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In a hybnd vehtcle atr coudntomug systmn tn wluch coolant
is supplied to a hcatcr core from a vcluclc runutng cn mc,
for heating, a demand of the operation of the vehicle numing
engine is controlled to obtain respective set coolant tem-
peratures I LVS2 for target air-outlet tentperature TAO of air
sent out into a passenger contpartment durin a bilevel mode
operation and TWSI for the target air-outlet temperature
TAO during a foot mode opcrattou by scutng thc set coolant
tcmperaturc TWS2 higher than thc sct coolant tcmperaturc
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1

AUTOMOTIVE AIR ('ONDITIONING
SYSTEM

HA(h((&ROUNI) Ol& 11 II i INVI',N'I'ION

I 'lechnical I&ield of the Imention
The present invention relates to control of the heating

capability of a passenger compartment heater. in an auto-
monic air cond&t&on&ng system. wluch cmh prefbrably be

Ui
dpphixl &0 hv'bral vclh&clcs.

2 l)escription of the Related Art

Conventionally. there are descriptions of engine operation
con&rois to secure a rixNired muunnmh coolan1 Icmpcraturc
for B lhcdu&hg fU&&chion ul Biuoillot&vc au co&hd&l&0&h&hhg s)'1- I

ten&a that are applied to hybrid vehicles in v hich a vehicle
running engine and a vehicle nuhning motor are installed,
and .Iapanese Patent Publication No 33230')7 describes one
of the conventional examples

In Ibis related art, when B large& a&r-ou11el Icmpcraturc
TAO. for a&r blown out into the passen cr compartment. is
equal to or hi her than a predetermined temperature (for
example. 30" (' and the temperature of an engine coolant,
which is a heating medium for heating. is equal to or lower
than a set coolant temperature (a required minimum coolant -"

tcmpcra&urc) that &s dctermu&cd based on the target a&r-outlet
tcmpcra&urc TAO, Bn cnguhc opcrauon demand s&goal &s

UU&pU&teil ti1 Ii&1 0&hguhc co&ht&01 U&hu so iis to fohcc 1110 0&hghhc

into operation, whereby the temperature of the engine cool-
ant is increased to a higher temperature than the set tenh-
perature.

Then, when Ihc eng&ne coolan& temperature &s higher than
thc sci coolan& tempcraturc. an mh mc slop demand s&gihal &s

output ted to the e&&gine control unit so as to stop the enyne.
hs'I'ln&s, the engine coolant temperature is maintained at the

required minimum coolant temperature to obtain the target
air-outlet temperature TAO.

Inc&dentally, as a result of thc spccdic leal and s&udy of the
corn ant&onal cxamplc spec&lically, it was fi&und 01st cum-

dc
fortable air conditioning was intern&pted for the tihlloiving
reasons Namely, in the conventional example. the set tenh-
perature required to obtain the target air-outlet temperanue
TAO is uniformly determined based only on the mrget
mr-ouile& Icmperaturc TAO rcgardlcss 01 Chan e in outlet
mode. Conscqum&tly, w&th Ihc same Iarge1 air-ou&let Imn-
pcrd&ure TAO, thc sct coolm&t IcmperaIurc remains at thc
same tempenhture whether a foot mode or a bilevel (II/I,)
mode is used.

Here. in contrast v ith the foot mode in which B&r &s sc
dcl&vcrcd only to Ihc lloor and is hence dircctcd toward thc
liw& Ol'ccupants, &0 the b&level mode, as air is directed
toivard both the feet and faces of the occupants, it is des&red,
fihr the sake of comfort, to have a so-called face-cool,
fihot-ivarnh outlet temperature distribution by setting the face
outlet temperature lower than the foot outlet temperature.

Morcovcr, as the sct coolmht Icmpcrature &s the nunimum
coolmh& tempera&ure rcqu&rest Io obtain Ihe nirgct a&r-outlet
tenhpemture 'I'AO. the face-cool, foot-warm outlet tempera-
ture distribution cannot be established when the bilevel ic
mode is used for the following reason. Namely. v.ben
attempting to set the face outlet temperature lower than the
fooi outlet Icmperdturc by a prcdclernuncd IemperaIurc &n

thc b&lcvcl mode, as thc sct coolant temperature is the
nnmmum coolant Imnperaturc rcquircd Io obtmn Ihc target Ss

air-outlet temperature 'IIAO. even in the event that the foot
outlet temperature reaches the target air-outlet temperature

TAO, the face ou&lct tcmpcrdture uhcvitably becomes lower
than the target air-outlet temperature 'I AO by the predeter-
nuned temperature

According to this fact, even in the event that the face-cool,
foot-warm outiet temperature dkstnbution can be estab-
lished. then avera e temperanire for the foot outlet tempera-
ture Bnd the face outlet temperature becomes lower thun Ihe
target a&r-outle1 tempera&ure TAO, and Ihcrcforc. the pas-
senger compartment tempenhture cannot be set to the set
temperature As a result, in reality. during a b&level mode
opemhtion. air delivered from the foot outlet and air delivered
from the face outlet are delivered Bt the same temperature,
that is. the tar et air-outlet tempemsture TAO. Bnd this lowers
thc comfort level prov&dcd during thc b&lcvcl mode opcm-
t&on.

'I'hen, while it is possible to sin&ply increase a target
coolant temperature. that is deternhined based on a target
a&r-outlet temperature I'AO, by a predeternhined tempera-
ture. in the event that tins idea is actually put into practice,
the engine coolant is heated to B higher temperature than a
nummum coolant tcmpcra&urc rcqu&rcd Io obta&n Ihe target
air-outlet tempcrauirc TAO during a foot mode operat&on,
for example This leads to a longer operating tm&e of the
engine and v,orsens the fuel econonhy thereof, and eventu-
ally, the advantage inherent in hybnd veh&cles is lost

SUMMARY OF THE INVENTION

I'he invention was made in vieiv of these situations and an
object thereof is to provide an automotive air conditioning
system which can make the improvement &n comfort during
a b&lcvcl mode operation compatible w&th thc improvement
111 fi&CI CCO&&univ dU&uhg II foot nlodC Opixtit&011.

With a view to nclucving tlm oblect, according to an
aspect of the invention. there is provided an automotive air
cond&t&i1&i&ag sys&cu& conlp&'ising'

heater (51. 49) for heatin air sent out Into a passenger
compartment;

a face outlet (16) provided on a downs&re&un s&dc Ihe
hcatcr (51, 49) as view cxl along thc liow of mr I'or scnduhg
Uut Bir Ioward the laces of occupants &n the passenger
cmnpartment;

a foot outlet (17) provided on the downstream side of the
heater (51, 49) as viewed along the Ilov of air for sending
out a&r toward the feet of the occupants in the passenger
C 0&&&parti&&C&ht;

a target a&r-outlet Imuperature calculating unit (S4) lor
calm&latuhg a targe& air-ou&lct tempera&ure (TAO) for air sen1
out into the passenger compartment;

an outlet mode settina unit (56) for settmg at least a
bilevel mode in vvhich the face outlet (16) and the foot outlet
(17) Bre opened at the same time Bnd a foot mode in which
the face outlet (16) is closed„whereas the foot outlet (17) is
open&xi,

B i&can&hg sUU&cc (I, 41. 86) lor hcB&ulg B lied&Big &IIV'd&iuhl

supplied to the heater (51. 49): and
a control unit (89) for controlling the opemt&on of the

heat&n source (I, 41. 86): ivherein
the control uni& (S9) conuols thc opcrat&on of the hcatuhg

source (I, 41, 86) such Ilia& the hcatuhg capac&ty ol'hc hcaier
(51. 49) for the tar et air-outlet temperature ('I'AO) during an
opemhtion in the bilevel mode becomes larger than the
heat&n capacity of the heater (51, 49) for the tar et air-outlet
temperature (TAO) during an operation in the foot mode.

Accorduhg Io thc construci&on, as Ihc loot outlet tempera-
ture can be increased higher dunng the bilevel mode open-
tion titan during the foot mode operation, the face outlet
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Iempcraturc can bc dccrcascd lower than Ihc loot outlet
temperature by that amount to thereby establish the face-
cool. I'oot-warm tcmperaturc distribution. Conscqucntly. the
cotufotx during the bilevel mode operation can be improved.

In addition. as thc hcaung capacity of Ihc heater (51. 49)
for the target air-outlet temperature (TAO) during the bilevel
mode opcrauon is made larger tlmn the heatui capacity of
the heater (51, 49) during the fiiot mode operation, as an
dvci'ilgc vilha: for flic fool otulcttclllpcidturc sllxl Ille face ui
oui)et lemperauirc. a tempcraturc around Ihe Iargc1 air-ou1)et
tcmpcraturc (TAO) can bc provided and, hcncc. thcrc is mi
risk that the temperature control properties during the bilevel
niode opemtion are affected

Furthermore„ it is only when the bilevel mode operation
Is IlliplciliC111Cd tllilt 111C 11Cdtlllg CapaC1IV Oi Iilc lli BICi (51,
49) ts increased, and duruig the fou1 mode operation. the
heater (51, 49) only has to be controlled so as to provide a
required minimum heating capacity that corresponds to the
tar et air-outlet temperature (TAO). Consequently. ener y 333

saving can be attained during the fiiot mode operation
ilium IllC BudilltllClll Of cilCrgV BBVillg dullll IliC foot

niode operation aild the iitiprovement in comfiirt durina the
bilevel mode nperation can be made compatible with each
other.

In Ihc mitomouvc air conditioning system accordmg Io the
invention, tlm hcaung source ts a vchiclc runnuig cnginc (1),
tliC lli BICI Is d )lot-wdtcr lledtcI COCC (51) Io V 111C11 11 CiioiB111

is supplied from the vehicle running engine as the heating
niedium, and the control unit (59) may control the operation
of the velucle ninning engine (1) such that the tempermue
of the coohmt for the tar et air-outlet temperature (TAO)
during the bilevel mode operation becomes hi/ter than the
Iempcralurc ol'he coolant during Ilm fool 11liidc iipcldlion.

Accordiim to the constmction, the aforesaid fiuiction and 31

advantage can be exhibited in the automotive air conditinn-
ing system including the hot-water heater core (51) which
uses the coolant of the vehicle rtuuting engine (1) as the
llcdtllig iliCdlillll.

dn
In the autnmntive air conditioning system according to the

invention, the heater is a high-pressure side radiator (49) into
tvhich a high-pressure refrigemnt discharged from a com-
pressor (41) of a refrigeration cycle (40) flows as the heating
medium, the heating source ts thc compressor (41), tmd thc
control utut (S9) may control thc opcrauon ol'he compres-
sor (41) such that thc hcatuig capacity of the lu h-prcssure
side radiator (49) fiir the target air-outlet temperature ('I'AO)

during the bilevel mode operation becomes larger than the
heating capacity of the high-pressure side radiator (49) for .„
the target air-outlet temperature (TAO) durin the fiiot mode
oper"Jl toll.

Accordin to this constniction. the afiiresaid function and
advantage can be exhibited in the automotive air condition-
ing system in winch the heater is made up of the high-
pressure side mdiator (49) into which the high-pressure
refrigerant on the discharge side of the compressor of the
rei'rigcration cycle (40) flows.

In the automotive air conditioning systein according to the
invention, the heating source is a heating source (86) for io
heating provided sepamtely from the vehicle running power
source. the heater is a hot-w ater heater core (51) to which hot
wdicr hcatcd by Ihc heating source (86) lor heating is
supplied ds the heating medium, tmd flie control unit (S9)
may control thc opcrauon ol'hc heatuig source (86) for si
heating such that the temperature of the lait water tiir the
target air-outlet temperature (1AO) during the bilevel ntode

operation biuomcs luster Ihan Ihc Iemperauirc of the ho1
v ster fnr the target air-outlet temperature (TAO) during the
foot niode operation.

According to this constniction. the aforesaid function and
advantage can be exlubited in the automotive air condition-
in system in v:hich the hot-tvater heater core (51) is used as
the heater Io which hot water heated by Ihc hcaung source
(86) for heating which is scqtamtc lbom the vcluclc runnuig
power source is supplied

In the autnmntive air condi tioniim system according to the
invention. the heating source for heating can be niade up of
an electric heater (86). In addition. the heating source for
heatin may be made up of a combustion heater.

Next, accorduig Io another aspect ol'he uivmitton, thcrc
is provided an automotive air conditioning system compus-
Ing:

a heater (87) for heatin air sent out mto a passenger
CiiiIlpartllleflt:

a face outlet (16) provided on a dov nstream side of the
heater (87) as viev,ed along the flow of air for sending out
air toward Ihc faces of occupmits tn thc passmigcr compart-
tllC111;

a foot outlet (17) provided on the downstream side of the
heater (87) as vieived along the flow of air for sending out
air tov 3rd the feet of the occupants in the passenger com-
pairtlllCllt:

a tar et air-outlet teniperature calcuLating unit (S4) for
calmilatuig a target air-outlet temperature (TAO) for air sen1
ou1 uito Ihc passenger compartment, and

an outlet mode settina unit (S6) for settmg at least a
bilevel mode in ivhich the face nut)et (16) and the foot outlet
(17) are npened at the same time and a foot mode in which
the face outlet (16) is closed„whereas the foot outlet (17) is
opcllcdt

the heater (87) bcmg adapted to adlust the heating capac-
iIy Ihcrcof directly on Ihmr own. and composing lurther:

a control unit (S9) lbr controlluig thc opcrauon of Ihe
heatin source (67): wherein the cnntrol unit (S9) controls
the operatinn of the heater (87) such that the heating capacity
of the heater (87) for the target air-outlet temperature (TAO)
dunn the bilevel mode operation becomes larger than the
llciltlllg ctlpticltv of flic llcilu:I (87) foi'ile IBtgct till'-otulc1
tcmperaturc (TAO) during Ihc foot mode opcrauon.

Thus, accorduig to thc uivention, as thc dcince adapted to
adfust the heating capacity thereof directly on their ov:n is
used as the heater (87). a hinctinn and an advantage which
are similar to the aforesaid function and advantage can be
exhibited by directly controlling the operation of the heater
(87)

To bc spccdic, an clcmnc healer (87) cnn be used as such
an heater, and a combustion healer may be usixl.

Note that reference nunierals m parentheses represent
relationships with correspondiim specific units which are
described in embodiments which will be described later on.

The present invention may be more fully understood from
thc description ol'prcli:rrcxl cmboduumits of bc uivcnuon. as
se1 forth below, together with the accompanying drawuigs.

BRIEF DESCRIPTION OF THE DRAWINCiS

In thc drawings.
lilt) I is a scheniatic exemplary drawing illustusting the

construction of a hybrid vehicle. which shows a first
embodiment of the invention:

FIC) 2 is a drawing illustrating an overall construction of
a hybrid vehicle air conditioning systeni according to the
first embodiment;
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FIG. 3 is a block diagram illustraung a control systmn
accordin to the hrst embodiment;

I 1(i 4 is a front view of an air conditioning, control panel
accordin to the hrst embodiment;

FIG. 5 is a flowchart illustratin a basic control process by
an air conditioner ECU according to the first embodiment:

FIG. 6 is a control characteristic chart of an utlct mode
according Io Ihc lira 1 cmboihmcnt,

FI(i 7 is a control characteristic chart of an outlet ntode
accordiim to the first embodiment; I it

Fl(i 8 is a control charactenstic chart of a blower voltage
during a warming up control operation according to the tirst
entbodiment:

FIG. 9 is a control chamctcrtstic chan of a blov, er voltage
dunng a normal control opcranon. I

lq(i 10 is a control characteristic chart of a compressor
interntittent operation according to the first embodiment,

lq(i 11 is a flowchart Illustrating a control process of an
engine operation conmtand determination according to the
first embodiment: zo

FIG. 12A is a characteristic clmrt of a coolan1 temperature
control lor engine operation conunand detcmunation:

FI(i F2I3 is a characteristic chart of a coolant temperature
control tiir en ine operation conunand determination;

Fl(i 13 is a flowchart illustrating a basic contml process
by an engine ECU:

FIG, 14 is a drawing illustrating an overall construction of
an electric veluclc air coudiuonin system according to a
second embodunmit ol'he invention:

I 1(i 15 is a dn3wing illustrating an overall construction of Ic
an electric vehicle air conditioning systen1 'iccording to a
third embodintent of the invention: and

FIG. 16 is a drawing illustrating an overall construcrion of
an electric velucle air conditioning system accordin to a
fourth embodiment of thc utvcntion. 31

DESCRIPTION OF THE PREFERRED
EMBOD]MENTS

First Embodunem

Fl(ig I to 13 illustrate a first embodiment in v lich the
invention is applied to a hybrid-vehicle air conditioning
system. FI(i. 1 illustrates schematically the construction of
a driving ntechanism for ninning of a hybrid vehicle. FICI. Bs

2 shoivs an overall construction of a hybrid-vehicle air
condiiioning systmn, and FIG. 3 iilustmtcs a conlrol sysImn
of thc hybnd-vchiclc air conditioning system.

As shown in FICi 1. a vehicle running water-cooled
gasoline engine (hereinafter. referred to as the vehicle nut- o

nmg engine) 1, a vehicle running motor 2 made op of Bn

clcctnc gem:rator, au cngute starling syslem 3 utcluding a
sun(Or ntotoi'or stalling flu: Schick'auling cn lnc 1. Bn
ignition system and a fuel ntjection system and a battery 4
(a nickel hydrogen battery) 4 tiir supplying power to the 1

vehicle rumfing motor 2 and the engine starting system 3 are
installed on a hybrid vehicle (a hybrid automobile) 5 accord-
ing thc cntbodlnlcnn

Note that the vehicle ninning engine I is connected to an
axle of the hybrid vehicle 5 to drive the same in such a ic
manner as to be disen aged from the axle as required.
Similarly. the vehicle running motor 2 is also connected to
thc Bxb: ol lhc hybnd vchlcbc 5 Io drive Iho sBnlc ln silch a
miutncr as to bc discngagcd I'rom thc axleas required, and
it is dcstgncxl that when uo connccnon is attained between si
the vehicle nutnmg engine I and the axle, the vehicle
running motor 2 is connected to the axle. 'I hen, the vehicle

numiug motor 2 is consuucted so as Io bc controlicxl
automatically (for example, inverter controlled)by a hybrid
control unit (hereinafler, referred to as a hybrid I iGU) 8

Furtlmnnorc. the cnginc skirting system 3 Is construclcxt
so as to be controlled automatically by an engine contml unit
(heremafter, referred to as an engine li('Uj 9 so that the
combustion etficiency of gasoline(fuel) becomes optimum.
Note that the en ine ECU 9 controls the energization of the
engine starting system 3 so as to drive the vehicle ninning
mtguic 1 when Ihe hybnd veluclc 5 needs to run normally
and thc baucry 4 needs Io bc clrargixk

A hybnd vchiclc Bir conditionutg system accorduig Io thc
invention is constructed as a so-called automatic air condi-
tioner for performing an autontatic control to maintain the
temperature in a passenger compartment of the hybrid
vehicle 5 at a set temperature at all times by automatically
controlling Bn Bil colullllonlng ih: vlcc (Bn Binoiuol ) ol Bn Bil

conditiotung unit 6 for conditioning air inside Ihc passenger
compartment by an mr conditioner control unit flicrcuiaflcr,
referred to as an air conditioner I:('l.l)

As shovst in lil(i 2. the air conditioning unit 6 inclndes
an air conditioning case it) for forming an air passsgeway
for introducing conditioned air toivard the intenor of the
passenger compartment of the hybrid vehicle 5. This air
conditioning case 10 is disposed utsidc a veluclc instrument
panel located at a front pari of the passenger compartmenn
A blower 30 generates an air flow directed to the interior of
the passenger compartment in the air conditioning case 11)

and is, specifically speakina. made up of a centrifugal
blov er.

Furthermore. the air conditioning unit 6 include~ a refri-
erauou cycle 40 for cooling air that flows witlun the air
conditiotung case 10 so as Io cool Ilm intenor of Ihe
passcngcr compartment and mt cnguie coolant circuit (a hot
water circuit) 51) for heating the air that flows within the air
cmtditioning case 10 so as to heat the interior of the
passenger compartment.

A most upstream side (a ivindward side) of the air
conditioning case 10 constitutes an air inlet switching por-
tion, where an insulc mr inlet 11 for talong in utsidc air (air
iu Ihc passcngcr compartment), an outside air inlet 12 for
taking in outside air (air outside the passenger compartment)
and mt inside air/outside air switching door 13 for opening,
and closing the both inlets 11. 12 are pmvided. 'I'his inside
air/outside air sivitching door 13 is an inside air/outside air
switchut unit and is, specifically spealong. made up of a
rotational plate door. In addiuon, thc inside air/outside air
switclung ikior 13 is driven by an actuator 14 (FIG. 3) such
as a servo motor to switch;m uilet mode bctwccn mi insula
air recirculation mode and an outside air intmduction mode

In addition, a most doivnstream side (a leeward side) of
the air conditioning case 10 constitutes an outlet switching
portion, where a defroster outlet 15. a face outlet 16 and a
foot outlet 17 are formed. Then, mainly hot air is sent out
toward an inner sale of a w indscrcmi of thc hybrid vcluclc
5 from thc delbostcr outlet 15. In addition, mautly cold mr is
sent out toivard the faces (upper body) of occupants from the
face outlet. Furthermore, mainly hot air is sent out toivard
the feet of the occupants from the foot outlet 17.

Then, tluee outlet switching doors 18. 19. 20 are rota-
tionally disposed at entrance portions of the outlets 15 to 17
as outlet switching devices. respcctivcly, so as Io open and
close thc outlets 15 Io 17. These outlet switching doors 18,
19, 20 arc drn cn in mi uttcrlocking fashion by a common
actuator 22 (Fl(i 3) made up of a servo motor or the like via
a liink niechanism
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To bc spccilic, the outlet swilclun doors 18, 19, 20
switch to set any one niode of a face (I'ACII) mode, a bilevel
(l3,'I ) niode. a foot (I'001) mode, a tiiot/defroster (I'/D)
mode and a defroster (Dlili) mode as the outlet mode.

The centrifugal blower 30 has a centrifugal fan 31 accom-
modated rotationally within a scroll case 30c which is
constructed integrally with thc air cunditiomng case 10 and
a blow cr motor 32 for duvutg to rotate lhc centn fugal fan 31.
'I'he rotational speed of the blower motor 32 is controlled
based on ah)ower voltage that is applied thereto via a blower la
driving circuit 33 (Iii(i. 3), w:hereby the amount of air
delivered by the centnfugal fan 31 is controlled.

The refri emtion cycle 40 includes a compressor belt
dni mt by the vcluclc running cnguie 1 for compressing a
rcfrigerdnu a condenser 42 Rir condensing the rcfhgcranl so
compressed, a receiver-dehydrator 43 for removing moisture
fmm refri erant so as to allow: resultant liquid refrigerant to
floiv downstream, an expansion valve (a pressure reducing
unit) 44 for reducin the pressure of liquid refrigerant to
allow for its expansion, an evaporator 45 for vaporizing zc

liquid refrigerant so prcssure reduced and cxpandcd and
relrigcranl piping wluch connecw these consutuenl devices
with each other.

Of these devices, the evaporator 43 is disposed so as to
extend transversely across the internal air passageway
ivithin the air conditioning case 10 and functions as a
cooling heat exchanger for cooling and dehumidifying air
smit from thc blower 30 Iu adihtion, im electromagnetic
clutch 46 is coiuicclcd to the compressor 41 as a clutch
device tiir engaging and disengaging, the transmission of ic
rotational poiver front the vehicle nuining engine I

'lite energization of the electronmgnetic clutch 46 is
controlled by a clutch driving circuit 47 (FIC). 3). Then,
when the electromagnetic clutch 46 is energized (ON). the
rotational power of thc vehicle dnving engmc 1 is transmit- is
tcd lo lhe compressor 41, and an mr cooling acuon is started
by thc evaporator 45 w hcrcas, when flie cncrgization of the
electroniagnetic clutch 46 is stopped (OI'F), the power
transmission between the vehicle driving engine I and the
conlpressor 41 is cut ofl; whereby the air cooling action by do

the evaporator 45 is stopped
llic condenser 42 is disposes) at a place where it can easily

riveivc rtun air gmtcralcd when the hybnd vchmlc 5 runs and
constiiuics a lugh-prcssure side radiator where a heal
exchange is implemented between refrigerant flov ing
therein and outside air sent in by a cooling fan 48 and the
ram air so received.

The cookmt circuit 50 is a circuit tluough which high-
tcmpcralurc coolant (hot water) healed in a water jackal of
thc vcluclc running engine I is circulated by a water pump, o

noi shown, and has a radiator. a thcnnostal (wluch are boih
not shoivn) and a heater core 51 'Ibis heater core 51 is such
as to constitute a heater for air that is sent out into the interior
of the passenger compartment and is disposed downstream
of the eveporator 45 witlfln the air conditioning case 10. s.
Thmi. Ihc heater core 51 heats air (cold air) that iris passed
lluough the evaporator 45 usuig Ihe hol coolant Ibom thc
i chicle running cnginc I as lhe heat source.

'Io be more specific, the heater core 51 is disposcI at a
location downstreani of the evaporator 45 in such a manner ic
as to define a bypass passageway 51st to one side thereof An
air nlix door 52 is disposed upstream the heater core 51
along the flow of air in such B mmmer as lo bc rotated by an
actuator 53 (FIG. 3) such as a serio motor.

lliis dii itiix door 52 hliiclioiis ds Bii oath:I 0:itipcidlurc Ss

ac)slating iiiill foi'iiliistulg tbe Oirtlet ieillperatiii'e iif Bii'hat
is sent out into the passeilger compartnient by adjusting a

ratio bclwcan Ihc amount ofair (Ihc amount ol hol

air )

w luch
passes tluough the heater core 51 and the amount of air (the
amount of cold air) which passes Ibrough Ihe bypass pds-
sagev sy 5 id by selecting a rotational position

Next. Ihc coniigurauon of a control system ol'lhe embodi-
ment ivili be described based on FICiS. 1. 3 and 4. A
conunuiucation si nal oulpuuixl from thc engine ECU 9.
opemstion signals (switch signals) froni various types of
operation mcmbcrs 61 to 69 on an air coudiuomng control
panel 60 provided in lhc vicinity of a vcluclc instrument
panel located at a front perl of Ihc passenger compartment
and sensor sio nels from various types of sensors 71 to 75, are
inputted into the air conditioner I:('U 7.

Here. specifically speaking, as shown in Fifi. 4. the
various types of opcrauon mmnbcrs 61 to 69 on flic air
condiliotung control panel 60 arc such Bs Bn mr conditioner
(A/C) switch 61 for commanding start and stop of the
refrigeration cycle 40 (the compressor 41). an inlet switch-
ing switch 62 for sivitclung the mlet (inside and outside air)
mode. a lever-like tenlperature setting member 63 for setting
the temperature within the passenger compartment to a
desired tcmpcrauirc, d Icvcr-like blower air mnount contrul-
ling mcmbcr 64 for controlling Ihc amount of air sent in by
the blower 30 and an outlet sv itching switches 65 to 69 fiir
switclnng the outlet mode.

Then, to be specific, these outlet switching switches 65 to
69 arc such as a face (FACE) switch 65 for sctung a face
mode. a bilevel (B/L) switch 66 Ibr scuing a bilcvcl mode.
a foot (Ii(y()T) switch 67 for setting a foot mode, a fiiot/
defroster (F/D) switch 68 for setting a foot/defroster mode
and a defroster (I )I ili) sivitch 69 for setting a defm ster mode

In addition, to be specific„ the various types of sensors 71
to 75 arc. as shown ui FIG 3, such as an uisidc air
tcmperaturc seiwor 71 for detecting lhe lcmpcralure ol'inside
air witliin the passenger compartinent. an outside air tem-
perature sensor 72 fiir detecting the tentperature of outside
air. a sunlight sensor 73 for detectin the amount of sunlight
streamed into the passenger compartment. an evapomstor
outlet temperature sensor 74 for detecting the outlet air
tcitipcitiuilc fioiii tire cvdpoidliii 45 Bird d coolaiil lcilipcid-
ture sensor 75 for dmccling the tempcraturc ol'oolant that
flov s into the heater core 51

Note that the air conditioner ECU 7 is, as ls known,
configured using a microprocessor made up of CPU. ROM
and RAM and pcnphcrdl circuits and is adaptixi to be
act tvalcx) by being supphcd with DC current from thc bauery
4 when an ig/ation switch (not shown) of the vehicle numing
engine I of the hybrid vehicle 5 is switched on (ON)

Next. a control process of the air conditioner E('U 7
according lo thc cmbodimcnt will bc dcscnbed based on
FIGS. 5 to 10. Here, FIG. 5 is a flow chart illu stra tuig a basic
air conditioning process by Ihc mr conditioner ECU 7.
Iiirstly, when the ig/ation switch is switched on (ON) so as
to supply the air conditioner I I('U 7 with I)('ower source,
a routine illustrated in FRI. 5 is activated, and vanous types
of initializations are implemented (step Sl).

Next. operation signals (switch sigoals)from thc various
opemstion members 61 to 69 on the air conditioning cootml
panel 60 are read in (step 82). Next, sensor signal from the
respective sensors 71 to 75 are read in (step 83)

Next. a target air-outlet tempcralurc TAO of air saul oul
into flm passcngcr comparuncnt is calculated based on Ihe
fiillowing fomtula (I) stored ui ROM in advance. Tlus target
air-outlet temperature 'I'AO is an outlet tempemsture needed
to maintain the interior of the passenger compartment to a



US 7,325,595 B2
10

scl Imuperaturc sct by thc tcmpcrature scllmg member 63
irrespective of change in air conditioning heat load of the
vehicle.

TIOtK&ci T&ct-Kll TK-KL4/ TCV/-KS T5+C

where Tact is a sct tempcralurc sct by the lemperalure selling
member 63, TR &s au u&sale a&r temperature detected by thc
inside air temperature sensor 71. 1'AM is an outside air
ten&pemture detected hy the outside air teinperature sensor
72. and 1S is a sunlight amount detected by the sunlmht
sensor 73. In addition, Kset. KR, KAM and KS are control
sins. respectively„and C is a constant ii&r correction

Next. in step S5. the mlet mode is deteunined I lere. to be
specific, the inlet n&ode is switched froin an inside air
circuLation mode to an outside air induction mode as the I

target air-outlet temperature TAO changes from a low tem-
perature area to a high tempemsture area as shown &n a
cluiractcnstm chart stored &n ROM in advm&ce wluch &s

shown u& FICi. 6.
2O

Note that the inside air circulation mode is an inlet mode
for lcuing &n inside a&r lyom thc u&s&tlc mr u&lct 11 by
opera&&ng the &midc a&r/outs&de air suitclung dour 13 to a
position (a position indicated by chained lines in lilt i 2)
where the outs&de air inlet 12 is closed, whereas the inside
air inlet 11 is opened. In addition, the outside air induction
mode is an inlet mode for letting in outside Bir from the
outside air inlet 12 by operating the incide air/outside air
suilchu&g door 13 to a pos&uon (pos&uon md&cat&xi by sol&d

lines u& FIG. 2) where thc u&side air u&lcl 11 &s closixh
1&i

whereas the outside air inlet 12 is opened.
An u&side mr/oui&dc a&r mixing mode for lcltu&g u& both

insulc air and outs&dc mr al Ihe smne time may be scl
bet&veen the inside air circulation mode and the outs&de air
induction mode

In addition, by operating the inlet switching switch 62 on
the air conditioning contml panel 60, the inside air circula-
tion mode and the outside air induction mode can be set
freely, in a manual faslfion. as the occupant desires.

Next. in step S6, the outlet mode is determined. I lere. the
outlet nu&de is detemuned according to the target air-outlet
tempemsture TAO as shown in a chamscteristic chart stored in
ROM in advance which is chown in FICi. 7. To be more
spec&iic, Ihe outlet mode &s sequent&ally changcsI lo bc sel
from thc face mode, thc b&lcvcl mode and thc loot mode (or cc
the foot'defroster ntode) in that order as the target air-outlet
temperature 1AO changes from the k&w teinperature area to
the hiah temperature area.

I lere. the face mode is an outlet mode for sending. out air
(mainly cold air) fmm the face outlet 16 toivard the faces of so
the occupants in the passenger compartment. the bilevel
mode is an outlet mode for sending out air from both the face
outlet 16 and the foot outlet 17 toward the feet Bnd faces of
thc icecap&lots ui thc passcngcl con&pa&In&cut, Bull thc fool
mode is an outlet mode lbr scndu& uut a&r (mainly ho! a&r)

fmm the foot outlet 17 toward the feet of the occupants in
the passenger compartment

Note that u& the h&gh tcmperaturc area where the fi&ol

mode is selected, when a condition where the windscreen of
the vehicle tends to be fogged (a condition where the lo
tempemsture of the windscreen in pa&ticulor decreases) &s

determined, the outlet mode &s changed from the foot mode
to lhc lbot/dclhoster mode Herc. thc li&ot/delhostcr mode &s

an outlet mode w herc a&r (mainly hol air) &s sent oui from the
deihosler outlet 15 toward thc wu&dscrccn of thc vehicle, sc
whereas air (mainly hot air) is sent-out from the foot outlet
17 toivamd the feet of the occupants in the passenger cont- sii' ((TRO-TK& Irlr-IZ&xloui v& 12l

parnnent, whereby Ihc hcaung ol'he fact ol'hc occupm&ls
and the windscreen defogging opemstion can both be exhib-
ited

In addition, by operating the outlet switching switches 65
to 69 on the iur conditio&ung control panel 60, in addition Io
the face &node. the bilevel mode. the foot mode and the
foot/defroster n&ode. the defroster mode (m total, five outlet
modes) can freely manually be set as the occupant desires.
The defroster mode is an outlet mode for sending out air
(mainly hot air) from the defroster outlet 15 toward the
windscreen of thc vehicle.

Next, in step S7, the blower voltage applied to the blower
nx&tor 32 is determined As one of operation pn&ceases fi&r

detenn&ning the bh&wer volta e there exists a warn&in up
process. To be specific. when any one of the b&level mode,
thc lbot mode and thc fool/defroster mode &s sclectcd as thc
oullct mode, Ihc large& air-outlet tempcruture TAO is in thc
h&gh tcmperaturc area where Ihc tcmpcrulure m higher than
a predetermined temperature (a heat&ng s&de area) and,
furthermore, the coolmlt temperature 1 W detected by the
coolant temperature sensor 75 is lower than a predetermined
temperature. it is determined that the requirementc for a
warming up control (a blower delay control) are mcl, m&d a
warming up conuol is unplemm&tcd. Tlus warming up
control &s such as lo dctcrminc the blower voltage such lhal
the blower voltcge increases gradually in accordance with a
characteristic chart stored in ROM in advance which is
shown in FICI. 8 as the coolant temperature TW Increases.

Then, when thc coolant Imnpcrature TW has u&crcssixi Io
the prcdcternuncd Icmpcrature, for cxtunple, 60'. or
higher, the ivarming up control is contpleted and, thereafter,
the blower voltage is deternuned in accordance with a
chamcteristic chart for a nomlal control operation that
corresponds to the target air-outlet temperature TAO. To be
specific, the bloiver voltage is determined so as to change
substantially u& a & ushapc Io corrcspond to thc iluctuauon of
thc target air-outlet Iempcraturc TAO as shown u& a cl&ar-

acterictic chart stored in ROM in advance ivhich is shown in
l&KL 9

Note that in deteunining the blower voltage through an
automatic control v,&th Ihe blower a&r amount switclung
member 64 on the Bir conditioning control panel 60 bcu&g
operated to bc located at m& AUTO pos&tion (au automat&c
control position), by operatin the blower air amount
switclnng inember 64 to any other position than the AU1'0
position. the blov,er voltage can be set mam&ally as below.
Namely. by operating the blower air amount cwitchin
member 64 to bc locatixl Io a LO (low spimd) powuon, Ihe
blower voltage bccomcs a nunimum value, whcrcby a
nununiiiu blower Bu iin&olin& can bc si:1.

In addition. by operating the blower a&r amount cwitchin
member 64 to be located at an ME (medium speed) position,
the blower voltage becomes an intermediate value, whereby
an &ntcnnid&atc air mnount can bc set. In addiuon, by
opera lu&g the blower mr amount switch&ng mcmbcr 64 to be
located at an Ill (hi h speed) position, the bower voltage
becomes a maxin&un& volume, whereby a maxinnun air
amount can be set. Note that by operatin the blower air
amount member 64 to be located at an OFF (stop) position,
the energisution to the blower motor 32 is stopped, whereby
thc blower 30 can bc stopped.

Next, in step Sg, a target door openmg (SW) of the air mix
door 52 is calculated based on the following formula (2) that
is stored in ROM in advance.
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where TE ls an evaporator outlet temperature dctcctcd by thc
evaporator outlet tenlperature sensor 74, and 'I W is a coolant
tenlpemture detected by the coolant temperature sensor 75.

'lien, lvhen calculated as SW & 0 (qtr), the air mix door 52
is controlled to be located at a maximum cooling position
where the whole of cold air from the evaporator 45 is caused
to flow Io thc bypass passageway 51a by fully closmg the mr
posstigcwtly'l thc hcdnx coiL 51 withe hilly opcuulg Ihc
bypass passageway 5la of the heater core 51 In addition,
when calculated as SW~ 100 (%). the air mix door 52 is Io

controlled to be located at a maxinnun hooting position
lvhere the whole of cold air from the evaporator 45 is caused
to fiolv to the heater core 51 by fully closing the bypass
piissdgcv;d)'la withe filly'po'uulg Ihc dn passagcwilv ul
Ihe heater core 51. I

I'urtheunore, when calculated as 0(%)&SW&I (X)(%). the
air mix door 52 is contmlled to be klcated at an intermediate
opL'illug position (toiupcl lturc coiltl'olllllg po ~ llloo) ivhci'c
part ofcold air fmm the evaporator 4 ic caused to flow to the
air passageway in the heater core 51 while the rest of the zo

cold air is caused to flow to thc bvposs passagcv,ay Sla.
Next. in step S9, thc opcrouon demand dctcmulmtion

control ot the vehicle nulnulg engine I is implenleilted.
Namely. an engine operation demand determination is
implemented where whether an engine operation denland
(Fa'GON) signal which demands the start of the vehicle
engine 1 is outputted or whether an engine stop demand
(E/GOFF) signal wluch demands thc slop of flle operation of
Ihe vehicle running engine 1 ls output ted is dctcrnunu! Thc
details of the deternunation control in step S9 will be lo
described by reference to a sub-routine shown in ISKI Il
which will be described later on

Next. in step S10. the operating ctate (ON/OFF) of the
compressor 41 when the air conditioner switch 61 is ON Is
detcrmuled. Namely, the start mid stop of the compressor 41 lc
is detcnnined based on au evaporator outlot temperature
detixtcd by Ihc evaporator outlet Iemperaiurc sclmor 74 To
be more specific, as shown in a characteristic chart. stored in
ROM, lvhich is shown in I'I(i 10, when the evaponctor
outlet tempemsture TE is equal to or higher thon o first set do

temperature (for example, 4" C.), the electromagnetic clutch
46 is mlergizcd (ON), aud thc compressor 41 and hence thc
refrigeration cycle 40 arc activated (ON), whereby thc
evaporator 45 is allowed to exhibit an air coolulg operation.

In addition, when the evaporator outlet temperature 'I'E is
equal to or lower than a second set temperature (for
example. 3') which is a lower temperature than the first set
tempemohire. the ener ization to the electromagnetic clutch
46 is cut ofl'(OFF), and thc opcrauon of Ihe compressor 41
and hence the rclhgcration cycle 40 is stoppoxl (OFF), o

whcrcby Ihc air cooling opcmtion by Ihe evaporalor 45 is
stopped. frosting of the evaporator 43 thereby being pre-
vented

Next, in step Sll. various types of control signals are
outputted. Namely. in order to obtain the respective control l.
states calculated or detcnnined ul Ihc respective steps S5 Io
S10, conu ol signals arc ou (putt ox) to flle actus tora 14, 22. 53,
the blower duving circuit 33 and the cluich duving circuit
47. and the engine operatiim demand (li/(iON) signal or
engine stop denland (Ii/(IO)ill) signal is outputted to the ii!

engine ECU 9.
Then, in step S12„wait for the elapse of a control cycle

nme t (for example, a peuod of tune bctwimn 0.5 sec Io 2 5

scc), and Ihml return to the control process in step S2.
Next. thc control process of the cngule operation demand sc

detemlination will be described in a specific fashion Note
that the engine operation demand determination contml

process is roughly divided into (I) o control process for
securing a required minimum coolant tempenoture at the
time of heating and (2) a control pmcess for operating the
compressor 41 at the time of cooling (in other words. a
control process for suppressing the evaporator outlet tem-
perature to within a predetermined upper limit value).

Thcsc two control processes (I), (2) arc cxccuted in
parallel at all times mid. when an eu»ne operation demand
(E/(ION) signal is transmitted to the engine Ii("U 9 from
either of these two contml pmcesses, the vehicle numing
engine I is put in operation. In contrast with this. engine stop
conunand (E/CIOFF) signals are transmitted to the en ine
ECU 9 from both the nvo control processes (I), (2), there is
no case whore the vehicle running cnglnc 1 ls suirtcd by a
demand from thc air condinoncr side.

Note that the latter contml pmcess (2) is an engine
openotion demand detemlination for the opemtion of the
compressor, mid as it does not directly relates to the inven-
tion. a specific description thereof will be omitted. Herein-
after. the founer control process (I) according to the
embodiment will bc described ul dc(ail basixl on FIGS. 11

and 12A.
Ill(i I I is a flowchart illustratin a sub-mutine for execut-

ing the former contml pmcess (I) and, in the sub-routine
shown in FI(i I I, firstly, lvhether or not the outlet mode is
set to any one of the bilevel mode. the foot mode and the
foot/defroster mode is determined (step S21). Namely,
whcthcr or not the outlet mode w herc thc aforesaid wonnulg
up control shown ul FIG. 8 is sct, is detcnnined.

If the determination is positive, whether or not the afore-
said warming up control sholvn in 11(i 8 is being executed
is deternlined (step S22) 'I hen. if the warming up contnll is
being implemented, an engine opemstion demand (E/CION)
signal is transmitted to the engine ECU 9 (step S23),
whcrcby Ihc vducle running engnu: I is started. so Ilmt Ihc
engine coolanl u:mpcrauirc is increased without any delay.

Ou Ihc other hand, if the detcunulatious in steps 21 and
22 are negative, proceed to step S24, where whether or not
the blower motor is Ollli ( blov er air amount 0) or cvhether
or not the biower air amount slvitching member 64 is
operated to be located at an OFF position is determined. If
thc dctcrminauon is positive, an engine stop demand
(E/GOFF) signal is udnsmiucd (step S25) ls scut Io thc
mlgulc ECU (SILTc s25).

In contnost to this, if the determination in step S34 is
negative, ivhether or not the target air-outlet tempenoture
determined in step S4 shown in FICi. 5 is equal to or higher
than a predetemlined temperature (for example. 30" C.) is
dctcrnuncd (step S26).

Note that as, ln Ihecngmc ECU 9, the operation mid stop
of Ilm vchiclc ruiunng engule I is controlled such tlml Ihc
coolant temperature 'I"W detected by the coolant temperature
sensor 75 beconles equal to or higher than a predetermined
temperature (for example, 40" C.), if the target air-outlet
temperature TAO is lower than the predetermined tempera-
ture (for cxamplc, 30'.). with a view to sccunug a rcqu trod
coolant tcmperaturc on Ihe mr condltiomug sole, there ls no
nimd Io output Ihc vchiclc runnulg cnglnc I operation
demand. Consequently. if the determination in step S26 is
negative, then, proceed to step S25, and an engine stop
demand (E/CiOFF) signal is transmitted to the en ine ECU
9. On the other hand, if positive in step S26, at step S27,
whctlmr or not Ihe outlet mode is ul the bilevel mode ls
dctcrnuncil If Ihc outlet mode is not in Ilm bllcvcl mode,
namely, if Ibc outlet mode is in any of thc I'acr. foot/dc lbo s Icr

and defroster modes, proceed to step )28-1, a target coolant
temperature is determined I'WSI which change as indicated
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by a solid line ui FIG. 12A as thc Iar ct outlet tcmpcraturc
'I'AO changes is determined as the tar et coolant tempera-
ture Next, at step S25-2, whether or not the coolant tens-
perature I'W detected by the cooLsnt temperature sensor 75
is equal to or lov er than a first target coolant temperature
TWSI is determined.

Herc. the lirst target coolmit temperature TWSI is a
nnmmum Icmperaturc nccdcd to uicrease ihc temperature of
air sent out into the passenger compartinent to the target
outlet temperature TAO As shown in I'l(i 12A, tins hrst IB

target coolant temperature 'I'WSI has a characteristic that it
increases as the target outlet tempemsture increases. To be
more spccific, when TAO=30" C., TWS1=55" C.. and when
TAO Is ui Ihc range o 30'. to 55'., TWSI mcreases
proporuonally as TAO uicrcascs, whereby when TAO=55',

'ISWI 75" C When 'I'AO is in a reLstively high tens-
perature mange of 55" C or higher, 'I'WSI is charactensti-
cally maintained at 75" C

In FK). 12A. a second tar et coolant temperature TSW2
is a target cooLant tempemsture for B bilevel mode operation Io
and Is charactcnstically causcxi to deviate Iov,ard thc high
tcmpcralurc side than thc lirsl target coolanl temperature
'I"WSI by a predetermined temperature (tiir example, 10" C.
11'I this cx;iolplc).

If the determination in step S2II is positive. then, at step
S23. an engine operation demand (E/GON) Bi~a) is trans-
mitted to the engine ECU 9 so as to stan the vehicle mauling
migine 1, so Ihal llm cuginc coolant is mcreased lo Ihc Iirsl
target coolant lmnperaturc TWS1 quickly. In contrast lo this,
if the deterniination in step S2g is negative, then, at step S25, so

an engine stop demand (I:/(iOIII') signal is transmitted to the
engine ii('U 9

On the other hand, if the outlet mode is detemtined to be
in the bilevel mode. then. at step S29-1, B mrget coolant
tcmpcraiurc is sct. TWS2 which changes as uidicatcd by Is
cluimml lines ui FIG. 12A as Ihe target Bir-outlel temperature
TAO clmnges is detcnnuied as a target coo)wit temperature
in Ibis case. Next. at step )29-2. Ivhether or not the target
coolmit temperature so set is equal to or loiver than 'I WS2
is determined. If the detemiination is positive. then. Bt step do

S23. and an engine operation demand (E/()ON) signal Is
transmitted to thc cuginc ECU 9 so ss Io start Ihc veluclc
running enguic 1, so that lhc engine coolant is utcrcasod Io
the sixond target coolant tcmpcraiure TWS2 qumkly In
contrast with this, if the determination in step S29-2 Is
negative. then, at step S25. an engine stop deniand
(E/CiOFF) signal is transmitted to the engine ECU 29.

Incidentally, as the second target coolant temperature
TWS2 is a set coo)wit Icmpcraiure exclusively lbr the
bilcvcl mode operation and is characlensucally caused to B

deviate toward Ihe high tcmperaturc side by Ihc predcter-
niined temperature (for example, 10'( in this example). the
foot outlet temperature front the foot outlet 17 can be
increased by B difi'erence in tempemsture benveen the first
tar et coolant temperature TWSI Bnd the second target ss
coo)wit tcmpcraturc TWS2 duruig ihe bi)eccl mode opcra-
uon when compared with thc lbot mode operation or thc
like.

'Hien, dunng the bilevel mode operation the face outlet
tenipemture can be decreased to a degree at which the font io
outlet tempemsture is increased during the bilevel mode
operation„whereby the comfort during the bilevel mode
operation can bc improved by a face-cool, fool-w arm oui)el
tcmpcraiurc distnbution obtauied.

Herc. as Ilu: dcgrcc lo which thc fool ouflel temperature ss
is increased relative to the predetermined target air-outlet
temperature I'AO during the bilevel mode opemstion is olfset

dgtliiist thc dcgrcc to which lllc fiicc outlet lcillpcidlciic is
decreased during the bilevel niode operation during the
bilcvcl mode opcrauon. as a whole. thc passcugcr compait-
irlcnt c:111 bc Inailrtaincd to tile sct tclllpct'Bttll'c (loosc-
qucnfly, Ihcrc is no nsk Ihal the control propenics ol'hc
passenger compartment Iempemsture are affected.

Furllmrmorc. Ihe second largcl coolant lcmperaturc
1'WS2 is a set teniperature exclusively used for the bilevel
mode operation. Bixl thc cnginc opcrauou dmnand is dcier-
nuned using the first tar et coolant tenipemsture I'WSI
which is lov,er by the predetermined tempemture than the
second target coolant teniperature in the other outlet modes
than the bilevel mode, As this first target coolant temperature
TWSI dclemuncs thc engine opcrauon demand as thc
minimum coolant temperature needed to obtain the prede-
tcnmucd target air-outlet Imnperaturc TAO, (herc is no
drav back that, in the outlet modes other than the bilevel
illoilC. tllC CilgiilC coolBIII ICIilpCraiui'C is ulcictIScx! hlglloi
than required and heat is wasted ('onsequently. the fuel
economy of the vehicle runnin engine I is prevented from
beuig damaged by the impmvement in comfon during the
bilevel mode operation. Thus„ the unpmved comfort and
sccurcd fuel economy during Ihc bilevel mode operation cmi
be made compatible.

Next, a contml pmcess of the engnte Ii( U 9 according to
the embodiment ivi)1 be described based on FICi. 13. Here,
)II(i. 13 is a floivchart illustrating a basic control pmcess by
the engine ECU 9. Note that respective sensor signa)s as
opcraluig slate dclcmling means for dclccting thc opcraluig
state of the hybrid vehicle 5 Bnd cotmnunication si naia
from thc Bir conditioner ECU 7 and hybnd ECU g Brc

inputted into to the engine liCU 9

Note that used Bs smisors are an cnginc rotatioiial speed
sensor. a vehicle speed sensor. a throttle opening sensor, a
ballcry voltmeter and a coolant sensor (none of them is
shown) 'I'hen, as is known. a micmprocessor including,
CPU, ROM, RANI or the hke Is provided in thc miguic ECU
9

Firstly, a routine shown in FIG. 13 is acuvatcd when thc
ignition sv;itch of the vehicle running engine I is switched
ou (ON) to supply chrccs currmit power source to thc enguie
ECU 9 Bnd to implement various types of initializations
(step S131). Following this. respective sensor signals are
read in (step S32) I'ollowing this, a communication (trans-
nussion and reception) ivith the hybrid li('U g is imple-
mented (step S33). Following tifis, a communication (trans-
mission and reception) with the air conditioner ECU 7 is
implemcntcd (step S34). Following tlus, thc ON (operation)
and OFF (stop) of thc vclu cia running miguic I is dclernunod
(step S35). If the detemiination results in ON (opemstion), a
control signal is outputted to the engine starting system 3
including the starter motor and ignition systeni. mstructing,
the same to start (ON) the vehicle nuuiing engine I (step
S36) Thereafier, the process returns to step S32.

In addition, if Ihc dcienmnatiou ui step S35 results in
Oiil( whether or not an operation demand (Ii/(iON) signal
demanding the start ofthe vehicle ninning engine I has been
received from the air conditioner ECU 7 is determined (step
S37) If the detemiination results in NO„as this means that
a slop demand (E/GOFF) sigiial has been rcceivcd fmm Ihe
air conditioner ECU 7, a conuol signal is outputted lo Ihe
engine starting system 3. insuuctuig tlm same to stop (OFF)
the operation ot the vehicle niiining enaine I (step S3g)
1'hereafter, the pmcess renirns to step S32
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In addiuon, if thc dctcnnination ul slop S37 results ul NO,
move to step S36. and a contnil signal is outputted to the
engine starting systent 3. instructing the Balue to start (ON)
the vehicle running engine I.

While, in the tirst embodiment. the outlet mode is divided
into nvo such as a bilevel mode and the other outlet ntodes,
and as slu&il n in FICi. IZA, the first target coolant tempem-
nlre TWSI is used for the outlet modes other than the bilevel
mode. ivhereas the second tar et coolant temperature TWSZ
wluch Is characteristically caused lo deviate toward Ihc lugh iii

lempcralurc sale by thc prcdclemuncd tempcralurc is used
fiir the bilevel mode, tins construction may be modified as
beloiv

For example, thc outlet mode is divided ullo tluoc groups
such as a bilevel mode, a foot mode and a face mode, and
a foot,'defroster mode and a defroster mode, and as shown in
FIG. IZB. and the first target coolant temperanire TWSI
may be used for the face and foot mode~, the second mrget
coolmll temperature TWS2 lbr thc bilcvci mode. and fur-
thermore, a third target coolant temperature TWS3 ui which
d high (CIIlpcra(UIC Broil IS luailllBIIICil Bl Bll lilnCS (lor
example at 85" ('. constantly) may be used for the foot/
defmster mode and the defroster mode irrespective of
change in TAO

According to tins construction, the defo in perfor- -'anceof the windscreen can be improved by maintaining
thC OUtlCl illr tClllpcra(UIC Bl lllC lllgh lillC Bl all lilnC9 ill lilC

foot mode and in thc lice mode.
Next. to descnbc thc rclalionslup between thc lirsl

I ii
embodiment and corresponding description requirements in
the ( laims of the invention, the heater core 51 corresponds
to a heater in the Claims. and the vehicle Iauming engine I
corresponds to a heating source in the Claims. In addition,
the step S4 in FI(i. 5 constitutes a target outlet temperanue

39
calmilauon unit ui thc Clauns, the sicp S6 in FIG. 5 to an
outlet mode sctuug unit, and thc sicp S9 ul FIG. 5 (thc
sub-routine in Ill(i I I) corresponds to a control unit for
controlling the operation of the heating source

Second Embodunent

While, in the first enibodiment. the heater core 51 for
hL;lting mr iislllg thc cilgUlc coolaflt slipplied fi'oiu thc
vehicle runnin engine I as the heat source is used as the
heater for heating air sent out into the passen er compart-
ment, a heater for heatin air that is sent out into the
pa99CngCI Ciilnpdrllllclll B 11190C Up lif 9 Iddiatol till
lugh-pressure side of thc rcfrigcrauon cycle in a second
cmbodimcnt.

I'he second embodiment will be described by reference to
lil(i. 14. I'I(i 14 shows an air conditioning system that is
applied to an electric vehicle which is provided with a
vehicle running motor as a driving source for rumning the
vehicle and with no vehicle running engine. Here. the 19
clcclnc vcluclc may bea type such as a fuel cell vchmlc in
wluch a vchiclc running motor and an on-board battery arc
charged ivith fuel cells and an electric vehicle in which an
on-board battery is charged with a battery charger outside
the vehicle. so

In a refri enation cycle 40, a compressor 41 is an electric
compressor that is dnven by an electric motor wluch is
cncrgtzed by an ou-board baucry. Then, d lngh-prcssure side
radiator 49 which is disposed along mt air passageway
w itiun an air coudiuoning case 10, that is, downstremn ofan si
evaporator 45, is pmvided to a discharge side of the electric
compressor 41

16
Thc lugh-press side radiator 49 is such as to conslilule 9

heater for heating air that has passed the evaporator 45 and
is disposed at a central part of an air passageway cross
section within the air conditionmg case 10, whereby bypass
passagev:ays 510 are defined at left and riJtt sides of the
hi h-pressure side radiator 49. Two passageway cwitchin
doors 80 are rotauonally disposed w itluu the air condiuun-
iug case 10 Ibr opmung and closing the lel't and nght bypass
passageways 5ld and an air passageway through the high-
pressure side radiator 49.

While a doivnstream part of the high-pressure side radia-
tor 49 witiun the air conditioning case 10 is omitted, outlets
15 to 17 and outlet switching doors 18 to Z9 which are
similar to those shown in FIG. 2 are provided at a down-
stream cnd part of thc air condilioiung case 10.

An outer heat exchan er 42 is comtected to a downstream
side of the high-pressure side radiator 49 along the flow of
refrigerant via a parallel circuit of an electnc expansion
valve 81 constituting a pressure reducing or expansion unit
for heating and an electromagnetic valve 8Z for cooling.
This outcr heat exchanger 42 is such as lo corrcspond to thc
condcnscr 42 In FIG. 2 dnd an outlet side thercol's cun-
nected an inlet side of the evaporator 45 via an electric
expansion valve 83 constituting a pressure reducing or
expansion unit for cooling.

An electromagnetic valve 84 fiir heating is connected in
parallel to the circuit where the electric expansion valve 83
and thc evaporator 45 dre connected in seucs Outlast sales
of tile cviipiil'iitor 45 iilnl thc clcclroinaglu:tlc vdlvc 84 Iol
heatmg are connected to an inlet side of the electric com-
pressor 41 via an accumulator 85.

At the time of heatin, in the refrigeration cycle 40, the
cooling electromagnetic valve 82 and the cooling electric
expansion valve 83 are closed, whereas the heating electro-
magnetic valve 84 Is opcncd. On thc other hand, on ml air
condiliotung case 10 side, using thc two passageway swilch-
iug doors 80. the air passageway in thc high-pressure sale
msdiator 49 is fully opened, whereas the bypass passageways
5 I a are fully closed, whereby highly pressunzed dischar e
gas from the electric compressor 41 releases heat to air
flov ing through the high-pressure side radiator 49 within the
air conditioning case 10 to thereby heat thc air so flowulg.
Thm heatmi air (hot mr) is sent out into thc passcngcr
CoinpiiltlnCilt to hciu lhC 9dlIIC.

'I'he high-pressure liquid refrigerant condensed by releas-
ing its heat at the hi h-pressure side radiator 49 is reduced
in pressure by the heating electric expansion valve 81 to
become a loiv-pressure, gas-liquid two-phase refri emsnt,
dlld lhC low-prCSSIIIC. gdS-llqUld two-pllaSC rcfi1gCldlll So

fiirnuxl is evaporated by pickulg up heal from oulsalc air al
the outcr heat exclmngcr 42. A low-prcssure gas refrigerant,
after evaporation. passes thmugh the heating electromag-
netic valve 84 and is then taken into the electric compressor
41 via the accumulator 85.

In addition, v:hen setting a dehydratin mode, in the
a forcsanl heating state. the heating ehx tromagnctic valve 84
Is closed, whclcds tile coolllig clcclrn: cxptillsloll valve 84 Is

opened whereby, as lhc low -prcssure rcfngerant is allow of
to be circulated to the evaporator 45, a coohng and dehy-
drating operation of air cmi be exhibited within the evapo-
rator 45. Consequently. by using. in parallel. the cooling and
dehydratin operation at the evaporator 45 and the heatin
operation at thc high-pressure side radiator 49. a dehydraluig
filllClloli Call bC CxhlbllCd.

Al thc lime ol coolulg. ui ihe relngcration cycle 40, thc
heatin electromagnetic valve 82 and the cooling electric
expansion valve 63 are opened. whereas the heating electric
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cxpdiisioii 3 Blvc 81 Btld lllc licalitl ch:clroliiilgtictic valve 84
are closed. On the other hand. on the air conditioning case
10 side. usmg the iwo passageway switching, doors 80. the
air passagev ay through the high-pressure side radiator 49 is
fully closed„whereas the bypass passa eways 51a are idly
opened, whereby there exists no heat exchan e beuveen the
lugh-pressure side raduitor 49 mid ihc atr llowutg within the
mr conditioning case 10, mid the radta(or functions only as
a siniple high-pressure refrigerant passagetvay

1'hen, the outer heat exchanger 42 serves as the high- Ia

pressure side mldiator for performing a heat exchange v ith
the high-pressure refri erant, and the high-pressure liquid
refrigerant that has passed throu h the outer heat exchanger
42 is rcduccd tn prcssure by the cooling clcmtrm expansion
Valve 85 lo consutule a low-prcssure gas-hqutd lwo-phase
refrigerant. which then evaporates by picking up heat front
the air fiowing within the air conditioning case 10 at the
evaporator 45. 'I'he gas refrigerant after evapomltion is taken
into the electuc compressor 41 via the accumulator 85

Tints, as can be understood from the description, accord- ic
ing lo thc second embodiment, thc lugh-pressure side radut-
tor 49 serves as a healer for heating air lhat is scnl oul utlo
the passenger conlpartntent 'I'hen. as the heating capacity of
the hi h-pressure side radiator 49 can be changed by the
discharge capacity of the electric compressor 41 (the rota-
tional speed of the compressor). in the second embodiment,
simiLlr function and advantage to those provided in the lirst
mubodimcnt can bc exhibited by coiurollmg the ihschargc
capacity of llu: clectuc compressor 41 (lhc rotational speed
of the conipressor) such that the heating capacity of the ic
higit-pressure side radiator 49 for the target air-outlet tent-
perature 1AO during the bilevel mode operation becomes
larger by a predetermined amount than the heatin capacity
of the high-pressure side radiator 49 during the other modes
operation than the btlcvcl mode. ls

Note that, ui the rclrtgcrant cycle 40 according lo the
second embodunmit, when usuig, for example, carbon diox-
ide (( 02) as the refrigemlnt, the CO2 refrigerant is put in a
critical state due to its physical properties Consequently, the
('02 refrigerant is not condensed at the high-pressure side do

radiator 49 or the outer heat exchanger 42 and releases heat
wlulc remmning ui lhe critical slate. It ocs v,tlhoul saying
that thc lirst and second embodiment can. of course, bc
dpphcd to the rcfngcralton cycle 40 usuig the CO2 refng-
et"tilt.

Tlurd Embodiment

While, in the first entbodiment. the engine coolant that is
heated by the vehicle uinning engine I is used as hot water
that circulates to the heater core 51 for heating air that is sent
out into the passenger compartment. in a third embodunent,
as shown in FICi. 15. hot water that is circuLated to a heater
core 51 is dcsigncd to bc healed by dn elcctuc healer 86.

As with the second enlbodiment. the third embodiment is 3

also directed to an electric vehicle which is provided with ml
vehicle nuuiing engine Consequently, a compressor 41 In a
rel'rigcration cycle 40 is au chmtuc compressor that is dnvcn
by an clcctnc motor energized by mi on-board battery. The
renuiinuig features ol thc third cmbuduncnl arc identical lo ic
those of the first embodiment.

In the third embodiment. by adjusting the heating capacity
ol Ihc clcctnc healer 86, lhc tempcmuirc ol hol walcr that ts
cilculatt il to a llcdux cole 51 ilttlbc Bi!Itisu il. Coiiscqlti till)',
also ui Ihe liard mnboduncnt, similar function and advantage ss
to those provided in the hrst embodiment can be exhibited
by controlling the heating capacity of the electric heater 86

such that Ihc hot v'alar Imnperalurc for a Lirgct mr-oullel
temperature 1'AO durinu a bilevel mode operation becomes
higher by a predetermined temperature than the hot water
temperature for the other modes opemltion than the bilevel
mode

ltoitilli I 'intbodiment

While, in the third embodiment, hot water that is circu-
Lated to the heater core 51 is desi ned to be heated by the
electuc heater 86. in a fourth embodiment, as shou n in FICi.
16, instead ol'he hot water hcatcr core 51, an clcctuc hcaier
87 is dtsposixl directly along an air passageway withui an air
condiltotung case 10. Herc. the clcmtuc hcalcr 87 is cun-
stuicted as a heat exchan er having a laminated stuicture
made up of a number of plate-like electric heater members
and comt ated fins.

In the fourth embodiment„by adjusting the heating capac-
ity of the electric heater 87, the capacity ofheating air within
thc air condtuonuig case 10 cmi be adlustcd. Conscqucntly.
also in thc fourth cmbodimcnt. a I'unction aud an advanui c
sintilar to those pmvided in the first and third embodiments
can be exhibited by controlling the heating capacity of the
electric heater 67 such that the hot water tempemlture for a
target atr-outlet temperature TAO durin a bilevel mode
operation becomes hi her by a predetermined temperature
than the hol water tcmperaturc for thc other modes operation
lllittl lllC bih:Vcl tllodC.

Other Embodiments

(I) Note that by usutg a combustion hcatcr using liquid
fllcl sucli ils liglll oil itl rcpldccitictit of lite clccltlc lic'stela
86, 87 ui the second and third embodiments, and by chang-
ing the heating capacity of the combustion heater between
the bilevel mode and the other outlet modes than the bilevel
mode. a function and an advanta e similar to those provided
in the respective embodiments may be exhibited.

(2) Wlule. in the first einbodnnent„ the case is described
iu wluch duung thc loot mode operation llm dcfroslcr oullel
15 Slid tlic litcc tttnlt:I 16 drt: closed, wlicrcas ollly'llc iota
outlet 17 is opened, so that air is sent out only toward the feet
of the occupants in the passen er conlpartntent, during the
foot mode operation the defroster outlet 15 is slightly
opened tluou h the defroster door 18 v ith the foot outlet 17
bein opened. so thats smail aniount of air may be desi ned
to bc sent out from thc delboster outlet 15 toward Ihe
wuidscrccn al the same lime that air ts smil oul toward Ihe
fhcl of tile occltpitilm ill lllc passciigcr cotilpttrllllcllu

(5) While. in the first embodiment. the automotive air
cmtditioning system is described which is applied to the
hybrid vehicle in which the en ine 1 and the motor 2 are
installed as the driving source for utnnin the vehicle, in
recent years, tvith a view to protecting the environment and
improvuig the I'ucl economy of enguics, thcrc is an uicrcas-
iug lmidcncy that so-called energy-savuig vchiclcs or cco-
nontically uuuiing vehicles are adopted for use in w:hich the
vehicle uuuiing engine is temporarily stopped while waiting,
at a sty&BI and the vehicle rulufing engine is automatically
re-started v:hen the driver operates the vehicle to start from
rest. The control of the capacity of the heater according to
the invention may bc applied Io air conditioning syslcnw of
lllosc ccoliotlltcally'ttlltlillg vchu:lcs.

Namely, the control methods of the invention may be
applied to the contml of engine operation demand determi-
nation for controlling the capacity of the heater when the
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& t:illclc lulllllng Ough&0 ls Billolntlnctlll&'loppix! Ul Bssocla-
tion lvith the stopping of the veiticle at a signal

(4) While, in the first embodiment, in step S4 in I'III 5,
the target air-outlet temperature I'AO is designed to be
calmilaled based on the scl Icmpcralure Tscl, Ihc inside atr
tcmpcralurc TR, thc outs&dc a&r tcmpcralurc TAM tmd the
sunlight amount TS, this is only one of representative
examples of target air-outlet temperature TAO calcularion,
and for example. the target air-Outlet tempen&ture TAO may
be calculated based only on the set temperature Tact and the
inside mr Icmperaturc TR, or Ihc latgel mr-oullct lempera-
Iurc TAO may be calculated based un Ihe sel tcmpcraturc
Tact. the inside air temperature TR and the outside air
temperature TAM.

(5) Alternately. when the outlet mode is determined as the
foot mode m step S27 shown In IIIII. I I, the air mix door 52
may bc controlled lo bc located al lhc maximum healing
posllloll WIICCC lhc VVIIOIC 01 Cold du floll& lhC CVIIpoldlor 45
is caused to flow to the heater core 51 by idly closing the
bypass passageway 51a while fully opening the Bir passage-
way through the heater core 51. whereas &shen the outlet IC

mode is determined as the bilevel mode in step S27, the air
nnx door 52 may bc controlled 10 bc located al lhc tntcr-
medtalc opening pos&uon (thc Icmpcralure control position)
where part of cold air from the evaporator 45 is caused to
flow to the air passageway tluough the heater core 51 v.ith
the rest of the cold atr being caused to flow along the bypass
passaaeway 51&i

Wlnle the tnvenuou has bccn described by rcfi:rmlcc to
thc spccilic embodtmcnm chosen for purposes 01 illu sire lion,
it should be apparent that numerous modifications could be
made thereto by those skilled in the art without departing
fmm the basic concept and scope of the invention.

1110 lllvcnllotl claunixi ls:
I An. 'Ultolllotlvc,'ui'ondltnullflg systetu coiupl&slug:
d ht:dlCI for 1&Cdnng dlr Sclll OUI Olio B paSSCngCI Colll-

pBrtnu:llu
a face outlet provided on a downstream side of the heater

as viewed along the flow of air Ii&r senditlg out air
toward faces of occupants in the passenger compart-
illellt;

a foot outlet provided ou Ihc downstremu side of thc
llcdlcr ils vlcwixi ttlong 11&c flow of air fl&r scnihng OUI

air totlard feet of the occupants in the passenger
conlpaflmentl

a target air-Outlet tenlperature (TAO) calculating unit fi&r

calculating a target air-Outlet temperature ('IAO) for atr d

scut oul into the passcugcr comparnnenll
an outlet mode setuug un&1 Ior selling al least a btlcvcl

mode in which the face outlet Bnd the foot outlet are
opened at the same time and a foot mode in which the
face outlet ts closed, whereas the foot outlet is openoI,

a heating source for heating a heating medium supplied to
thc hcBlcr, Bull

a control unit couligurcd to control operation of the
heating source such that the heating capacity of the
heater for the target air-outlet temperature (TAO) dur-
ing an operation in the bilevel mode becomes larger
than the heating capacity of the heater fi&r the target
du-UUtlct Icmperdturc (TAO) durm opcrauon in the
fool mode.

2. An automotive atr conditioning system as sel fi&rlh tn
clduu 1. wilt:rcltl fllc llcdnng soUrcc is B vciliclc IUntllng
engine. wherein

Ihc healer is a hot-water heater core lo wluch a coolant is
supplied from the vehicle running engine Bs a heating
medium„and wherein

the control unit controls the operation of the vehicle ss
running engine such that the temperature of the coolant
for the target atr-Outlet temperature ('IAO) during the

bilcvcl mode operation becomes higher llrdn the Icm-
pcralurc of Ihc coolant during Ihc Idol mode operat&on.

3 An aulomouvc air conditioning system as sel fotth in
clean 1, whcrcin the healer ts a high-prcssure s&de radiator
into which a high-pressure refngerant discharged from a
compressor of a refrigeration cycle flov s as the heating
medium, wherein

the heating source is the compressor„and wherein
the control unit controls the operation of the compressor

such that the heating capacity of the high-pressure side
radiator for the tar et air-Outlet tentperature (I'AO)
dunng thc bilcvcl mode opcrauon becomes larger than
Ihc llcanng capdcllv'f lhc high-priwslilc sulc Iddlttlol
for the target atr-oulicl temperature (TAO) dunng Ihe
foot mode operation.

4 An automotive air conditioning system as set Ii&rth in
claun I, wherein the heating source is a heating source for
heatin provided separately from the vehicle nulnmg power
source, wherein

the heater is a hot-lvater heater core to which hot water
heated by the heating source for heating ls supplied as
thc hcanng medium. Bnd 0 barmn

the control unit controls the operation of the heating,
source I'or healing such ihat thc tcmpcralurc of Ihc hol
water for thc target atr-oulict temperature (TAO) duung
the bilevel mode operation becomes lugher than the
temperature of the lu&t i&ster for the target air-outlet
temperature CIAO) during the fi&ot mode operation

5 An automotive air conditioning system as set forth in
claim 4, v herein the heating source for heating can be made
up of an electric heater

6 An autoinotive air conditioning system as set forth in
claim I, lvherein the control unit controls such that an air
unx fool is loca tixi BI il Iuttxhnl llll hen hug position w lien lie
Outlet mode for Ihe target mr-outlet tcmperdturc (TAO) is in
the foot mode and controls such that the air mix door is
located at an intermediate open position when the outlet
nx&de fi&r the target air-outlet tempen&ture ('I'AO) is in the
bilevel mode

7 An automotive air conditioning systenl comprising
a heater for heating air sent out into a passenger com-

partment:
a face outlet provulixi on a downstream s&dc oi'hc heater

as vicwcxI along the flow oi'ir Ibr scndutg out air
tolvard faces of occupants in the passenger compart-
ment:

a fool outlet pro&ided on tlm downstream s&dc of thc
healer as viewed along Ihe flow oi air for sending oul
air toward feet of the occupants in the passenger
conlpartnlcnt;

a largel air-outlet temperature (TAO) calculating utul Ior
cdlculatutg a target atr-oulict tempcraturc (TAO) for air
sent out into the passenger compartment; and

an outlet mode sctung umt for sctung at least a bilcvcl
mode in which thc lace ouflet and Ihe foot outlet arc
opened at the same tinle and a foot mode in which the
face outlet is closed, whereas the foot outlet is opened;

the heater being ndapttxi Io adjust thc heating cdpac&ly
thcrcoi dtrixlly on Ihetr own. and compnsulg further,

a contmi unit configured 10 control Operation of the heater
such that the heating capacity of the heater for the target
air-Outlet tcmperaturc (TAO) dunug thc b&icvcl mode
Opcranon bccomcs larger than the heauug capacity of
the heater for the target air-outlet temperature (TAO)
during the foot mode operation.

8 An aulomouvc air conditioning system as sel fotth in
claun 7, wherein the heater is an electric heater.


