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[57] ABSTRACT

A motor vehicle air-condiuoner having a structure that
reduces producuon costs. Main aml sub air-mixing doors
and an inner-air I OOT donr are mechanically interlocked
with a single air-mixin donr actuatnr The shape of an
engagement hole of a main link plate nf a dnnr-mterlock
dcvicc is forntcrl to corrcspond to an operation pattern to
rotate the main and sub air-mixing doors from MAX COOL
to MAX HOT in an interval where a servomotor openin ~

degree is from 0% to 80%. The shape of. an engagement hole
of a main link plate is such that the piste functinns as a lost
mntion link plate that correspnnds to an nperation pattern to
rotate the inner-air I'OOT dnor from a fully closed state to
a fully open state in an interval where thc servomotor
opening degree is from 80%r to 100%. As a result, opening
of the inner air FOOT door becomes dtthcuh even when the
main and sub air-mixmg doors are opened, and so leakage of
conditinned air frnm a fnnt vent can be preventetl

10 Claims, 14 Drawing Sheets

Primarv Fram/ner John K. Ford
Arrorney. Agent, or FirmMJarncss, Dickey dt Pir:rcrb PLC
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FIG. 2
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AUTOMOTIVE AIR-CONDITIONER WITH
VENT AND AIR-MIXING DOOR
INTERLOCKING MECHANISM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to, and claims priority froni,
Japancsc Patent Application Hci. 9-275464.

BACKGROUND

1. Technical I'ieid

This invention relates gcncrally to automotive air
comhtioners, and more particularly lo an aulomonve air
comhtioner provided with an inner,'outer-air b&-level unit
including a partitioning member that forms a first air passage
to introduce passenger-compartment inner air and a second
air passage to introduce passenger-cnmpartment outer air

2. D&scussion

In a conventional autnmntive air conditioner, the tem-
perature of engme coolant water supplied to a heat
exchanger does not rise sufliciently during winter This
condition is duc largely to a drop in cnginc gcneratcd-heat
as a result of thc improvement in automotive fuel-
consumpl&on performance. Therefore, heat&ng capacity
w&thtn a passenger compartment becomes insuificienl, and
adequate heating is nnt nbtained.

To avoid the above-described condition, one type of
conventional an autnmotive air conditioner is prnvided with
an inner outcr-air bi-level unit. Thc air conditioner ducts
already-warmed passenger-compartment inner air to a first
inner air passage, re-heats &he inner air with a heat exchanger
for healing use, aml thereafter blows the inner air into Ihe
passenger compartment from a foot vent. The air conditioner
also ducts lnw-humidity outer air to within a second outer air
passage partitioned from the first air passage, reheats the
outcr air with thc heat exchanger, and thereafter bio&vs the
outcr air into thc passen er compartment from a defroster
vent when a vent mode is a foot niodc or a foot-defroster
mode.

Thts inner/outer-air bi-level unit also includes first and
secnnd a&r-mixing doors to regulate the quantity of air
passing through the heat exchanger and the quantity of air
bypassing the heat exchanger in each of the first and second
air passages. An inner-air foot door is disposed in a passage
communicating thc first air passe c and thc foot vent, and
opens the communicating passage when condit&oned air is
blown from Ihe iool vent Th&s inner-air foot door is struc-
turerl to open tully only when Ihe vent mode of the inner/
outer-air bi-level unit is an inner/outer-air bi-level mode, and
to clnse fully dunng other outer-air induction modes or
inner-air recirculation modes.

Howcvcr, thc above-proposed inner outer-sir bi-lcvcl
confi uration rcquircs an actuator such as a servoniotor to
rotate Ihe first aml seconri air-mixing door and an actuator
such as a servomotor lo rotate Ihe inner-air fool door.
llecause of th&s, the number of door actuators becomes large,
and contrnl use wiring layout cnmpiexity and product cost
incrcascs.

To rcducc product cost, thc first and second air-mixing
doors and thc inner-air foot door may be interlocked with
one actuator lo drive the rioors. In this case, when Ihe lirst
and second air-mixing doors beg&n to open, the inner-air foot
door also begins lo open, irrespecnvely of what Ihe vent
mode may be, and sn conditioned air leaks from the foot vent
even during a vent mode ivhere conditioned air frnm the foot

mode is unnecessary (for example Lhe face mode or the
defroster mode), ivhich a rider may misinterpret as air
conditioner breakdoivn or faulty operation

In a case such as thc foregoing whcrc a single actuator is
mechamcally interlocked with the lirst anil second a&r-

mixing doors and Lhe inner-air R&ol door, delaying Lhe nmin ~

w&th which Ihe inner-a&r fool door begins to open beyond the
timing with which the first and second air-mixing dnors
begin to open mav be considered.

I () Hosvcvcr, svhcn the outsirlc tcmperaturc is morlcratc, such
as in Ihe spi&ng or autumn, or when Lhe temperature of the
engme coolant water suppl&ed to the heat exchanger &s a

predeterinined teinperature (for example Lifl C.) or less (in
the interval until the predetemiined coolant-water tempera-

IS turc is reached after starting thc cnginc), thc tirst anil second
air-mixing doors assume a fully open state (thc so-termed
MAX HOT position) even when thc vent morlc is thc face
mode. Because of this, leakage of conilitioned air from Lhe

fool vent cannot necessanly be prevented, even when Lhe
o timing ivith ivhich the inner-air foot door beg(ns to open &s

delayed beyond the timing with which the hrst and second
a(r-inixiilg (loots heg(&1 Io ope&1

SUMMARY Ol TIIL'NVL'N I1ON
xs

It is an obtect of this invention to provide an automot&ve
air conditioner that rcrluccs prorluct cost by mechanically
interlocking an air-niixin door and an inner-air foot door
w&th a single actuator. IL is a further objec& of this invenuon
Lo prov&de an automotive air conrlitioner that prevents leak-
s e of. conditioned air from a foot vent by causing opening
of an inner-air foot door to lie diflicult even when opening
the hrst and second air-mixing doors.

Accordingly, thc present invention provides an automo-
tive a&r comhnoner in which the number of actu store dnving
vai&ous doors is re&lu cad, and layout of wiring i or o)nlrol use
is simplified, by mechanically interlocking a vent-switching
door with a door-interconnecting unit to switch a vent mode
and selcctivcly open and close an air-mixing door to regulate

so blowin temperature of conditioncrl air blown within a
passen er conipartmcnt from vents of an air-conrlitioner
case anil at least one vent with a single actuator. Therefore,
product cost is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a secnonal view indicating an inner(outer-air
bi-level mode of an inner(outer-air switching unit and a
centrifugal bio&ver of an air-conditioning unit accordin to a
first embodiment of the present invention;

FIG. 2 is a sectional view inrlicating the inner(outcr-air
bi-level niode of an intake-port switching unit of the air-
conditioning unit according to the first cmborlimcnt;

FIG. 3 is a sectional view &mhcanng an outer-air intro-
duction mode of. Ihe inner(outer-air switching unit anil the
centrifugal blower of the air-conditioning un(t accorrhng to
the first embodiment;

l1G. 4 is a sectional view indicalin an outer-air intro-
duction niode of thc intake-port switching unit of thc air-

(e conditioning unit accorrling to thc first cmbodimcnt,
FIG. 5 is a front view depicting an mstrumcnt panel of a

hybwd automobile secor&ling to Lhe lirst embodiment,
FIGS. 6A and 6B are plan v&ews dep&cting a door-

&nterlocl device of main and sub air-mix&ng doors anil a

inner-air I'OO'I'oor according to the first embodiment;
I'ill. 7 is a characteristic diagram indicating the rlegree of

opening of an inner-air I OUI'oor and a main and sub



air-m&xing door with respect to Ihe degree of. opemng of: a
servomotor, according to the first embodiment;

I'IG. 8 &s a f&lock diagram indicating a control system for
the a&r cond&tioner according to the first embodiment;

I'IG. 9 is a plan view depicting a control panel according
to thc first embodiment;

FIG. 10 is a fiow diagram indicating basic control pro-
cessing by an air-conditioner ECU according to thc first
embod&ment,

&o
FIG. 11 is a characteristic diagram indicating the rela-

tionship between target blown-a&r temperature and blower
voltage accordmg to the first embodiment;

I'l(i 12 is a characteristic diagram indicating the rela-
tionship bct&vccn target blown-air temperature and intake-
port mode accordin to thc first cn&bodin&ent;

FIG. 13 is a characteristic diagram indicating thc rcla-
lionsh&p between large& blown-air temperature and vent
mode accorchng lo the first embod&ment,

FIG. 14 &s a flow diagram &nd&cal&ng control processing cn

for servomotor opening-degree determination according to
the hrst embed&ment;

I'IG. 15 is a characteristic diagram indicating a first
operation pattern according to the first embodiment;

FIG. 16 is a characteristic diagran& indicating a second
operation pattern according to the first embodiment;

FIG. 17 is a graph indicatin actuai blowin temperature
versus Ihe ma&n and sub a&r-m&x&ng door opening degree
accordtng lo Ihe lira& embochment, aml

) )

FIG. 18 &s a flow &fiagram &nd&cal&ng control processing
for servomotor opening-degree determination according to a
second embodiment

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

I'(iS. I — 17 depict a first embodiment of this invention
FIG. I through FIG. 4 are drawin s indicating an air-
conditiomn umt, and FIG. 5 is a drawing indicating an
instrument panel of a hybrid automobile.

The a&r comlit&oner for Ihe hybnd-automob&le use accord-
ing lo Ibis embodiment is an aulomot&ve mr cond&lioner
structured to maintain the temperature within the passenger
compartment at a set temperature by controlling, &vith an
a&r-conditioner control unit (hereinafter termed "air-
conditioncr ECU") 50, scverai air-conditionin devices
(actuators) on an air-conditioning unit I to air-condition an
automobile passenger compartment.

Thc air-conditioning unit I is mounted on thc front side
within thc passenger compartment, and is provided with an s,&

air-c:ondit&oner case, or housing, 2 that forms an inner&ouler-
air b&-level unit. Thw air-cond&t&oner case 2 is structured by
jo&ning an mner&outer-air switching unit, a centrifugal
blower, and a vent-s&vitching unit sequentially at an air-
upstream sicle.

As shown in H(f. I and I'l(i 3, the inner/outer-air
sw&tching umt is for taking at least one or both of passenger-
compartmcnt inner air or air from outside of the passenger-
compartmcnt into the air-conditioner case 2. Thc inner/
outcr-air switching unit includes an inner outcr-air switching N)

box 3 &nclu&ling an air uppermost upstream-s&de portion, and
first and seconcf inner/outer-a&r sw&&ching doors 4, 5 thai are.

freely rotatable mside this inner,'outer-air switching box 3.
A first inner-air intal e por&6 is formed al one eml port&on

of Ihe inner/outer-a&r sv:itch&ng box 3. A seconcf inner-air as
intake port 7 and an outer-air intake port 8 are formed at the
other end port&on of the inner,'outer-air switching box 3

The lira& inner outer-a&r switch&ng door 4 &s a door of
planar shape that opens and closes the lirst inner-air intake
port 6. Thc second inner outcr-air switchin door 5 is a cloor
of planar shape that opens and closes thc second inner-air
intake port 7 and the outer-air intake port 8 Servomotors 4a,
5)&, (refer to l)IG. 8) and a link mechanism (nnt illustrated)
are interconnected w&th the first ancf second inner&outer-a&r
sw&tch&ng doors 4, 5 respectively to rotate the doors

Referring again to I 1(i I, an air filter 9 fnr capturing
foreign matter such as dust or dirt in the air tn clean the air
&s incorporated w&lh&n lhe mner&outer-air sw&&chin ~ box 3. A
passage 10 commun&caung the second inner-air intake port
7 or thc outcr-air intake port 8 and thc first inner-air intake
port 6 is formed in thc inner&outer-air switching box 3
Accordingly, the first inner&outer-air switching door 4 fully
closes the comn&unicating passage 10 when the first inner-air
intake port 6 is fully opcncd as shown in FIG 1, ancl fully
opens thc communicating passage 10 when the first inner-air
intake port 6 is fully closed as shown in FIG. 3.

As shown in FIG. I, thc centrifugal blower is disposed
substantially in thc central interior of thc inner&outcr-air
sw&tch&ng box 3, and includes lirst ancf second centnfugal
fans 11, 12, aml a blower motor 13, enabled by a blower
drive circuit 13n, to drive the first and second centrifugal
fans 11, 12 1lerein, the first and second centrifugal fans 11,
12 arc integrally formecl, with the cliamctcr of thc scconcl
centrifugal fan 12 being smaller than that of thc first ccn-
trifu al fan 11.

Thc first encl scconcl centrifugal fans ll, 12 are housed
rcspcctivcly within first encl second scroll-casing portions
16, 17 wherein first and second mtake porhs 14, 15 formed
on an air-mlake s&cle thereof. present a bell-mouth configu-
rauon. The terminus poruons (air-blowing s&de) of: the first
and second scroll-casing portions 16, 17 share a partitioning
panel 29, and communicate &vith tirst and seconcl a&r pas-
sa es 18, 19, respcctivcly.

Referring to I IG 2, disposed within the a&r-conclitioner
case 2 that fern&s the vent switchin un&t is an evaporator 20,
which is part of a rcfrigcration cycle. The refrigeration cycle
is made up of a compressor to compress and discharge
refwgeranl by a drive force from the automobile eng&ne, a
condenser to comlense and hquefy compressed refrigerant,
a receiver h& separate the condensed refrigerant into vapor
and liquid and allow only liquid refri erant to tlow
downstream, an expansion valve to pressure-reduce and
cxpancl liquicl rcfri erant, and the above-dcscrif&ed evapo-
rator 20 to evaporate prcssure-reduced ancl expanded refrig-
erant (note thai only Ihe evaporator is shown).

Thc evaporator 20 is affixcd within a partitionin panel 29
which will be describccl later, to block the cntirc surface of
an mlernal space of Ihe air-comhhoner case 2. The evapo-
rator 20 chills a&r pass&ng through the evaporator 20 and
dehumidifies air passing throu h the evaporator 20. That is
to say, the evaporator 20 is made up of a hrst chilling portion
to chill air flo&ving within the tirst air passe e 18 and a
second chilling portion 19 to chill air flowin within thc
second air passage 19.

Thc con&pressor is intcrconncctcd with an clcctromag-
nctic clutch (not shown) to intermittently convey rotational
drive po&vcr from the automobile cn inc to thc compressor
During engagement of. Ihe clutch, rotahonal power of the
engme is conveyecl to lhe compressor, and an air-ch&flin ~

effect is exerted by the evaporator 20 When the clutch is
disengaged, the engine and the compressor, and thus the
chilling cft'ect exerted f&y the evaporator 20, are interrupted.

A heater core 21 is provided on an air-downstream s&de of
the evaporator 20 to reheat chilled air wh&ch has passed



through the evaporator 20. As shown in FIG. 2 and FIG. 4,
this heater core 21 fomis first and second bypass passages
22, 23 through which chilled air can bypass the heater core
21. Coolant water which has cooled the engine flu&v ivithin
thc bc ster core 21, and thc heater core 21 utflizcs this coolant
water as a heat source to rchcat chilled air.

The healer core 21 is onented within the partitioning
pane129 in the case 2 in a manner that is angled wnh respect
to the vertical onenlalion of the evaporator. The healer core
21 includes a first heating pnrtion to heat air flniving within
the first air passage 18, and a second heating portion tn heat
air flowing within the second air passage 19. Main and sub
air-mixing doors 24, 25 of planar shape arc rotatably joined
to thc panel 29 at thc air-upstream side of thc heater ccrc 21.

The main and sub air-mixing doors 24, 25 are intercon-
neclerl to an air-mixing door actuator 27 (FIGS. 6A—6B)
incorpnrating a servomotor 26 (I)IG 8) therewithin, and a
door-interlock rlevice 28 (I'IGS 6A—613) I'he main and sub
air-mixing doors 24, 25 are selectively rotated by the air-
mixing cloor actuator 27.

Morc spccificafly, thc main and sul& air-mixing doors 24,
25 vary continuously (linearly) from a fully closed state
(0%) to a fully open slate (100%) as Ihe target opening
degree of Ihe servomotor 26 (servomotor opening degree:
SWO) increases. 1)ue to this, the main and sub air-mixing
donrs 24, 25 functinn as first and second blowing-
tcmpcraturc regulating units by regulating thc air quantity
passing through thc heater core 21 and air quantity passing
throu h thc first and second bypass passages 22, 23.

As shown in FIG. 2 aml FIG. 4, the partiuomng panel Z9
partittons the intenor of. the vent-sv:itching unit, thereby
formtng the first air passage 18 through which chiefly inner
air flows and the second air passage 19 through ivhich
chiefly outer air flows The evaporator 20 and the heater core
21 straddle thc first air passage 18 and thc second air passage
19.

The flrst air passage 18 is an inner-air path for inner air
taken in chicfly from thc first inner-air intake port 6 and
blown from a front foot (FrFOOT) openin portion 30 and
a rear fi)ol (RrFOOT) opemng poruon 31 through a front
foot vent 32 anil a rear foot vent (nol illustrated).

Thc second air passage 19 is an outcr-air path for outcr air
tel en in chiefly Irom the outer-air intake port 8 anil subse-
quently blown from a defroster (DEF) opening poruon 33
and a face (I'A('.Li) opening portion 34 through a defroster
(IILF) vent 35, a center face vent 36, and a side face vent
(I'l(i 5).

The partitiomng panel 29 is a partitinning member that
partitions the mterior of the air-conditioner case 2 to form
thc first air passage 18 and thc second air passage 19.
Rcfcrnng to FIG. 2, first and second air-influx passages 38,
39 commumcating thc first air passage 18 and the second air
passage 19 are formml on the lowermost air-downstream
stile. The Iirst aml seconrl air-influx passages 38, 39 are
opened and closed by an inner-air fnnt door 41 and a foot
door 42 which will be described later The first air-influx
pass&gc 38 corresponds to a comniunicating passage accord-
ing to this invention.

A front foot duct (not illustrated) is connected tn the
FrFOOT opening portion 30. Mainly warm air is blown
toward thc foot area of a rider in a front scat front thc
FrFOOT vent 32, which is the lowermost air-downstream
stile anil of this front foot duct. A rear fool duct (not
illustrated) is connected lo the RrFOOT opening portion 31.
Mainly warm air is bloivn toward the foot area of a rider in
a rear seat from the Rrl OO I'ent, which is the lowermost

air-downstream side eml of this rear foot duct. A defroster
duct (not illustrated) is connected to Ihe DL'I'pening
portion 33. Mainly ivami air is bloivn from toward the inner
surface of the windshield the IILl) vent 35, which is the
lowemiost air-downstream side encl of this defroster duct.

A ccntcr face duct and a side face duct (both not
illustrated) are connected to the FACE opening poruon 34.
Cond)honed air introduced in Ihe center face duct is blown
toward Ihe head aml chest area of. a nder in the front seat
from the center I'ACL'ent 36, which is the lowermost
air-downstream side end of the center face duct I urther,
conditionccl air introduced in the side face rluct is blown
toivard the head and chest area of a rirlcr in thc front scat or
toivard a side window glass from thc side FACE vent 37,
which is the lowermost air-downstream side encl of the side
face duct.

Accordingly, the inner-air foot door 41, the foot door 42,
a defroster door 43, and a face door 44 are located on the
air-upstream side of the several opening portions 30, 31, 33,

ac 34 and the first and second air-influx passages 38, 39.
The inner-air FOOT rloor 41 is a vent-switching door to

open and close thc first air-influx passage 38 communicating
Ihe Iirst mr passage 18 with the FrFOOT vent 3Z and the
RrFOOT openin ~ portion 31. The FOOT door 42 is a

vent-sivitching door to open and close the second air-influx
passage 39 linking the first and second air passages 18, 19
with the FrFOOT vent 32 and thc RrFOOT opening portion
31. Thc DEF door 43 is a vent-switchmg door to open and
close an air-influx passage to the clcfroster duct, and thc

l))
FACE door 44 is a vent-switching door le open and close an
air-influx passage to the center face duct.

The inner-air FOOT door 41, similar to the main and sub
air-mixing doors 24, 25, interoonnects the air-mixmg door
actuator 27 incorporating the servomotor 26 (refer to I IG 8)
thcrcwithin, and the door-interlock dcvicc 28 Thc inner-air
FOOT door 41 rotates clue to drive by thc air-mixing door
actuator 27. That is to say, the opening degree of the
inner-air FOOT door 41 vanes contmuously (hnearly) from
a fully closed state (0%) of ihe first air-influx passage 38 to
a fully open state ( I00%r) as the target opening degree of the
servomotor 26 (SWO) increases

Additionally, the remaining vent-switching doors 42
through 44 are interconnected by a servomotnr 45 (refer to

js I 'I( ') and a link mechanism (not illustrated) as an actuator,
anti arc driven by thc servomotor 45. That is to say, thc
several vent-switching cloors 41 through 44 move due to thc
servomotor 45 drivmg the link mechanism, so that the
several vent modes are obtaineil.

Thc air-influx passage to thc side face duct is not opened
and closed bv the several vent-switching doors 41 through
44. Rather, a vent grille (not illustrated) by which a niter
manually opens and closes the side IA('L'ent 37 is
provided near the side I'ACL vent 37.

The structure of the air-mixing door actuator 27 and the
door-interlock device 28 will be descril&ed next with refer-
ence to I'I(IS 6A&33 and I'l(i 7 llerein, I l(iS 6A—613

depict the door interlock of the main anti sub air-mixing
doors 24, 25 and the inner-air FOOT rloor 41, and FIG. 7 is

at) a characteristic cliagram inclicating thc inner-air FOOT cloor
opening degree and Ihe main anil sub air-mixing door
opening degrees with respect to the servomotor openin ~

degree
Relerring to FIGS. 6A—6B, the air-mixing door actuator

es 27 corresponils to the actuator accorrling to this invenuon.
The air-mixing door actuator 27 is securely tightened
together with and fastened to an outer-&vali surface of the



air-1:onditioner case 2 hy a fastener such as a screw, and
incorpnrates therewithin a drive mechanism of the servo-
motor 26 anil a potentiometer 56. Accordingly, a first output
lever 71 for rotating the main and suh air-mixing doors 24,
25 with fulcra (rotating shafts 24a and 25a) as centers and
a second output lever 72 for rotating thc inner-Lir FOOT
door 41 with a fulcrum (rotaung shalt 4la) as a center are
Iixeif lo an output shaft 70 of the servomotor 26. Engage-
ment pms 71a, 72a, which rotate integrally ivith the first and
second output levers 71, 72 are provided at end portions of
the hrst and secnnd output levers 71, 72.

The door-interlock ifevice 28 interconnecls ihe main anrf
sub air-mixing doors 24, 25 and the inner-air FOOT door 41
to mechamcally interlock v:ith Ihe mngle servomotor 26.
'I'his dnor-interlock device 28 includes an air-mixing door
link mechanism 73 to interconnect the main and sub air-
mixin doors 24, 25 with thc air-mixing door actuator 27,
and a FOOT-door link mcchanisni 74 to intcrconncct the
inner-air FOOT door 41 with Ihe air-mixing door actuator
27.

The air-mixing door link mechanism 73 includes a main
link plate 75, an interconnecting plate 76 having an end
portion rotatably interconnected an cnd portion of the main
link plate 75, an interconnecting piate 77 havin a first cnd
portion rolalably interconnected lo another eml portion of
the interconnecting plate 76, and a sub hnk plate 78 having
an end portinn rotatalify interconnected to another end
portion of the interconnecting plate 77. The main link plate
75 has an engagement hnfe 75a in which the engagement pin
7la of thc first output Icvcr 71 is secured. Thc rotating shafts
24a, 25h of thc main and sub air-mixin doors 24, 25 arc
Iixeif to the main anrf sub linl plates 75, 78, respectively.

The engagement hole 75a of the main link plate 75 is
shaped so that the main link plate provides a certain degree
of play, or lost motion, to thc cn agcment pin 7la corrc-
sponrling to a first operation pattern (air-mixin door opera-
tion pattern) of the main anil sub air-mixing doors 24, 25. As
shown in Ihe charactenstic diagram of. FIG. 7, this Iirst
operatton pattern moves Ihe main and sub air-mixing doors
24, 25 m correspondence ivith the servomotor opening
degree (SWO) tn rotate the main and sub air-mixing doors
24, 25 from a fully closed state (MAX COOL) to a fully
open state (MAX HOT) in an intervai where thc target
opentng rfegree of. Ihe servomotor 26 is from a Iirsi prede-
termined value (for example 0%) up Io a second predeter-
mined value (for example S0%).

The I'OOT rloor link mechanism 74 includes a main link
plate 79, an interconnecting plate 80 having an cnd portion
rotatably intcrconncctcd to thc main link plate 79, and a sub
link plate 81 rotatably interconnected to another end portion
of Ihe interconnecting plate 80. The main linl plate 79 has
an engagement hole 79a in which the engagement pin 72a
of the second output lever 72 is secured, and rotates with a
fulcrum 796 as the center. The rotating shaft 41a of the
inner-air FOOT door 41 is fixe to an cnd portion of thc sub
link plate 81

The engagement hole 79a of the main link plate 79 is
formed in a shape correspnnding to a second operation
pattern (inner-air I'OO'I'nor nperation pattern) of the
inner-air FOOT door 41. As shown in thc characteristic
dis ram of FIG. 7, this second operation pattern moves thc
inner-air FOOT rfoor 41 in correspondence with ihe servo-
motor opening degree (SWO) to rotate Ihe inner-air FOOT
door 41 from a fully closerf slate (MAX COOL) io a fully
open state (MAX I IO I') in an interval where the serviiiuotor
opening degree (SWO) is from the second predetermined

value (for example SO%c) up to a third predetermined value
(for example 1009r). That is to say, a predetermined amount
of play is provided by the cnga cmcnt hole 79a so that thc
inner-air FOOT door 41 does not open when thc servomotor
opening degree (SWO) ranges from the first predetermined
value (for example 0%) to the second predetermined value
(for example SOcr ). In other worils, the main link plate 79 is
slruclured as a lost-motion type link.

The structure of a control system according to this
embodiment ivill be described next ivith reference to I I(i 8,
which is a block diagram depicung Ihe control system of an
air conditioner for hybrid-automobile use.

Respective sensor signals from an inner-air temperature
sensor 51 lo deieci air temperature within Lhe passenger
comparlmeni and from an outer-air temperature sensor 52 to

is
deteci air temperature outside Ihe passenger comparlmenL
are input to the air-conditioner L('U 50 to control the several
air-conditioning devices of the air-conditionin unit I

Addinonally, respecnve sensor signals from a sunlight
sensor 53 to detect a quantity of sunhght entering the
passenger compartment, from a post-evaporator temperature
sensor 54 to detect the air-cooling degrcc of the evaporator
20, from a coolant-water tcmperaturc sensor 55 to detect thc
temperature of coohmi water fiowing into the heater core 21,
and from ihe potenuomeler 56 mcorporated within iheas
air-mixing door actuator Z7 are mput to the air-comhuoner
LCU 50.

Among ihe foregoing, Ihe posL-evaporator temperature
sensor 54 is, in specific terms, a post-evaporator
temperature-detecting unit which is a thermistor or the hke
to detect air temperature on the first air passage 18 side
immcdiatcly after passing through thc evaporator 20. Thc
potcntiometcr 56 is a servoniotor opening-degree rlctccting
unit io detect ihe actual opening ilegree of. Lhe main amf sub
air-mixing doors 24, Z5 aml ihe aciual opemng degree of ihe
inner-air I'OOT door 41 hy detecting the actual opening
degree (SW) of the servomotor 26.

Accorihngly, a microprocessor of I nown art, including a
CPU, ROM, RAM, and the like (not illustrated) is rhsposed
ivithin the air-conditioner L'('U 50. The structure is such that
si nals from thc various above-rlcscribcrl sensors 51 through
55 arc input to thc niicroproccssor after analog-to-rhgital by
an input circuit (not illustratcrl) within thc air-conditioner
ECU 50. The airexindiuoner ECU 50 is supplierf with power
from a battery (not illustraieil) when an igmuon switch (noi
illustrated) of the engine is switched on

Switch signals from several switches on a control panel
60 ihsposed in a substantially central portion of an instru-
ment panel P in the passenger compartment are input to the
air-conditioner LCU 50. Herein, as shown m I l(i. 9, the
scvcral switches on thc control panel 60 arc an air-
conditioncr (ALC) switch 61 for instructing starting or stop-
ping of a compressor, an inncrioutcr-air sclcctor switch 62
for swiichin ~ an intake mode, a temperature-settin ~ lever 63
for seilmg Ihe iemperaiure within the passenger compart-
ment to a desired temperature, an air-quantity selector lever
64 for switching the amount of blown air of the first and
second centrifugal fans 11 and 12, a vent selector sivitch 65
for sivitching thc vent mode, and so on.

su In a case where the lever position of the air-quantity
sclcctor Icvcr 64 among thc foregoing is set to OFF, thc
blower motor 13 is rlisablcrl. In a case whcrc the lcvcr
position is at AUTO, the blower voltage of ihe blower motor
13 is aulomahcally controlled. Further, in a case where ihe

ss lever position is ai LO, ME, or HI, Ihe blower voha e of ihe
blower motor 13 is lixed respectively at a minimum value,
an intemiediate value, or a maximum value.



Accordingly, Ihe vent selector sv:itch 65 includes a face.
(FACE) button 65a for lixing at a face morle, a bi-level (B&L)
button 65b for fixing at a Br/L mode, a foot (FOOT) button
65c for fixing at a FOOT mode, a foot-defroster (F&D) button
65d for fixing at an IhD mnde, and a defroster (DLil') button
65e for flxing at a DL'I'ode

Next, a method of control implemented l&y thc air-
conditioncr ECU 50 according to this en&I&odinient will bc
described with reference to I'IG 10 thrnugh FIG 16 I lerein,
I IG 10 is a flnw diagram shnwing basic control processing
by air-conditioner ECU 50.

When the ignition sivitch is switched on and poiver is
supplied to the air-conditioner I.'CU 50, the routine in FIG
10 is starter), aml vanous imtializations and initial settings
are performed (step Sf).

Nevt, switch signafs are read from several switches such
as the inner,'nuter-air selector switch 62, the temperature-
selting lever 63, aml Ihe vent selector switch 65 (step SZ).

Next, analog-to-digital converted signals of the several
sensor signals from several sensors such as the inner-air
temperature sensnr 51, the outer-air temperature sensor 52,
the sunlight sensor 53, the post-evaporator temperature.
sensor 54, Ihe coolant-waler temperature sensor 55, and Ihe
potcntiomctcr 56 arc read (step S3).

Next, a target blown-air temperature (TAO) of. air blown
into the passenger compartment is calculated (determined)
on a basis nf Liquatinn I, which is stored in ROM (step S4)

TAO=KSRT*TSRT-KR*TR-KAN*TAM— KS"TS+C Rotoaooo I

Here, TSET is a temperature set with the temperalure-
setting lever, TR is inner-air temperature detected by the
inner-air temperature sensor 51, TAM is outer-air tempera-
ture detected by the outer-air temperature sensor 52, and 'IS
is amount of sunlight detected by the sunlight sensor 53.
KSET, KR, KAM, and KS arc gain, and C is a constant for
compensation use.

Next, blower voltage corresponding to the targe! blown-
air temperature (TAO) is calculated from a characterisuc
diagram (11G 11) stnred in ROM (step S5)

Next, an intake-port mode cnrresponding to the target
blown-air tcmpcraturc (TAO) is caiculatcd from a charac-
teristic diagram (FIG. 12) stored in ROM (step S6). Herein,
in a case of. automatic control, the inlal e-port mode is
determined so that an inner-air re-circulahng mode., an
inner/outer-air bi-level moile, or outer-air introducnon mode.
is assumed as the target blnwn-air temperature (I'AO) goes
from a inw temperature to a high temperature Additinnally,
when thc inner/outcr-&ir selector switch 62 has bccn oper-
ated by a rider, that is, in a case of manual control, thc
intake-port morle is lixerl at either the inner/outer-air bi-level
mode or Ihe outer-air introduction mode.

Next, a vent moile corresponding to the target blown-air
temperature (TAO) is calculated from a characteristic dia-
gram (11G. 13) stored in ROM (step S7). Ilerein, in a case
of automatic control, the vent mode is dctermincd so that the
FACE mode, thc B L mode, thc FOOT mode, or thc F,'D
mode is assumed as Ihe target blown-air temperature (TAO)
goes from a low temperature to a high temperature.

Ailihlionally, when Ihe vent selector sv:itch 65 has been
operated by a rider, that is, in a case ot'anual control, the
vent mode is fived at the vent mode set by either the I'A('L'utton

65a, thc B/L button 65b, the FOOT button 65c, thc
F:D button 65d, or thc DEF button 65e of thc vent sclcctor
switch 65 on Ihe control panel 60. It ts also acceptable io
determine the vent mode solely by manual control.

Next, the subroutine of FIG. 14 starLS, and the target
opening degree nf the servomntor 26 (SWO) is determined
(step Sg).
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Next, control signals are output Lo the blower drive circuit

(3&t and the servomotors 26, 45 to obtain the several control
states calculated or determined in the several steps S5
through Sg I'urther, control signals are output tn the servo-
motors 4a, 5(I to drive thc first and second inner&outer-air
switchin doors 4, 5 (step S9).

Accordingly, in step S10, Lhe elapse of t which is Lhe

conlrol cycle lime (for example 0.5 sec. to 10 sec ) is
awaited, and control processing returns to step S2

io ('ontrol processing for determining the servomotor open-
ing degree &vill be described next &vith reference to I IG 14
throu h FIG. 17. Hcrcin, FIG. 14 is a flow rliagram indi-
catin control processing for rlctermining thc servomotor
opening degree.

First, when Ihe subroutine of FIG. 14 starLS, a provisional
target opening degree of the servomotor 26 (KSW) to
interlock the main and sub air-mixing doors 24, 25 and the
inner-air I'OO'I'door 41 is calculated on a basis of L'quation
2, which is stored in ROM (step Sil).

o Ksw=IU'Ao —Tl'I/('lvv — I'I I) Ico(" I

Here, TE is the post-evaporator temperature detected by
the post-evaporator temperature sensor 54, and TW is the
coolant-&vater temperature detected by the coolant-water

xs temperature sensor 55
Next, thc vent morlc determined in step S7 is discrimi-

naterl. Herc it is dctermincrl whcthcr or not thc vent mode is
Ihe FOOT mode or the F&D mode (slap S1Z). In a case of an
ailirmanve determination, Ihe target opening degree ol. Ihe

.&o servomotor 26 (SWO) corresponding to the provisional
target opening de ree (KSW) of the servomotor 26 is
calculated from a characteristic diagram (I l(i. 15) stored in
ROM (step S13).

In a case of a ncgativc rlctermination at step S12, thc
is Large( opening degree of Lhe servomotor 26 (SWO) corre-

spomhng Lo the provisional large( opening degree (KSW) of
Ihe servomotor 26 is calculated from a charactensnc dia-
gram (11G. 16) stored in ROM (step S14). I lere, the difl'er-
ence between I'l(i 15 and I'IG. 16 is that the maximum

ao values of thc servomotor opening dcgrcc (SWO) dflfer, so
that the inner-air FOOT door 41 docs not open in a vent
mode other than the FOOT mode or the F&D mode, so that
it is ihfficult for SWO Lo reach 80o/o or more.

Next, the servomotor Z6 is controlled so that the actual
Ls opening degree of the servomotor 26 detected by the poten-

tiometer 56 (SW) coincides with the servomotor opening
de rcc (SWO) detcrmincd in step S13 or step S14 (step
S15). Thereafter, processing exits thc subroutine shown on
FIG. 14.

so The characlensuc duigrams of FIG. 15 and FIG. 16 are
according Lo a muluple linear approximauon formula (three-
line approximation formula), but this multiple linear
approximation formula corrects a nonlinear temperature-
control characteristic of thc air-conditioning unit 1

Generally, as sho&vn in thc graph of FIG. 17, thc relationship
between the air-mixing door opening degree and the actual
blowin ~ temperature is nonlinear. Therefore, when the ser-
vomotor opening degree (SWO) is calculated lrom the
provisional servomotor opening degree (KSW), the

oo temperature-control characteristic of the air-conditioning
unit 1 is sct to become larger in a region whcrc thc
tcmpcraturc-control characteristic is flat, and to bccomc
smaller in a region where Lhe temperature-control charac-
Lerislic rxses.

os Next, Lhe mode of. operation of the several air-
conditioning devices of the air-conditioning unit I according
to the present embodiment will be described briefly with



reference to FIGS. I through 17. FIG. 6A illustrates a state.
of the donr-interlock device 28 representing MAX COOI. of
the main and sub air-mixing doors 24, 25, and f&IG. 6H
dlustrates a state of the dnor-interlock device 28 represent-
ing MAX HOT. Additionally, FIG. 6A iflustratrs a state of
thc door-interlock dcvicc 28 representing a fuily opened
state of the inner-air FOOT door 41, aml FIG. 6B illustrates
a state of the rfoor-interlocl ilevice 28 represennng a fully
closed state nf the inner-air I OOT door 41

When the I'ACE button 65n nr the H I. button 656 of the
vent selector switch 65 is pressed and the I'A(IE mode nr the
B/L mode is initiated, when SWO is calculated to bc less
than or equal to 0 ( /r ), the main and sub airniixing doors 24,
25 are controlled at a position (MAX COOL) passing afl of
the chtlled air from the evaporator 20 to the lirst and second
bypass passages 22, 23. Further, when SWO is calculated to
be greater than or equal to S(l (r/e), the main and sub
air-mixing doors 24, 25 are contrnlled at a pnsition (MAX
HOT) passin all of thc chilled air from thc evaporator 20 to
thc hcatcr core 21.

Accordingly, when SWO is calculated to be greater than
0 ("/o) anil less than SO (%), the main and sub air-mixing
doors 24, 25 are cnntroiled at a position passing the chilled
air frnm the evaporator 20 both tn the heater cnre 21 and to
the brat and second bypass passages 22, 23 However, as
shown in FIG. 7 and FIG. 8, thc inner-air FOOT door 41
never opens thc first air-influx passage 38, even when the
servomotor opening degree (SWO) changes from the Iirst
predetermined value (for example (I/v) to the seconrf pre-
determined value (fnr evample SO'/a); that is, even when the
main and sub air-mixing doors 24 and 25 rotate from MAX
COOI. to MAX HOT

Hcrcin, calculation is such that the provisional servomo-
tor opening dc rcc (KSW) becomes 10(t'/r, or morc when
coolant-water temperature (TW) is low, even if. hypotheti-
cally the target blov:n-air temperature (TAO) is a low
temperature. However, as shown in the charac(ensue dia-
gram nf I'IG. 16, the servomotor opening degree (SWO)
never evceeds SO'/r, and so even in this case the inner-air
FOOT tloor 41 never opens thc first air-influx passage 38.
Duc to this, in a case where thc vent mode is the FACE niode
or the B/L mode, leal age of conditioned air from the.

FrFOOT vent 32 or the RrFOOT vent cannot occur.
In a case where the FOOT button 65c or ihe FiD buuon

65d of the vent selector sivitch 65 is pressed and the fOO'I'ode

or the I'/D mode is efl'ected, when the provisinnal
servomotor opcmng dcgrcc (KSW) l&ccomcs IOOyi or niore,
thc servomotor opening dc rer (SWO) easily exceeds 80c/&8

as shown in the characterisnc diagram of. FIG. 16. In this
case, temperature control of. warm air blown from the
FrFOOT vent 32 anil the RrFOOT vent can be performed in
correspondence with the opening degree nf the inner-air
I OO I'oor 41 by the inner-air I'OO I'oor 41 opening the
first air-infiux passage 38, and an inner&outcr-air bi-icvcl
mode can bc formed as thc intake-port mode.

Herein, in a case where the target blown-air temperature.
(TAO) is an intermediate value aml the intal e mode is
determined to be the inner,'outer-air bi-level mode, as shov:n
in I'IG I the inner air taken into the inner/outer-air sivitch-
ing box 3 from the first inner-air intake port 6 by the rotation
of thc first centrifugal fan ll passes through thc first intake
port 14, is taken into thc first scroll-casing portion 16, and
enters the lira( air passage IS, as shown by the unbroken-line
arrow in FIG. l. Accordingly, the inner mr which has en(creel
the first air passage 18 is chilled while passing ihrough the
first chilling pnrtion of the evaporatnr 20 and becnmes
chilled air, and thereafter passes through the first heating
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portion of the heater core Zl anil fiows into the lirst air-influx
passage 38, as shown by the unbrol en-line arrow in FIG. 2.

Accordingly, thc inner air has which has passed through
thc first air passage 18 flows into thc first air-influx passage
38, passes through the l&r and Rrl'OOT opening portions 30,
31, and is bio&vn from the I rl OO I'ent 32 towartl the feet
of: a nder in the front seat in the passenger compartment and
also Irom the RrFOOT vent towaril the feet of: a rider in the
front scat in thc passenger compartment, as shown by thc
unbroken-linc arrow in FIG. 2.

i i)
Meanwhile, the outer air taken into the inner/outer-air

s&vitching box 3 from the outer-air mtake port 8 by the
rotanon of the second centriTugal fan IZ passes through the
second intake port 15, is take into the second scroll-casing
portion 17, and enters thc second air passage 19, as shown
by the broken-linc arrow in FIG. 1. Accordingly, thc outcr
air which has entered the second air passage 19 is chilled
&vhile passing through the second chilling portion of the
evaporator ZU aml becomes chilled air, and thereafter passes
through the second heating portion of the heater core 21 and

co flows into the sccontl air-influx passa c 39, as shown by thc
broken-line arrow m FIG. 2.

Accordingly, a portion of: the outer air has which has
passed through the second air passage 19 is blown together
with the inner air from the I'rl'OOT vent 32 toward the feet

"s of a rider in the front seat in the passenger compartment, and
the rcmaintlcr is blown from thc DEF vent 35 toward the
inner surface of thc windshield, as shown by thc broken-linc
arrow in FIG. Z.

In a case where the target blown-air temperature (TAO) is
high and the intake-port mode has been determined to be the
outer-air introduction mode, the outer air taken into the
inner outer-air sivitchin box 3 from the outer-air mtake port
8 by thc rotation of thc first centrifugal fan 11 passes through
thc conimunicating passage 10, is taken into thc first scroll-

&a cairn ~ portion 16, anil enters the lirst air passage 18, as
shown by the broken-hne arrow in FIG. 3.

Meanwhile, the outer air taken into the inner&outer-air
s&vitching box 3 from the outer-air mtake port 8 by the
rotation of the second centrifugal fan 12 passes through the

so second intake port 15, is taken into thc scconrl scroll-casing
portion 17, and enters thc second air passage 19, as shown
bv the broken-line arrow in FIG. 3. Acix&id&ugly, the outer
air which has entered the first and secontf air passages 18, 19
is chifled while passing through the evaporator 20 and

as becomes chilled air, and thereafter passes through the heater
core 21

Accordingly, thc outer air has which has passed through
thc first and second air passages 18, 19 is mixed on thc
air-downstream side of. the heater core 21 and becomes

so conilitioned air of optimal temperature, as shown by the
broken-line arrow in FIG. 4. Most of the conditioneil air is
blown from the I rl OOT vent 32 and the Rrl&OO'I'ent
toward the feet of a rider in the front seat, and a portion of
the conditioned air is blown from the DEF vent 35 toward
the inner surface of the winrlshicld.

As was descwbed above, the air-condiuoning umt I
according to this embodiment is structured to mechanically
mterlocl the main aml sub air-mixing doors 24, 25 and the
inner-air l&OO'I'oor 41 &vith the single servomotor 26 via
the door-interlock device 28, as shown in the characteristic
diagrams of FIGS. 6A, 6B and FIG. 7. For this reason, thc
nun&her of actuators rlriving various tloors such as thc
intake-port switchmg door, the air-mixing doors, anti the
vent-switching door is reduced, anil layout of wiring for

es control use for the servomotors incorporated with&n these
actuators is simplified, and so product cost of the air-
conditioning unit I can be reduced.
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Accordingly, in a case where the servomotor opening

degree (SWO) which is the target opening degree of Ihe
servomotor 26 is 0'7a (the first predetermined value) or less,
thc opcnin dcgrce of thc main and sub air-mixin doors 24,
25 and the opemng degree of the inner-air I'GOT door 41 are
alsn 0'/a. As SWO increases in the interval where the
servomotor opening degree (SWO) is 0"!a up to 80%, Ihe
air-mixing cloor opening degree changes from 0"!a (MAX
COOL, fully closed state) to 100% (MAX HOT, fully open
state), but thc inner-air FOOT door opening dc rec reniains
unchanged at 0'/a (fully closed state) Further, in a case
where the servomotor opening degree (SWO) is 80%r (the
seconcf predetermined value) or more, the mr-mixing door
opening degree remains unchanged at 100/a, but ihe inner-
air FOOT cloor opening degree changes front 0'7a up to 100%
as SWO incrcascs.

Accordingly, the calculation characteristic frnm the pro-
visinnal servomotor opening degree (KSW) to the servomo-
tor opening degree (SWO) when the vent mode is ihe FOOT
mode or the F)D mode is such that SWO is 80"/a when KSW
is 100'7r,, SWO is 100%) when KSW is 105%)s and SWO is
110% when KSW is 110%, as shown in the characlerisuc
diagram of FIG. 15. Aclditionally, the calculauon character-
istic frnm KSW to SWO when the vent mnde is the FACL)

mode or the 0,'I. mode (i.e, other than the I)OO I'nde or
the IOD mode) is such that SWO is 67c7n when KSW is
100/)s SWO is 80/r when KSW is 105%, and SWO is 80%
when KSW is 110%, as shown in the characteristic diagrani
of FIG. 16

That is lo say, it is more chflicult for SWO lo reach 80%
or more with the calculation characteristic during other than
the I OO I'ode or the IOD mode than with the calculation
characteristic during the I'OOT mode or the f D mode
Conscqucntly, it is more difficult for thc inner-air FOOT
door 41 to open during thc FOOT mode or thc F)D mode
than cfunng the FOOT mode or the F)D mocfe. Due lo Ibis,
in a case of moclerate outcfoor temperature penod, such as
during Ihe spnng or autumn, or in a case where ihe tem-
perature ot'ngine coolant water supplied to the heater core
21 is a predetermined temperature (fnr example 60' ) or
less, cvcn when thc main and sub air-mixing doors 24, 25
assume thc MAX HOT position even svhcn thc vent mode is
the FACE mocfe or Ihe B,'L mode, it is chflicuk Ior Ihe.

inner-air FOOT cloor 41 lo open, and so leakage of condi-
tioned air from Ihe FrFOOT vent 32 and Ihe RrFOOT vent
can be prevented completely

Additionally, in a case where the intake-port mode is the
inner'outcr-sir bi-lcvcl mode and thc vent mode is the FOOT
mode or thc F)D mode, thc passenger compartment can bc
healecf by talnng in already-warmed high-temperature inner
air into Ihe lirsl air passage 18, heating this inner air v:ith Ihe
healer core 21, aml blowing this inner air into the passenger
compartment frnm the I'rl'OO'I'ent 32 and the Rrf'OO'I'ent.

I'or this reason, even in a case of heating the passenger
compartment wherein thc temperature of the engine coolant
water docs not bccomc very hi h, thc heating performance
in Ihe passenger compartment can be improved. Because, of
this, the temperature v:ithin the passenger compartment can
be automatically controlled to constantly maintain a sei
temperature Moreover, in a case where the intake-port mode
is the inner)outer-air bi-level mnde, antifogging perfor-
mance of thc windshield can l&e improved by taking low-
humichty outcr air into thc second air passe e 19, heating
this outer air with the heater core 21, and blowing this outer
air lower)1 the inner surface of the wimlshield from Ihe DEF
vent 35.

I'IG 18 depicts a second embodiment according tn the
present invention, and is a tloiv diagram indicating control
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processing for determining the servomotor openin ~ degree
In the flow diagram of. FIG. 18, control processing whwh is
identical to the flow diagrani of FIG. 4 is assignecl an
identical number, ancl description thcrcof will bc omitted.

After the provisional servomotor opening degree (KSW)
is calculated at step Sll, the intake-port mode determined at
slap S6 is discriminated. Herein, ii is determined whether the
miake-port mode is the mnerrouter-air bi-level mode (step
S16). In a case where this determination is YES, thc control
processing of step S13 is performccl. In a case where thisiu
deterlnination is NO, the control processmg ot step S14 is
performed

Herein, temperature control in n)rresponclence with the
opening degree of the inner-air FOOT door 41 basically is
pcrformcd solely svhcn the intake-port moclc is the inner
outcr-air bi-level mode. Because of this, it is sufficicnt to
provide the control processin of step S16 of the flow
diagram in I'IG. 18 prior to step Sll of the flow dia ram in
FIG. 14 acn)rdmg io ihe first embodiment. Also, it is
sulficienl to cause execuiion lo advance to the control

zo processing of step Sll when thc intake-vent moclc is thc
inner)outcr-air bi-level mode ancl to cause cxccunon to
advance to the control processing of step S13 when the
intake-vent mode is the inner-air re-circulating mocle or the
outer-air introduction mode.

The present invennon has been described as having
application in an air conclitioner for hybrid-automobile usc,
but this invention niay also bc applied in an all conditioner
to heat the passenger compartment of a vehicle equipped
svith a diesel engine, or a lean-burn engine wherein a
generated-heaL quannty is smalL Addiuonally, this invenuon

lo
may be employed nol solely in an apparatus of an inner,
outcr-air bi-level unit whcrcin the air-conditioning unit 1 has
a first and second air passages 18 and 19, but in an apparatus
of an air-conditioning unit having only one air passage.

With this embodiment, the evaporator 20 of the refrig-
erauon cycle is employed as the heat exchanger for coolin ~

use and the heater core 21 taking the coolant water of ihe
travel-use cnginc as the heat source for heater usc is
employed as thc heat cxchan cr for heating use. However, a
heat exchanger incorporating an air-coolin component such

ao as a Pclticr elcmcnt or an electrical heater may be employed
as the heat cxchangcr for cooling usc. Further, a hcatcr core
lal ing exhaust heal ol: the electncal load of a travel-use
motor, an inverter, or ihe hke or combustion heaL of a

combustion heater as Ihe heat source for heater use may be
as employed as the heat exchanger for heatin use.

This embodiment employs the inner-air l)OO'I'oor 41 to
open and close thc first air-influx passage 38 communicating
thc first heating portion (first air passa c 18) of thc hcatcr
core Zf with Ihe FrFOOT opemng portion 30 and ihe

so RrFOOT openmg portion 31 as Ihe vent-switching door.
However, Ihe other FOOT door 4Z, DEF door 43, or FACE
door 44 may alternatively be employed as the vent-
ssvitching door.

When the FACE door 44 is utilized as thc vent-ssvitching
door, it is acceptable to provide as a door-intcrconnccting
unit a first link mechanism having an engagement hole of a

shape corresponchn ~ to a lirst operation pattern to rotate the
FACE door 44 from 100% (tully open stale) to 0% (fully
closed state) in an interval where the target displacement
value of the actuator is from the tirst predetermined value up
to thc second prcdcterniinccl value, and a second hnk mecha-
nism having an cngagcmcnt hole of a shape corresponding
io a second operation panern to rotate the main ancf sub
air-mixing doors Z4, 25 I rom MAX COOL to MAX HOT in

SS an interval where Ihe actuator large( displacement value is
from the second predetermined value to the third predeter-
mined value
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While the above detaileri description deacnbes the pre-

ferred embodiment of the present invention, the invention is
susceptible to moditication, variation and alternation ivith-
out deviating from the scope and fair meaning of the
followin claims.

What is claimed is:
l. An automobile air conihnoner for conditioning air lo be

blown into an automobile passenger compartment, compns-
iilg:

a housing defining first and second intake ports for
rccciving air supplied front within, and outside of, thr
passenger compartment respectively, and a phirality of.

vents for outputling conditioned air into Ihe passenger
compartment,

a heat cxchangcr for heating thc supplied air;

an air bypass ilevice that is operative lo cause a prede-
termined quantuy of. the supplied air lo bypass Ihe heat
exchanger,

a vent-switching device that is operative to selectively
open or close one or morc of thc plurality of vents;

a hnkage mechanism that interconnecls the venl-
switching device and the air bypass device; and

an actuator in communication with thr linkage niccha-
nism that selcctivcly actuates thc air bypass dcvicc, thr
vent-sv:itching device, or both the air bypass device
anil the vent-switching device, vui the linl age mecha-
ntsm,

the vent-switching device heing connected to the linkage
mechanism via a lost motion linkage plate so that thr
vent-switching device is maintained in place during
actuation of. Ihe mr bypass device in response to a
predetermined operating mode;

wherein Ihe housing further defines a warm air passage
for causing air to pass through and to be heated by the
heat exchanger, a cold air bypass passage for causing
air to bypass thc heat exchanger device, a mixing
chamber in which both thc air from thr warm air
passage and thr air from thc cold air bypass passage are
mixed before being output mlo the passenger
compartment, aiul a warm air bypass passage for caus-
ing the air heated by the heat exchanger to bypass the
mixing chamber and to be output directly to the pas-
scngcr compartment.

2. Thc automobile air conditioner of claim 1, wherein thr
air bypass device comprises first and second air-mixing
doors operative to control air flow through ihe warm air
passage and the cold air bypass passage, respectively, in
response to a selected operating mode and sensed operating
conditions; anil

the vent-switching device comprises a vent door operative
to control air flow throu h the warm air bypass passage
in rcsponsc to thc selected operating mode and the
sensed operating conihlions.

3. The automobile air conditioner of claim 2, wherein Ihe.

actuator ihsplaces the vent door only when the actuauon
level reaches a predetermined displacement quantity.

4. An automotive air conditioner, comprising:
an air-conditioner case having a face vent for blowing

conditioncrl air toward thc head and chest area of a
ndcr, a foot vent for blowing conditioned air toward thr
feel of a nder, and a defroster vent ior blowing condi-
tioned air toward an inner surface of. a vehicle v;iiulow
glas~;

inlet port switching means having an inside air inlet port
and an outside air inlet port for opening and closing

iu
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said inside an air inlet port arul &xi&i outside air inlet
port, said inside air inlet port for introducing an inside
air to said air mnditioner-case, said outside air inlet
port for introducing an outside air to said air-
conditioncr case;

a heat exchanger to heal air flowing within said air-
conilitioner case,

a communicatin passage communicating an air down-
stream side of said heat exchanger and said foot vent;

an air mixin ~ door lo regulate an air quanuty passing
through said heat exchanger anti an air quantity bypass-
ing said heat exchan er;

a vent switching door to selcctivcly open or close sairl
comniunicatin passage and at least onc of sairl face
vent, said foot vent arul saiil defroster vent;

a sin le acluaior lo drive al least said air mixin ~ door and
said vent switching door,

interconnectin Incan& to cause said air-mixing rloor and
said vent s&vitchin door to be mechanically interlocked
&vith said actuator;

an air passe c &vithin said air conditioner case is parti-
tioned to form a first air passe c to induct inside air
introduced by operating said inlet port switching means
lo said fool vent, and a secorul air passage to induct
outside air introduced by operating said &nlet port
switching means to said defroster vent when said foot
vent and said defroster vent are both simultaneously
opcncd, when said air mixing door is opcratcd at a
location &vhcre sairl air quantity passing through sairl
heat exchanger is maximized anti a maximum heaung
state is established.

5. The automotive mr conihtioner of claim 4, further
compnsmg

means for determining a target displacement quantity of
the actuator; and

means for controlling the actuator so that an actual
displacement quantity of thc actuator becomes a target
displacement quantity determined by thc dctcrmining
means, wherein.
Ihe vent-switching door is an inner-air foot door lo open

and close a mmmunicating passage communicating
an air doivnstream side of the first heatin portion of
thc heat cxchangcr anil thc foot vent; anil

the door-intcrconnccting means is provided with a first
links e providing a first operation pattern to cause
the air-mixing door to be displaced from a tully
closed state to a fully open state such that a target
displacement quantity of the actuator is between a
hrst predetermined value and a second predeter-
niincrl value larger than thc first prcdctcrmined
value, and a scconrl links c providing a second
operation pattern to cause thc vent-switching door to
be displaced from a tully closed state to a fully open
state wherein a target displacement quantity of the
actuator is bet&veen a second predetermined value
and a third predetermined value larger than the first
prcdcterniincd value.

6. The automotive air conditioner of claim 5, whcrcin thcio
determining nicans coniprises:

means for detecting inner-air temperature to detect tem-
peraiure wiihin a passenger compartment;

means for selung lemperalure within lhe passen er com-
partment u& a desired temperature; and

means for calculating target vent temperature of air blown
into the passenger compartment from the air-
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comlitioner case base)i on at least an inner-air tempera-
ture detected liy the temperature-detecting means and a
set temperature set liy the temperature-settilig meal)a,
wherein further

a target ihsplacemenl quanuly of the actuator is calculated
based on a target vent temperature calculated by Ihe.

target-calculatiilg meatls.
7. The automotive air conditioner nf claim 6, ivherein:

thc target-dctcrmining means varies a calculation charac-
tcnstic of a target displacement quantity of thc actuator
so that Ihe inner-air tool door ts more diihcult lo open
when a vent mode is other than a fool mode or a
foot-defroster mode

g. The automotive air conditioner nf claim 6, ivherein:

thc dctcrmining means varies a caiculation characteristic
of a target riisplacement quanuty of the actuator so that
the inner-air fool door is more dilhcult lo open when an
intake mode is an intal e mode other than a bi-level
mode to open the inner-air intake port and the outer-air
intake pnrt

9. Thc automotive air conditioner of claim 4, further
compwsin:

means fi)r determining a largel disphicemenl quantity of
the actuatnr; and

means for controlling the actuator so that an actual
displaccmcnt quantity of thc actuator becomes a target
displacement quantity determined by the targe)-
determining means, wherein.
the vent-switching door npens and clnses the face vent;

and
the donr-interconnecting means is provided ivith a first

linkage providing a first operation pattern to cause
thc vent-switchin door to bc displaced from a fully
closed slate lo a tully open stale wherein a target
riisplacement quanuly of Ihe actuator is between a
first predetermined value, anti a second linkage pro-
viding a second operation pattern to cause the air-

)o
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mixin ~ door Io be displaced from a tully closerl state
to a fully open state ivherein a target displacement
quantity of the actuator is between a second prede-
termined value and a third predetermined value
lar er than thc first prcrlctcrmincd value.

10. The automobile air conditioner of claim 4 whcrcin, thc
interconnecung means connects the air-mixing door aml Ihe
vent-switching door to an output shaft of a power source, Ihe
interlocking means comprising:

an air-mixing door linking mechanism to move thc air-
mixing Iloor between an opened anti a closed position;

a lirst output lever connecleil at one eml to the output shalt
and at another end to the air-mixin door linking
mechanism to transfer a motive force from the output
shaft to thc air-mixing door linkin mechanism to move
the air-niixing door bctwccn thc opened anti the closcrl
position;

a vent-switching door linking mechanism operauve to
move the vent-sivitching door between an opened and
a closed position; and

a second output lever conncctetl at onc end to thc output
shaft aml at another end to the vent-switching door
linking mechanism Io transfer the motive iorce from
the output shaft to the vent-switching door to move the
vent-sivitchin door between the opened and the closed
position;

the vent-swilchin ~ door linking mechanism including a

lost-mouon linl plate that causes the vent-switchin ~

door to be maintained in place when the air-mixing
door linking mechanism is operative to move the
air-mixing door in response to a first operating mode,
and that causes thc vent-sivitching rloor to bc movcrl
when thc air-mixing door linking mcchamsm is opera-
tive to move Ihe air-mixing door in response to a

second operalmg mode.


