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(57) ABSTRACT

An automotive air conditioning system includes: an air
conditioning duct having an outlet, an evaporator; a hcatcr
core; an air mix door that divi&lcs air passing through thc air
comhtioning duct in&o to pass through the heater core and &o

bypass the heater core, an outlet air temperature sensor; a

control unit; a primary bypass passageway defined hy the air
mix door; a secondary bypass passageivay did'erent from the
pnmary bypass passageway; and a cold air controlling door
that controls an air flow rate in thc secondary bypass
passageway. The control unit sets an opening for thc air mix
door to obtain air comhuoned to the target outle& air &em-

perature when the cold air controlling door is opened to an
initial opening and controls the opening to cause a tempera-
ture rletected hy the outlet air temperature sensor to
approach a target outlet air temperature

Pr/mare L'xamiaer—John K Ford
(74) A/(oiitey, Agan/, orF/&m—Hamre., Schumann, Mueller
8& I.arson, P.C

4,99-&,958 A '/t'&9& iida
5 &52.335 A '0&1992 Doi et al.

l65/43
165&42 5 Claims, 6 Drawing Sheets
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AUTOMOTIVE AIR CONDITIONING
SYSTEM

BACKGROUND OF THE INVENTION

I I'ield of the Invention

Thc present invention relates to an automotive air conCh-
uomn ~ system, anti more parucularly to an automouve air
comhnomng system in which an outlet air temperature
controlling accuracy is enhancerl

2. Background Art
In vehicles such as passenger cars, an air comlitiomng

system is equipperi in order lo mainlam a temperature
environment within a passenger compartment in good cxhn-

dition irrespective of outsirle air temperature conditions In
the automotive air conrlitioning system, normally, scvcral
outlets arc provided in a panel in front of driver and front
passenger seats. Accorriing Lo the aulomonve air condition-
ing system, an outlet air temperature hs controlletl appropn-
ately so as to become a target outlet air temperature in oriler
to maintain the temperature msirle the passenger compart-
ment to a set optimum temperature. 'I'he control of the outlet
air tcniperaturc is implcmcntcd by controllin thc opening of
an air mix rloor adapted to bc freely opcncd and closcrl -''

which is disposed between an evaporator and a heater core
which are installeri in an air condinoning duct in such a
manner as to control a mixing ratio of a hot air (a hot side
air) with a cold air (a non-hnt sirle air). The air mix door,
which is provided upstream nf the heater core, has a function
to divide air passing through thc interior of thc air conCh-
tioning duct into thc hot-side air and thc non-hol side air

A technique descnberi in a JP-A-56-82626, for example,
is known as a techmque for controlling with good accuracy

33the outlet air temperature at an outlet nf an automotive air
conditioning system to a target outlet air temperature.
According to thc technique dcscribcd in JP-A-56-82626, a
temperature sensor is providcrl at the outlet, so that an actual
outlet air temperature detected by lhe temperature sensor is
comparetl with a targeL outlet air temperature sel on a conlrol du

system, and the opening of the air mix door is controlled so
that the actual outlet air temperature apprnaches the target
outlet air temperature.

SUMMARY OF THE INVENTION

As shown in JP-A-56-82626, when thc actual outlet air
tcmperaturc is fccrlback controlled to thc target outlet air
temperature by controlling the opening of the air mix door
in lhe auuhmotive air conditioning system, Ihe following
problem is expected to be raised.

The temperature of a heater core, which constitutes a hot
temperature side, is determined based on the temperature of
an engine coolant, and a diffcrcncc in tempcraturc between
the heater core and an evaporator, which constitutes a low 3

temperature side is very large. Namely, the dilference in
temperature between a cokl air sent from the evaporator aml
a hol air that has passed through aml come out of the heater
core as a result of the rlividing action of the air mix door is
large liue to this, ivhen trying to rlivide an air passing from re
thc evaporator to thc hcatcr core into a hot side air, that is,
a hot air anti a non-hot side air, that is, a colrl air by imparting
a change lo the opening of the air mix door based on the
aforesmd feedback control, a change in lhe outlet air tem-
perature relauve to lhe change in the openmg of the air mix as
door becomes very large Namely, since only the amount of
air that liecomes a hot air by the action of the heater core on

a downstream side aml Ihe amount of air which is a cold air
are determined by Ihe air mix door, an extent of temperature
chan c that can bc controlled rclativc to thc tar ct outlet air
tcmpcraturc becomes lar e, resulting in a rough control. In
other vvnrds, in the conventional feedback control, air is
mainly divided into the hot side air and the non-hot side air
only by the air mix door, aml a line temperature control
cannot be performed, and hence there has been caused a

problem that thc outlet air tcmpcraturc cannot bc controlled
with ood accuracy.

A problem that the invention is lo solve is to improve the
convenuonal rough temperature control attnbuled to the
large temperature difference between the hot air anti the colrl
air in the automotive air conditioning system that is config-
urcrl to control thr opening of the air mix door in order for
thc outlet air temperature to bc caused to approach thc tar el
outlet air temperature lo an accurate temperature control by
reriucing Ihe extent of temperature change that can be
controlled.

In view of the problem mentioned above, an obtect of the
invention is to proviile an automouve air conditioning
system which can control the temperature of air sent out
from an nutlet with good accuracy by reducing the extent of
temperature change that can be controlled relative to a target
outlet air tcmpcraturc under a configuration in which a
fi:cdback control is implcmentcrl so that thc outlet air
temperature al Ihe outlet can be caused to approach the target
outlet dir temperduire.

To attain thc object, thc invention provirlcs an automotive
air conriitioning system, incluiling. an air comhtioning duct
having an ouflel; an evaporator that cools air inside the mr
conditioning duct; a heater core that heats air inside the air
conditioning duct; an air mix donr that divides air passing
throu h an interior of the air conditionin duct into a hot side
air which is made to pass through thc hester core and a
non-hot side air which is niarlc to bypass thc heater core; an
outlet air temperature sensor that detects a temperature of air
al the ouflel, a control unii that is connected lo the outlet air
temperature sensor; a primary bypass passageway which is
dehned by the air mix door; a secnndary bypass passageway
which difters from the primary bypass passageway; and a
cold air controliing door that controls a flow rate of air in thc
sccomlary bypass passe eway. Thc control unit includes; an
air mix door opening seumg unit that seas an opening for the
air mix rioor so as lo obtain air conriiuoned to the target
outlet air temperature when the cold air controlling dnnr is
opened to an initial opening; and a cold air controlling dnor
controlling unit that controls the opening of the cnkl air
controllin door to cause a tempcraturc rlctccted by lhc
outlet air temperature sensor to approach the target outlet air
temperature.

In thc automotive air conrlitioning system, since thc flow
rate of the non-hot side air that is coolcrl by thc evaporator
is controlled by a combinauon of Ihe amount of air that flows
through the primary bypass passageway, which is originally
provided, for cnntrol by the air mix door and the amount of
air that flnws through the secondary bypass passageway,
which is added, for control ihy the cold air controllin door,
and thc cold air controlling door controlhng unit controls lhc
opening of the cold air controlling rloor so that thc tempera-
ture detected by lhe outlet air temperature sensor is caused
to approach the target outlet air temperature, an accurate
control can be implemented by the cold air contrnlling rloor,
and hence the outlet air temperature can be controlled with
gooci accuracy.

Preferaliiy, the cold air controlling door controlling unit
sets the initial opening of the cold air controlling door to
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50/o of. the total opemng thereof when a temperature of
outside air is in an intermediate area between a high tem-
perature area and a low temperature area Due tn this, since
the cold air controlling rloor can be controlled sufflciently in
both rlircctions in which thc cold air controlling door is
opened anti in which thc same door is closed after thc
opening of the air mix door has been «el by the air mix door
opening sellin ~ unit so as Lo obtain an air condilioned to Ihe
target outlet air temperature, the outlet air temperature can
be controlled with goorl accuracy when the outside air io

temperature resides in the intermediate area between the low
temperature arcs anil thc high mmpcralurc area.

Preferably, the cold air controlling door controllmg unn
se(s Ihe initial opening of ihe cold air controlling door
smaller than Sflr/n of the total opening thereof when a
temperature nf outside air is in a low temperature area. Due
to this, since thc cold air controlling door can bc controlled
sufflcicntly in thc rlirection in which Ihc cold air controlhng
door is opened aller the opening of ihe air mix door has been
sel by Ihe air mix door opening setting unit so as to obtain
an air conditioned to the targei outlet air temperature, the
outlet air temperature can be controlled with gond accuracy
when the outside air temperature resides in the low tem-
pcraturc area

Preferably, Lhe cold air controlling door controllm ~ unit
sets the initial opening of the colri air controlling door larger
than 50!'!o of the total opening thereof when a temperature or
outside air is in a high temperature area Due to this, since
the cold air controlling rloor can be controlled sufflciently in
thc direction in which thc cold air controlling door is close(i

io

after thc opening of thc air mix door has been set by thc air
mix door openin ~ selnng unit so as to obtam an air cond&-

tioned lo the target outlet air temperature, the outlet air
temperature can be controlled with good accuracy when the

33outside air temperature resides in the high temperature area.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be more readily described with
reference to the accompanying rlrawings: IO

FIG. 1 is a side view schematically showing Ihc construc-
non of a Iront hall: portion of an automobile equipped with
an aulomouve air comhtioning system accorihng to the
invennon.

FIG. 2 is a drawing showing thc construction of the as

autoniotivc air conrlitioning system accordin to Ihc inven-
tion.

I'IG 3 is a floivchart illustrating a driving control prncess
of an air mix door anil a cold air controlling door by the
automotive air conditioning system accorrling to the inven- n

tion.
FIG. 4 is a diagram showing a relationship bclwccn an air

mix door opcnin anti a target outlet air temperature illus-
trated using the opening of Lhe cold air controlling door as
a parameter.

FIG. 5 is a ihagram showing a relanonship between the
outside air temperature anti an uiitial npening of the enid air
controlling door

FIG. 6 isa diagram showin a relationship bctwcen the air re
mix door opening and a target outlet air tempcraturc rcsult-
in in thc cvcnt that thc initial opening of the cold air
controlling door is made to be 50e/r, when the outside air
temperature resides in an intermediate area between a high
temperature area and a low temperature area as

I'IG 7 is a diagram showing a relationship iietween the air
mix door opening and the target outlet air temperature

resulting in Ihe event that Ihe mitial opening of the cokl air
controlling donr is made to be smaller than 50c/a when the
outside air temperature resides in the loiv temperature area

I IG 8 is a diagram shoiving a relationship between the air
mix door opening and thc target outlet air tcmpcraturc
rcsultin in the event that the initial opening of thc cold air
controlling door is made lo be larger than 50% when the
ou(stde air temperature resides in the high temperature area.

l)E IAII.LD IILSCRIPTION Ol

'llIL'REFERRED

EMBODIMENTS

I iereinafter, a preferred embodiment of the invention will
bc rlcscribcd based on thc accompanying drawings.

FIG 1 is a schematic sirlc view of a front-half part of an
automobile equipped with an automotive air conditioning
system according Lo Ihe invenuon. In FIG 1, portions of an
automobile 11 corresponding Lo a passenger compartment 12
and an engine cnmpartment 13 are shown A driver 15 is
shown as heing seated on a seat 14 in the passenger
compartment 12. An engine 16 is disposed in thc interior of
thc cn inc compartment 13. A power transmission mecha-
nism is omitted in thc dravvin which transmits power
outputted from the engine 16.

The construction of. an air conditioning system 17 will be
ilescribed. Firstly, an engine coohng system will be
described A radiator 18 and a radiator fan 19 are dispnserl
in front of (in the drawing, on a left-hand side of) the engine
16. Coolant passagcvvays 20, 21 arc dcfincd in thc interior of
thc cnginc 16, and furtherniore, coolant pipings 22, 23 arc
provided between Ihe engine 16 and the rmhator 18. A
coolant circuhuing flow path (an engine coolant circuit) is
defined by the coohint passageway 20 in the intenor of the
engine, the coolant piping 22, the radiator 18, the coolant
piping 23 and the coolant passa eway 21 which are arranged
in that order. Thc coolant piping 23 situatcrl on an outlet side
or thc radiator 18 is connected to the coolant passageway 21
lor passage of. a low-temperature coolant that has been
cooled in the radiator 18. The coolant piping 22 situated on
an inlet side of the raduitor 18 is connected to the coolant
passageway 20 for passage of a high-temperature coolant (a
hot water) that has been heated in the engine 16. 'I'he coolant
passagcways 20, 21 are conncctcd to each other in Ihc
interior of thc engine 16. Thc circulation of coolant that is
descwberi above is executed by a coolant pump 24 prov«led
in, lor example, Lhe coolant piping 23

Accoriling to Lhe engine coolin ~ system, coolant circu-
lates thrnugh the engine coolant circuit, absorbs heat gen-
erated in the engine 16 (to thereby become hot water), is then
cooled in the radiator 18 so that the temperature thereof is
lowcrcd, and is supplied to thc cn inc 16 again. Thc coolant
circulatcs through thc engine coolant circuit in that way,
whereby Ihe cooling of. Ihe engine 16 is allowed to conunue.

The air comhnomng system 17 includes a heater core
piping 31 connected lo Ihe coolant passageway 20 and a
heater core piping 32 connected to the coolant passageway
21 via the coolant pmnp 24 The piping 31 anil the piping 32
form a hot water circulation flow path (a hcatcr circuit) by
way of a heater core 33. Thc hcatcr core 33 is a heal
cxchangcr. A water valve 34 is provide(I in thc hcatcr core
piping 31 in the circuhinon flow path. The heater core 33 is
disposed in Ihe interior of. an air condinomng duct 35.

Provided in the air condinoning duct 35 are, to mention
Irom an upstream stile which is situated on the engine
compartment 13 side, a blower lan 36, an evaporator (a
passenger compartment heat exchanger) 37, an air mix dnor
38, which can freely be opened and closed, a cold air



controlling door 39, whmh can ireely be opened and closerl,
the aforesaid heater core 33, a branch portion 40 for dividing
a passageway portion which bypasses the heater core 33
further into two passa cways (a primary bypass passageway
101, a secondary bypass passageway 102) in association
with the opening and closing operations of the air mix door
38 and the cold air controlling door 39 and outlets 41, 42.
The evaporator 37 cools air sent i rom the blower fan 36. The
outlet 41 is an outlet for vent and thc outlet 42 is an outkt
for a footwell.

In the air conrlitiomng rluct 35, air passing through thc air
conditioning rluct 35 is rlivided by thc air mix door 38 into
a portion which is allowed to pass throu h the heater core 33
(a hot side air, an air portion 63 in FIG. 2) and a portion
which is caused to bypass the heater core 33 (a non-hot side
air, an air portion 61 in the primary bypass passageway 101
in I'l(l. 2). I'urthermore, the secondary bypass passage&vay
102, which differs from thc primary by pass passageway
101, is provided in thc non-hot side air (cold air) v hich is
caused to bypas~ the heater core 33. An air portion 6Z flows zc
in the secondary bypass passageway 102. In the secondary
bypass passageway 102, the flow rate of the air 62 can be
controlled by means of the colrl air controlling door 39 The
non-hot side air is divided into the air portion 62 &vhose tlow
rate Is controlled by thc cold air controlling door 39 and the,,
branch portion 40 anil thc air portion 61 which is caused to
bypass the heater core 33 by means of the air mix tloor 38.
Thus, accoriling to the construcuon oi the air conditiomn ~

duct 35, air &vhose temperature is controllerl can be supplied
into the interior of the passenger compartment 12 ln I'IG I,
reference numeral 43 denotes a line indicating a bulkhead
which scparatcs thc passcngcr compartment 12 from thc
cn inc compartment 13.

Accorrling to thc air conrlitioning sysmm 17, hot water in
the engine coolant circuit that has bccn heated by engine &s

heat is causcrl to flow to thc heater circuit for circulation. Atr
passing through the heater core 33 can be warmer) by virtue
of this hot water circulauon, ao& that air so warmetl can be
supplied into passenger compartment 12 'Ilien, a mixing
ratio of air that passes through the heater core 33 with air that ap
bypasses the hcatcr core 33 is controflcd by appropnatcly
controlling thc flow rate of the warmed air by means of thc
air mix door 38, so that thc temperature is controflcd.
Furthermore, the outlet air temperature is controlled more
accurately by linely controlling the flow rate of cold;ur by
means of the cold air controlling door 39 so as to be caused
to approach a set temperature

FIG. Z is a drawing illustraung the construcuon or the air
conditionin system 17 according to the invention which
includes the conhguration of a controlling system. The so
construction of thc air conditioning duct 35 is as has bccn
rlcscribcd above, and like rcfcrcncc numerals arc imparted to
like clcnicnts to the clemcnts that have bccn described with
respect to FIG. 1. In FIG. 2, the air conditioning system 17
further includes an outlet air temperature sensor 55 for
detecting the temperature of air at the outlet, a rotating
mechanism 58 for freely opening anil closing the air mix
door 38, an air mix door driving motor 56M for changing the
opening of thc air mix door 38, a rotating mechanism 59 for
freely opening anil closing thc cold air controlling door 39 re
and a cold a&r controlhng door driving motor 57M for
changing the opening or the cold air controlling tloor 39

An air mix door opening setung unit 56 ior sendin ~ a
dnving command signal to the air mix door dnving motor
56M and a cold air mntrolling door controlling unit 57 for as
sending a drivin command signal to the cold air controlling
door drivin motor 57M are provirlerl in a controlling

apparatus. The controlling apparatus 50 is realizeii by a

computer installed in the automob&le 11

Air 60 sent out from the blower machine 36 is cooled
while passing through the evaporator 37 and comes out of
the evaporator 37 as a cokl air. The air so cooled w then
ihvided ilepending on the opening of the air mix door 38 into
thc portion (thc hot-side air) 63 which is caused to pass
through thc heater core 33 and thc portions (thc non-hot side
air) 61, 62 which are caused to bypass the heater core, anil
the non-hot side air is divided further into the air portion 62
whose tlow rate is controlled by the cokl air controlling door
39 and the air portion 61 which is caused to bypass the heater
core 33 by means of the air mix door 38 Thc mixing ratio
of thc hot side air 63 and thc non-hot side air (61, 62) is
changed depending on the opening position of the air mix
door 38. The flow rate of thc air portion 62 of thc non-hot
side air is finely controlled by the colrl air controlling door
39.

Thc opening or the air mix door 38 is rlctcrmincd within
a range from an angle at which the passageway which causes
air to pass through the heater core 33 is complctcly closed
anil an angle at which the passageway which causes air to
bypass the heater core 33 is completely closed. The opening
of the cold air controlling door 39 is initially held at a preset
opemng depending on the outside air temperature anil is
dove n within a range from an angle at which thc passageway
in association with the cold air 62 is complctcly closed to an
an lc at which thc sante passa c is completely opcncd when
a line controlhng is rertutred tlue to the ieedback control of
the outlet mr temperature.

The operation of the air mix door driving motor 56M for
changing the opening of the air mix door 38 is controlled by
a driving command signal given by the air mix door opening
setting unit 56 of the controlling apparatus 50. 'I'he operation
of the driving motor 57M for changing the opening of the
cold air controfling door 39 is controllcrl by a drivin
command signal given by thc colrl air controlling door
controlling unit 57 of the controlling apparatus 50.

Inputted Into thc controlling apparatus 50 as input signals
arc Tr (a signal rclatcd to thc tcmpcrature insirlc thc pas-
senger compartment) from a passenger compartment tem-
perature sensor 51, Tsun (a signal related to the amount of
solar light entering the passenger compartment) from a solar
hght sensor 52, Tam (a signal related to the temperature
outside the passenger compartment), 'Iset (a signal related to
a tcmpcraturc sct for air insirlc thc passenger compartment)
from a temperature setting unit 54, and Tout (a signal rclatcd
to the temperature of air ai the outlet) from the outlet mr
temperature sensor 55. Tact is a set temperature that is to be
set by the driver 15, and Tr, Tsun, Tam and Tout are,
respectively, detection signals outputted from the corre-
sponding sensors 51, 52, 53 and 55

'I'he controlling apparatus 50 into which the aforesaid
various types of signals are inputted controls the opening of
the air mix door 38 and the openmg of the cold air control-
ling door 39 based on a control flow and a relational
rcprcssion, which will bc dcscribcd below.

Next, referring to FIG. 2 and further to FIG. 3, thc
opening control of thc air mix rloor 38 anil thc cold air
controllin door 39 based on thc control by thc controlling
apparatus 50 will be described. FIG. 3 is a flowchart
illustrating how to determine the opening when controlling
the opening and closing operation of the air mix door 38 and
a feedback control by the cold air controlling rloor 39.

Various types oi. mput &&goats are read at an Initial step
5101 Ilere, input signals that are read are 'I'r, Tsun, 'I'am,

Tact and I'out.
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Next, a target outlet air temperature (TAO) is calculated
using Ihe aforesaid input signals and based on the following
equation (Equation No I) (step S102).

TAO=Ksei"Teer-K "Ti— Knm"Tsm— Ksun"Tsun+C(nquni on So LI

whcrc;
Tsct is a tcmperaturc sct for air inside thc passcngcr

compartment,
Tr is the temperature of air inside the passenger

comparlmenL,
Tam is Lhe temperature of air outside the passenger

compartment,
Tsun is thc amount of solar light cntcring Ihc passcngcr

compartment,
Kset, Kr, Kam, Ksu, and (.'re controlling constants, and
'enotes a symbol for mulhplicauon.
An initial opening for the cold air contnilling door 39 is

set based on the I'am roarl at step S101 (step SI03). An
opening for the air mix door is calculated based on a
nunicrical value of the calculated target outlet air tcmpcra-
turc TAO (step S104). Thc opening of Ihc air mix door 38 zo

is controlled via the air mix door driving motor 56M based
on the opening so calculated (step S(05).

The openin of the air mix door 38 that has been calcu-
lated above is a value that has been calculated on the premise
that the cold air controlling rloor 39 is at the initial opening.
Consequently, an air tcmpcrature at Ihc outlet that is
obtained only from thc control of thc opening of the air mix
door 38 is such as Lo reside in Lhe vicimty of the target outlet
air temperature TAO This is because the air mix door 38 has
the function to divide the air passing through the air cond&- ic

tionin duct into the hot side air 63 which is caused to pass
through the heater core 33 anti the nnn-hot side air 61, 62
which is caused to bypass thc heater core 33, and the outkt
air tcmperaturc is causcrl to approach Ihc target outlet air
temperature TAO by the air mix door 38. 33

Next, Lhe target outlet air temperature TAO is compared
with an outlet air temperature Tout detected by Lhe outlet air
temperature sensor 55, so that the nutlet air temperature is
caused to approach the target outlet air temperature TAO by
controllin thc opening of thc cold air controlling door 39. Io

In thc event that thc target outlet air temperature TAO is
equal to the outlet air temperature Tout (step S106), the cold
air controlling door 39 is stopped, or with the cokl air
controlling door 39 being in a stopped state, the stopped
state is caused to continue as it is (step S107)

In the event that the target nutlet air temperature 'I'AO is
rliffcrent from the outlet air temperature Tout (step S106) in
such a manner that thc tar ct outlet air mmpcraturc TAO is
higher than the outlet air temperature Tout (step S108), the
opening of the cold air controlling door 39 is controlled in o

the direction in which the door is closed (step S109). As this
occurs, it is preferable to control the opening in accordance
with the difference in temperature In cnntrast, as a result of
the comparison, in thc cvcnt that thc target outlet air
temperature TAO is lower than thc outlet air temperature 3

Tout (step S110), Lhe opemng of Lhe cold air controlling door
39 is controlle&l in the direction in which the door is opened
(step S110). Since the cokl air controlhng door 39 is in the
state in which the door is opened through the predetermined
opening at the initial stage, even in the event that the outlet ic
air tempcraturc is higher or lower than thc target outlet air
tcmperaturc, the colrl air controlling door 39 can bc finely
controlleil so as Lo increase or decrease the outlet air
temperature by controlling the cold air controlling iloor in
the direction in which Lhe door is close or opened. os

While at the step S106, the target outlet air temperature
'I'AO and Ihe outlet air temperature Tnut are described as

being equal to each other, they may be regarded as being
equal vvithin a predetermined range In this case, when a
difFerence betiveen the target outlet air temperature TAO and
the outlet air temperature qiiut falls within a predetermined
range, the cold air controllin door 39 is stopped, whereby
thc outlet air temperature Tout is fi:cdback controlled in such
a manner as to fall withm a predetermined Lemperature range
relative Io the Larger outlei air temperature TAO at all umes,
and the cold air controlling door 39 is controlled about the
initial opening.

I'IG 4 is a diagram showing a relationship between the air
mix door opcnin (0 to 10(I%) and thc target outlet air
tcmpcraturc TAO illustrated using thc initial opening
(typically 0%, an arbitrary angle (a predetermined angle),
100%) as a parameter. As shown in FIG. 4, in ortier to obtain
the same target outlet air temperature, the opening of the air
mix donr 38 becomes larger as the cold air controlling door
39 opens wider. In addition, it is seen that the change in
tcmpcraturc according to the change in the opening of thc air
mix door becomes smaller as the colrl air controlling door
opens wider.

Here, it will be riescribed why the initial opening oi the
cold air controlling door 39 needs to be changed depending
on difFerent seasons or the like. In the season like spring or
autumn when a hot iveather and a cold weather are repeaterl
alternately, since cooling and hcatin nccd to bc uscrl, thcrc
may occur a case whcrc thc outlet air tcmperaturc liccomcs
higher anil lower Ihan Ihe target outlet air temperature. Due
to Ibis, the cold air controlling door 39 needs to have an
allowance in opening in order to control cold air. In additinn,
when heating is used as in winter, since the target outlet air
temperature needs to be high frnm the time when the air
conditioning system 17 is activated, it is prcfcrablc that thc
Initial opening of the cold air controllin rloor 39 is small.
On the contrary, when cooling is used as in summer, since
the target outlet mr temperature needs to be low I'rom the
ume when the air conihtionmg system 17 is activated, « is
preferable that the initial opening of the cold air controlling
door 39 is large

Next, a case will bc described where thc initial opening is
caused to diffcr dcpendin on diffcrcnt outside air tcmpcra-
tures. FIG. 5 is a diagram showing a relauonship between
outside air temperature and the ininal opening of the cold air
controlling door. When Ihe outside air is in an intermediate
area between a low temperature area and a high temperature
area, the initial opening of the cold air controlling door is
made to bc in thc order of 50'yo of thc total opening thereof.
When the outside air is in thc high tempcraturc arcs or when
a season like summer has come, the iniual opening oi the
cold air controlling door is made to be larger than 50e/e,.

When the outrude air temperature is in the low Lemperature-
area or ivhen a season like winter has come, the initial
opening of the cold air controlling Liner is made to be smaller
than 50/i.

Next, a relationship bctwccn thc air mix door opening and
the target outlet air temperature TAO wdl be Illustrated
using Ihe opening of Lhe colil air controlling door 39 as a

parameter in each of the aforesaid cases, and charactenstics
of each case will be described.

I IG 6 is a diagram shoiving a relationship between the air
mix door opening and thc target outlet air tcmpcraturc TAO
rcsultin in the event that the initial opening of thc cold air
controlling door 39 is made Io be 50o/i, when the outside mr
temperature is in Ihe intermediate area between the low
temperature area and Ihe high temperature area. In a season
hke spring or autmnn when a hot iveather and a colrl weather
are repeated alternately ivith the outside air temperature
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residmg in the intermediate area, since cooling and heatin ~

need to be used, there may occur a case where the outlet air
temperature becomes higher or lower than the target outlet
air temperature TAO 'Ih cope with a conrlition like this, with
thc initial opcnin of thc colcl air controlling door 39 being
set to 50c/a, thc cold air controlling door 39 can bc controllccl
to either a side where the temperature is rncreaseil or a side
where the temperature is decreased. Consequently, even in a
case ivhere the difference between the outlet air temperature
and the target outlet air temperature is large due to the in

control only by the air mix donr 38, the cold air controlling
door 39 can bc fccdback controllcrl so that thc outlet air
temperature can bc caused to approach the target outlet air
temperature TAO.

FIG. 7 is a diagram showing a relationship between the air
mix door opening and the target outlet air temperature 'I'AO

resulting in the event that the initial npening of the cold air
controlling door 39 is made to be Inwer than 5(lr/7 ivhen the
outside air tcmpcraturc rcsidcs in the lovv tempcraturc area.
In the event that heating isusccl as in winter ivhcn thc outside zo

air temperature resides in the low temperature area, since the
target outlet air temperature needs to high, the iniual open-
ing of the cold air controlling door 39 is made to be small.

While heating is implemented in winter, in the event that
sunlight hits the solar light sensor suddenly, the target outlet
temperature TAO decrcascs accordingly, anti a required
control cannot bc implcmcntrxl only liy changing thc open-
ing of the air mix door 38. This is because, even m the event
that the air mix door 38 is controlled, smce a passageway
downstream of the heater core 33 is heaterl, the temperature in

does not decrease immediately When the outside air tem-
perature resides in the low temperature area, hoivever, since
the initial o pen in of the cold air controlling door 39 is made
to iic smaller than SOc/a, thc cold air controlling door 39 has
a suilicient allowance for controllin ~ cokl air in the opemng ss
direcuon. Consequently, even in the aioresaid event, the
temperature can be lowered quicl ly by largely opening the
cold air controlling door 39.

I'IG 8 is a diagram showing a relationship Iietween the air
mix door opening anil thc target outlet air temperature TAO tn
resulting in thc event that thc initial opening of the colrl air
controlling door 39 is made to be larger than 50c/o when the
outside air temperature resides in ihe high temperature area.
In the event that coohng is used as in summer when the
outside air temperature resides in the high temperature area,
since the tar et outlet air temperature needs to low, the initial
opening of thc col(1 air controlling door 39 is made to bc
large.

While cooling is performed in summer, in the event that
a vehicle surklenly enters a tunnel while runnm ~ in sunli ht, n

the target outlet air temperature TAO increases accordingly,
there may occur a case where a required contml cannot be
performed quickly only by cnntrnlling the opening of the air
mix door 38. This is bccausc even in thc event that thc air
mix door 38 is controlled, since the passageway rlownstrcam s
of the primary bypass passageway 101 is cooled, the tem-
perature cannot increase immediately. When the outside air
temperature resirles in the high temperature area, however,
since the initial opening of the cold air controlling door 39
is made to be larger than 50%, the cold air controlling door in
39 has a sufficicnt allowance for controlling cold wind in thc
closin direction. Consequently, even in the aforesaid event,
the temperature can be increased quickly by lar ely closing
the cold air controlling door 39.

Accordmg to the invenuon, in the automotive air cond&- es
tinning system, since the amount of the non-hot side air is
controlled by the combination or the amounts of air that

Ilows through the pnmary bypass passageway and the
secondary bypass passageivay, the extent of temperature
change that can be controlled can be reducerl, there can be
provided an advantage that the temperature of air at the
outlet from which air is sent out into thc passen cr com-
partment can be controlled with ood accuracy.

The constructions, shapes, sixes and posiuonai relation-
ships that have been descwbed in the embodiment are
illustrated schematically only to such an extent I'hat the
invention can be understood and implementerl, anil hence
they constitute nniy typical examples. Consequently, the
invention is not limited to thc cmbochmcnt that has bccn
clcscwbcd above and can bc modifie to vawous forms
without departing Irom the scope of technical idea claimed
under claims of the, invenuon.

'I'he mvention can be applied to an automotive air coli-
ditioning system in which air passing through the interinr of
the air cnnditioning duct is divided into the hot side air
which is caused to pass through thc hcatcr core and thc
non-hot side air which is cause(1 to bypass thc hcatcr core by
the air mix door Ior use in controlling the outlet air tem-
perature with good accuracy.

What is claimed is
I An automotive air conditioning system, comprising
an air conditioning duct having an outlet,
an evaporator ihat cools air inside the air conditioning

rillet;

a beater core that heats air inside thc air conditioning duct;
an air mix door that divides air passin ~ through an intewor

of the air condiuoning duct into a hot side air which is
made tn pass through the heater core and a non-hnt side
air which is made to bypass the heater core,

an outlet air temperature sensor downstream of the evapo-
rator and heater core that detects a tcmperaturc of air at
thc outlet;

a control unit that is connected to thc outlet air tcmpcra-
lure sensor;

a primary bypass passageway bypassing the heater core
which is defined by the air mix door;

a secondary bypass passa eway bypassing the heater core
in additinn tn the primary bypass passageway; and

a enid air contrnlling door that controls a flow rate of air
in the secondary bypass passageway;

whcrcin the control unit includes:
an air mix door opcnin scttin means for setting an

opening for the air mix door so as to obtain mr
conditioned to the target outlet air temperature when
the cold air controlling door is opened to an initial
opening; and

a enid air controlling door controlling means fnr cnn-
troliing thc opening of thc colcl air controlling door
to cause a tcmpcraturc clctectcrl by thc outlet air
temperature, sensor to approach the target outlet air
tempera(ilia..

2 The automotive air condiuoning system as set forth in
claim I,

wherein the cold air controlling door contrnlling means
acts thc initial opcnin of thc colcl air controlling door
to 50% of the total opening thcrcof when a tcmpcraturc
of outside air is in an intcrmediatc area bctwccn a hi h
temperature area aml a low temperature area.

3 The automouve air conditioning system as set forth in
claim I,

wherein the cold air controlling door controlling means
sets the initial opening of the cold air controlling dnor
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smaller than 50% of the total opening thereof when a

temperature of outside air is in a low temperature area.
4 The automotive air conditioning system as set forth in

claim 1,

wherein the cold air controlling door controlling means
sets the iniual opening of the cold arr controlling door
larger than S0% of the total opemng ihereof when a

temperature of outside air is in a high temperature area.

5 The automotive air condiuoning system as set forth in
claim 1,

wherein the control umt comprising means for perlorming
a feed back control based on thc tcmpcraturc of air at
thc outlet.


