. Since the heaL exchanger cannot produce
the air at the temperature under the inlet temperature, the air

as
at the same temperature as the inlet temperature is blown
into the vehicle when thc target blowout tcmpcrature is
under thc inlet tempcraturc. That is, thc quantity of supply
heat to thc vchiclc is superfluous in an aspect of tcmpcraturc
because Ihe blowout temperature into Ihe vehicle is fixed at

so
Ihe inlel temperature in spile of. Ihe fact that the target
bloivout temperature is under the inlet temperature.

Howcvcr, according to thc prcscnt invention, thc cxccss
heat quantity can be sct off ancl a desired quantity of heat can
be supplied to ihe inside of. Ihe vehicle because the blowout
air amount per unit hour is reduced comparecl to the blowout
air amount when the target blowout temperature is over the
predetermined temperature.

According to a third aspect of the present invention, a

„ti blovvout air amount per unit time to thc vchiclc is reduced by
rcpcating the operation ancl stopping of the blower.

A type of blower which cncratcs an air flow by driving
a fan with a DC motor is generally used In case of dnving
a fan usin ~ the DC motor, in terms of Ihe charactensucs of

ss Ihe motor, Ihe fan cannot be in operation unless a dnve
voltage at least a predetemiined volta e (4V, for example) is
applied to the fan. That is, the minimum amount of air



obtained by rotating the lan is the amount correspomhng to
this predetermined voltage. No air amount under this air
amount can be obtained.

Therefore, for the above-mentinned reasnns, the target
blowout tcmpcraturc can neither bc over the prcdctcrmincd
tcmpcraturc when thc biower is in operation at thc minimum
air amount, nor Ihe uniler absolute air amount when Ihe
target blowout temperature is under the inlet lemperalure so
as to reiluce the blowout air amount per unit ume. On Ihe
other hand, since the present invention takes the process of
repeating operation and stnppage of the bio&ver, the blowout
air amount pcr unit hour to thc vchiclc can l&c easiiy reduced
cvcn if thc blower is in operation at thc maximum air aniount
in thc abovc-mentioned way.

According to a fourth aspect of the present invention, Ihe.

cycle of Ihe blower going between operation aml stoppage is
varied periodically In this way, the periodic variation of the
cycle prov&iles passengers in the vehicle ivith a sense of air
gusting, thereby withdrawing a sense of incompatibility the
passcngcrs may fi:cl duc to thc rcpctition of blowin and

stoppagi'ther
objects and fcaturcs of thc invention wili appear in

the course of the description thereof, which follows.

BRIL'I'LiS('RIP l1ON OI'I IL'RAWIN(&S

Aclchtional objects and advantages of the present inven-
tion will be more readily apparent from the following
detaileri ilesc&npuon of prelerred emboriimenls thereof. when
taken together with the accompanying drawings in ivhich:

I'l(i I is a schematic view illustrating a pnsition of each
heating/cooling unit in a vehicle according to a preferred
cmbodimcnt of thc present invention;

FIG. 2A is a schematic view of a front air temperature
control unit;

FIG. 2B is a schematic view of a rear cooler unit; and
FIG. 2C is a schematic view of a rear heater unit accord-

ing to thc cmbodimcnt of thc present invention;
I'l(i 3 is a block diagram ot' control system accnrding

to thc cmbodimcnt of the present invention;
I'IG. 4 is a flowchart of a micrnprocessor control program

according to the embndiment of the present inventinn;
I'l(i 5 is a graph of an internal external air mode at a front

seat side accorrling to the embodiment of the present inven-
tion,

I'IG. 6 is a graph of a bioivn air outlet mode at the front
seat side according tn the embodiment nf the present inven-
tion,

I'l(i 7 is a graph of a front seat blower voltage accnrding
to the embodiment of the present invention;

I'IG. 8 is a map of operation modes nf a rear cooler unit
and a rear heater unit according to the embndiment of the
prcscnt invention,

I'l(i 9 is a tlovvchart showing Step S110 of 11G. 4 in
greater detail;

FIG. 10 is a graph of base blower voltage Vab(Rc) of. Ihe.

rear cooler unit according to the embodiment of the present
invention;

I'l(i 11 is a graph of a duty cycle ot'he bio&ver vnltage
of the rear cnoler unit accnrding to the embodiment of the
present inventinn,

I'IG. 12 is a graph of blower voltage ot'he rear conler unit
according to the embndiment of the present inventinn;

FIG. 13 is a graph of. base blower voltage Vab(Rh) of Ihe
rear heater unit according the embodiment of the present
invention;

FIG. 14 is a graph of. a duly cycle of lhe blower voltage
of the rear heater unit according to the embodiment of the
present invention;

11G. 15 is a graph of the blower voltage of the rear heater
unit accordin to the present invention, and

FIG. 16 is a graph of a target evaporator tcmperaturc
TEO(Rr) of the rear cooler unit according to thc cmbocli-
menl of. the present invention.

DL'TAII.LD DL'SCRIP'I'ION Ol& Tl IL
PRESENTLY PREFERRED EXEMPLARY

EMBODIMENTS

An embodiment of lhe present invention will hereinafter
be desc&nbeil with respect to Ihe accompanying drawings. As
shown in I'IG. I, a front air temperature contrnl unit I for
cooling and heating a front seat area is disposed at the front
scat siclc of a vehicle. Arear cooling unit 2 for coolin a rear
scat area and a rear hcatcr unit 3 for heating thc rear seat area
are disposed at the rear side lhereol;

Front mr comhuomng umt 1 is provideil at an inside of a

vehicle instrument panel disposed at the vehicle front seat
side Air is bloivn from a position toward the upper part of
the body and the feet of the passenger at the front seat and
also toivard an inner surface of a ivindshield

"5
Rear cooler unit 2 is provirlcrl at a space bctwccn a inner

&vali of thc vehicle and the bottom of the rear seat so that air
is blown primarily toward thc hcarl of a passcngcr in thc rear
seal from Ihe vehicle ceiling via a ceding duct 4.

Rear hcatcr unit 3 is providcrl at a bottom portion of thc
front passen er seat. From this posiuon, air is blown mainly
lo Ihe Riot of. Ihe passenger on ihe rear seal.

Next, the structure of front air conditioning unit 1 will bc
described with relerence lo FIG. 2A. While an internal air
inlet 7 for drawing in internal air in Ihe vehicle aml an
external air inlet 8 for draiving in external air are provided
at a portion at air upstream side of an air conditioning case,
an internal,'external air switching door 9 is also formed
thereat for switching an inlet ratio of the internal air to thc

eo external air from inlets 7 and 8. This intcrnalicxtcrnal air
switching door 9 is driven by a servomotor (see FIG. 3) as
a dnving means.

A fan 10 as a blower is clisposcrl at an air downstream
poruon of. Ihe internal&external switching door 9. This fan is
driven by a blower motor 49 (see FIG. 3) as means for
driving fan 10 so that the rotational speed of fan 10, that is,
the amount of blowing air, is controlled by the blower
voltage applied to blower motor 49 Ilere, the blower
voltage is determined by an ECU 5 (scc FIG. 3).

A front evaporator 11 as a heat exchanger for coolin is
disposed at an air doivnstream side of fan 10. Along with a
compressor (not shoivn) rlrivcn by a vchiclc engine (also not
shown), rear evaporator 11 niakcs up a refrigeration cycle in
conlunction with a conilenser and ilecompressing means (nol
shown) or lhe like connected lo each other with refrigerant
pipes, as isknoivn in the art An electromagnetic valve 12 for
controfling the refrigerant tlow to the front evaporator 11 is
provided at thc rcfri erant upstream siclc of front evaporator
11.

A front heater core 13 is disposed as a heat exchanger for
heatin at a portion of an air clownstrcam siclc from front
evaporator 11. Front heater core 13, having engine cooling
water flow insiile, reheals the air passing therethrough using
Ihe coohng water as a heat source In addiuon, in air

es conilitiomng case 6, a bypass passage 14 is formed so that
cool air from front evaporator 11 bypasses frnnt heater core
13
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In air conditioning case 6, an air mixing door 15 is
disposecf as a temperature acfjusling means ancf as an air
amount ratio adfusting means for adjusting thc ratio of the
amount of cool air passing through front heater core 13 to
the amount nf cnof air passing through bypass passage 14
I'he air mixing door 15 is driven by a servnmntor 45 (see
FIG. 3) as a means for dnving air mixing door 35.

A dcfrostcr opening 16 for blowing out air toward thc
inner surface nf the ivindshield, a frnnt face npening 17 for
I)lowing nut air tovvard the upper portion of the passenger at
the front seat, and a front fool opemng 18 for blowin ~ out
air to the foot of Ihe passenger at the front seat are formed
at a portion of an air downstrcani side of air conditioning
case 6.

Further, in air conditionin case 6, a defroster door 19 for
opening and closing defroster opening 16 and a face foot
switching cfoor 2U for selectively opening and closing front
face opening 17 and front foot opening 18 are provicfed.
These doors 19 and 2U are dnven by servomolors 46 and 47
(see I'l(3. 3) as means for driving doors 19 and 20, respec-
tively

A structure of rear cnofer unit 2 will nniv be described
with reference to I'l(f. 233 At an air upstream portion of a
cooler case 21 as an air passage, an internal air inlet 22 is
formed opening nearby thc foot of thc passenger at thc rear
scat A fan 23 as a blower is disposed in the cooler case 21.
This fan 23 is driven by a blower motor 5U (see FIG. 3) as
means for driving fan 23, and Ihe rotational speecf of fan 23
is controlled by the bfnwer voltage applied tn bio)ver motor
50. This blower voltage is determined by I.'CU 5 (see IIG
3)

At a downstream side of fan 23, a rear evaporator 24 is
disposed as a heat exchanger for cooling air Rear evaporator
24 makes up part of thc same rcfri eration cycle as front
evaporator ll as mcntioncd above. An cicctronia nctic
valve 25 for controllin thc Uow of refrigerant to rear
evaporator 24 is prov)decl at the refrigerant pipe al Ihe.

refngeranl upstream stele of. rear evaporator 24. A rear face.
opening 26 tn which ceiling duct 4 (see l)IG I) is connected
is formed at an air downstream portion of cooler case 21

Next, a structure of. rear heater umt 3 v:ill be descmbecf
with reference to HG 2(f At an air upstream side of a heater
case 27 as an air passage, an internal air inlet 28 is formed
to open arouncl the foot of the passenger at thc front
passcngcrs scat. A fan 29 as blowin means is disposed in
hcatcr case 27. This fan 29 is driven by a blower motor 51
(see FIG. 3) as means for driving fan 29. The rotational
speecf of fan 29 is controlled by the blower voltage apphed
to blnwer motor 51. In additinn, the blniver vnltage is
determined by IiCU 5 (see HG. 3). A rear heater core 30 as
a heat cxchangcr for heating is disposed at a doivnstrcam
side of fan 29. Rear hcatcr core 30, having engine cooling
water Uow inside thereof, is for heating the air passing
through rear healer core 30 using Ihe cooling water as a heat
source. A bypass passage 31 is formed for bypassing ihe air
from fan 29 thrnugh rear heater core 30

In addition, in heater case 27, an air mixing cfoor 32 is
disposed as a temperature adjusting means and as an air
amount ratio acljusting means for adjusting the ratio of the
amount of the air passing through rear heater core 30 and the
amount of thc air passing thou h bypass passage 31. Air
mixing door 32 is driven by a servomotor 48 (sec FIG. 3) as
means for dmving air mixing door 32. Further, a rear foot
opening is provided al Ihe air downstream side poruon of.

healer case 27. Rear foot opening 33 is connected io a rear
foot duct (not shnwn) for blowing out the conditioned air
toward the foot of the passenger at the rear passenger seat

Next, a structure of. a conlrolhng system of the present
embodiment will be descnbed with reference to FIG. 3.
ECU 5 controllin each air tcmpcraturc control umt in each
of units 1 throu h 3 incluclcs a well-1 nown microprocessor
and the like including a CPU, ROM, RAM, etc and is driven
ivith a poiver source from a battery (not shown) when a
vehicle I mition switch (also not shown) is turned olf

Input terminals of ECU 5 arc electrically connected to thc
following sensors a front internal air temperature sensor 34
for detecting the temperature of the front seat area in the

I t)
vehicle, a rear iniernal mr temperature senw)r 35 for detect-
mg the temperature of the rear seat area in the vehicle, an
external air tcmpcraturc sensor 36 for clctccting thc external
air tcmpcraturc, an insolation sensor 37 for clctccting an
amount of sunlight irradiating the interior of the vehicle, a
front evaporator temperature sensor 38 for detecting the
temperature of. air cooled by front evaporator 11 (more
specilically, the air temperature after passing through front
evaporator 11), a rear evaporator tcmpcrature sensor 39 for
detcctin the tcmperaturc l)y rear evaporator 24 (morc

ao specifically, the air temperature after the air passing through
rear evaporator 24), a water temperature sensor 40 for
deteciing Ihe temperature of engine coolant lemperature, an
mlet temperature sense)r 41 as inlet air temperature detecung
means for detecting the temperature of the air draivn in from

as internal air inlet 28 into hcatcr case 27, a front tcmpcraturc
setting device 42 for setting a target temperature at the front
seat side, and a rear temperature setting device 43 for setting
a lar el temperature ai Ihe rear seat side.

Among these sensors, each si nal from sensors 34
through 41 (front and rear internal temperature sensors 34
and 35, external temperature sense)r 36, inso)lation sensor 37,
front and rear evaporator temperature sensor 38 amf 39,
water temperature sensor 40, inlet temperature sensor 41) is
AD-convcrtccl by means of an A'D converter (not shoivn) in
ECU 5 and input to thc above-mentionccl microprocessor.

On the other hami, front temperature selung device 42 is
disposed on a front air conclitioning panel providecl in an
instrument panel at thc front seat. Thc front air conditioning
panel further includes a switch for switchin the blowoff
mode, a switch for switching the internaL)external air mode,
a switch for adjustin bloivoif air amount, an autoswitch for
autoniatically controlling each of thc air conditionin means
in front air conditioning unit 1, or thc like. Rear tcmpcraturc
selling device 43 is disposed on a rear air conditioning panel
provided at the instrument panel at the rear seat. The rear air
condiuomn ~ panel lurlher mcludes a switch for switchin ~

the blowoif mode, a switch for adjustin bfowoff air amount,
an autoswitch for automatically controlling each of the air
conditioning nicans in rear cooler unit 2 and rear heater unit
3, or thc like.

so Next, a control process of the microprocessor will be
dcscril)cd with reference to FIG. 4. When thc ignition sv itch
is turned on to supply power to ECU 5, routine of FIG. 4 is
started, thereby performmg an initiahxing process at Step
S10 aml reading Ihe predelermmecf temperature (Tsel (Fr),
Tact (Rr)) set by temperature setting device 42 and 43 at Step
S20 In the next Step S30, signals ('I'r(l'r), Tr(gr), Tam, 'I',
Te(l'r), 'Ig(Rr), Tiv, Tin(gr)), ivhich are convertecl from the
outputs of sensors 34 throu h 41 arc retrieved.

In the next Step S40, a target blowout temperature at the
to

front seat TAO(l'r) is computed based on the following
Equation (I) stored in ROM bcforehancl.

Im)(I- ')=I et(I )t" I)rtli )—x (»! I (r I
— IC It )'I«»—

X!I,t )" I +C(f'(Cl) (')

ss Here, the above-mentioned Kwet(Fr), Kr(Fr), Kam(Fr)
and Ks(l)r) are correction ains, ivhile C(l r) is a correction
coefficlettt.



T10(R )=I rwtRr/'leer(Rr)-RetRr/'Tr(R i—I'am(Rr') "Tarrr—

I'r(T«) "Ts+c(Rr)— *o*((1 ivl+r)I(icc+r )i" (le(Ir' Tr(Rr'r)
("C ) (z)

Thc aforcmcntioncd Kset(Rr), Kr(Rr), Kam(kr) and
Ks(Rr) are correction gmns, and C(Rr), (3 aml 0, are correc-
tion coefficients. Here, the correction coelTicienl (3 is a
coeihcrenl rmhcatrng a rfegree of inffuence to ihe rear seat
when front air cnnditioning unit I is in the external air
introducing mode

In acldition, thc last term of Equation (2), a- (3*0'((SWI+
r)I(100+r))*(Tr(Fr)—Tr(Rr))', is for counteracting the influ-
ence of front air conrfilioning unit 1.

Next, in Step s9U, operation modes of rear cooler unu 2
and rear healer unit 3 are rfetermrned based on ihe TAO(Rr)
and a map of I'IG. 8 which is stored in ROM beforehand At
this point, the mnde in ivhich only rear confer unit 2 is
opcratccl corresponds to a face mode, while thc mode in
which only rear hcatcr unit 3 is operated corresponds to a
foot moclc, and thc mode in which both units 2 and 3 are
operated correspomls to a bilevel mode. Hereina fur, above.
these operation modes are mentioned as FACE(Rr), FOOT
(Rr) and IIII.(kr)

In the next Step SIUU, a target blowout temperature at rear
cooler unit 2 TAO(Rc) and a target l&lowout temperature at
rear hcatcr unit 3 TAO(Rh) arc coniputed.

Morc specificall, TAO(Rc) is coniputcd based on thc
following Equation (3) stored in ROM in arfvance w hcn the
operatton mode is in B/L(Rr) but is computed based on lhe
following Lquation (4) stored in ROM in advance when the
operation mode rs nnt in B/1.(Rr) I'urther, I'AO(Rh) is
computed based on thc following Equation (5) stored in
ROM in advance when the operation mode is in BIL(Rr) but
rs computed based on thc following Equation (6) stored in
ROM rn advance when lhe operauon mode rs not in BIL(Rr).

)AO(R )=zio(R )-11) ('r.')

TAO(R )=TAO(Rr) ("C I

T10(RR)=T10(Rr)+io Fr )

T10(RR) =T10(Rr) I"C )

(SI

(a)

Next, rn Step SSU, an internal/external arr mode of front
air cnnditioning unit I is determined based on the afore-
mentioned I'AO(f r)and a map of Fl(r 5 which is stored in
ROM SWI in I'l(r 5 is a target opening nf internal/external
switchin cloor 9. A I()0'7a opening of SWI switches to a
complctc cxtcrnal air introducing mode, ivhilc a 0'f~ opening
of SWI switches to a complete internal air introducing mode.

In a Slap S6U, a blowout opening mode of front air
conditioning unit I is determined based on the alxive-
mentioned 'I'AO(l'r) and a map of IIG 6 which is stored in
ROM beforehand

At this point, a face mode (FACE) is a mode in which the
air is blown out via front face opening 17 toward the upper
portion of lhe front passenger's body. A bilevel morfe (B/L)
rs a mode in which lhe air is blov n olTvui front lace opening
17 and frnnt foot opening 18 toward both the upper portion
and the foot nf the front passenger's body A foot mode
(I'OO'I') is a mnde in ivhich the air is bloivn out via front foot
opcnin 18 toward thc foot of thc front passcngcr's body.

Next, in a Step S70, the front blower voltage, which is
applierf lo blower motor 49 of. front air conditioning unit I,
rs tie)arm)nerf based on the above-mentioned TAO(Fr) and a

map of I'IG 7 ivhich is stored in ROM beforehand
Then, in the next Step S80, rear target blowout tempera-

ture TAO(kr) is cnmputed based on the folloiving 1.'quation
(2) which has already bccn stored in ROM.

In this way, the difference rs urken between TAO(Rc) and
TAO(Rh) when lhe operation motle is in B,'L(Rr) to generate
the temperature diffcrcncc bctwccn thc top and bottom of thc
blovvout air to the rear scat so that thc passenger in thc rear
seat feels cooler at his head and warmer at his feet

(acing on to the next Step S110, a sub-routine of I I(i 9
rs called in order to determine rear cooler blower voltage
Va(Rc) to be applied to blower motor 5U of rear cooler unit
2 and rear hcatcr blower voltage Va(Rh) to bc applied to

in
blower motor 51 of rear hcatcr unit 3. Thc followin« is thc
processing of I'l(i 9.

In Step S111, the operation mode determined in Step S90
rs determined whether the motle is FOOT(Rr) or not. Here,
rf. the result is YES, since rt is time to stop rear o)oler unu
2, processing junips to Step S115 so that rear cooler blower" voltage Va(Rc) is sct to zero.

On the other hand, when the result is NO in Step Sill,
since it is time to start rear cooler unit 2, in Step S112,
blower voltage Vab(Rc) as a base of. blower motor 5U rs
determined based on a map of FIG. 10 storeil in ROM

zo beforehand. In addition, according to thc map of FIG. 10,
when TAO(Rr) rs 15'. or more, the above-mentioned base
blower voltage Vab(Rc) is set to be the minimum voltage
(VI or V2)

I fere, hase bloiver voltage Vab(kc) in the operation mode
zs of lf)l.(Rr) is smaller than base blower voltage Vah(kc) in

the niode of FACE(Rr) Iiccause air is blown out also from
rear heater unit 3 when thc BIL(Rr) mode is sclcctcd. That
rs, when the time of B/L(Rr), blower motor 51 of rear heater
unit 3 is dnven by the blower voltage correspomhng to the
difference betiveen Vab(Rc) in I ACL'(Rr) and Vah(kc) in
B'I. according to lqG 10

Then, in the next Step S113, a duty ratio for turning on and
ofi'lower motor 50 is determined based on a map of FIG.
11 already stored in ROM. This duty ratio is, as illustratcrl

13 rn FIG. 12, a time TZ for turmng on blower motor 50 with
respect to a cycle Tl (2 minutes in the present embodiment)
for turmng on and oif blower motor 50.

According to a map of I'l(r 11, rn the I'ACE (kr)
operation mode, the duty ratio becomes 1()0or if 'I'AO(Rr) rs

ao 15'. or less. If TAO(Rr) is greater than 15'., the duty
ratio is sct to bc smaller as TAO(Rr) becomes grcatcr. When
lhe operauon mode is BIL(Rr), the duly ratio becomes 100«!r,

rf TAO(Rr) is 25'. or fern, anil the duty rauo becomes
smaller as TAO(Rr) becomes greater iT TAO(Rr) is 25'.

as In the next Step S114, the final rear cooler blower voltage
Va(Rc) is determined Here, the smaller of base blower
voltage Vab(Rc) dcterniincd from FIG. 10 anil blower volt-
a e Vad(Rc) illustratcrl in FIG. 12 is dctnmincrl to be thc
rear cooler blower voltage Va(Rc).

so Then, Step S116 determines whether the operauon mode
determined in Step S9U is FACE(Rr) or not. Here, if the
result is YLS, since it is time to stop rear heater unit 3, the
processing jumps Step SIZU in order to set rear heater
blower voltage Va(Rh) to zero. On the other hand, if thc
result is NO, since it is time to operate rear hcatcr unit 3,
blower voltage Vab(Rh) to be a base of blower motor 51 rs
determined based on a map of FIG. 13 already stored in
ROM.

The reason ivhy base blower voltage Vab(kh) when the
operation mode is 13,'Ifkr) is smaller than hase blower
voltage Vali(Rh) of FOOT(Rr) morlc is as mentioned above.

Next, in Step S118, a duty ratio for turning on and off
blower motor 51 is determined based on a map of FIG. 14
already stored rn ROM. This duty rauo is, as shown rn FIG.

as 15, a ume T2 for turning blower motor 51 on with respect
to a cycle 'I'I (2 minutes for the present embodiment) for
turning bloiver motor 51 on and off



According to the map of FIG. 14, the duty rano is sel to
lie 100&ye when a deviation between inlet temperature Tin
(Rr) and target blowout temperature TAO(Rh) is O'. or
less (that is, fin(Rh)sTAO(Rh)) When the deviation is 0'

or morc, i.e., Tin(Rr)~TAO(Rh), the duty ratio is sct to
bc smaller as the deviation becomes greater.

In the next Step S119, Ihe final rear heater blower voltage
Va(Rh) is &le&arm&neil. Here, the smaller of base blower
voltage Vab(gh) obtained from FIG 13 and blower vnitage
Vad(kh) illustrated in FIG 15 is determined as rear heater in
blower vnltage Va(Rh)

Then, in Step S130 according to FIG. 13, thc blowout
tcmpcraturc from rear cooler unit 2 is controlled. More
spectlically, a target evaporator temperature TEO(Rr) is lira&

determined base&i on TAO(Rc) computed from aforemen-
tioned Equations (3) and (4) and a map of HG 16 already
stored in ROM Secondly, an electromagnetic valve 25
(shown m HG 20) is on-oif controlled so that a rear seat
evaporator tcmpcraturc Te(Rr) detected by rear seat evapo-
rator tcmpcraturc sensor 39 bcconies the aliove-nientioncd 00

target temperature TEO(Rr). This type of. on-olf control &s

generally knov:n in the art.
According to the map of I'l(l. 16, when TAO(Rc) is 0('C)

or less, TEO(Rr) equaLs 0('(1) and is maintained tn be
0('(1) I'his &s because of a prevention of frost frnm rear as
evaporator 24. Further, when 05TAO(Rc)sf5('C.), TEO
(Rr)=TAO(Rc). When TAO(Rc):15('C.), TEO(Rc)=15
('C ) and &s maintained the same. Th&s &s because there &s Ihe.

poastb&l&ly of a foul smell be&ng em&tied from evapora&or 24
when producing air of 15('C ) nr more at rear seat evapo- .&0

fain& 24
Then, in the next Step S140, each target opening 0(l'r) and

0(Rr) of air mixing door 15 and 32 arc determined based on
thc followin rcspcctive Equations (7) and (8) already stored
in ROM ss

il(Fi )=l00" (Tao(Frl— Te(Fii ll(T -Te(F'r'!) (0,)

0(fe)=lf!f''(fa&f)(ff0) — f«(fi ))l(f — 7 (fi'))
('7)

In thc next Step S150, control signals arc output to each &0

actuator in order to obtain each mode determined by the
above-ment&oned steps from S50 lo S70 and from S110 to
S140.

Slap S160 determ&nes whether Ihe lixed control cycle time.
7 has expired or not If YES, the processing goes hack to as
Step S20, and if NO, the processing ivaits for the expiration
of control cycle time v.

As thc aforcmentioncd control is repeated, when rear seat
cooler un&t 2 is in operation, the a&r cooing temperature by
means of rear seat evaporator 24 &s main&a&ned to be 15('C.) so
even though TAO(Rc)=15'. Therefore, occurrence of. a
foul smell due to the dust or mold in rear seat evaporator 24
can be prevented

At this point, if thc air cooling tcmpcrature is maintained
to 15'. cvcn if TAO(Rc) ~ 15'. in thc above-mentioned ..
way, the suppliefl amount of. heat to the veh&cle compartmen&
becomes excessive cons&daring the aspect of lemperature.
However, according lo the present embod&ment, because Ihe.

amount ot'lowout air to the vehicle cnmpartment per unit
time &s reduced by turning on and off the air amnunt, the
cxccssivc amount of heat can be sct off, thereby supplying
thc dcsircd amount of heat to the vehicle compartment.

In addit&on, while rear heater unit 3 is &n operat&on, if.

Tin(Rr) &s Tin(Rr)—:TAO(Rh), because Ihe large& opening
0(Rr) of air m&xing door 32 becomes 0(Rr)=0 accord&ng io as
Equation (S), the blowoff temperature to the vehicle com-
partment &s maintained to Tin(Rr), and the supplied amount
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of. heat to the veh&cle fx!mpartment becomes excess&ve
considering the aspect of temperature. I loivever, in th &s case,
according to the present embodiment, because the blowout
air amount to the vehicle compartment per unit t&me is
rcduccd by turning on and off thc air amount, the cxccssivc
heat amount is reduced, thereby supplying thc dcsircrl
amounL of heal lo Ihe vehicle compar&ment.

Therefore, according lo Ihe present embodiment, with rear
cooler unit 2 and rear heater unit 3, the rear seat can be
controlled to a desired temperature by producing the nec-
essary amount of heat without using a unit havmg both an
evaporator and a heater core like front seat air conditioning
unit 1.

Fur&her, according lo Ihe present embed&men&, s&nce the
blowou I a&r amoun»o the veh&cle comps r&ment per un&t hour
is reduced by turning fans 23 and 29 on and otf, the blowout
air amount per unit hour can be easily reduced even if the
bio&ver voltage is the minimum voltage (Vl or V2 in 11G
10, V3 or V4 in FIG. 13).

Although thc present invention has bccn fully dcscribcrl in
connecuon w»h &he preferred embod&ment thereof with
reference lo the accompany&ng draw&ngs it &s to be no&ed
that various changes and modihcations will become appar-
ent to those skilled in the art.

While cycle Tl in I'IG 12 or 15 is fixed m the above-
mentioncd cmliodiment, cycle Tl may bc varied in confor-
mity ivith a predetermined rule such as 1,)f random, M-scrics
random, or the like. Consequently, the varu&uon of cycle Tf
resul(s in provid&ng passengers in the rear seat w&th inter-
mittent air gusts, thereby reducing a sense of incompatibility
ivhich the passen er may feei due to the changes in air
amount

Although the aliovc cmbodimcnt dcscribcs an example of
disposin front scat air conditioning unit 1 bavin front scat
evaporalor 11 and front seaL heaier core 14 aL Ihe iron& seaL
s&de, a cooler unit and a heater unit may be disposed Ior
cooling and hea&ing Ihe front seat respectively, instead of
front seat air conditioning unit 1. In addition, &t is not
necessary to provide both the cooler unit and the heater unit,
and thc prcscnt invention is applicable when either onc of
these is provided.

As a me&hod of repealingly changing the volume gower,'trength)of &he blowout air to the vehicle compartmen&, a
method of repetitively turning fans 23 and 29 on and off &s

employing in the above embodiment With repeating the
strength and weakness of the air amount, or with gradually
increasing and reducing thc air amount, it is not necessary to
turn thc fan off.

While a me&hod of. repealingly changing the strength of
Ihe blowou& a&r lo &he veh&cle compartment &s employed as
a method of. reducing the amount of the blowout air to &he

vehicle compartment per unit time in the above
embodiment, the amount of the blowout air may be reduced
by reducing thc absolute air amount itself.

In addition, the prcdetcrmined tempcraturc according to
Ihe Iirsl aspect of Ihe presenL invenuon is set to 15'. in lhe
above embod&ment. Since passengers will not detect a foul
smell lrom rear seal evaporator when the cooling air tem-
perature by rear seat evaporator 24 is set under the prede-
termined temperature, the predetermined temperature may
be selected to be near that tcmpcrature.

Further, thc air coolin ability in rear scat evaporator 24
&s ad)usted by &urmng on aml olf electromagnetic valve 25 &n

Ihe Iirsl embodiment, buL Ihe a&r coohng ability may be
adjusted by turning on and off the compressor

Still further, the first embodiment employs an air mixing
type rear seat heater unit 3 for adjustin the blowout air



temperature by controlling the opening of. air mixing door
32, but the present invention may use the heater unit of a
reheat type for adiusting the blnwout air temperature by
adjusting the tloiv amount or temperature of the hot ivater
hewing into rear heater core 30.

Such changes and modifications arc to bc understood as
being included within the scope of. Lhe present invention as
delineil by the appeniled claims.

What is claimed is:
I An air temperature control system fnr a vehicle, com-

prising
a blower for generating an air liow;
an air passage for receiving air generated by said blower

intn a passenger compartment of said vehicle;

a cooling heat exchanger, disposed inside said air passage,
for cooling air in sairl air passage, and

coohng ability adjusting means for adjusting an air cool-
ing ability of said cooling heat exchanger so that air
cooling temperature cooled by said cooling heat
cxchangcr bccomcs a target blowout temperature to
saiil vchiclc compartment;

wherein when said target blowout temperature is higher
than a predetermined temperature, said cooling ability
adjusting means is controlled sn that said air cooling
tcmpcraturc cooled by said cooling heat exchanger
rcachcs said prcdctcrmincd tcmpcrature, said cooling
ability adjusting means also controlling smd blower so
that a blowout air amount per unit time io said vehicle.
compartment is reduced in accordance with a rise in the
target blnwout temperature, said cooling ability adjust-
ing means cnntrolling a temperature nf said passenger
compartment by rc uiating a temperature of said cool-
ing heat exchanger when said target blowout tempera-
ture is above sairl preileiermined temperature, sairl
cooling ability adjusnng means controlling sairl tem-
perature said passenger compartment by regulahng sairl
blowout air amount per unit time frnm said bio&ver
when said target blnwout temperature is beloiv said
prcdctcrmincd temperature.

2. Thc system of claim 1, whcrcin said amount of blowout
air per unit time is reduced by repeaungly varying a strength
of blowout air to smd vehicle passenger compartment.

3. The system of claim 2, wherein said strength of
blowout air to said vehicle passenger compartment is repeat-
edly varied by repeating starting and stopping of said
blower.

4. Thc system of claim 3, wherein a cycle of repeating said
starting anil stopping ts penodically vaned.

5. The system of claim 2, wherein.
said conling ability adjusting means correspondingly

dccrcascs said amount of blowout air when said target
blowout tcmpcraturc increases above said predeter-
mined tcmpcraturc;

said conling ability adjusting means maintains said cool-
ing heat exchanger at said predetermined temperature
when said target blowout temperature is above said
prcdctcrmincd tcmpcraturc; and

sairl cooling abiluy ailjusiing means maintaining said
amount of blowout air at a substantially constant blov,
rate when said target blowout temperature is beloiv said
predetermined temperature.

6. An air tcmpcraturc control system for a vehicle, com-
prising:

a blower for generating an air liow;
an air passage for receiving air generated by said bin&ver;

12
a heahng heal exchanger, disposeil in said air passage, for

heaung air in said air passage,
temperature controlling means for controlling a tempera-

ture ofbloivout air to a vehicle passen er compartment;
aml

inlet air temperature detectin means for detecting a
temperature of air at an inlet side of said heating heat
exchanger,

whcrcin said tcniperaturc controlling means is further for
controllin saiil tcmpcraturc of blowout air to be a
target blowout temperature io said vehicle passenger
compariment; anil

when saiil target blowout tcmpcrature is less than an inlet
temperature detected by said inlet temperature detect-
in ~ means, said temperature controlling means also
controlling said blower so that an amount of blowout
air to said vehicle compartment per unit time is reduced
in accordance with a drop of the target blowout tem-
perature.

co 7. The system of claini 6, wherein sairl air passage
inchides a bypass passage therein for bypassing said heaung
heat exchanger, anil said temperature conirolhng means
includes an air amount ratio controlling means for control-
ling a ratio of an amount of air passing throu h said heating

as heat exchanger to an amount of air passing through said
bypass passage.

8. Thc systcni of claim 7, whcrcin said amount of blowout
air per urn& hme is reduced by repeatedly varyin a strength
of. blowout air io said vehicle passenger compartment

.io 9. The system of claim 8, wherein said strength of
bloivout air to said vehicle passen er compartment is repeat-
edly varied by repeating starting and stopping of said
bio&vcr.

lb. Thc systcni of claim 9, whcrcin a cycle of rcpcating
is said siarung aml sioppmg is periodically varierl.

11. The system of claim 6, wherein said amount of
blowout mr per unit hme is reducerl by repeatedly varying a
strength of blowout air to said vehicle passenger compart-
ment

so 12. The system of claim ll, wherein saiil strength of
blowout air to said vchiclc passcngcr compartment is rcpcat-
edly vened by repeating starting aml slopping of said
blower.

13. The system of clmm 12, wherein a cycle of repeaun ~

as said starting and stoppin is periodically varied
14 A controller for a vehicle air conditioner apparatus that

controls a heat cxchangcr so that a blowout air tcmperaturc
rcachcs a tar ct tcmpcrature when the target tcmperaturc is
sei withm a predeiermineil heat exchanger limit, the con-

so troller controlling both the heaL exchanger aml a blowout air
amounL per unit nme when ihe Larget Lemperaiure is seL

outside the predetermined heat exchanger limit so that the
target temperature is reached ivhile maintaining the prede-
termined heat exchanger limit, thc controller reducing thc
blowout air amount pcr unit time In accordance with an
olfsei amount of. ihe Larger temperature from the predeter-
mined heat exchanger limit.

15. The controller of. claim 14, wherein the prerleiermined
heat exchanger limit comprises a maximum blowout air
cooling mode temperature.

16. The controller of claim 14, whcrcin thc prcdctermincrl
heat exchanger limit comprises a minimum blowout air
heating mode temperature.

17. The controller of. claim 14, wherein ihe blowout air
ss amount m controlled based on stored map data when ihe

target blowout temperature is set outside the predetermined
heat exchanger limit
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Ig. A vehicle air coniiilioner compnsing.
an air conditinner circuit including a cnoier unit, a heater

unit, a target blowout temperature calculator, a unit
movcmcnt mode dctcrmining device, a cooler unit
controller, aml a healer unit controller,

the cooler umt including a first blowout device for gen-
erating a first air flow, a first air passage for introducing
air from thc blowout device to a vehicle compartment,
a cooling heat exchanger disposed inside of thc air
passage for coolin thc air within thc first air passage,
and a cooling ability aritusling device for controlling an
air cooling ability of. lhe cooling heat exchanger, lhe.

cooling ability adjusting device heing controlled so that
a temperature ot'he air cooled by the cooling heat
cxchangcr rcachcs a vehicle compartment target blow-
out tcmpcrature;

the heater unit including a second blowout device for
generating a secoml air flow, a seconri air passage for
introducing air from the second blowout device tn the
vehicle compartment, a heating heat exchanger dis-
posed inside of thc second air passage for hcatin thc
air within thc second air passage, a heating ability
ruijusling device for controlling an air heating abdity of.

the healing heat exchanger, and an intake air tempera-
ture tielector for detecting an intal e stria air tempera-
ture of the heating heat exchanger, the heating ability
adjusting device heing controlled so that a temperature
of thc air hcatcd by thc heating heat cxchan cr reaches
thc vchiclc compartment target blowout temperature;

the target blowout temperature calculator being operative
to calculate the target liiowout temperature;

thc unit movemcnt mode determination device for detcr-
minin whcthcr thc cooler unit of thc heater unit should
be ririven based on the target blowout temperature
calcu laleri by the target blowout temperature calculator;

when the unit movement mode detemiining device deter-
mines that thc cooler unit should bc driven, the cooler
unit controller controlling thc cooling ability adjusting

ia
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device so thai the temperature of the air cooled by the
cooling heat exchanger reaches the target blowout
temperature when the target blowout temperature is
less than a predetemiined temperature, the cooler unit
controller controlling the coolin aiiihty adjusting
dcvicc so that the tcmperaturc of the air cooled by thc
cooling heal exchanger is mainlaine&i at the predeter-
mined temperature when the target blowout tempera-
ture is more than the predetermined temperature, and
the cooler unit controller controlhng the blowout
device so that a vehicle compartment blowout amount
air amount pcr unit tinic is reduced in accorrlancc with
a risc of thc target blowout tempcraturc; and

when the umt movement mode determining device deter-
mines the heater unit should be driven, the heater unit
controller controls the heating ability adjusting device
so that the tenipcraturc of thc air hcatcrl by the heating
heat exchanger reaches thc target blowout tcmpcraturc
when Ihe larger blowout lemperature is more than an
inlet temperature delectetl by an intake air temperature
senmir, and rxinlrols the blowout device mi that a

blowout amount of air per unit time is reduced in
accordance with a drop in the target blowout tempera-
ture vvhcn thc target iilovvout tcmpcraturc is less than
the inlet temperature rlctectcrl by thc intake air tem-
perature with a drop m the target blowout

19. The vehicle air rxindiuoner of claim fg, wherein the
unit mode movemenl determination device selectively deter-
mines an operation mode as one of a first mode in which the
only cooler unit is driven. a second mode in which only the
hcatcr unit is driven, and a third motte in which thc cookr
unit and the heater unit arc rlrivcn.

20. The vehicle air conditioner of claim 1 9, whcrcin thc
blowout mr amount of lhe cooler unit in the third mode is
less than that of the lirst mode, and the blowout air amount
of the heater unit in the third mode is less than that of the
second mode


