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(57) ABSTRACT

A vehicle air-conditionin system of a dual air conditioner
type includes a front scat air-conditionin unit for air-
conditioning a front seat side and a rear scat air-conditionin
umt lor air-conditioning a rear seat side. The system includes
parallel connected evaporators for the front seat air-
comhtioning unit and the rear seat air-cond)honing unu. At
a low flow rate of refrigerant, the system prevents a signifi-
cant increase in the temperature of air blown into the rear
scat arcs reiativc to the tcmpcrature in thc front scat arcs.
Thc system en(ploys a variai&ie capacity compressor that
enables its discharge capacity to be controlled by an external
control signal, allowing the discharge capacity of the com-
pressor to be controlled in accordance wnh the higher
evaporator temperature of the temperatures at the front seat
evaporator and the rear seat evaporator and a target evapo-
rator tcmpcrature.
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VEHICLE AIR-CONDITIONING SYSTEM

('OSS RLI'L'RL'NCL TO RLI.ATLII

APEI 
.I (:ATI (IN 3

This applicauon is based upon, claims the benelit of
priority of, and incorporates by reference the contents of,
.Iapanese Patent Application No 20(lg-3254S3 tiled on Nov.
g, 7002.

ln

FIELD OF THE INVENTION

The present invention relates generally to a vehicle air-
conrlitioning system anil, morc particularly, to operational
control of thc vchiclc air-conditionin system. I

BACKGROUND OF THE INVENTION

A conventional vchick air-conrlitioning system includes a
variable capacity compressor Io control Ihc tempcraturc at
the evaporator. This svstem is operative to calculate the
deviation of an actual evaporator blowing temperature Te
sensed by a temperature sensor from a target evaporator
temperature 'I'L'0 Next, a capacity control current for the
compressor is calculated based upon the above deviation.
Thc capacitv control current is dclivercrl to a capacity -'aryingdevice of thc compressor to thereby variably con-
trolling the discharge capacity ol the compressor This
allows the compressor to increase or decrease its discharge
floiv rate of refrigerant anal control the cycle low pressure
(evaporation pressure of refrigerant), thereby maintaming
the evaporator blowing temperature 'Ib at or near the target
evaporator tcmpcraturc TEO.

The aforemennoned system relates to a single air cond&-

tioner that only inclmles an air-conditioning unit on the front
seat side in the passenger compartment as a unit for air-
conditioning the passenger compartment Since this single
air conditioner is provide(I with only onc evaporator in the
refrigeration cycle, thc aforcmcntioned capacity comrol
raises no significant problem.

However, performance and results are dilferent when the
relngerauon cycle is of a dual air conditioner type in which
an air-conditioning unit is diNioserl both on the front and
rear seat sides in the passenger compartment as units for
air-conditioning the passenger compartment In this case,
since thc evaporator of thc front scat air-conditioning unit
and thc evaporator of thc rear seat air-conditioning unit arc
arranged in parallel with a compressor and commonly use a
comlenser, the refngerant discharged Irom the one vamable
capacity compressor ia circulated in parallel through the
front and rear seat evaporators

In the refrigeration cycle of the dual air conditioner type,
the front scat air-conrhtioning unit is usually regarded as the
main air-conditionin umt. In this context, thc inventors of
the present invention first built aml studied a prototype of a ss
system that provides capacity control to the variable capac-
ity compressoir in accorrlance with the deviation between the
actual evaporator blowing temperature fef and the target
evaporator temperature 'I'L'0 at the front seat evaporator

As a result, it was founrl that a worsened distriliution (o
balance betwccn thc refrigerant flow rate for the front seat
evaporator and that for thc rear seat evaporator lcrl to a lack
in refngerant flow rate of the rear seat evaporator, thereby
eau sin ~ a significant increase in the temperature of air blown
into Ihe rear seat area when compared with Ihe front seal es
area This makes a passenger in the rear air-conditioned seat
feel less comfortable

More specifically, an mtermediate season such as the
spnng or fall season requires less cooling heat load for the
vehicle air-conditioning system due to lower temperatures of
outside air than in the summer season as well as less neerl for
dcfogging of thc windshield of the motor vehicle than in thc
winter season. In this context, thc air-conditioning system
employs power saving control (economy control) in which
ilunng Ihe intermediate seasons, the target evaporator tem-
perature I'L'0 is set at a temperature higher than during the
summer (e g., by about ll'.) to reduce the discharge
capacity ot'he compressor thereby reducing the power for
(loving thc compressor.

During this power saving control operauon, the discharge
capacity of the compressoir is reduced thereby causing a

decrease in the flow rate of a refrigerant circulating within
the cycle In this case, like a recreational vehicle of minivan
type, a vehicle having a rear seat area larger than a front scat
area in the passenger compartment space has cncrally a
higher cooling heai load on Ihe rear seat side than on the
front seat stale. However, from the viewpoint of cooling
capability, the front seat evaporator, which is always uaerl, ia
designed to have a larger capability than that of the rear seat
evaporator Accordingly, the front seat evaporator is greater
in capacity than the rear scat evaporator, and thc prcssure
loss in a front seat expansion valve is kss than thc prcssure
loss in the capacity of Ihe rear seat evaporator.

[)uring the poiver saving control operation, this may
result in an extremely reduced tlow rate of the refrigerant
circulating through the rear seat evaporator, thereby causing
thc tcmpcrature of air blown into the rear scat arcs Io bc
significantly increased, c.g., by about g'. when compared
with the Iron( seat area anil thus leadin ~ to a lack in cooling
ol Illa rear seat area.

On the other hand, the inventors also studied a vehicle
air-conrlitioning system of thc rlual air conrlitioncr type
which employs as its compressor not a variable capacity
compressor but a motor dnven compressor that is capable of
using RPM control for the control of ita discharge flow rate
of refngerann The study showed that this system also had
the problem of the temperature of air blown into the rear seat
being significantly increased relative to the temperature ot
air blown into the front seat at a loiv flow rate of refrigerant.

SUMMARY Ol'III'NVENTION

Thc present invention was rlcvclopcd in view of thc
aforcmcntioned problems. It is thcrcforc an object of thc
prcscnt invention to provide a vchiclc air-conditioning sys-
tem of the dual air condiuoner type which composes a front
seat air-i:omhnomng unit for air-conrlnioning the front seat
side in the passenger compartment and a rear seat air-
conditioning unit for air-conditioning the rear seat side in the
passenger compartnicnt, with an evaporator of thc front scat
air-conditioning unit anti an evaporator of thc rear scat
air-conditioning unit bein connected in parallel Thc air-
conditioning system is designed to prevent a significant
increase in Ihe temperature of air blown into the rear seal
area at a low tlow rate of refri erant when compared with the
temperature of air blown into the front seat area.

'I'n achieve the aforementioned olfltect, a first aspect of the
prcscnt invention is a vchiclc air-conditioning syskm in
which a front seat evaporator anil a rear scat evaporator arc
connected in parallel to each other in a relngerauon cycle,
allowing one compressor to circulate a relngerant through
the Iront seat evaporator anil Ihe rear seat evaporator, the
compressor alloiving its discharge flow rate of the refriger-
ant to be controlled hy an external control signal The system
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furlher comprises control means for receiving sensor signals
from front seat evaporator temperature sensor means and
rear scat evaporator tempcraturc sensor means to control a
rlischar c flow rate of thc refrigerant from thc compressor.
'I'he system is charactenzed in that a discharge flow rate of
the refri erant from the cnmpressor is controlled in accor-
dance with the higher evaporator temperature of tempera-
tures at the iront seat evaporator and the rear seat evaporator
and a target evaporator tempcraturc.

Accordin to this aspect of the invention in which the ic
temperature at the rear seat evaporator is higher than that at
the front seat evaporator, it is possible to control the dis-
charge tloiv rate of the refrigerant from the compressor such
that the temperature at the rear seat evaporator is equal to the
tar ct evaporator tcmpcrature. Accordin ly, even when the

I
temperature of air blown into the rear seat area is to become
higher than the temperature of air blown mto the front seal
area al a low flow rate of reingerant, the discharge flow rate
of the refrigerant irom the compressor can be increased to
prevent an increase in the temperature of air blown into the
rear seat area.

A second aspect of the present invention is a vehicle
air-conditionin system in which a front seat evaporator and
a rear seat evaporator are connected in parallel to each other
in a refrigeration cyck, allowin one compressor to circulate,,
a refrigerant through thc front scat evaporator an(I thc rear
seat evaporator, the compressor allowin ~ its discharge flow
rate of. Ihe refrigerant lo be controlled by an external control
signal I'he system further comprises control means for
receiving sensor signals frnm front seat evaporator tempera-
ture sensor means and rear seat evaporator temperature
sensor means to control a rlischar e flow rate of the refrig-
erant from thc compressor. Thc system is charactcrizcd in
that a discharge flow rate of the reingerant from the com-
pressor iy controlled only in accordance with a temperature
at the front seat evaporator within a range of a high cooling
heat load operation, while within a range of a loiv cooling
heat load operation, a discharge flow rate of the refrigerant
from thc compressor is controflcd in accordance with the
hi hcr evaporator tcmpcraturc of temperatures at thc front ap
seat evaporator anti lhe rear seal evaporator and a target
evaporator temperature.

This also makes it possible to increase thc discharge flow
rate of the refrigerant irom the compressor and thereby
prevent an increase in the temperature of air blown into the
rear seat area even ivhen the temperature of air blmvn into
the rear seat area is to increase within a range of a low
cooling heat load operation (at a low flow rate of the
refrigerant)

Since the temperature of air blown into the rear seat area so
would hardly be incrcascd within a range of a hich cooling
heat load operation (at a high flow rate of rcfri crant), no
problem ivoulrl occur cvcn by the dischar e flow rate of thc
refngeranl from lhe compressor being controlled only in
accordance with the temperature ai the Iront seat evaporator.
Rather, the discharge flow rate of the refrigerant from the
compressor could be controlled only in accordance ivith the
temperature at thc front scat evaporator to prevent an
incrcasc in thc drive power of the compressor caused by an
incrcasc in thc tcmpcraturc at the rear seat evaporator. Ic

A thirrl aspect of thc prcscnt invention based on thc hrst
or second aspect is a vehicle air-conditioning system in
which Ihe compressor is controlled to provide the refn erant
al a discharge flow rale of about zero when the lower
evaporator lemperature of temperatures al Ihe front seal aa

evaporator and the rear seat evaporator has dropped to a
predetemiined frost determination temperature.

This makes it possible to posiuvely prevent the extension
of the freezing at the evaporator having the lower tempera-
ture of temperatures at the front seat evaporator and the rear
seat evaporator.

According to a fourth aspect of the prcscnt invention, by
way of cxaniplr, thr compressor can bc a vanablc capacity
compressor which can vary ils discharge capacity such that
the ihscharge capacity of Ihe vamable capacity compressor is
varied lo thereby change the discharge tlow rate of reing-
erant.

According to a fifth aspect of the present inventinn, by
way of example, the compressor can be a motor driven
compressor which is rlrivcn by a motor such that the RPM
of thc motor is controllerl to thcrcliy vary thc discharge flow
rale oi. reingeranl.

Accoriling to a sixth aspect of the present invenuon, the
target evaporator temperature can be determined al least in
accordance with the target blowing temperature of air blown
into the passenger compartment from the front seat air-
conditioning unit and thc tcmpcrature of outsirlc air.

Incidentally, the parcnthesizcrl numerals accompanyin
thc fore oing individual means show an cxamplc of corrc-
sponrience with concrete means seen in the embodiments to
be ilescmbed later.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other oblects, features aml advantages of
the present invention will become more apparent from the
follnwing detailed description made with reference to the
accompanying drawings In the draivings

FIG. 1 is a schematic view illustrating thc overall con-
figuration of a vehicle air-conditioning system according to
a hrst embodiment of the present invention,

FIG 2 is a diagram illustrating a control charac(enatic of
a variable capacity compressor employeri in the lira(
embodiment;

I'IG 3 is a schematic block diagram illustrating an
electrical control portion according to the hrst embodiment;

I'IG 4 is a tlowchart illustrating the capacity control
provide(I to thc variable capacity compressor according to
thc first cmbodimcnt;

FIG 5 is a view illustrating various control characteristic
diagrams lo explain lhe operation of the flowchart of FIG. 4,

FIG 6 is a flowcharl illuslraung lhe capacity control
provided to a variable capacity compressor accorriing to a

second embodiment;
I IG 7 is a diagram illustrating a control characteristic of

a variable capacity compressor according to a third embodi-
ment; and

FIG. 8 is a control block diagram for a motor driven
compressor according to a fourth embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[I'irst L'mbodiment]
FIG f is a schematic view illustraung the overall con-

figuration of a vehicle air-conditioning system accnrrling to
a brat embodiment. 'I'he air-conditioning system comprises
a front scat air-conditioning umt 1 and a rear seat air-
conrlitioning unit 26, which scrvc as units for air-
comhlioning a passen er compartment. The ironl seal air-
comhlioning unit ) is disposed behind an instrument panel
(not shown) al Ihe front most part oi. the passenger com-
partment to air-condition the front seat area in the passenger
compartment
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The front seat air-cond&honing unit 1 has a casing 2, in
which an air passageway through which air is blown toward
the front seat side in the passenger compartment is defined.
At the upstream most part of the air passageway in the
casin 2, there is disposcrl an inside&outside air switching
box 5 having an insirlc air inlet port 3 and an outside air inkt
port 4. In the inside'outside air swnching box 5, an inside,'utside

air switching door 6 ia rotatably disposetl as inside,'utside

air sivitching means

Thc insirlc &outside air switching door 6, ivhich is driven
by a servo motor 7, switches bctwccn an inside air inkt
mode during which inside air (air maide Lhe passenger
compartment) is introduced irom Lhe maide air inlet port 3
and an ouaside air inlet mode during which outside air (air
outside the passenger compartment) is introduced frnm the
outside air inlet port 4.

Downstream of thc inside outside air switchin box 5,
there ts dispose&i a motor dwven front seat air blower 8 for
generating an airfiow to be directed into Lhe passenger
compartment. The air blower 8 has an air iilnwer fan 8&& of
a centrifugal type that is driven by a motnr gfx Downstream
of the air blower 8, there is rlisposerl a front seat evaporator
9 for fiowing coolin air throu h the casing 2. Thc evapo-
rator 9, which scrvcs as a cooling heat cxchangcr for cooling
air blown from Lhe air blower 8, ia one of the components
that consiitute a reingeration cycle 1U.

The refngeranon cycle 10 haa a well-known conliguration
in ivhich a refri erant circulates frnm the discharge side of
a compressor 11 through a cnnrlenser 12, a liquid reservoir ic
13, anil an expansion valve 14, serving as front scat
prcssure-rcrlucing means, to thc front scat evaporator 9.
Between the outlet port artie of the hquid reservoir 13 and
the sucnon aide of Lhe compressor 11, there are also disposed
an expansion valve 28, serving aa rear seat pressure-
reducing means, and a rear seat evaporator 27 in parallel to
the front seat expansion valve 14 and the frnnt seat evapo-
rator 9, so that the rcfngcrant circulatcs in parallel throu h
the front scat evaporator 9 aml thc rear seat evaporator 27.

Thc compressor 11 is rotatably driven by thc rotational ac
power of. a motor vehicle engine (not shown) bemg trans-
ferred thereto via an electromagnenc clutch 11n and a belt,
etc I urthermore, this embodiment employs, as the cnm-
pressor 11, an externally variable capacity compressor that
allows an external control signal to cnntinuously vary its
rlischar c capacity.

For example, thc cxtcrnally variable capacity compressor
11, which is well known to those skilled in thc art, compnses
a capacity varying device Hb with an electromagnehc
pressure control unit, which unlizes the discharge pressure
and the suction pressure nf a swash plate compressor to
control the pressure in the swash plate chamber The capac-
ity varying device lib can bc used to control the prcssure of
the swash plate chamber, thcrcby varying thc ange of
inclination of thc swash plate to continuously vary thc stroke ss
of a piston or Lhe discharge capacity of the compressor
withm Lhe ran e of about 0"!v to 100a!v.

The electromagnetic pressure control unit of the capacity
varying device 1(f&, designed to utilize the discharge pres-
sure and the suction pressure of the compressor 11 to vary re
thc control pressure (prcssure in the swash plate chamber),
comprises an elcctromagnctic mechanism for allowing a
control current In (shown in FIG. 2) to mltust the electro-
magnetic force and a valve body to be displacetl by the
bahmce between the electromagneuc force of the electro- as
magnetic mechanism and the suction pressure 'I'he valve
body is designed to adjust the pressure loss in the passage-

way through which the thscharge pressure of the compressor
11 is transferred into the swash plate chamber, thereby
varying thc control pressure.

I'he electromagnetic pressure control umt of the capacity
varying device 116 is controllably energized by means of the
output from an air-condihoning control unit 40 (ahown in
FIG. 3 and discussed later), c.g., such that an incrcasc in Lhc

control current In of the capacity varying dcvicc lib causes
the discharge capacity of the compressor to increase 'I'hat is,
the control current In of the capacity varying device 116
ihrectly determines a targeL pressure of a low pressure
(suction pressure) Ps in Lhe refrigeranon cycle. Since the
target pressure of the low pressure Vs drops as shown in I'ILL

2 in inverse proportion to an increase m the cnntrnl current
In, an increase in the control current In results in an incrcasc
in thc discharge capacity of the compressor.

Accordingly, an increase or a rlecrease in the cnntrnl
current In causes thc discharge capacity of thc compressor
11 and thus the dischar e flow rate of rcfrigcrant to bc
increased or decreased, thereby raising or lowering an actual
low pressure Ps. This makes it possible to control the cooling
capability nf the front seat evaporator 9 such that the
temperature of the front seat evaporator 9 (the temperature
of air binwn from the evaporator) is equal to a predeterminerl
target temperature (thc tcmpcrature corrcspondin to thc
tar ct prcssure of the low prcssure Ps). Herc, morc
specifically, the control current In can be vened through duty
control operation, however, the value of the control current
In may a(so be directly increased or decreaserl in succession
not by means of the duty control operation

In the refngeration cycle 1U, Lhe compressor 11 com-
presses the refrigerant to a high-temperature and high-
pressure tn discharge a high-pressure gas refrigerant, which
is in turn introduced into the condcnscr (heat rarhator) 12. In
thc condenser 12, the as rcfrigcrant exchanges heat with Lhc

outside air blown by a cooling fan (not shown), thus
rarhaung heat to be thereby condensed. The reingerant
having passed through the conilenser 12 is separated into a

hquid phase refrigerant and a gas phase refrigerant at the
hquid reservoir 13, while the liquid phase refrigerant is
stored in the liquid rcscrvoir 13.

I'he front seat temperature-controlled expansion valve 14
reduces the high-pressure liquid refrigerant from the liquid
rcscrvoir 13 to a low-prcssure rcfrigcrant of two liquid and
gas phases, which is in turn allowed to absorb heat from
conrhtioncd air in the aforcmcntioned front scat evaporator
9 to thereby vaponze.

As is weil known to those skilled in thc art, thc front scat
temperature-controlled expansion valve 14 automancally
adtusts the degree of valve openin ~ such that the degree of
superheating of. refhgerant is maintained at a predetermined
value at the outlet port of the front seat evaporator 9

Accordingly, the temperature-controlled expansion valve 14
comprises a teniperaturc sensor portion for sensing Lhc

tcmpcraturc of rcfri crant at the outlet port of the front scat
evaporator 9, a iic t pressure chamber to whmh a pressure ia

applied correspomlmg to the refrigerant temperature sensed
by the temperature sensor portion, a secoml pressure cham-
ber to which the refrigerant pressure in the evaporator 9 (low
cycle pressure) is applied, and a diaphragm for provirling a
partition between thc first anil second pressure chambers.
With this arrangenicnt, thc front scat tcmpcraturc-controlled
expansion valve 14 allows the diaphragm aml the valve body
to be displaced in response to the ddference in pressure
between the lirst anil secontl pressure chambers and a

spnng-biased fnrce, thereby adjusting the refrigerant Liow
rate
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The gas reirigerant having vaponzed in the front seat
evaporator 9 ia introduced into the compressor 11 again to be
con&pressed. Thc rlcviccs such as thc compressor 11, the
conrlcnser 12, anti the liquid reservoir 13 in thc rcfrigcration
cycle 10 are disposed within the engine room of the motor
vehicle (not shown)

Like thc front scat tcmpcraturc-controilerl expansion
valve 14, the rear scat tcmpcraturc-controlled expansion
valve 28 prov&cled at a refrigerant inlet portion of the rear
seat evaporatnr 27 is conhgured to automatically adjust the
degree of valve opening such that the degree of superheahng
of refmgerant ia maintained at a predetermined value at the
outlet port of thc rear scat evaporator 27. Thc rear seat
temperature-controlled expansion valve 28 rcrluccs the high-
pressure liquid refrigerant from the liquid reservoir 13 to a
low-prcssure refrigerant of two liquid aml gas phases, which
is in turn introrluccd into thc rear scat evaporator 27

On the other hand, in the front seat air-conrlitioning unit
1, downstream of thc front scat evaporator 9, thcrc is
disposed a front scat hcatcr core 15 for heating air flowing
through thc casin 2. Thc hcatcr core 15 is a heating heat
exchanger which employs hot water in the motor vehicle
engine (engine coolant water) as a heat source to heat air
(cooled air) having passed through the front seat evaporator
9 On a side of the heater core 15, there is detined a bypass
passageway 16 through which air flows bypassin thc hcatcr
core 15.

Iietween the evaporator 9 anal the heater core 15, rotatahly
disposed is an air mix door 17. Thc air mix door 17 is driven
by means of a servomotor 18 such that the rotational position
(Lhe degree of opening) of Lhe air mix door 17 can be
continuously adtusted. The air mix door 17 allows its degree
of opening to adjust the volume of air (Lhe volume of hot air)
passing through the heater core 15 anal the volume of air (the
volume of cooled air) passing through the bypass passage-
way 16 and bypassing thc heater core 15, thereby provirling
control to thc tcmpcraturc of air blown into the front seat
stile in the passenger compartment.

At the rloivnstrcam most part of thc air passagev ay in the
casin 2, there arc provided a total of thrcc types of blowing
openmga, i.e, a defroster blowing opening 19 for blowin ~

comhnoned air tower&i Lhe Iront windshield W of the motor
vehicle, a front seat face blowing opening 20 for blowing
conditioned air towarrl the face portion of a front seat
passenger, and a front seat foot blowing opening 21 for
blowing conditioned air toward the foot portion of thc front
seat passenger.

Upstream of these blowing openings 19 to 21, there are
rotatably disposed a dcfrostcr door 22, a front scat face door
23, and a front seat foot rloor 24. Thcsc doors 22 to 24 are
dnven by means of a common servomotor 25 via a linkage
mechanism (not shown).

Now, the rear scat air-conditioning unit 26 v ill bc
descnbed below. The rear seat air-conditioning unit 26 ia
disposed at a rear aide portion in the passenger compartment
so as to air-condition the rear seat area in the passenger
compartment. The rear seat air-conditioning unit 26 has a
casin 26rr that defines an air passageway, with a rear scat
air blower 29 bein rlisposcd upstream of thc casing 26n to
draiv anti then blow inside air (air inside thc passcngcr
compartment). The rear seaL mr blower 29 has an air blower
fan 29n of a centmfugal type dnven by a motor 29b.
lyo&vnstream of the rear seat air blower 29, disposed is the
aforementionerl rear seat evaporator 27 to cool the air
flowing through the casing 26u.

The rear seat air-conditioning unit 26 according to this
embodiment, configured as a cooling unit without an air

heating function, has only a rear seat lace blowing opening
30 provided downstream of the air passageway in the rear
seat evaporator 27, such that conditioned air is blown toward
the face portion of a rear seat passenger from the blowing
opening of a rear scat face duct (not shown) conncctrxl to thc
blowing opening 30.

The rear seat mr-conditioning unit 26 may also be pro-
vided with the air heatin function In this case, a rear seat
heater core (not shown) which employs the hot water for the

ni motor vchicir en inc as a heat source to heat air may bc
disposed downstream of thc rear scat evaporator 27.
Furthermore, in addition Lo Lhe rear seat lace blowing
opening 30, a rear seat foot blowing opening Ior blowing
comhtioneri air toward the foot poruon of a rear seat
passenger may also be provided dnwnstream of the rear seat
heater core or at the do&vnstream most part of the air
passageway in the casing 26m With this arrangcmcnt, Lhc

rear scat face blowin opcnin 30 and thc rear seat foot
blowing opening may be openeil or closed.

zo Now, the electrical control portion in this embodiment
will be explained briefly &vith reference to I'IG 3. The
air-conditioning control unit 40, serving as the control
means of thc present invention, comprises a known micro-
computer having a CPU, ROM, RAM, ctc., and its periph-
eral circuits. The mr-conditioning control unit 40 has an
air-conihtioning control program store&i in the ROM anti
performs various types of arithmetic operations and process-
ing in accordance with the control program The air-
conditioning control unit 40 receives, at ita input side,

io sensor-sensed signals from a group of sensors 41, a control
signal from a front scat air-conditioning panel 42, and a
control regnal from a rear seat air-conditiomng panel 43.

'I'he group of sensors 41 includes a front seat evaporator
temperature sensor 41r&, disposed at the air blowing portion
of thc front scat evaporator 9, for sensing a front scat
evaporator blowing air temperature Ti:f, and a rear scat
evaporator Lemperauire sensor 41b, disposed at Lhe mr
blowing portion of Lhe rear &eat evaporator 27, Ior sensing
a rear seat evaporator blowmg air temperature Ter With this
arrangement, the air-conditioning control unit 40 variably
controls the discharge capacity of the compressor 11 in
rcsponsc to thr front and rear seat evaporator blowing air
tcmpcraturcs Tef and Tcr senscrl by thc rcspcctivc tempera-
ture sensors 4ln and 4lb, thereby providing control to the
cooling capability of. both the front ami rear evaporators 9

anal 27
In addition to the evaporator temperature sensors 41a anal

41b, thc air-conditioning control unit 40 also comprises
so various types of sensors 41c to 4lf for sensing an outside air

temperature Tam, an inside air temperature Tr, the amount of
solar rariiauon Ts, aml a hot water temperature Tw. The
inside air temperature sensor 41d is disposed in the front seat
area in the passenger compartment to sense the inside air
temperature I'r on the front seat side in the passenger
compartment. Thc solar radiation sensor 41e is also disposed
in thc front scat arcs in thc passen cr compartment to sense
the amount of solar radiation Ta on the Iront seat artie in the
passenger compartmenL.

ro 'I'he front seat airconditioning panel 42, disposed near the
instrument panel (not sho&vn) in front of thc driver scat in thc
passen cr compartment, has thc following control switches
42u to 42e that are manually operate&i by a passenger. The
temperature setting switch 42n dehvers a set point tempera-

&a ture signal for Lhe front seat aide m Lhe passen er
compartment, ivhile the inside&outside air changeover switch
42b delivers a signal for manually selecting either the inside
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air mode or the outside air mode using lhe inside outside air
switching door 6

The bloiving mode switch 42c delivers a signal for
manually selecting a front seat blowing mode frnm among
a face mode, a bilevel mode, a foot mode, a foot dcfrostcr
moclc, and a defroster mode, which are known to those
slolled in the arl The airflow rate changeover switch 4Zd
dehvers a signal ior manually turning ON or OFF lhe front
seat air blower 5 or selecung the airflow rale of the front seal
air blower 5 The air conditioner switch 42e delivers a signal
for turning ON or Ol'I'he electromagnetic clutch llu to
switch thc operation of thc compressor 11.

On thc other hand, thc rear scat air-conditioning panel 43,
disposed such as in a rear scat area in thc passcngcr
compartment, composes a rear seal airflow rate changeover
switch 43n. The switch 43a delivers a signal for manually
turning ON nr Ol'I'he rear seat air blower 29 or selecting
the airflow rate of the rear seat air blower 29 Ilere, the
control signal for sivitching the rear seat airflow rate may
also be cntcred at thc front seat air-conditioning panel 42.

Thc air-conclitioning control unit 40 is conncctccl, on its
output siclc, with thc clcctromagnetic clutch lln and thc
capacity varying device 116 of the compressor 11, the servo
motors 7, 15, 25 serving aa eleclncal drive means for each
component, the motor gb nf the front seat air blniver 0, the
motor 29ia of the rear seat air blower 29, etc With this
arran emcnt, the operations of these components are con-
trolled with the signal clclivercd from the air-concliuoning
control unit 40.

Now, the operauon of this embodiment will be described
with reference lo lhe aforementioned arrangement. First, a

bnef explanauon is given to the operauon performecl as a

vehicle air-conditioning system lrirst, to operate bnth the
front seat air-conditioning unit I and the rear seat air-
conclitioning unit 26, turn ON thc airflow rate changcovcr
sivitch 42d at thc front scat air-conditioning panel 42 encl thc
airflow rale chan cover switch 43ct at the rear seat air-
comhtioning panel 43 to activate both the front and rear air
blowers 5, Z9, thereby allowing air to be blown into both the
air-conditionin units I ancl 26

Then, turn ON the air conditioner switch 42e serving as
a sivitch for activating the compressor at the front seat
air-conclitioning panel 42, and the air-conclitioning comrol
unit 40 cncr izcs thc clcctromagnctic clutch (let thcrcby
causmg lhe electromagneuc clutch lfa lo be brou ht into
engagement, so that the compressor 11 is rotatahly dnven by
the motor vehicle engine. Adclitionafly, the air-conditioning
control unit 40 determines the control current In for the
capacity varying device 116 of the compressnr ll in accor-
clancc ivith thc control flowchart of FIG. 4, discussed later,
so that thc compressor ll opcrams at a prcclctcrminccl
discharge capacity.

This allows a refngerant to circulate in parallel through
the front and rear evaporators 9, 27 in the refrigeration cycle
10 This makes it possflile fnr the front seat air-conditioning
unit I to allow the evapnrator 9 to conf and dehumidify
airflow to produce conclitioncd air, which is in turn blown
into tha front seat side space in the passcngcr compartment.
Likewise, thc rear scat air-conditionin unit 26 also allows
lhe evaporator 27 to cool and dehumidify airflow to procluce
comhuoned air, which is then blown into lhe rear seat stele
space in the passenger compartment.

Suppose that both the front and rear air-conditiomng units
1, Z6 are simultaneously operating as descrihecl above In
this case, the front and rear temperature-controlled expan-
sion valves 14, 25 are adjusted to the degree of valve

opening correspondin ~ to lhe cooling heat load of the
respective front and rear evaporators 9, 27, allowing the
refrigerant to always pass through the flow passage in each
of the evaporators 9, 27 at the tloiv rate corresponding to the
cooling heat load. This alloivs thc degrcc of supcrhcating of
refrigerant to bc adjusted to a prcdcterminccl value at thc
outlet port of. each of the evaporalora 9, 27.

Nnw, suppose that the rear seat air-conditioning unit 26 is
at a standstill alinwing only the front seat air-conditioning

'" umt 1 to operate. In this case, turn ON only thc front scat
airflow rate changeover switch 42d, with thc rear scat
airflow rate changeover switch 43u being in the OFF posi-
uon. This allows lhe rear seal air blower 29 to stop and no
air to be supplied to lhe rear seat evaporator 27, thereby
causing the refrigerant at the outlet port of the rear seat
evaporator 27 to be saturated corresponding to the ambient
tcmpcraturc and thus have no degree of supcrhcating.

As a result, the rear seat temperature-1:onlrolled expansion
valve 25 is closed or otherwise nearly closed to stop the
refrigerant frnm circulating through the rear seat evaporator
27 in the refrigeration cycle 10, alloiving the refrigerant to
circulate only through the front seat evaporatnr 9

Now, the capacity control of the compressor 11 will be
clescubed with reference to FIG 4, which shows a control
routine to be executed by the air-condiuomng control unit
40 In step S100, the process reads sensor signals from the
group nf sensors 41 and control signals from the air-
conchtioning panels 42, 43. Then, in step S110, thc process
calculates a target bloyving tcmperaturc TAO of air blown
from the front seal air-condiuoning umt 1 into the front seat
side in the passenger compartment. The target blowing
temperature TAO is lhe temperature of air blown into lhe
front seat side in the passenger compartment that is required
to keep the front seat side in the passenger compartment at
a sct point temperature Tact irrespcctivc of a variation in
air-conclitioning heat load. As is known to those skilled in
the art, TAO is calculated in accordance with the aet point
temperature Tact provided hy lhe temperature selung switch
42u for the front seal side in lhe passenger compartment, and
the outside air temperature Tam, the mside air temperature
Tr, and the amount of solar radiation 'I', which are sensed by
thc rcspcctivc sensors 41c to 41c.

Then, in step S120, the process calculates the target
evaporator temperatures TEO of the front seat evaporator 9
and the rear seat evaporator 27 The I'EO, a target tempera-
ture of air liiown from the front seat evaporator 9 and the rear
seat evaporatnr 27, is determined as in the follnwing equa-
tion I in accordance with thc aforcmentioncd TAO, lhc

so outside air temperature Tam, ctc.
[Equation 1]

Tarl=lrny (fljraari, txjxtot}

That is, thc loivcr tcmpcraturc of the first target evaporator
1 tcmpcraturc fi(Tam) and the second target evaporator tem-

perature 12(TAO) is determined as the target evaporator
temperature TEO.

In the foregoing, the Iirst target evaporator temperature
tl(Tam) is deterinined depending on the outside air tem-

cc perature Tam as shown in I'Ijl 5(ct) More specifically, an
incrcasc in the outside air tempcraturc Tam from a first
prcdctcrmined intermcdiatc tcmpcraturc Tl (c.g, aboutS'.)

would cause lhe Iirsl target evaporator temperature
11(Tam) to graclually increase from lhe lowest temperature

as (e g., 3'.). When the outside air temperature Tam has
reachecl a second predetermined intermediate temperature
T2 (e g., about 17' ), the first target evaporatnr tempera-
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lure fl(Tam) is equal to the highest temperature (e, ll').
'I'his makes it possible to reduce the power nf the cnmpressor
over the intermediate temperature range

The hrst target evaporatnr temperature fl('I'am) is equal to
thc lowest tcmpcraturc (c.g., 3'.) during a lov outside air
tcmperaturc at which thc outside air tcmperaturc Tam is
lower than the first intermediate temperature TI. This is to
ensure the dehumidifying capabilny of lhe evaporator for
preventing the fogging of the windshielcl during the low
outside air temperature

On the other hand, as shown in Iil(i. 5(b), the secnnd
tar ct evaporator tcmpcrature f2(TAO) is dctcrmined so as
to incrcasc in response to an incrcasc in the target blowing
temperature TAO More specifically, an increase in lhe target
blowing temperature TAO from a Iirsl predeterminecl tem-
perature I'3 (e, about 7' ) wnuld cause the second target
evaporator temperature f2(TAO) tn gradually increase frnm
the lowest temperature (e g, 3' ). When the target blowing
tcmperaturc TAO has rcachccl a sccoml prcdetermincd tcm-
pcraturc T4 (c g., about 20'.), thc second target evaporator
temperature fZ(TAO) is equal to the highest temperature
(e.g., 11'.).

In I I(i. 5(b), predetermined temperatures 'I3'ncl f4're
lower than the first encl second predetermined temperatures
'l3 and 'I'4, respectively

Now, in step S130, thc process dctcrmines whcthcr the
rear scat air-conditioning unit 26 is in operation. More
specilically, it is determined whether the rear seat air blower
29 ia in operanon. If the rear seat air blower Z9 ia in
operation, i e., ifboth the front ancl rear seat air-conditioning
units I, 2 are simultaneously in operation, the process
proceeds to step SI40 to determine which of the front seat
evaporator blowing tcmperaturc Ti:f and thc rear seat evapo-
rator blowing tcmpcraturc Ti:r is higher than thc other.

If the rear seat evaporator blowing temperature Ter ia
higher than the front seat evaporator blowing temperature
Tef, lhe process proceeds to step S150. Conversely, if the
front seat evaporator blowing temperature Tef is higher than
the rear seat evaporator blowing temperature Ter, the prncess
proceeds to step S160.

In practice, as shown in FIG. 5(c), the dctcrmination is
made in step S140 such that the ddl'erence between Ter aml
Tef (i.e., Ter—Tel) exhibits hysteresis. This aching of hys-
teresis is inlencled to prevent hunnn ~ in the capacity control
of the compressor and thereby provide contrnl with stability.
I'or example, the width A of the hysteresis shown in I'IG.
5(c) has a value of about I'.

If thc rear scat evaporator blowin lcmpcraturc Tcr is
higher than the front seat evaporator blowing temperature
Tef, lhe process provides regular capacity control to the
compressor in step S150 in accordance with the rear seat
evaporator blowing temperature Ver More specifically, the
process calculates the control current In tn be delivered to
the capacity varying dcvicc lib of thc compressor 11 in
accorclancc with thc rear seat evaporator Mowing tempera-
ture Ter, allowing the control current In to variably control
lhe capacity of the compressor 11.

In the foregoing, as shown in FIG. 2, the control current
In, ivhich determines the target low pressure of the electro-
magnetic pressure control unit in the capacity varying device
llh of the compressor 11, is dcmrmined such that thc actual
rear scat evaporator blowing tcmpcrature Tcr sensed by thc
blowing temperature aenactr 41h in lhe rear seat evaporator
Z7 ia equal lo the aforementioned target evaporator tem-
perature TEO.

More specihcally, the control current In is calculated as
follows 'I'hat is, the deviation Ln between an actual evapo-

ralor blov:ing temperature Ter aml the target evaporator
temperature 'I'LiO (Ln='Ibr—TL'0) is hrst calculated Vhen,
from the deviation Ln, the control current In is calculated in
accordance with a feedback control technique such as a
proportional-plus-inta ral control method (PI control).

Additionally, in step S150, the process provides anti-frost
capacity control in accord ance with the front seal evaporator
blowing temperature Tef that ia lower than the rear seat
evaporator blowing temperature Ter I fere, the anti-frost

in capacity contrnl refers to capacity control for preventing the
condensed water produced in the evaporators 9, 27 from
being frozen. More specificall, as shown in FIG 5(d), when
thc lower temperature of thc front scat evaporator blowing
temperature Tef. aml lhe rear seat evaporator blowing tem-
perature Ter (i.e., ihe front seat evaporator blowing tem-
perature I'ef in step SI50) drops to a predetermined frost
determination temperature —II'. (e g, —4' ), the process
torces the colitrol current In to decrease to its minimum
value so as to fnrcc the compressor to deliver a capacity of

zn about (l%.
This causes almost no refrigerant to circulate in the

refrigeration cycle 10, thereby eliminanng most of cooling
efFect provided by the refrigerant heing vaporizecl in the
front seat evapnrator 9 and the rear seat evaporatnr 27 It is
thus made possible to prevent the freezing in the front seat
evaporator 9 from extcndin over a wiclc range, thereby
prcvcnting a decrease in the coolin capability of lhc front
seat evaporator 9 caused by the Ireeinng.

In the foregoing, the regular capacity control menuoned
in with reference to Fl(i 5(d) refers tn the control providecl to

variably control the compressor as described above so that
the actual evaporator bloivin temperature Tef or Ver is equal
to thc target evaporator teniperaturc TEO.

Now, if the front scat evaporator blowing tcmpcraturc Tcf
zs is higher than the rear seat evaporator blowing temperature

Ter, the process proceeds from step S140 lo step S16U in
order lo provide the regular capacity control to the com-
pressnr in accordance with the front seat evaporator blowing
temperature I'ef. More specifically, the process calculates

tn thc control current In to lic dclivnccl to thc capacity varying
clcvicc llh of the compressor 11 in accordance with thc front
seat evaporator blowing temperature Tef. This is done to
vanably control the capacity of lhe compressor 11 using the
control current In.

I urthermore, instep SI60, the prncess provides the anti-
frost capacity control in accordance ivith the rear seat
evaporator blowing tcmperaturc Ti:r that is lower than thc
front seat evaporator blowing tcmperaturc Tcf. This anti-
Irost capacity control is the same as the control operation

n shown in FIG. 5(d) in lhe foregoing. When the rear seat
evaporator blowing temperature Ter haa dropped lo the
predetermined frost determination temperature — ll' (e.g,
—4'.), the process forces the control current In to decrease
to its mininiuni value so as to force thc compressor to

s provide a capacity of about 0%.
If it is determined in step S130 that the rear seal air-

condilioning unit 26 (lhe rear seat air blower 29) is at a

standstill, the process proceeds to step S170 to provide the
regular capacity control to the cnmpressor and the anti-frost

in capacity control in accordance ivith the front seat evapnrator
blowing temperature Tcf. The regular compressor capacity
control and the anti-frost capacity control arc thc same as
those of steps S150 anil S16U.

Now, an explanauon ia given to the action and ellecta
es provideil by lhe Iirsl embodiment. The intermediate tem-

perature range of the outside air temperature Tam (e.g,
about 20'.) requires less cooling heat load, thereby
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causmg the target blowing temperature TAO of air blown
into the passenger compartment to be higher than during the
summer seasnn This in turn causes the second target evapo-
rator temperature f2(I'AO) determinecl in accordance with
thc target blowing tcmperaturc TAO shown in FIG. 5(b) to
bc approximately equal to thc hi hest tcmpcraturc of 11'.

Within the intermediate temperature range of the outside
air temperature Tam, the characteristics shown m FIG 5(n)
alloiv the tirst target evaporator temperature fl('I'am) to be
approximately equal to the highest temperature nf I I'1 ic
'I'his in turn causes the target evaporatnr temperature fEO to
bc approximately equal to thc highest tcmpcraturc of 11'.
Accordingly, within thc intcrmcdiatc mmpcraturc range of
the outside air temperature Tam, the process provides the
capacity control to the compressor Il so that the actual
evaporator blowing air temperatures 'I'ef and Ter are
approximately equal to the highest temperature of I I''.
Since this causes the capacity nf the compressor 11 to
bccomc lower, it is possible to rcclucc thc drive power of thc
compressor ll, thus implementing thc pov cr savin zc

(economy) control operation.
However, dunng this power saving control operauon, the

capacity of the compressnr 11 becomes lower to reduce the
floiv rate of the refrigerant circulating through the cycle.
'I'his causes a tremendous decrease in the tlow rate of the
refrigerant circulatin through thc rear scat evaporator 27
because of thc reason mcntioncd with rcfercnce to the
mmulianeous operation of the front and rear air-condilionin ~

units 1 aml 26. Accordingly, this leads to a problem that the
temperature of air blown from the rear seat air-conditioning ic

unit 26 is significantly increased relative tn the temperature
of air blown from the front seat air-conclitioning unit I

However, accorcling to thc first embodiment, when thc
comparison bctwccn thc front aml rear evaporator blowing
temperatures Tef, Ter shows that the rear seat evaporator zs
blowing temperature Ter is higher than the front seat evapo-
rator blowing temperature Tef, the process provides the
capacity control to the compressnr 11 in step S150 such that
the rear seat evaporator blowing temperature 'Ibr is equal to
the target evaporator tcmpcraturc TEO. This makes it pos- cc
sible to positively control thc rear scat evaporator blowing
temperature Ter to the target evaporator temperature TEO

Therefore, even during the power saving control
operanon, it is possible to eliminate the problem that the
temperature of air blown into the rear seat side in the
passenger compartment is significantly increased relative to
thc tenipcraturc of air blown into the front scat side in thc
passcngcr compartment, thcrcliy prcvcntin a passcngcr
from feeling less comfortable due to air-conditioning pro-
vided to Ihe rear seal area in the passenger comparlmenl. O

On the other hand, the anti-troat control is providecl to the
front and rear evaporators 9, 27 as follnws More
particularly, ivhen the companson between the front and rear
evaporator blowing tempcraturcs Tcf and Tcr shou s that the
lower evaporator blowing tcmpcraturc has droppccl to the s
predetermined frost determination temperature —B' (e g.,
—4'.), since the process forces the compressor 11 to
provide a recluced capacity of about Oc/c,, it is possible to
positively prevent the freeving from extending in the evapo-
rator of the front and rear evaporators 9, 27 heing at the cc

lower tcmpcraturc.
Thc first embodiment employs a frost dctcrmination tem-

perature of. —4' or a set point temperature below the ice
point in order to ensure the capability of defogging the
windshield provided by the dehumiciifying action of the as
evaporators 9 and 27 at low outside air temperatures during
the winter season A leaver outside air temperature during the

winter season requires a lower heat load oi: the evaporators
9, 27 and thus a lniver capacity of the compressor as well as
a lower flow rate of a refrigerant circulating in the cycle
Additionally, since a loivered absolute humidity of outside
air causes thc amount of condcnscd water procluccd to bc
rcduccd, no probleni would occur from thc viewpoint of
prevennng the Jreezing in the evaporators 9, 27 even at a
troat determination sel point temperature ol —4 C.

[Second Embodiment]
I'l(J 6 is a flowchart according to a second embodiment,

being ctitferent from the tlowchart of I'l(J 4 accorchng to the
first cmbodimcnt in that step S180 is aclclccl between thc
steps S120 and S130.

In step S180, the process determines whether it is within
the range of a low coohn ~ heat load operanon (i e., the ran e
of power saving control operation) I Jere, the cooling heat
load depends on the conditions (temperature and humidity)
of the air drawn into the evaporators 9, 27, and the condi-
tions of the air drawn arc strongly atfcctcd by thc outside air
tcmpcraturc Tam. Accorclingly, for cxamplc, thc case of thc
ou(stde air temperature Tam being equal to, or lower than, a

preclelermined temperature can be determined as wuhin the
range ot' low cnoling heat load operation

Within the range of a high cooling heat load operation, the
process proceecls from step S180 chrectly to step S170 in
order to provide thc rc ular compressor capacity control and
thc anti-frost capacity control only in accordance with thc
front seat evaporator blowing temperature Tel:.

In contrast to thim within Ihe range of a low cooling heat
load operation, the process proceecls from step S180 tn step
S130 in order tn provide the same capacity control thereafter
as in the first embodiment

That is, according to thc scconcl cmboclimcnt, within thc
range of a high cooling heat loacl operation, thc process
always provides the capacity control to the compressor 11

only in accordance with the front seat evaporator blowing
temperature Tef. Accordmgly, even with the rear seat evapo-
rator liiowing temperature 'I'er tieing higher than the front
seat evaporator blowing temperature Tef, the prncess pro-
vides thc capacity control to the compressor 11 in accor-
clancc with thc front scat evaporator blowing tempcraturc
Tef. Therei ore, no increase in the capacity of the compressor
11 (no increase in Ihe power of Ihe compressor) that woulci
be otherv:ise caused by an mcrease in the rear seat evapo-
rator blnwing temperature 'Ibr ivill occur

As described in the foregoing, within the range of a low
cooling heat load operation (the range of power savin
control operation), thc flow rate of a rcfri crant circulatin
through the rear seal evaporator 27 is tremendously reduced
causing a problem of. an increase in the temperature oi mr
blown into the rear seal side in the passenger compartment
leading to a lack in cooling of the rear seat side Vhus, only
within the range nf a low cooling heat load operation, the
process can also provide thc same capacity control as in thc
first cmbodimcnt to substantiafly climinatc thc lack in cool-
ing of Ihe rear seat side.

[Third Embodiment]
The Jirsl and second embodiments employ a compressor

of the loiv-pressure control type, as the external variable
capacity compressor 11, ivhich uses the control current In of
thc capacity varying device lib to set a tar ct prcssure of thc
low pressure Ps as shoivn in FIG. 2 ancl increases or
clecreases the discharge capacity so that the low pressure Ps
is maintained al the target pressure. However, the third
embodiment employs a compressor of the discharge flow
rate control type, as the external variable capacity cnmpres-
sor 11, which uses the control current In of the capacity
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varymg device lib to sel a target flow rate Gro of the
compressor discharge flow rate as shown in I'IG. 7 and
increases or decreases the discharge capacity mi that the
compressor discharge flow rate is maintained at the target
flow rate Gro.

Morc specifically, thc cxtcrnal variable capacity compres-
sor 11 of the dischar e tlow rale control type accordmg to the
third embodiment is provideti with a throule portion on ils
discharge side, ivith the pressure rlifference produced across
the throttle portion being prnportinnal to the discharge tlow in

rate Accordingly, increasing or decreasing the discharge
capacity so that thc prcssure diffcrcncc across the throttle
portion is equal to a tar ct pressure difl'crencc would allow
the compressor discharge flow rate to he I ept at the target
flow rate Gro I

In this context, the capacity varying device lib is pro-
vided with an electromagnetic mechanism for allowing the
control current In to rletermine an electromagnetic force
such that the elcctromagnctic mechanism dctcrmincs an
clectromagnctic force corresponding to thc aforcmcntionctl zo

target pressure ddference. The capacity varying device lib
is also provided with a valve mechanism which increases or
decreases the degree of valve opening depending on the
balance betiveen the electromagnetic force corresponding to
the target pressure difference and the fnrce resulting from the
prcssure diffcrcnce across thc throttle portion.

Thc valve mechanism increases or dccrcascs the dc rcc of
valve opemng to thereby control the pressure m the swash
plate chamber. This makes it possible to vary the an le of
inclination of the swash plate so that the compressnr dis- in

charge capacity is continuously varietl within the range of
about 0%i: to l(KI%r, 'I'he external variable capacity compres-
sor 11 of the discharge flow rate control type describctl
above can also bc used to provide the same operation anti
elfects as those of the first embodiment. The external van- zs
able capacity compressor 11 of the discharge flow rate
control type is well known to those skilled in the art as
disclosed in lapanese Patent I.aid-Open Publicatinn No.
200l-f07054

[Fourth Embodiment] dn

Thc first to third cmbodimcnts have been explained with
reference lo their respective cases, in all of which the
exiernai vanable capacity compressor 11 that can vary ils
discharge capacity is used as their compressor to vary the
discharge tlow rate by changing its discharge capacity.
Hoivever, the fourth embodiment employs a motor driven
compressor 11 as thc compressor as shown in FIG. 8 Thc
motor driven compressor 11 has a motor llc and a com-
pression mechanism poruon lid dnven hy the motor llc,
which are integrated with each other. More specdically, the o

motor llc is a three-phase alternating-current motor, while
the compression mechanism pnrtion lid is a well-I nown
scroll-type cnmpression mechanism

Thc frcqucncy of the thrcc-phase altcrnatin -current
power supply provided in thc motor llc can bc variably s
controlled by means of an inverter lie to control the RPM
of the motor, thereby allowing the discharge flow rate of
reingeranl from the motor dnven compressor 11 to be
increased or decreased in response to the magnitutle of the
RPM of the motor I'he inverter lie is controlled hy the rn
control output from thc air-conditioning control unit 40

According to thc fourth embodiment, thc front scat evapo-
rator blowing temperature Tef and the rear seat evaporator
blowing temperature Ter are compared with each other to
control lhe RPM of the motor dnven compressor 11 (i.e, the as
discharge tlow rate of refrigerant from the motor driven
compressor 11) such that the higher evaporator lilnwing

temperature is i:tiual lil flle Idrgel evdporalor Ii:mpetature
TEO. This mal es it possible to avoid a lack in cooling of the
rear scat area in thc passenger compartment even during a
low flow rate of rcfri erant.

On the other hand, suppose that the lower evaporator
blowing temperature of the front seat evapnrator blowing
temperature Tef aml Ihe rear seat evaporator blowing tem-
perature Ter has dropped lo a predetermined frost determi-
nation temperature fc, —4'.). In this case, thc power
supplictl to thc motor llc is intcrruptcrl to brin thc motor
dnven compressor 11 to a stop I'his makes it possible to
positively prevent the freezing from extending in the evapo-
rator having Ihe lower temperature aL the front seat evapo-
rator 9 anti the rear seat evaporator 27.

As tlcscribcd above, thc motor driven compressor 11 can
bc usctl as thc conipressor insteatl of thc cxtcrnal variable
capacity compressor 11 to provide the same operatinn anil
effects as those of the first to third embodiments

[Other Embodiments]
The lira( embodiment employs the vanable capacity com-

pressor 11 havin thc clectromagnctic clutch lla to switch
thc cncrgization of the electromagnetic clutch lie to thereby
switch the operation of the compressor 11 Ilowever, since
the variable capacity compressor 11 reduces its discharge
capacity to about 0%s the electromagnenc clutch lie may be
ehminated so (hat the rotational power of the motor vehicle
cn inc is always transfcrrcd via a pulley, a belt or the like to
the variable capacity compressor 11 dunng the operation of
the engine. In this case, with the air condiuoner switch 42e
of the front seat air-conditioning panel 42 heing in the OI'I'osition,the discharge capacity of the variable capacity
compressor 11 is maintained at the minimum capacity of
about 0%a to keep the varialile capacitv compressor 11 at a
substantial standstill.

Furthermore, the first embodiment provides the blowing
temperature sensors 41a, 41b, disposed on the air discharge
side of the front seat evaporator 9 and the rear seat evapo-
rator 27, fnr sensing the hloivin air temperatures 'I'ef and
Ter, respectively, such that the blowing temperature sensors
41a, 41b are used as tempcraturc sensor means fnr the front
scat evaporator 9 and thc rear seat evaporator 27. However,
as the temperature sensor means for the front seat evaporator
9 ami the rear seal evaporator 27, it is also acceptable to
employ temperature sensor means for sensing the tempera-
ture on the surface of a hn and the like

'I'he description of the invention is merely exemplary in
nature and, thus, variations that tlo not tlcpart from thc gist
of thc invention arc intcndctl to bc within thc scope of thc
invention. Such varianons are not to be regarded as a

iieparlure from the spint and scope of the invention.
What is claimed is.
I A vehicle air-conditioning system comprising'

front seal air-condinoning unit Ior air-condinoning a

frnnt seat side in a passenger compartment, said front
seat air-cnnditioning unit compnsing a frnnt seat
evaporator, front seat evaporator temperature sensor
means for sensing a tempcraturc at said front scat
evaporator, and a front scat air blower for blowing air
into said fronL seal evaporator,

a rear scat air-cnnditioning unit for air-conrlitioning a rear
scat side in thr passenger compartment, said rear scat
air-condihoning unit compnsing a rear seal evaporator,
rear seal evaporalor temperature sensor means for
sensing a temperature at said rear seat evaporator, and
a rear seat air blower for blowing air into sairl rear seat
evaporator,

wherein said front seat evapnrator anil said rear seat
evapnrator are connected in parallel to each nther in a
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rehugerauon cycle, allow&ng one compressor to circu-
late a refrigerant thrnugh said front seat evaporator and
said rear seat evaporatnr, said cnmpressor allowing &ts

discharge flotv rate of the refrigerant to be cnntrnlled by
an external control signal; and

control means for receiv&ng sensor s&gnals Irom sard Iron&

seat evaporator temperature sensor means anil sa«i rear
seat evaporator temperature sensor means to control a
discharge tlow rate nf the refrigerant from said
con&prt;ssof, &0

where&n a d&scharge flow rale of lhe refngerant from said
compressor &s controlled &n accordance wnh a hi her
evaporator temperature of temperatures at said front
seat evaporator and said rear seat evaporator and a
target evaporator tcmpcraturc.

2. Thc vchiclc air-conditioning system according to claim
I, wherein sairl compressor is controllcrl lo provide thc
refngeranl al a discharge flow rale of about zero when a
lower evaporator Lemperalure of lemperalures al sa&tl front
seat evaporator and said rear seat evaporator is dropped to a
predetem&ined frost determination temperature.

3 The vehicle air-conthtioning system according tn claim
I, &vhcrein sairl compressor is a variable capacity compres-
sor that can vary its rlischargc capacity such that a discharge
capac&ty of the venable capacny compressor &s varieti to
thereby change the discharge flow rate of refri erant.

4 The vehicle air-condit&on&ng system accnrtling to claim
I, tvherein said compressor is a mntor driven cnmpressor
driven by a motor such that an RPM of the motor is
controlled to thcrcby vary thc dischar e flo&v rate of rcfr&8-

&0

t;rant.
5. The vehicle air-cond&uon&ng svs&em according to cia&m

I, wherem said target evaporator temperature &s determined
at least in accordance with a target blowing temperature of

33air blown into a passenger compartment from the front seat
air-conditionin unit anal a temperature nf outside air

6. Thc vehicle air-conrhtioning system according to claim
I, whcrcin whflc said compressor circulates the refrigerant
through both sa&d Iront seat evaporator and said rear seal
evaporator, said control means controls the thscharge flow &0

rate of the refri erant from said compressor in accordance
with the hi her evaporator temperature of the temperatures
at said front seat evaporator and said rear seat evaporator and
thc target evaporator tcmpcraturc.

7. Thc vchiclc air-conditioning system according to claim
6, wherein said target evaporator temperature &s a tempera-
ture that &s common to front anti rear seats.

8 A vehicle air-cond&tioning system comprising
a front scat air-conditioning unit for air-conrlitioning a

3
front scat side in a passen er compartment, whcrcin
said front seat a&r-cond&floning unit comprises a front

al evaporator, front seat evaporator temperature sen-
sor means for sensing a temperature at sard front seat
evaporator, and a front seat air blower for blowing a&r

into said front seat evaporator;
a rear scat air-conditionin unit for air-conditioning a rear

al side in the passenger compartment, wherein sa&d

rear seaL air-conthL&on&ng unit compnses a rear seal
evaporator, rear seat evaporator temperature sensor
means for sens&ng a temperature at said rear seat
evaporator, anal a rear seat air blower for blowing a&r

into sairl rear scat evaporator,
wherein said Iront seat evaporator anil sard rear seat

evaporator are monocled &n parallel to each other &n a as
refrigerat&on cycle, allnwing one compressor to circu-
late a refri erant through said front seat evaporator and

sa&d rear seal evaporator, said compressor allow&n ~ &ts

discharge flo&v rate of the refrigerant to be controllerl by
an external control signal; and

control means for rcceivin a sensor signal from said front
seal evaporator temperature sensor means and said rear
seal evaporator temperature sensor means lo control a

thscharge flow rale of the ref&ugerant from said
compressor, wherein:

within a range of a high cooling heat los&i operation, a
discharge flow rate of thc rcfr&gcrant from said com-
pressor is controlled only &n accordance w&th a tem-
perature al sa&d front seal evaporator; and

w&thin a range of a low coohng heat loarl operation, a
discharge flow rate of thc rcfr&gcrant from said com-
pressor is controlled in accordance with a higher evapo-
rator temperature of temperatures at sa&ti front seal
evaporator and smd rear seat evaporator and a target
evaporator temperature.

9 The vehicle air-conditioning system according to claim
8, wherein said compressor is controlled to provirle the
refrigerant at a discharge flow rate of about zero when a
lower evaporator tcmpcrature of tempcraturcs at said front
seat evaporator and sa&d rear seat evaporator &s dropped to a

pre&le&arm&ned frosL delerm&nation temperature.
Iflz The veh&cle air-conthuoning system accord&ng lo

claim 8, &vherein said compressor is a variable capacity
compressor which can vary its discharge capacity such that
a discharge capacity of thc variable capacity compressor is
varied to thereby chan e the discharge flow rate of refrig-
erant.

11. The vehicle, a&r-cor«liuon&ng system accord&ng to
claim 8, wherein said compressor is a motor driven com-
pressor which is driven by a motor such that an RPM of the
motnr is contrnlled to thereby vary the discharge flnw rate of
refrigerant.

12. Thc vehicle air-conditioning system according to
claim 8, where&n sard target evaporator temperature is de&er-

mined at least in accordance with a target blow&ng tempera-
ture of mr blown into a passenger compartment from the
front seat air-conditioning unit and a temperature of outside
air

13. Thc vchiclc air-conrlitioning system according to
claim 8, wherein &vhilc said compressor circulatcs the refrig-
erant through both sa&tl front seat evaporator anti sa«i rear
seat evaporator, sa&tl control means controls the d&achar e
flow rate of the rehugerant from said compressor &n accor-
dance with the higher evaporator temperature of the tem-
peratures at said front seat evaporator and sa&d rear seat
evaporator and thc tar et evaporator tempcraturc.

14. Thc vehicle air-conditioning system according to
claim 13, wherein sa&d target evaporator &s a temperature
that &s common lo front and rear seats.

15. A control un&t for a vehicle a&r-condihon&ng system
includ&ng a front seat air-conditioning unit for air-
conditioning a front seat side in a passenger compartment, a
rear scat air-conditionin unit for air-conrlitioning a rear scat
side in thc passenger compartment, and onc compressor for
circulating a refrigerant, said control unit comprising:

an input device for receivin control signals from a

plurality of sensors, the front seat air-condit&oning unit
and the rear seat air-condit&oning unit, wherein the
control signals include signals indicative of a front scat
evaporator bio&vcr tempcraturc, a rear scat evaporator
blower temperature anil an outside air temperature, and

a control prngram for determining a discharge flow rate
for the refrigerant from the compressor of the vehicle
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air-comltuomng system and lor generating an external
control signal representative of a rlischarge tlow rate for
the refngerant, wherein said control program deter-
mines the discharge llnw rate of the refrigerant from the
contpressor in accorrlancc with a hi her evaporator
tcmpcrature of thc front scat blower evaporator tem-
peratures and the rear seat evaporator temperature and
a target evaporator temperature.

16. The control unit nf claim 15, wherein said control
program further determines the discharge flow rate only m

accortlance wtlh lhe front seal blower evaporator tempera-
ture within a ran c of a hi h cooling heat loarl operation.

17. Thc control unit of claim 15, wherctn said control
pro ram detcrmincs the target evaporator tcmpcraturc al
least tn accordance with a tar et blowing temperature of air
blown tnlo a passenger compartment from the front seat
air-conditioning unit and thc outsirlc air tcmpcraturc.


