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An intake port for air for air conditioning in an air conrli-
tioning device is switchcrl when an engine is stopped, by
forcibly displacing an mternaVexternat air switching door so
as to block an ex(ernal air duc(. As a resul(, an air liow area
of the external air duct becomes substantially zero.
Accordingly, intake of external air to the air conditioning
dcvicc as air for air conrlitioning is inhibited, and it bccomcs
less liable that an air conrlition (e.g., a tempcraturc) ivithin
a passcngcr compartment will deviate from a required state
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VEHICULAR AIR CONDITIONING DEVICE
AND CONTROL METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of thc Invention
The invention relates to a vehicular air conrfitionrng

device and a control method thereof..

2 Description ot'he Related Art iu
Conventionally, as an air conditioning device for regulat-

ing an air comhuon (a temperature, or the 1)ke) within a

passenger compartment of. a vehicle, or the frke, air condi-
tioning devices have been known such as those disclosed in,
for example, Japanese Utility Model Publication No .LV-U-

S8-17843S, or .Lapanese Patent I.aid-Open Vublication No
JP-A-2000-104S84.

Such air conditioning devices are provided with an inter-
nal air duct that intakes air from a passenger compartment,
and an external air duct that intakes air from outside of the
vehicle. Air is intaken from at least one of these air ducts for
air conditioning. In addition, once a tcmpcrature of this
intakcn air has been regulated by a heater core or an
evaporator of the air conditioning device, the temperature.
regula)ail air is supplierf to the passenger compartment by a
blower. This allows a temperature of the passenger com-
partment tn reach a required temperature

Howcvcr, with this air conditioning device, when heating
of thc hcatcr core or cooling of the evaporator is executed

lo
with a motor of the vehicle as a dmving source, temperature.
regulation of the rntaken air for air conditioning ceases to
occur afnng with stopping of the motor. In this state, the

supply nf temperature regulated air to the passenger com-
partment for making thc temperature of thc passenger com-
partment thc rcquircd temperature ceases. Accordin ly, thc
tcmpcraturc within thc passen er compartment dcviates
from the required value.

Moreover, it is conceivable that the heating nf the heater
core or the cooling of the evaporator could be executed by
a driking source that is separate front the motor, rvhcn thc
motor is stopped However, in the case that an output of such
a separate rfnving source were lower than an output of the
motor, the temperature regulation of the intaken air for air
condittomng woulrf be rnarfequate. As a result, even if. Lhe

heating nf the heater core or the cooling of the evaporator
were executed using a separate driving source rvhen the
motor is stopped, it would not necessarily bc possible to
maintain the tcmperaturc within thc passcngcr compartment
at the required value. If the output of the separate driving
source were to be insuflicient, the temperature within the.

passenger compartment would rfevrate from ihe required
value in the same manner as alinve.

In this way, in the case that heating of thc heater core and
cooling of thc evaporator cease when thc motor is stopped, ss
anrf in the case that heating and coohng rs executed by a
separate driving source from the motor, the arr conrfition
within the passenger compartment deviates from the
required cnndrtion (the temperature, and the like). In
arlrhtion, discomfort of an occupant resulting from deviation „,.)

of thc air condition within the passenger compartment from
thc rcquircd condition is also an iniportant consideration.

SUMMARY Of 11 IL) INVEN'llON

It rs an olifect of Lhe invention Lo provxfe a vehicular air ss
conditioning device and a contrnl method thereof that can
inhibit an air conditinn ot' passenger compartment from

becoming a cause of. Lhscomfort for an occupant, as Lhe air
conrlition ol: the passenger compartment of the vehicle
dcviatcs from a required conrlition.

According to a first aspect of the invention, an arr con-
diuomn ~ device for a vehicle inclurles an internal arr duct
that rntakes arr from a passenger compartment anrf an
external air duct that intakes air from outside of thc vchick
This air conditioning dcviccs intakcs air for usc in air
conditioning of the passenger compartment from at least one
of the internal air duct and the external air duct I'urther, the
air cond)honing device is provirfed with a temperature
regulanon device, a change device and a controller. The
tcmpcraturc re ulation device rc ulates a tcmpcrature of thc
air intakcn for air conditioning from at least onc of thc
internal air duct and the external air duct. The change device
chan cs a rcspcctivc air flow arcs of at least onc of thc
internal air duct and thc extcmal air duct. Thc controlkr
controls the change device such that, when a motor mountcrl
rn Lhe vehicle is stopped, an air conrhuon within the pas-
senger compartment becomes less liable to deviate from a
required condition.

As a result of Lhe above configuration, when Lhe motor rs
stopped, the arr flow area of at least one of the internal air
duct and the external air duct is changed such that the air
condition within the passenger compartment becomes less
liable to deviate from the rcquircd condition As a result, on
occasions rvhcn the motor stops, it is possible to inhibit thc
air condition of thc passen cr compartment from becomin
unpleasant for an occupant, due Lo the air conrfition wnhin
the passenger compartment devising from the required
condition

It should be noted that, examples of the arr condihon
within the passenger compartment include a temperature anrf
a humidity rvithin the passenger compartment. Moreover,
the control of the change device by the controller when the
motor is stopped may bc cxccutcd during at least onc of a
time prior to the motor stopping, a time rluring a stopping
process, aml a time after the motor has stopped In addihon,
as the temperature regulation device, various devices can be
suggested. For example, a device that operates with Lhe

motor as a driving source; a device that operates using a

driving source separate to the motor; or a device that uses the
motor as a driving source, as well as usin a scparatc driving
source when the niotor is stopped may bc adopted.

According to the first aspect of the mvention, it may be
possible for thc controller to control thc change dcvicc such
that the air conrlition rvithin the passcngcr compartment
more easily changes toward the required condition, when Lhe

mr)klr starLs.

As a result of this configuration, when thc motor starts, thc
air flow area of. at least one of the internal air duct and the
external air duct is changed such that the air condiuon within
the passenger compartment more easily changes toward the
required condition l)ue to this, it is possible to inhibit the air
condition rvithin the passenger compartment from becoming
unpleasant for thc occupant, as a result of thc air condition
within the passen cr compartment deviatin from thc
required comb)ion when Lhe motor starts.

Further, thc motor in this case may bc a motor that
autoniatically stops and restarts in accordance with an
operauon state of. the vehicle. Moreover, Lhe control of the
change device by the controller when the motor restarts, may
be executed during at least one of a time prior to the motor
starting, a time during a start process, and a time after the
motor has starterl.

According to the above aspect, the controller may be able
to control the change device such that rvhen the motor of the
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vehicle slops, Ihe air tlow area of the external air duct
becomes small.

As a result of this configuration, it is possible to control
the supply ot'ir intaken from the outside of the vehicle to
the passenger compartment via Ihe external air duci.
Accorilingly, it is possible lo inhibit deviation of Ihe tem-
pcraturc within thc passcngcr compartment from the
rcquircd value duc to this intakrn air.

Moreover, from the point of. view of. inhibiung devuiuon
of thc tcmpcraturc within the passcngcr compartment from
thc rcquircd value, it is preferable that the air flow area of the
external air duct is changed so as to be substantially zero
when the motor of the vehicle stops

According to thc above aspect, the controller may br able
to control thc change dcvicc such that thc air floiv area of the is
internal air duct becomes large when the motor of the
vehicle stops.

As a result of this configuration, when the motor stops,
among thc air that is supplied to thc passenger compartment,
a proportion of thc air that is intaken from thc passenger

o
compartment incrcascs, and a proportion of thc air that only
circulates within the vehicle increases. In addinon, as a
result of regulation of. Ihe temperature oi. Ihe air thai only
circulates within the vehicle by the temperature regulation
device, it becomes easier to more effectively inhibit devia-

zs
tion of thc tcmpcrature within thc passcngcr compartment'romthc rcquircd value, along with stopping of thc motor.

Moreover, from the point of view of maintaining the
tcmpcraturc within thc passen er compartment, it is prefer-
able that in thc case that air intakrn via thc internal air duct
for air conditioning is temperature regulateri by lhe tem-
perature regulator, the air flow area of the internal air duct
is changed to a maximum value, when the motor of. Ihe.

vehicle stops.
According to the above aspect, Ihe lemperaiure regulation

device may be a device that operates even ivhen the motor
is stopped. further, the controller may be able to execute
control of the change device liased on a condition that one
of a cooling rcquircmcnt and a heating requirement of the
passcngcr compartment is high.

As a result of this confi uration, when the motor stops, it
is possible to prcvcnt thc respective area flow areas of thr
internal air duct and thc cxtcrnal air duct from bring changed
unnecessarily by the change device.

Accordin to thc above aspect, the temperature regulation as
dcvicc may bc a device that docs not operate ivhen the niotor
is slopperi Moreover, the conlrofler may control the change.
device such that, when the temperature regulation device.
stops operating along with stopping of the motor, the air floiv
area of the external air duct liecomes large at the same time
as thc air flow area of thc internal duct becomes small, based
on a condition that thc temperature within the passcngcr
compartment is both higher than a required value and higher
than a temperature of the air outinde Ihe vehicle.

In a state in which thc temperature of thc air ivithin the ..
passenger compartment is both higher than Ihe required
value anti higher than the temperature of the air outside Ihe.

vehicle, Ihe temperature of. the air outmde of the vehicle is
closer to the required value than the temperature of the air
within the passenger compartment. According to the afore- ac
mcntioncd configuration, when this state exists, thc air flow
area of thc external air duct is increased, at the same tinic as
the air flow area of. the internal air duct is reducerl. As a
result, il becomes easier to supply air i rom the outside of. Ihe
vehicle to Ihe passenger compartment, and thus it becomes as
easier to inhibit deviation of the temperature ivithin the
passenger compartment from the required value.

Accorihng to Ihe aforementioned aspect, Lhe temperature
regulation device may be a device that operates when the
motor stops or when the motor starts I urther, on occasions
ivhen the change device is controfled by the cnntroller along
svith when the motor stops or ivhcn the motor starts, it is
possible for teniperaturc regulation of thc air for air condi-
tioning to be executed such that the temperature of the air
supplied to the passenger compartment does not fluctuale.

Along with control of Ihe change ilevice, Lhe propornon of
air from the internal air duct and the proportinn of the air
from the external air duct among the air for air conditioning
change. As a result, the teniperaturc of thc air for air
conditioning supplied to thc passcngcr compartment
becomes morc liable to fluctuate. Howcvcr, according to thc
above contiguranon, Ihe temperature of. the air for air
condiuomn ~ is temperature reguhited by the temperature
regulation device such that tluctuations do not occur in the
temperature of the air in this way As a result, it is possible
to prcvcnt the occupant from feeling a scnsc of displcasurc
as a result of fluctuations in the tcmpcrature of thc air.

According to the above aspect, it is possible to provirlc an
air supply uml Lhal executes supply oi. air lo Ihe passenger
compartment such thai, when lhe change device is con-
trolled by Ihe controller, an amount of. Lhe air suppliant to Lhe

passenger compartment does not tluctuate alnng with this
control

When the proportion of air from thc internal air duct and
the proportion of thc air from thc cxtcrnal air duct among thc
air for air conditioning change along with control of the
change deviix, the amount of the air for air conditionin ~

supplied Lo lhe passenger rximpartment becomes more liable
to fluctuate. I ioivever, according to the above confi uration,
the amount of the air for air conditioning supplied to the
passen cr compartment is rcgulatcrl by the air supply unit
such that fluctuations do not occxtr in the amount of thc air
in this way. As a result, it is possible to prevent thc occupant
from feelin ~ a sense of displeasure due to fluctuahons in Lhe

amiliiilL iif air.

According lo a seixind aspect of. Ihe invention, a control
method is provided for an air conditioning device for a
vehicle having an internal air duct that intakes air of a
passen er compartnient, an external air duct that intakcs air
from outside of thc vehicle, a tenipcraturc regulation dcvicc
thai regulaies a temperature of air inlaken for air condilion-
mg from lhe internal air duct or the external mr duct, and a
change device that changes a respecuve air flow area of the
internal air duct or the external air duct. 'I'his control method
includes the step of controlling the chan e device such that,
svhcn a motor mountcrl in thc vchiclc is stopped, an air
condition within thc passen cr compartment becomes less
liable Lo deviate from a required comhtion.

BRIEF DESCRIPTION OF THE DRAWINGS

I'Hl. I is a schematic view showing a vehicle to which an
air conditioning device according to an embodiment is
applied;

FIG. 2 is a flow chart showing a control procedure of the
air conditioning device when an engine is automatically
slopped;

FIG. 3 is a graph showing how a cooling capabihty
necessary lor cooling a temperature ol a passenger compart-
ment to a constant temperature changes, when a proportion
of internal air to external air among air that is intaken for air
conditioning is chan crk and

I'Hl. 4 is a schematic view of another embodiment of an
air conditioning device according to the invention
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DETAILED DESCRIPTION OF THE
PRL(FL'RRL(D L'MIK)DIML'N Irg

llereinafter, a first emliodiment in ivhich the inventinn is
applictl to an air conditioning device of a vehicle having a
power source that automatically stops and restarts, ivill be
explaineti with reference to FIGS. I to 3.

As shown in FIG. I, in a vehicle I, a water pump 4 thai
circulates coolant of an engine 2, which is a motor, io an
output shaft 3 nf the engine 2, and a cnmpressor 5 for air

1(i
conditiomng are cnupled. I'urther, the water pump 4 and the
compressor 5 arc coupled with a motor encrator 6. In
atlthtion, an operation control of the cnginc 2 and a driving
control of Ihe motor generator 6 are executed by an elec-
tromc control unit 7 mounted in Ihe vehicle 1.

is
Thc clcctronic control unit 7 automatically stops and

restarts the engine 2 in accordance with an operation state of
the vehicle 1. In other words, for example, if a bral e perial
(not shown) is depresseti when the vehicle I is stopped, and
if there is no requirement for the engine 2 tn be driven
(hereinafter referred to as "drive requirement**), or the like,
an automatic stop condition of thc engine 2 is cstablishcd. If
based on this a stop rcquiremcnt of thc cn inc 2 is cncrated,
the electronic control unit 7 automatically stops ihe engine
2 Further, if depression of.(he bral e pedal ts released, or Ihe "s
drive requirement of the engine 2 is generated, or Ihe hke,
when the engine 2 is automatically stopped, an automatic
start conditinn ot'he engine 2 is established If based on this
a restart rcquircmcnt of thc cn inc 2 is generated, the
clcctronic control unit 7 restarts thc engine 2.

When the engine 2 is operating, the water pump 4 and the
compressor 5 arc operated based on a rotation of the output
shaft 3. In addition, coolant of thc engine 2 circulates
through a circulation passage 8, based on the operation of.

the water pump 4. Along with Ibis, refrigerant fir air
conditioning is cooled by heing circulated through a refrig-
erant passage 9, based on the operation of the cnmpressor 5
On the other hand, if it is necessary to operate the water
pump 4 and the compressor 5 when thc engine 2 is stopped,
thc motor gcncrator 6 is driven and controlled by the so
electronic control unit 7. As a result, the water pump 4 and
the compressor 5 can be opera(eel based on this drive of. Ihe.

motor generator 6

Next, the air comhuoning device thai regulates ihe tem-
perature of air within a passenger compartment 10 in Ihe
vehicle I will be described.

Thts air conditioning tievice is provided with an air duct
11 through which air used ior air conditioning within Ihe.

passenger compartment 10 passes. An internal air duct 12 for
intake nf air (mternal) from the passenger cnmpartment 10,
anil an cxtcrnal air duct 13 for intake of air (external) form
outside of thc vchiclc 1 arc formed in an upstream portion
of thc air duct 11. Thc internal air duct 12 and thc external
air duct 13 function as an in(ale port for air of ihe air
condittomng device. At least one of the internal air and Ihe
external air from the air ducts 12 and 13, is intaken tn the air
conditioning rlevice as air for use in air conditinning

An internal/external air switching door 14 ts prov(deci ai
a contluence portion of the internal air duct 12 and the
external air duct 13 Respective air flow areas of the internal
air duct 12 anil thc cxtcrnal air duct 13 arc changed by an
opcnin aml closin operation of this internal/external air
switching door 14. In arid((ion, when the internal/external air
switching door 14 is tiisplaced Io a side (hat blocls Ihe
internal air duct 12, the air flow area of. the internal air duct es
12 reduces, and at the same time, the air floiv area nf the
external air duct 13 increases Alternatively, when the

mternabexternai air switching door 14 is displaced to a side
Ihat blocl s Ihe external air duct 13, the air flow area of ihe
external air duct 13 reduces, anil at thc same time, thc air
flow arcs of thc internal air duct 12 increases.

W'(thin the air duct 11, a blower 15 is provided at a

downstream side of ihe internal(external air switching door
14. Based on an operation of this blower 15, air for usc in
air conditionin is fed to the air tluct 11 from at least onc of
the internal air duct 12 and the external a(r duct 13, and
following this, the air is supplied to the passenger compart-
ment 10 from an output vent llu. Accordingly, it is possible
lo regulate an amouni ol. air ior use in air condiuonin ~

supplied to the passcngcr compartment 10 from thc air duct
11, through control of. Ihe blower 15. Further, the output vent
lln for air for air conditioning is provided in a plurahty ai
diferent posinons within Ihe passenger compartment 1(l

(only one of the output vent lla is shown m I'lil I) 'I'hese

output vents llu are configured such that it (s possible to
volitionally select from amon all of thc output vents lla,
which of thc output vents lln actually outputs air

Moreover, an evaporator 16 and a heater core 17 used for
cooling and heating thc air within thc air rluct 11 arc
provided within the air duct 11, at a downstream side of thc
blower 15. This evaporator 16 incluties a plurality of cooling
pipes (not shown in Ihe ligure) that are a portion of ihe
refmgerani passage 9 through which refrigerant passes The
evaporator 16 executes cooling through heat exchange
between the air ivithin the air duct 11 and the refrigerant
within thc coolin pipes. On thc other hand, thc hcatcr core
17 includes a plurality of heating pipes (not shown in the
ligure) that are a portion of ihe circulation passage 8 through
which coolant heated by the engine 2 passes. The heater mre
17 executes heanng through heat exchange between ihe air
ivithin the air duct 11 and the coolant iv(thin the heating
pipes

I'urther, an air mixing door 18, used (n temperature
regulation of the air for air conditionin that passes through
the air duct 11, is provided within the a(r duct 11 between the
evaporator 16 and the heater core 17. This air mixin tloor
18 is displaced in order to rcgulatc what proportion of thc air
that has passed Ihrough the evaporator 16 will pass through
Ihe heater core 17.

In other wortls, for example, if the air mixing door 18 is
displaced to a posinon ai which air does not pass through ihe
hear core 17, the cooled air that has passed through ihe
evaporator 16 is supplied to the passen er compartment 10
without change In addition, as the air m(xing door 18 is
displaced to a side at which an amount of air passin through
the hc ster core 17 increases, the tempcraturc of thc air for air
conditioning that is supplied to thc passcngcr compartment
10 from Ihe air duct 11 becomes gradually higher.

The aforenicntioncd intemavextcmal air switching door
14, blower 15 anil air mixing tloor 18 are controlled by thc
elec(rome control urn( 7. This electronic (x(ntrol umt 7 is
connected with an internal temperature sensor 19, a solar
radiation amount sensor 20, an external temperature sensor
21, as well as an automatic control sivitching sw(tch 22, a
tempcraturc setting switch 23 and a internal(cxtcrnal air
switchin switch 24, anil the like. Thc internal tcmpcraturc
sensor 19 dctccts thc air teniperaturc (internal tcmpcrature)
within the passenger compartment 10, ihe solar radiauon
amount sensor 20 detects Ihe amount of. solar radiauon
ivithin the passenger compartment 10; and the external
temperature sensor 21 detects a temperature (external
tcmpcraturc) outside of the vehicle 1.

The electronic control unit 7 calculates a required output
temperature TAO based on a set temperature (a required
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temperature) sel by the temperature salting switch 23, along
with Ihe internal temperature, Ihe solar radiation amount,
and thc external tcmpcrature, and thc like. It should be noted
that, thc rcquircd output temperature TAO refers to a tem-
perature ot'he air output from the output vent 1 la which is
required in order to maintain the temperature within the
passenger compartment al the aioremenlioned set tempera-
ture The electronic control unit 7 displaces the air mixing
door 18 such that thc tcmpcraturc of the air output to thc
passcngcr cabin 10 from thc output vent Ila becomes equal iu
to the required output temperature TAO liy doing so, the
temperature vvithm the passenger cnmpartment 10 is regu-
lated so as lo reach Ihe required value.

Morcovcr, if an operation position of thc autoniatic con-
trol switching switch 22 is set tn "Auto**, the electrnnic
control unit 7 controls the liiower 15, the internal/external air
switching door 14, and the lile, in accordance with Ihe.

requirerl output temperature TAO. Accorrlingly, an auto-
matic control is cxccutcd such that a proportion of the
amounts of internal air and external air intakcn to the air duct
11 as air for air conditioning, the number of the output vents ac
lla from which air for air conditioning is nutput, which of
the output vents Ila are used ior oulpulnng air, and Ihe
amount of air ior air conditioning output from the output
vents Iln, and thc like, are automatically changed to an
optimum. zs

On the other hanrl, if the operation position of Ihe auto-
matic control switchin switch 22 is sct to "Manual', the
clcctronic control unit 7 controls the blower 15, thc internal r
external air switching dnnr 14, and the like, in accordance
with an operation positinn of each type of switch, and the
like, operated by an occupant of the vehicle l. Accordingly,
a manual control is cxccutcd such that a proportion of thc
amounts of internal air and external air intakcn to the air duct
11 as atr Rir air coniluioning, the number of output venLs Ifn
from which air for air comhiiomng is output, anil the amount
of air for air conditioning output frnm the output vents Ila,
and the like, are changed in accordance with the require-
ments of the occupant.

I'urther, operation ot'he internal/external air sivitching
door 14 vvhen the manual contrnl is heing executed is
pcrformcrl in accordance with thc operation position of thc
internal/external air switching switch 24. Morc specifically,
if thc internal/external air switching switch 24 is sct to
'*Fresh" (external air), external air Ls used as mr for air
condittomng by displacing the internal/external air switch-
ing door 14 to the side that bincks the internal air duct 12,
thus increasing the air flow area of the external air duct 13
Morenver, if the internal/external air sivitching sivitch 24 is
sct to "RECIRC'internal air), internal air is used as air for
air conditioning by displacing thc internal external air
switching door 14 to Ihe stile that blocks lhe external air duct
13, thus increasing the air flow area of the internal air duct
12.

It should be noted that, when the automatic stop condition
of the engine 2 is establisherl, Ihe stop requirement of. Ihe
engme 2 is generated, and based on this stop requirement the
electronic control unit 7 stops the engine 2 automaticaliy
When thc engine 2 is stopped in this manner, and the
passcngcr compartment 10 is being cooled down or warmed
up, it is ncccssary to operate the compressor 5 or thc water sti

pump 4 in order to execute the cooling of the evaporator 16
or the heating of the heater core 17. As a result, ihe electronic
control unit 7 operates the compressor 5 and the ivater pmnp
4 using drive of the motnr generator 6, following the
generation of the aforementioned stop requirement, ss

Accordingly, even if the engine 2 is stopped, air within the
air duct 11 is cooled by the loiv temperature refrigerant

flowing in the cooling pipes of the evaporator 16.
Alternatively, high temperature coolant tloivin in the heat-
ing pipes of the heater core 17 warms air flowing within the
air duct 11. In addition, even when the en ine 2 is stopped,
air for air conditionin that is tcmpcraturc rc ulatcrl by thc
evaporator 16 anti the heat core 17 is supplied to thc
passenger comparlmeni 1U from the output vent Ia, arul thus
Ihe temperature of Lhe mr within the passenger compartment
10 is regulated

It is iniportant to note that, normally, an output of thc
motor generator 6 mountcrl in the vchiclc I is comparatively
smaller ihan an output of. ihe engine Z. As a result, in order
Lo execute regulation of. the temperature of the air ior air
conilitiomng when Ihe engine Z is stopperl, even if Lhe

compressor 5 and the ivater pump 4 are operated by drive of
the motor generator 6, it is not necessarily the case that the
tempcraturc of the air for air conditioning is regulated
suflicicntly to allovv thc air within thc passcngcr compart-
ment 10 Lo reach the required value (the set temperature). In
particular, when a cooling requirement or a heaung require-
ment is high, Lhe output of. Ihe motor generator 6 is insuf-
licient to operate the compressor 5 or the ivater pump 4 so
as to change the temperature with the passenger compart-
ment 10 to thc set tcmpcrature. Thus, it becomes more likely
that thc tcmpcraturc of thc air within thc passcngcr com-
partment 1U will deviate from the requireil value

Ilowever, in the case of this emtxtdiment, in light of the
aforementioned existing circumstances, ivhen the engine 2 is
stopped, the position of the internaliexternal air switching
door 14 is controllcrl such that the temperature of thc air with
thc passcngcr compartment 10 becomes less liable to dcviatc
from Lhe sel temperature. Namely, the internal,'external air
switching door 14 is forcibly displaced so as to block Lhe

external air duct 13 liy changing the air flow area of the
external air duct 13 so that it becomes substantially zero, the
intake port of the air conditioning device (i.e, of the air duct
11) is forcibly svvitchcd to thc internal air side.

As a resull, intake of external air to Lhe air duct 11 as air
for air condinoning is inhibited, and only internal air is
intaken to the air duct 11 as air for air conditioning This
internal air is supplied to the passenger compartment 10
folloivin tcmpcrature regulation by the evaporator 16 or thc
hcatcr core 17. In this way, when thc cn inc 2 is stoppcrl,
circulation of air for air conditioning is execulerl using only
air wuhan Ihe vehicle 1. As well as Ibis, since the circulaterl
air is temperature regulated, il is possible to decrease the
output of the motor enerator 6 that is necessary to change
the temperature of the passenger compartment 10 to the set
tcmpcraturc to a low lcvcl.

Accorihngly, even if Ihe output of the motor generator 6

is less than the output of Ihe engine Z, it is possible to control
the output of the motor generator 6 such that the nutput does
not iiecome insufticient for operatin the compressor 5 and
the water pump 4 so as to change the temperature within the
passenger conipartmcnt 10 to thc sct tempcraturc. In
arlrlition, it is also possible to control the tempcraturc within
Ihe passenger compartment 1U such that the temperature
does not become bable lo deviate from Ihe set temperature
along ivith output insufticiency of the motor enerator 6,
when the engine 2 is stopped.

Next, it should bc noted that, when thc proportion of
internal air and external mr within the air intaken for air
conilitiomng is changed, a cooling capability required for
cooling the mr within Lhe passenger compartment 1U to Lhe

set temperature changes in the manner.shown by a solid line
I. shown in Fl(i 3
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As ts clearly apparent irom the ligure, the cooling capa-
bility required becomes larger as the proportion of external
air within the air intaken for air conditioning increases. As
a result, as the figure makes clear, if only internal air is
intakcn to thc air duct ll as air for air conditioning when thr
compressor 5 is operated by thc motor generator 6 along
with automatic stopping of. Ihe engine 2, as descnbed above,
&I is possible to control Ihe output of. the molor generator 6
so that it does not become insuflicient frnm the point of view
of cooling the temperature of the air ivithin the passenger
compartment 10 to the set temperature

Next, a control procedure for the air comhnomng device
when the engine 2 is automatically stopped will be explaineri
with reference to a flow chart of FIG. 2 thai shows a control
routme for the air conditinning device Processing of this air
conditioning device control routine is executed using the
clcctronic control unit 7, for cxan&plr, vvith an interrupt at
each of a prcdctcrmincd time.

In Ihe air comhnoning ilevice control routine, lirsl, il is
determined whether nr nnt a state exists in which the intake o

port of the air cnnditioning device needs to be forcibly
switched to the internal air side Namely, it is determined
whcthcr thc internal/external air switching door 14 needs to
bc forcibly clisplaced to thc side that l&loci s the external air
duct 13. This iletermination is executed based on Ihe fol-
lowing determinations: a ilelerminalion as to whether Ihe.

stop requirement of the engine 2 has been generated based
on estabhshment of the automatic stop condition (step
S101); a determination as to whether the automatic control
is bmng cxccutcd (step S102); a determination as to whcthcr 'I)

thc cooling rcquircmrnt or thc hcatin requirement is high
(step SIU3), anil a determination as to whether Ihe air
intaken to Ihe air comhnoning device is internal air (slap
S 104).

In acldition, if thc determinations of all of thc above steps
S101 to S104 arc positive, it is determined that thc state
exists in which the intake port of Ihe mr cond&honing device
neerls to be forcibly switched to the internal air side.
Accorilingly, the intake port is swilcheri to the internal air
side (step S105) In nther wort(s, the internal/external air
switching dnor 14 is forcibly displaced to the side that
blocks thc external air duct 13, and thc air liow amount of
thc cxtcrnal air cluct 13 is substantially reduced to zero, and
at Ihe same time, the air flow amount of. the internal air duct
12 is increased to a maximum. By execu ling switching oi Ihe.

intake port in this way, the internal/external air switching
door 14 is maintained at the displacement at which the air
flow area of the external air duct 13 is substantially zero,
from gust bcforc automatic stopping of thc en inr 2, through „,
thc stoppin process, until after stoppin is con&plrted.

On Ihe other hami, in Ihe case that it is determined ihal Ihe.

automatic control is not being executed due to the detemii-
nation nf step S102 heing negative, the fnrcible s&vitching of
the intake port to the internal air side is not executed as
dcscribccl above. This is bccausc it is prcfcrable to prioritize
thc desirc of thc occupant of thr vehicle 1 when thc n&anual
control is being executed rather than the automatic control.
Accorilingly, since the aforementioned switching of. Ihe
intake port may conflict with the desire of the occupant, it is
preferable that the switching is not executed further, the
determinatinn as to whether autnmatic control is heing
cxccutcd is cxccuted ha&cd on, for example, whether the

operation position of thc automatic control switching switch
22 is set to '*Auto" or "Manual". 66

Moreover, also, in the case that it is determined that the
cooling requirement or the heating requirement is not high

due to the delerminanon of the step S103 being negauve, the
forcible switching of the intake port to the mternal air side
is not executed as described above 'I'he reason for this is
that, when the contin requirement or the heating require-
ment is not hi h, cvcn if the intake port is not forcibly
switched to the internal air sirlc as clcscnbcd above, it is
possible lo control the temperature of the air within lhe
passenger compartment 1U such that the temperature does
not deviate from the set temperature I urther, it is possible
to determine whether the cooling requirement or the heating
requirement is hi h, based on, for example, the external air
tempcraturc, the rcquircd output tempcraturc TAO, and
which of thc output vents lla is sclcctcrl for usc as an output
vent for outputhng lhe air for conililioning,

More specifically, when the external temperature is hi h,
when the required output temperature TAO is low, or when
the output vent lia that is sclccted as the output vent for air
for air conditionin is onc that blows air directly at thc
occupant, or the lil e, it is possible to determine that the
cooling requirement is high. On the contrary, when the
external air temperature is low, or when the required output
temperature TAO is hi h, or the like, it is possible to
determine that the heatin requirement is high

In the case that thc internal&external air switching door 14
is forcibly displaced to the side that blocks lhe external air
duct 13, along with thib the amount of air (air quanuty) ior
air conditioning supplied to the passenger compartment 10
from the output vent lla is corrected using control of the
bio&ver 15 such that the amount of air does not fluctuate (step
S106). For example, vvhcn the maximum value of thc air
flow area of the internal air duct 12 is largn than a maximum
value of lhe air liow area of. Ihe external air duct 13, and
when lhe internal external air switchmg door 14 is forcibly
displaced as described above, the amount of air is corrected
toward a reduced amount by the blower 15

Further, at thc time of displacement of thc intcrnah'xternal

air swilchin ~ door 14, lhe temperature of the air for
air conditioning supplied lo the passenger compartment 1(l

from Ihe output vent lla is corrected along with lhe
displacement, by control of the air mixin door 18 such that
the temperature of the air does not tluctuate (step S107). I or
cxan&pic, when thc air intaken for air conrlitioning is
s&vitchcd from cxtcrnal air to internal air along with forcible
displacement of. the mternaVexternat air switching door 14
during coohng, the temperature of Ihe air for air condinon-
mg supplied to the passenger compartment 10 irom the
output vent lla is corrected by control of the air mixing door
18 such that the temperature rises

Morcovcr, in the air conrlitioning device control routine,
a determination is execu teil as lo whether or not a slate exisL&

m which lhe forcible displacement of the intel e port to the
internal air side needs to be released This determination is
executed based on the following determinations: a determi-
nation as to &vhether the start requirement of the engine 2 has
been eneratcd basccl on cstablishmcnt of thc automatic start
condition (step S108); and a rlctcrmination as to whether thc
intake port is forcibly displaced lo the internal air side (slap
S109).

When the determinations of steps S108 and S109 are both
positive, it is determined that a state exists in which thc
forcible displacement of the air input port of thc air concli-
tioning device lo Ihe internal air side needs to be released.
Along with the release of Ibis slate, when Ihe engine 2 slarLs
operation, Ihe mlernal/external air switching door 14 is
controlled such that the temperature within the passenger
compartment 10 is more easily able to reach the set tem-
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perature (step SI10). As a result, the internal&external air
switching rloor 14 is controlled in the manner described
above from just before the engine 2 starts operation, through
the starting process, until after starting has been completed
Further, as a control mode of the internal&external air switch-
ing door 14 controlled in this way, it is possil&ic to adopt, for
example, a control motte in which, as Ihe riillerence between
the internal air temperature anti the set Iemperauire becomes
larger, the internal/external air sivitching door 14 is dis-
placed to the side at which the air flow area of the internal in
air duct 12 becomes larger.

When Ihe internal/external air switching rioor 14 ts con-
trollerl in the above described manner, along with Ibis, Ihe
amount of air (air quanniy) for air comhiiomng supplied Io
the passenger compartment 10 from the output vent Ifa is
corrected using control of the bin&ver 15, such that the
amount of air docs not fluctuatc (step Sill). For example,
when thc maximum value of thc air flow arcs of thc external
air duct 13 is smaller than the maximum vahie of. the air flov,
area of the internal air duct 12, and when Ihe internal,'xternal

air switching iloor 14 is displaced Io ihe mde ai
which the air flow area of the external air duct 13 is at the
maximum, the amount of air is corrected toward an
incrcascd amount by thc blower 15.

Further, when executing control of. the internaL&external
air switching door 14 in order to allow Ihe temperature of Ihe.

passenger compartment 11 to easily reach the set
temperature, the temperature of the air for air conditioning
supphed to the passenger compartment 10 from the output
vent llrr is corrcctcd alon with this controi, by control of 'I)

thc air mixing door 18 such that the temperature of thc air
does not fluctuate (step S112). For example, when the air for
air conihtioning is swucheri from internal mr Io external air
along with control of the internal external air sivitching door
14 during cooling, the temperature of the air supplied to the
passenger compartment 10 from the output vent Iln is
corrcctcd by control of thc air mixing door 18 such that the
tcmpcraturc fails

According to the aforementioned embodimeni, ihe fol-
lowing efFects can be obtained.

(I) When thc engine 2 is stopped, thc internal/external air
switchin door 14 is forcibly displaced so as to block thc
external air duct 13, anti thus the air flow area of Ihe external
air duct 13 becomes substantially zero, anti the air tlow area
of the internal air duct 12 becomes the maximum value As
a result, intake of external air to the air duct 11 as air for air
conditioning is inhibited, and thus only internal air is intaken
to thc air duct 11 as air for air conditioning. Accordingly,
internal air is supplied to the passcngcr compartment 11
following temperature regulauon. In this state, only mr for
air conditioning circulated within Ihe vehicle I is tempera-
ture reguiaterl, and as a result, because the temperature of the
air within the passenger compartment 10 is regulated so as
to become the set temperature (the required value), it is
possible to cflectivcly inhibit deviation of thc temperature of
thc air within thc passen er compartment 10 from thc sct
temperature.

(2) 'I'he forcible displacement of the internal external air
switching rloor 14 to the side at which the external air duct so
13 is blocked, along with stopping of the engine 2, is
cxccutcd on thc condition that the cooiing requirement or thc
heating requirement is high. As a result, if. the cooling
requirement or Ihe healing requireri ts small, the Iorcible
displacement is not executed. Accorriingly, it is posmble io es
prevent the respective air flow areas of the external air duct
13 or the internal air duct 12 from heing changed, due to

unnecessary forcible displacement of internal,'external air
switching door 14

(3) When thc internal external air switchin door 14 is
controflcd along with automatic stoppin and restart of thc
engme Z, the propornon of miernal air Io external air amon ~

Ihe air for air conditioning inialen to Ihe air duct 11 is
changed. As a result, ihe temperature of. Ihe air for air
conditioning supplied to the passenger compartment 10 from
the output port Ila becomes liable to tluctuate I iowever, the
air niixin door 18, which is provided in orrlcr to inhibit
fluctuations like this of the air tempcraturc, is controlled and
Ihe temperature ol. Ihe air for air comliuoning thai is ouipuL
from Ihe output vent fir& I& corrected. Accorrlingly, n is
possible Io prevent ihe occupant from feehng any sense of
discomfort due to fluctuations in air temperature

(4) When the internal external air switching rloor 14 is
controlled along with automatic stopping and restart of thc
en one 2, and when Ihe intake port for the air of the air
conilitiomng device is switched between the internal air side
and the external air side, there is a ditference between the
respective maximum values of the air flo&v amounts of the
internal air duct 12 and external air duct 13. 1)ue to this
diflercncc, and the like, thc amount of air for air conrlition-
ing supplied to thc passenger compartment 10 from thc
output port 11n become& liable to fluctuaie. However,
through control of. Lhe blower 15, which is provideil in orrler
to inhibit fluctuations of the amount of air, like this, the
amount of air for air conditioning output from the output
vent 11n is corrected. Accordin ly, it is possible to prevent
thc occupant front fcelin any sense of discomfort rluc to
fluctuations in thc amount of air.

In should be noted that Iht& embodiment can be moihlied,
for example, in ihe following ways.

When ihe internal&external air switching door 14 &s forc-
ibly displaced to the side at which the external air duct 13 is
blocked along with automatic stopping of the engine 2,
determination of &vhether to actually execute this displace-
ment may bc intaken accordance with, for cxamplc: whether
a concentration of exhaust as included in thc cxtcrnal air is
high, due Io driving on a conge&teil road, or ihe hke, or
whether Ihe occupant of ihe passenger compartment Hi is
smoking, or the like

In the embodiment, respective tluctuations in the tem-
perature and the amount of the air fnr air conditionin output
from thc output vent lln arc inhibited alon with control of
thc internal/external air sivitching door 14. However, it is not
essential that inhibition of fluctuations like this bc cxccuted.

Moreover, Ihe mveniion is applied to an air conrliuoning
device in which temperature regulauon of air for air comh-
tioning iniaken to Ihe air duct 11 is possible even when ihe
engine 2 is stopped, due to operation nf the cnmpressor 5 and
the water pump 4 I lowever, the inventinn may be applied to
an air conditioning dcvicc in which thc compressor 5 and the
water pump 4 become inoperable when thc engine 2 stops
In this caw, when Ihe temperature within ihe passenger
compartment 10 becomes equal to Ihe required value, and
when ihe engine 2 stops, ii is preferable that the internaL'xternal

air switching door 14 is forcibly displaced to the
side at which the external air duct 13 is blocked I lowever,
&vhcn thc tempcraturc within the passenger compartment 10
is higher than the sct tcniperaturc anil higher than thc
external air Lemperaiure, it is preferable that Ihe internal,'xternal

air switching door 14 is forcibly ihsplaced to ihe
side at which Ihe internal air duct IZ is blocked. By doing
so, the air flow area of the internal air duct 12 is reduced
(e.g, to zero), and alon &vith this, the air flow area of the



13
US 6.701,734 Bl

14
external air duct 13 w increased (e.g., to the maximumk This
is execu)eel because, from ihe point of view of mal ing it
difflcult for thc tcmpcrature within thc passcngcr compart-
ment 10 to dcviatc from thc set temperature, it is morc
beneficial to feed external air to the passenger compartment
10 when the circumstances described above pertain

When thc engine 2 is rcstartcd, thc respective air flow
areas of thc internal air duct 12 and the external air duct 13
are changerl through control ot'he internal external air
switching door 14, so as to make it easier for the temperature
within the passenger compartment IU io reach ihe set
temperature. However, ii is noi essential to execute control
of thc internal cxtcrnal air switching door 14 when thc
cnginc 2 is restarted, in this manner. For example, when the
engine 2 is restarted, the internal/external air switching door
14 may be returned to its position prior to when the engine is

2 was automatically stoppeii, thus returning the respecnve.
air liow areas of the internal air duct 12 and the external air
duct 13 to their state prior to automatic stopping of the
engine 2

I'urther, the respective air flow areas of the internal air o

duct 12 and the external air duct 13 are changed using a
single mternaliexternal air switching door 14 I iowever, in
contrast to this, thc rcspcctive air flow areas of the internal
air duct 12 and thc cxtcrnal air duct 13 may bc changed
separately. In this case, as shov:n in Fit i 4, an internal air
door 26 for changing the air flow area of the internal air duct
12, and an external air door 25 for changing the air flow area
of the external air duct 13 may be provided In this ivay, by
providing the internal air door 26 and the external air door
25, it becomes possible to change thc air flow area of thc

l))

internal air duct 12 and thc air flow area of the external air
duct 13 imlependently.

Thc invention is applied to thc vehicle 1 in which the
cnginc 2 automatically stops and restarts. However, the
invention mav be applied to a vehicle in which an engine, is
mounted thai does not execute automanc stopping and
restarting in this way

What is claimed is:
1. An air conditioning device for a vehicle comprising:

so
an internal air duct that intakes air from a passenger

compartment;
an external air duct that intakes air from outside of the

vehicle;
a temperature regulation device thai regulates a tempera-

ture of air intaken for air conditioning from at least one
of the internal air duct and the external air duct;

a change tievice that changes a respective air flow area of
at least one of the internal air duct and the external air
duct, and so

a controller thai controls the change device such thai,
when a motor mounted in the vehicle is stopped, an air
condition within the passenger compartment becomes
Jess liable to deviate from a required condition.

2. Thc air conditionin device according to claini 1,
wherein the air comhnon within the passenger compartment
is one of a temperature aml a humithty within the passenger
compartment.

3. The air conditioning device according to claim I,
wherein the control of the change device by the controller
when thc motor is stopped is executed during at least onc of
a time pnor to the motor stoppin, a tinie during a stopping
process, and a nme after the motor has stopped.

4. The air conditioning device according io claim 1,
wherein the temperature regulation device is operated using as
at least one of the motor and a motor/generator mounted in
the vehicle as a driving source

5. The air conditioning device according to claim 1,
wherein the controller controls ihe change device such that,
when the motor starts, thc air condition within the passenger
compartment morc easily changes toivard thc rcquircd con-
dition

6. The air conditioning device according to claim I,
wherein the motor automatically slops and restarts in accor-
dance with a runmng condition of. ihe vehicle.

7. Thc air conditioning device according to claim 6,
wherein thc control of thc change dcvicc by thc controller
lvhen the motor restarts, is executed during at least one of a
time prior to the motor restartin, a time during a restart
process, and a time after ihe motor has restarted.

g. The air conditioning device accorrling to claim 1,
wherein the controflcr controls the change device such that,
when the motor of. ihe vehicle stops, the air flow area of the
external air duct becomes smalL

9. The air conditioning device according to claim 0,
lvherein the controller controls the change device such that,
lvhen the motor of the vehicle stops, the air tlnlv area of the
external air rluct becomes substantiafly zero.

10. Thc air conditioning rlcvicc according to claim 1,
wherein the controller controls ihe change device such that,
when the motor of the vehicle stops, the air flow area of ihe
internal mr duct berx)mes large.

11 The air conditioning device according to claim 10,
wherein the controller controls the change device such that,
when thc motor of the vchiclc stops, the air flow arcs of thc
internal air duct becomes a maximum value

12. The air conditioning device according to claim 1,
wherein.

thc temperature regulation rlcvicc opcratcs cvcn when thc
motor is stopped; aml

thc controller executes control of thc change device based
on a condition that one of a coohng rcquircmcnt anil a
heahng requirement of. ihe passenger compartment is
hi h.

13 'I'he air conditioning device accordin to claim I,
lvherein

the temperature regulation device does not operate when
the motor is stopped; and

the controller controls ihe change tlevice such that, when
the temperature re ulation device stops operatin along
with stopping of the motor, the air tlow area of the
external air duct becomes large at the same time as the
air flow arcs of thc internal duct becomes small, bascrl
on a condition that thc tcmperaturc within the passen-
ger compartment is boih higher than a required value
aml higher than a temperature outsirie the vehicle.

14. The air conditioning device according to claim 1,
wherein

the iemperaiure regulauon tlevice operates at one of a
time when the motor stops and a time lvhen the motor
starts, and

the temperature reguiinon of the air for air conrlihoning
is such that, when the change device is controlled by
the controfler along lvith one of lvhen the motor stops
anil ivhcn thc motor starts, thc tcmpcraturc of thc air
supplied to the passen cr compartment docs not fluc-
tuate.

15. The air conditioning device according to claim 1,
further composing.

an air supply unit that executes supply of air io ihe
passenger compartment such that, when the change
device is controlled by ihe controller, an amount of ihe
air supplied to the passen er compartment clues not
fluctuate alon lvith the control of the change device



15
US 6.701,734 Bl

16
16. The air condttioning devtce accordtng lo clatm 1,

wherein the cnntrnfler contrnls the change device such that,
when the motor starts, one nf the air flotv area nf the internal
air duct and the atr flotv area of the external air duct returns
to a state poor to stopping of the motor.

17. Thc air conditioning device according to claim 1,
wherein

the change device is prnvided with an internal air change
devtce for changing the air flnw area of the internal air
duct, and an external air change device for changing thr
air flow arcs of thc external air duct; and

the change device changes Ihe atr flow area of. the tnternal
air duct and the air tlow area of the external air duct
tndependently.

18. A control method of an atr comltuomng devtce for a
vchiclc having an internal air duct that intakes air from a
passenger compartment, an external air duct that inlakes air
from outside of the vehicle, a temperature regulation devtce
that regulates a temperature of air inlaken for atr condtlton-
tn ~ from al least one of Ihe tnlemal air duct and Ihe external
air duct, and a change dcvicc that changes a respcctivc air
flow arcs of at least one of thc internal air duct and thc
external air duct, comprising the step of:

controlling the change devtce such that, when a motor
mounted in thc vehicle is stoppcrl, an air condition
within the passcngcr compartment bccomcs toss liahlc
to deviate from a required condition.


