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(57) ABSTRACT

In a vehicle air conditioner, when a passenger manually
reduces an air blo&ving amount in a large blowing amount
area of automatic control, a correction of the blower voltage
control characteristic is changed in accordance with a con-
dition capable of determining a passenger*s request I or
example, as the condition, at least nne of a target blowing
temperature of. air blown Into a passenger compartment and
a passed time after start of thc automatic control can be used
Thcrcforc, thc corrcctcd i&lower voltage control character-
istic after the manual operation can be made suitable for the
passenger's preferen&x.

Pfitnnfy Exnn&i»of~are Norman
(74) Afff&rneg Age»f, or J &rn&jlarness, l)ickey a P&erce,

PLC

4,-160.035 A " 7&1984 Miso&e e& al. m5 12 16 Claims, 6 Drawing Sheets
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AUTOMATIC AIR CONDITIONER HAVING
LEARNING FUNCTION AND CONTROL

METHOD OI( CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is rclatcd to and claims priority front
Japancsc Patent Application No. 2001-346198 filcd on Nov.
12, 2001, the content of which is hereby incorporated by
reference

IIACK(3ROUNI) OI'IIL INVL'N IJON

l. I'ield of the Invention
is

The present invention relates to a vehicle air conditioner
for automatically controlling an amount of air blown into a
passcngcr compartment, which corrects an automatic control
characteristic of Ihe air blowing amount based on a manual
operatton of a passenger. More parucularly, ihe present

o
inventton relates Io a control method of. a control system in
the vehicle air conditioner.

2 Description ot'elated rtht

In a vehicle air conditioner disclosed in JP-A-3-5-3015 or
JP-A-7-25221, an air blowing amount corrected based on a:s
manual operation of thc passenger is lcamed, so that an
automatic control characteristic of an air bloivin amount is
titted to a passenger's preference. In the vehicle air condi-
tioner thsclosed in JP-A-3-54015, when an air blov:ing
amount is manually reduced from a large blowing amount
area in an automatic control, a target blowing temperature
TAO at which an air blowing amount is switched from thc
large blowing amount area to an intcrmcdiatc blowing
amount area, is learned. In thc vehicle air conditioner
disclosed in JP-A-7-25221, when the air blowing amount is
manually changed from the large blowing amount area in Ihe
automatic control, the manually changed air bloiving
amount is learned

llowever, in the vehicle air conditioner disclosed in
JP-A-3-54015, thc air blowing amount in the large blowing so
amount area of thc automatic control cannot be changed,
thereby not being satisiied to the passenger's request for
reilucing the air blowing amount in the large blov:ing
amount area. In the vehicle air comhhoner disclosed in
JP-A-7-25223, when the air blowing amount is manually as
reduced after the previous lilowing amount is satisfied in an
initial time of a cool down operation, thc air blowing amount
in thc large blowing amount area is reduced in thc automatic
control Therefore, the air blov:ing amount becomes deli-
cient in ihe initial time of Ihe next cool-down operation. On so

the other hand, when Ihe air blowing amount is manually
changed in a bloiving amount control area except for the
large blowing amount area, the manually-changed air blow-
ing amount cannot be lcarncd. Thcrcforc, thc air amount to
bc blown into a passenger compartment is not fittcd to the ..
passenger's preference in the blov:ing amount control area
except for Ihe large blowing amount area.

SUMMARY OF THE INVENTION

In view ot'he foregoing problems, it is an object of the
prcscnt invention to provide a vchiclc air conditioner ivhich
rcalizcs comfortable control of an air blowing amount by
correcting a blowing amount control characienshc in auto-
matic control based on manual operation of a passen er.
That is, the manual operation is learned in a control device as
so that the blowing amount control characteristic after the
manual operation can lie fitted to a passenger's preference

It is another object of ihe present invention to provide a
control method of a control system, which changes correc-
tion of control characteristic of thc air blowing amount by
ctfcctivciy lcamin manual operation.

Accorihng io a lirst aspect of. Ihe present invenhon, in a
vehicle air comhhoner, an automatic ixrnirol characteristw.
for performing an automatic control of thc air blowing
amount is corrcctcd when thc air blowing amount is manu-
ally chan ed through an operation device The control
device includes determining means for determining whether
the air liloivin amount is in a first area larger than a
prcdctcrmincd amount or in a second arcs smaller than thc
predetermined amount. Further, Ihe control device has a
condihon value for determining whether a passenger wanhs
to reduce the air blowing amount in the first area or to
change a switching point at ivhich the air blowing amount is
switched between the first area and the second area In the
vehicle air conrlitioncr, the control rlcvicc chan cs a correc-
tion of the automatic control charactenstic in accordance
with the comhhon value when Ihe air blowing amount is
manually reduced through ihe operation device when ihe
determining means detemiines that the air bloiving amount
is in the first area. Therefore, the automatic control charac-
teristic can be fitted to a passenger's preference, thereby
performing comfortalile air amount control fitted to thc
passen er's prcfcrcncc

Prcfcrably, thc automatic control characteristic has a first
control portion in the first arcs and a scconrl control portion
in the second area, thc control dcvicc changes thc correction
ol. Ihe auiomahc control charactenshc hi correct Ihe iirsi
control porhon when the condiuon value sahsiies a prede-
termined condition in a relationship ivith a threshold value
stored in the control device, and the control device changes
the correction of thc automatic control characteristic to
correct the second control portion when thc conrlition value
docs not satisfy thc prcdctcrmincd condition in thc relation-
ship with Ihe threshold vahie. Further, ihe condition value
can be ai leasi one of an air temperature in Ihe passenger
compartment, a target blowin temperature of air to be
bloivn into the passenger compartment, a passed time from
a start of automatic control operation, an cstimatcrl value of
a passenger's thermal fccling, and a skin tcmpcraturc of thc
passen cr. Accordin ly, thc manual operation can bc cficc-
tively learned so thai the blowing amount control charac-
(enatic after Ihe manual operation can be lit(eel to the
passenger*s preference

W'hen the air blowing amount is increased by the opera-
tion device to be equal to or more than the pre&leiermined
amount in the first area from the second area, the control
device corrects both the first control portion and the second
control portion in the automatic control characteristic.
Thcrcforc, lioth thc first control portion and the scconrl
control portion can lic lcarncd in accordance ivith thc
passenger's prelerence.

Morc preferably, thc second arcs inclurlcs a low blowing
amount area, and an miermediate blowing amount area
where the air blowing amount is between the low blowin ~

amount area and the lira( area. In this case, when the control
device corrects the second control portion, the control device
corrects at least one of the sivitching point at which the air
blowing amount is switched bctwccn thc tirst area anil thc
intermediate blosving amount arcs, a change ratio of thc air
blowmg amount in the iniermeduite blowing amount area,
and Ihe air blowin ~ amount in ihe low blowing amount area.
Accordingly, even in ihe low blowing amount area, ihe
passenger*s preference manual operation can be efi'ectively
learned.



On the other hand, in a control method of a control system
for a vehicle air conditioner, it is determineri whether the air
blowing amount at a start time of manual change is in the
first arcs when thc air biowing amount is manually changed.
I urther, in learning of the control method, the air blowing
amount in the first area is reduced ivhen the temperature
relative to the inside air temperature is lower than a prede-
termined temperature when the air blowing amount is manu-
ally rcduccd in thc first area and a condition vaiuc is in a first
state. Further, in thc learning, thc air bloiving amount in the iu
second area is reduced when the air blowing amount is
manually reduced in the first area when the condition value
is in a second state. Accordingly, the control method of. the.

control system changes the correction of. the control char-
acteristic of thc air blowing amount by eficctively learning
manual operation.

BRIL'I'LiSCRIP l1ON Oi'i IL'RAWIN(IS
Ailihtional obiects aml advantages of. the present inven-

tion will bc morc readily apparent from the following
dctaficd description of preferred embodiments when taken an
together ivith the accompanying drawings, in which:

FIG. I is a schematic diagram showing an entire systcni
of a vchiclc air conditioner according to a first enibodimcnt
of the present mvention;

FIG. 2 is a fiow diagram shov:ing air-conditioning control
of thc vchiclc air conditioner according to thc first embodi-
ment;

FIG. 3 is a fiow diagram showing a main control of the.

air-comlitioning control of the vehicle air condihoner
accordin to thc first embodiment;

FIG. 4A is a graph shov:ing a correction method of a
blower voltage calculation map when an air blov:ing amount
is reriuced in a large blowing amount area, FIG. 4B is a

graph showing thc correction method of the blower voltage
calculation map when the air blowin amount is incrcascd in
the large liiowing amount area, l1G 4C is a graph showing
the correction method of the blower voltage calculation map
when the air blowing amount is reduced in an intermediate
blowing amount area, anti FIG. 4D is a graph showing the.

correction method of thc blower voltage calculation map
when thc air blowin amount is increased in thc large and to
intermediate blowing ainount areas, according to the first
embodiment;

FIG. 5A is a graph showing thc correction method of thc
blower voltage calculation inap when a first blowing amount
change is performed, I'IG. 50 is a graph shoiving the as
correction methori of the blower voltage calculation map
when a secoml blov:ing amount change is performed after
thc first bloivin amount chan e is pcrformcd in FIG. SA,
and FIG. 5C is a graph showing the correction method of the
lilower voltage calculation map when a third hloiving-
amount change is performed after the first and the second
blowing-amount changes are performed in FIG. 5B, accord-
ing to the first emboihment,

I'IG. 6 is a graph showing a correction method of a blower
voltage calculation map in a vehicle air conditioner accord-
ing to a secoml embodiment of the present invenhon,

FIG. 7 is a graph showing a correction niethod of a blower
voltage calculation map in a vehicle air conditioner accord-
ing to a third embodiment of the present invention; and

FIG. 8 is a graph showing a correction method of a blower
i t)

voltage calculation map in a vehicle air conditioner accord-
ing to a fourth embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be ss
described hereinafter with reference to the appended draw-
lllgs

(First Embodiment)
A vehicle air conditioner of FIG. I according to thc first

embodiment automatically controls an air blowing
temperature, an air blowing amount, an air inlet mode (air
mtroducuon mode), an air outlet mode anil the Idee by
automatically controlling mr-conditioning control compo-
nents liascd on stored control characteristics. Further, thc
vehicle air conrlitioncr corrects the storcrl control character-
istics for automatic control, based on a passenger's intro-
duction such as manual operation of a passenger I'he
vchiclc air conditioner includes an air conditioning unit 10
uscrl as an interior unit, an insirlc-outside air switching box
11 used as an mr-inlet mode switching device at the most
upstream air side of the air conditioning unit 10, anil the like
The air conditioning unit 10 is disposed inside a passenger
compartment of the vehicle I'he switching hox 11 includes
an outside introduction port 116, an inside air introduction
port lla and an inside-outsirlc air switchin door 12. Thc
inside-outside air sivitching rloor 12 is rotatably disposed in
the inside-outside air switchmg box 11 at a branch point
between the ports 11n, 116, anil is driven by an actuator 12n.
The inside-outside air sivitching door 12 switches the air
introduction of inside air and outside air into the air condi-
tioning unit 10, or is disposed to adjust a mixing ratio of
inside air to outside air.

A iilower 13, for introducing air into the inside-outside air
switchin box 11 anil for lilowing thc introduccrl air to a
downstream side of thc air conditioning unit 10, is rhsposcrl
at a downstream side of thc insirlc-outside air switchin box
11. The blower 13 includes a blower motor 14 aml a

centnlugal blower lan 15 connected to a rotational shat't of
the bloiver motor 14 An evaporator 16 and a heater core 17
are provided at a downstream side of the hloiver fan 15. I'he

evaporator 16 is a cooling heat exchanger, and constructs a
rcfri erant cycle together with a compressor driven by a
vchiclc cn inc, and thi like. In thc evaporator 16, rcfri crant
ilowing therein absorbs heat from air to be evaporated, so
that the air is cooled. Cooling water (hot water) irom a
vehicle engine (not shown) is circulated into the heater core
17 as a heating heat exchanger, and air is heated hy the
cooling water as a heat source. An air mixing door (AiM
door) 18 as an air-tcmperaturc adjusting dcvicc is rotatably
provided at an upstream side of thc heater core 17. An open
de ree of the A/M door 18 is adjusted by an actuator lgn.
Thus, an amount rauo of. air passing through the heater core
17 to air bypassing the heater core 17 is adjusted, and the
temperature of air to be hloivn into the passenger cnmpart-
ment is adjusted

A defroster (DLI') door 20 for opening and closing aDEI'ir

port 19, a face door 22 for opening and closing a face air
port 21, a foot door 24 for opening and closin a foot air port
23 arc provirlcrl at the most downstream sirlc of the air
conditioning unit 10. Thc doors 20, 22, 24 as air-outlet morlc
switching devices are driven by an actuator 25, aml any one
of air outlet modes such as a face mode, a BiL (bi-level)
mode, a foot mode, a InD (foot-defroster) mode and aDLI'ode

is set Temperature-adjusted air (conditioned air) is
blown into the passcngcr compartment from at least onc
opcncd air port corresponding to a set air outlet morlc

An air-ionditionin control unit 30 includes a microcom-
puter 31 as a control dcvicc. Avoltagc applied to thc blovur
motor 14 is adjusterl based on a signal output from thc
microcomputer 31 through a tiriving circuit 32, to adtust a

roiational speed of. the blower motor 14 An air blowing
amount from the blower 13 is controlleil by the rotauonal
speed of the blower motor 14 I'urther, the other actuators
12rt, 18n, 25 are also controlled based on si naia output from



the microcomputer 31 through the driving circus! 32. The.
microcomputer 31 includes a central processing unit (CPU),
a rc&d only memory (ROM), a random access memory
(RAM), a stancl-by RAM, an input output port (I/O port), an
analog-digital conversinn circuit (A/O conversion circuit)
and the like (they are not shown) I'he stand-by RAM is a
RAM for storing (performing a bacl up of) values learned as
passenger*s preferences even when an ignition switch (IG)
is turned off, and is directly energized by a battery not
through IG even when IG is turned off I'urther, a backup
power source is provided, for energizing thc microcomputer
31 for a short time after clectricai connection bctwcen the
microcomputer 31 and Ihe bakery is brol en.

Operation signals arc input to thc niicrocomputer 31 from
an operation portion 33 provided on a dashf&oard in thc
passenger compartment. The operation portion 33 includes
an automatic switch 34, an in&rife-outside air selecting
switch 35, an air outlet mode selecting sivitch 36, an air
amount setting switch 37, an air temperature setting switch
38 and thc ldcc. Thc automatic switch 34 is for setting an ao
automatic control state, and thc inside-outside air selecting
switch 35 is for manually switchin the air inlet niode
between an inside air iniroifucuon mode ancf an outside air
introifucuon mode. The air outlet mode selecung switch 36
is for manually switching the air outlet mode, and the
air-amount setting sivitch 37 is for manually sivitching the
air blowing amount. The air tenipcraturc setting sivitch 38 is
for manually setting thc air blowing temperature into thc
passcngcr compartment. Thc air-aniount setting switch 37
includes a blowing-amount up switch 37n ancf a blowing-
amount down sv:itch 37k The blowing-amount up switch
37a outputs a signal for increasing the voltage applied tn the
blower motor 14 (blnwer voltage) by one level (0 25V)
when being pushed by onc time. Thc bloivin -amount doivn
switch 376 outputs a signal for reducing thc blower voltage
by onc level (O.ZSY) when bein pushed by one time.

Sensor signals arc input to thc niicrocomputer 31 from
vawous sensors for dctccting environmental conditions such
as air-conditioning loads ailecting lo an air-conditioning
slate. Specifically, Ihe sensor ingnals are input lo Ihe micro- so
computer 31 through a level converinon circuit 45 from an
inside temperature sensor 39, an outside temperature sensor
40, a sunhght sensnr 41 and a post evaporator temperature
sensor 42, a water temperature sensor 43 and thc like. The
sensor signals from the sensors 39—43 arc analo -digital Ls
convcrtcd (A/D convcrtcd) in thc microcomputer 31, and are
input to Ihe microcomputer 31. The inside temperature.
sensor 39 is for detecting an in&itic air temperature TR (air
temperature inside the passenger compartment), and the
outside temperature sensor 40 is for detecting an outside air
tcmpcraturc TAM (air temperature outside thc passcngcr
compartment). Thc sunlight sensor 41 is for detecting a
sunlight amount TS entering into thc passenger
compartment, ancf Ihe post evaporator temperature sensor 42
is for ifetecting an evaporator temperature TE (temperature
of air fiowing out from the evaporator 16) The water
temperature sensor 43 is for detecting a ivater temperature
TW (tcmpcraturc of engine cooling water circulated into the
hc&tcr core 17). Further, an operation signai from thc tens-
pcraturc setting switch 38 is level-converted by thc icvcl 6)
conversion circuit 45, and is input lo Ihe microcompuler 31.

FIG. 2 shows a basic control operation of the vehicle air
condittoner in automatic control. The microcomputer 31
starts Ihe automauc control after the IG is turned on. At step
S)00, each of conversion values, flags and Ihe hi as is as
initialized. At step S200, the operation signals and the sensor
signaks are input tn the microcomputer 31 from the operation

switches 3438 and ihe sensors 39—43. At step S3UU, a target
blowmg temperature TAO of. air blown into the passenger
compartment is calculated by thc followin formula (I)
based on a set tcmpcrature TSET anil sensor signals input at
step S200

TLO=TCEET T&ET-ETI Tn-(CLUxTL)r-5& Ts+C (i)

wherem, KSET, KR, KAM anil KS are coelhcienls, and C
is a constant TSL'I's the inside air temperature set by
the temperature settin switch 38, and 'I'R is the inside
air temperature detected by the inside temperature
sensor 39. TAM is thc outside air tcmpcraturc dctccted
by thc outsiclc tcmpcrature sensor 40. TS is thc sunlight
amount enienng inio ihe passenger compartment
detected by the sunlight sensor 41. TAO is the air
blowing temperature for maintaining an air temperature
in the passenger compartment at the set temperature
TSL'T regardless of changes of the environmental con-
ditions.

At step S400, thc blower voltage for dctcrmining the air
blowmg amount is determined based on the target blowing
temperature TAO. However, since a desired air blowing
amount is changed for every passenger, it is difficult to
uniformly determine the desired air blowing amount for
every passenger In the hrst embodiment, a blower volta e
calculation map (i.c., air amount control charactcnstic) is
corrcctcd based on thi manual operation of the passcngcr,
thereby learnmg the passenger*s preference. This content
will be specifically descwbecl later. Then, at step S50U, an
open degree SW of the A,&M door 18 is calculated based on
the target blowing temperature 'ITLO, the evapnrator tem-
perature 'I L'nd the ivater temperature 'I'W Al step S600, an
air introduction ratio bctwccn the insiclc air amount and thc
outside air amount using thc switching door 12 is calculatcrl
basecl on ihe target blowmg temperature TAO. At step S700,
Ihe air outlet mode usmg the doors 20, 22, Z4 is determined
basecl on ihe target blowmg temperature TAO. At step S800,
a control characteristic of the compressor is determined so
that the evaporator temperature TL is maintained at a target
evaporator tempcraturc. At step S900, various control sig-
nals dctcrminecl at steps S400—S800 are output to thc blower
24, the aciuaiors 12)), lgu, Z5, and Ihe compressor through
Ihe dnving circuit 32, thereby controlling the rotauonal
speed of the blower motor Z4 and the operation of the
actuators IZn, Igr), 25, and the compressor. I'hen, the control
program is returned to step S200, and steps S2005900 are
rcpcated.

Next, a speci0c control process at step S400 shown in
FIG. Z will be described with reference to FIG. 3. At step
S40L ii is determined whether or not Ihe air blowing amount
is manually changed by operaung the air amount setung
sivitch 37 When the determination at step S401 is NO, that
is, ivhen it is determined that the air bloiving amount is not
manually chan ed at step S401, thc blower voltage is
calculated by the stored bio&vcr voltage calculation map at
step S4U9. W'hen Ihe determination at slap S401 is YES, that
is, when ii is determined thai Ihe air blowing amount is
manually chan ed ai slap S401, ii is determined at step S402
ivhether or not the air blowing amount m the large blowing
amount area is in a predetermined lar e f&lowing amount
arcs (hi h blower voltage lcvcl) at a start time of thc air
amount manual operation. When thc dctcrmination at step
S402 is YES, it is determined at step S4U3 whether or noi ihe
air blowing amount in the large blowing amount area is
manually reduced. When Ihe delerminauon at step S403 is
YLS, that is, when it is determined that the air blowing
amount is manually reduced at step S403, it is determined at



step S4U4 whether or not a lime shorter than a predetermined
time 'I'econds (e g., 60 sec.) passes after starting the
automatic air-conditioning operatinn That is, at step S404,
it is determined whether or not the air-conditioning opera-
tion time is shorter than thc predetermined tinic T seconds.

When all of thc dctcrminations at steps S402—S404 arc
YES, tt can be determined that the air blowing amount in Ihe
large blowing amount area ts reduced for a short ume aller
the start of the air conditioning operatinn Accordingly, in
this case, it can he determined that the passenger does not in

prefer the air blowing amnunt at the time at which the
manual chan c operation of thc air biowing amount is
pcrformcd. Thcrcforc, at step S405, the blower voitage in the
large blowing amount area is corrected and learned.
Spectlically, the air blowing amount is reducecf by reducing
the blower voltage in the large blowing-amount area as
follows As shown in 11G 4A, a control pattern before
learmng, shnwn hy a brnken line, is changed to a control
pattern after learning shown by a solid line. Then, at step
S409, thc blower voltage is calculated by thc bloivcr voltage "o

calculation map after learning. When Ihe determination at
step S403 is NO, it is cfelerminecf that Ihe air blowing amount
in the large lilowing amount area is manually increased
'I'herefore, at step S405, the air lifnwing amount is corrected
to be increased hy increasing the hloiver voltage in the large "s
blowing-amount area (high blower voltage levei) as follows.
As shown in FIG 4B, a control pattern before learning,
shown by a broken line, is changed to a control pauern after
learning shov:n by a aoluf line. Then, ai step S409, Ihe.

lilower voltage is calculated by the hloiver voltage calcuia- .io

tion map after learning.
When the cletermination at step S402 is NO, it is deter-

mined at step S406 whcthcr or not the air bloiving amount
is manually changed to be larger than the prcdctcrmincd
amount in the large blowing-amount area after Ihe manual is
operatton of the air blowing amount. When the cfelermina-
tion at slap S4U6 is NO, that is, when ii is determined that
the air lilowing amount is manually changed to be smaller
than the predetermined amnunt in the large blowing-amount
area after thc manual operation of thc air bloiving amount, so
thc control pattern is lcarncd only in an intermediate blow-
ing amount area al step S407. Then, at step S409, ihe blower
voltage is calculated by Ihe blower voltage calculation map
aller learning. When the determination ai step S4U4 is NO,
that is, when it is determined at step S404 that the A/C as
operation time is longer than the predetermined time 'I'fter
thc start of thc automatic air-conditioning operation, it can
bc determined that thc air blowing amount is manually
reducecf in a case where the previous air blowing amount is
salisliecf until the air blowing amount ts manually changecf so

after the start of the automatic air-condiuoning operauon.
'I'herefore, at step S407, the large blowing amount area is not
learned, hut nnfy the interinediate blowing amnunt area is
lcarnccl. Specifically, a control pattern in thc intermediate
blowing amount area is dispiaced in parallel by changing a ..
switching point where the air blowing amount ts started to
be recfuced from the large blowing amount area. Al Ihe.

switching point, Ihe mr blowing amount ts changed between
the large lifowing amount area and the intemiediate hloiving
amount area As shnwn in I'l(f. 4C, a control pattern before
learning, shown by a broken line, is changed to a control
pattern after learning shown by a solid linc. Thcrcforc, thc
blowing amount after learning is mtule smaller than Ihe
blowing amount before learning even al lhe same target
blowing temperature TAO. Then, at step S409, lhe blower ss
voltage is calculated hy the hfnwer voltage calculation map
after learmng.

W'hen Ihe determination al slap S406 is YES, that is, when
it is determined at step S406 that the air blowing amount is
manually changed to he larger than the predetermined
amount in the large hloivin amount area after the manual
operation of thc air blowing amount, thc blower voltage is
incrcascd in both of thc interniccliate blowing amount area
aml the large blowing amount area, at slap S4UU.
Specilically, as shown in FIG. 4D, a control pauern before
learning, shoivn hy a broken line, is changed to a control
pattern after learning shown by a solid line. Then, at step
S409, the blower voltage is calculated by the hlniver volta e
calculation niap after learning. After thc control step is
pcrformcd at step S409, the control program procccds to step
S500.

Next, the learning operation of. the blower voltage calcu-
lation map, performed when the air blowing amount is
manually chan ed by plural times, will he described with
reference to 11GS 5A—5C. In I'IG 5A, the control pattern
A indicates an ori inal pattern which is stored in thc micro-
computer 31 when thc vehicle air conditioner is shipped.
The onginal pauern is beforehancl sel to be suitable to a

general passenger's preference that is obtained by expen-
mental studies, and is stored in the ROM in the microcom-
puter 31 'I'herefore, when no learning operation is per-
fomied for the manual operation of the air blowing amount,
the blower voltage is calculated by the original pattern A
shown in FIG. 5A. In the first manual operation performed
bv operating the blowing-amount seuing switch 37, when
Ihe blower voltage is manually recluced from a maximum
hloiving amount Ma in the original pattern A shown in I IG
5A to an operation point Ml, the first manual nperation is
learned in the folloivin manner That is, in lrl(i. 5A, the
intermediate blowin -amount portion of thc original pattern
A is displacecl to a low-tcniperaturc side of the target
blowmg temperature TAO in parallel each other. The sohd
line B shown in FIG. 5A mdicates a control pattern after
learnmg Ihe lirsi manual operation.

In the second manual operation, ivhen the blower volta e
is manually increased from a small blowing amount Mh
around thc minimum blowing amount Lo in thc control
pattern B shown in FIG. 5B to an operation point MZ, the
second manual operation is learnecl in Ihe following manner
That is, in FIG. 5B, an mclinalion angle 0 of the intermediate
blowin -amount portion of Ihe control pattern B is changed
so that the intermediate hlmving-amount portion passes
through the operation points Ml, M2. The sohcl line ('hownin FIG. 5B inclicatcs a control pattern after learning
thc seconcl manual operation.

In lhe third manual operation, when Ihe blower voltage is
manually recluced from a blowing amount Mc between lhe
minimum blowing amount Lo and a blowing amount at lhe
operation point M2 in the control pattern C shoivn in I IG
5C to an operation point M3, the third manual operation is
learned in thc following manner. That is, in FIG. SC, the
inclination angle 0 of thc intcrmcdiatc blowing-amount
portion of the control pauern C is changed so that the
mlermediale blowing-amount poruon is changed to a line
approximated in lhe least square by three operauon poinhs
MI—M3 The solid line D shown in I'IG. 5C mchcates a
control pattern after learnin the third manual operation In
thc sante nianncr as in thc thircl manual operation, thc
inclination angle of the intcrmcdiatc blowing-amount por-
tion is changed sct thai the intermediate blowing-amount
poruon is changed lo a line approximated in the least square
by four or more operation points.

When the air blowing amount is manually reduced for a
short time after the start of the automatic air-conditioning
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operation, it can be determinecf that the passenger does not
prefer the air blnwing amnunt at the time ivhere the manual
operation of the air blowing amnunt is performed
I'herefore, the air blowing amount in the large bloiving
amount arcs is reduced in thc blower voltage calculation
map. When thc air blowing aniount is manually reduced
after a precfeterminecf time passes alter staring the automauc
air-c:onditioning operation, it can be determined that the, air
blowing amnunt is manually reduced in a case ivhere the
previous blowing amount is satisfied until the air blowing io
amount is manually changed after starting the automatic
air-conditioning operation. Thcrcforc, in thc blower voltage
calculation map, thc air blowing amount is rcduccd only in
the intermediate blowing amount area while the learning
operation is not performed in the large blowing amount area.
As in this manner, the correction methnd of the control

pattern is changed in accordance with the passed time period
until the air blowing amount is manually changed from the
start of thc automatic air-conditionin operation. That is, thc
correction method is changed in accordance with thc con- oo

dition which can cfetermine whether or not the passenger
wants to recfuce the air blov:ing amount in the large blowing
amount area or the passenger wants to change the switching
point at which the air blowing amount is started tn be
reduced from the large iifowing amount area Thus, the is
control pattern can bc made suitable for the passcngcr's
prcfcrcncc, thcrcby performing thc comfortable air-
comhtiomng control suitable for the passenger's preference.

(Second Embodiment)
In the above-described first emlindiment, it is determined

whether or nnt the passed time after the start of the automatic
air-conditioning operation is equal to or shorter than the
prcdctcrmincd time T seconds at step S404 shown in FIG. 3,
ancl thc correction method of thc control pattern is changed
in accordance with the passecf time. However, in the seconcf is
embodiment shov:n in FIG. 6, the correction method of the
control pattern is changed in accordance with the target
blowing temperature TAO at the manual operatinn of the air
blowing amnunt in place of the passed time at step S404
shown in FIG 3 Specifically, when thc target blowing so
tcmpcraturc TAO, at thc manual operation for reducing the
air blowing amount, is equal to or lower than u or is equal
to or higher than 8 in FIG. 6, the air blowing amount in the.

large blowing amount area is reduced as shown in FIG. 4A.
When the target bloiving temperature TAO, at the manual cs
operation for reducing the air blowing amount, is betiveen ci
ancl f3 in FIG. 6, thc air blowing amount in thc intermediate
blowing amount area is reduced as shown in FIG. 4C.

When the target blowing temperature TAO is lower than
u, it can be cfeterminecf that very high coohng capacity is so

requirecf. Further, when the air blowing amount is manually
reduced at this time, it can be determined that the passenger
does not prefer the previous lifnwing amount Similarly,
when thc target blowing temperature TAO is higher than f3,

it can bc dctcrmincd that very hi h heating capacity is ..
requtred. When the air blowing amount is manually reduced
at this time, it can be cfeterminecf that the passenger does not
prefer the previous blowing amount. Accordingly, in the.

secnnd embodiment, the cnrrection method of the control
pattern is changed in accordance ivith the target bloiving oo

tcmpcraturc TAO at thc blowing-amount manual operation.
Thcrcforc, thc control pattern can bc made suitable for thc
passenger's preference, thereby performing comfortable air-
condittomng control suitable for the passenger's preference.

(Third Embodiment) 65

In the above-described second embodiment, the correc-
tion method is changed in accnrdance ivith the target blow-

mg temperature TAO at the blowing-amount manual opera-
tion I lowever, in the third embodiment shown in I I(i 7, the
correction method is changed in accordance with a differ-
ence of the target blowing temperature TAO. Ilere, the
diffcrcnce is bctwccn thc target blowing temperature TAO at
thc ssvitchin point E, whcrc thc air iilowin amount is
started to be recluced from the large blowing amount area to
the mtermediate blowing amount area, amf the target blow-
ing temperature TAO at the blowing-amount manual opera-
tion Specifically, when the air blmving amount is manually
reduced in the loiv temperature area of the target blowing
tempcraturc TAO lower than thc switching point E by a
tempcraturc cliffcrencc lar cr than y, thc air blowing amount
m the large blowing amount area is reduced as shown in
FIG. 4A. When the air blowing amount is manually reduced
in the low temperature area of the target bloivin tempera-
ture TAO lower than the switchin point L by a temperature
difference smaller than;, the air bloiving amount in the
intermediate blowing amount area is rccluccd as shown in
FIG. 4C.

Therefore, the control panern can be made suitable for the
passenger's preference, thereby performing the comfortable
blowing-amount control suitable for the passenger*s prefer-
ence. Similarly, the learning operation can be performed in
the high temperature area of the target blowing temperature
TAO as in thc low tcmpcrature area thereof.

(Fourth Embodiment)
In the above-descubecl embochments, the blower voltage

is calculated only based on the target blowing temperature
TAO. Ilowever, in the fourth emfmdiment, the blower volt-
age is calculated based on the inside air temperature TR, the
outside air temperature TAM and the sunhght amount 'I'

FIG. 8 is a three-dimensional map showing thc control
pattern of thc blower volta c, whcrc thc blower voltage is
chan ed in accordance with the inside air temperature TR
and the sunhght amount TS in a case where the outside air
temperature TAM is lixed.

In the above-described second and third embndiments, the
correction method of the control pattern is changed in
accordance ivith thc target blowing tcmpnaturc TAO at thc
blowin -amount manual operation. Howcvcr, in thc fourth
embodiment, the correction method of the control pauern is
changed in accordance with the inside air temperature TR in
place of the target blowing temperature TAO For example,
ivhen the air blowing amount is manually reduced m the low
temperature area of the inside air temperature TR at a
tcmpcraturc equal to or lower than 6, the air blowing amount
in thc lar e blowing amount arcs is rccluccd from a pattern
F before learning to a pattern G after learning, as shown in
FIG. 8.

Here, the temperature facing of the passenger is ailected
by the inside air temperature TR more than by the outside air
temperature TAM and the sunli ht amount 'I'S Accordingly,
in coolin operation with thc same target blowing tcmpcra-
turc TAO, when the outside air tempcraturc TAM is not so
much high aml the inside air temperature TR is high with
respect to the set temperature TSET, the passenger feels
warmer than when the outside air temperature TAM is high
and the inside air temperature TR is not so much high with
respect to the set temperature 'FSE I'. In this case, when the
outside air tcmpcrature TAM is not so much high and thc
inside air tcmperaturc TR is hi h with rcspcct to the sct
temperature TSET, the passenger wants to increase the air
blowmg amount in the Lirge blowing amount area. In this
case, the passenger's preference cannot be auainecf by the
correction method changed in accordance with the target
blowing temperature TAO I ioivever, in the fourth
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emboihment, this passenger's preference can be attained by
the correctinn method changed in accordance with the inside
air temperature TR, thereliy performing the comfortable
lilowing-amount control suitable for the passenger*s prefer-
ence. For cxamplc, when thc air blowing amount is manu-
ally chan cd in a small amount of thc sunlight amount TS,
the control pauern may be learnerl only in Ihe small amount
area of the sunlight amount TS in FIG. g. In the fourih
embodiment, similarly to the low temperature area of the
inside air temperature TR, in a high temperature area of the in
inside air temperature I'R, the control pattern can be learned
based on thc insirlc air tcmpcrature TR.

(Fifth Embodiment)
In the above-ilescnbed first embodiment, ihe correction

method of Ihe control pattern is changed in accordance with
the passed time until the air blowing amount is manually
changed after the start nf the automatic air-cnnditioning
operation. further, in the aliove-described second
cmborhmcnt, the correction method is changed in accor-
dance with the target blowing temperature TAO. However, ao

in the fifth embodiment, the air blowing amount in Ihe large
blowing amount area is changed when the passed time is
equal to or shorter than the predetermined time T (seconrls)
and when the target lilnwing temperature I'AO at the
blowing-amount manual operation is equal to or lower than as
o or is equal to or higher than i) in FIG. 6.

For cxamplc, in thc first embodiment, thc air blowing
amount in the large blowing amount area may be manually
reducerl directly alter Ihe start of the automatic air-
conditiomng operation. In this case, when the target bloxving .io

temperature I'AO is near the switching point betxveen the
large blnwing amnunt area and the intermediate bloxving
amount arcs, it can bc dctcrmined that thr passenger wants
to chan c thc switching point to the lower temperature side.
However, in the first embodiment, the control pauern is is
corrected aml learned so that Ihe air blowing amount in Ihe
large blowing amount area is directly reduced. On Ihe other
hand, in the second embodiment, the air bloxving amount in
the large blowing amount area may be manually reduced
after performing thc automatic air-conditioning operation so
for a long time. In this case, when the target blowing
temperature TAO is equal to or lower than xx or is equal to
or higher than (I in FIG. 6, il can be determined that Ihe.

passenger may want to change the switching point Io Ihe.

lower temperature side However, in the second xs
embodiment, the control pattern is learned so that the air
blowing amount in thr large blowing amount area is
rcrluccd.

In the lilth embodiment, Ihe correction method of Ihe
blower voltage calculation map is changed in accordance so

with the passerl lime after Ihe start of. the aulomanc air-
conditioning nperation, and the target blowing temperature
'I'AO at the blowing-amount manual operation. I'herefore, it
can bc dctcrmincd morc accurately whether or not the
passcngcr wants to reduce thc air blowing amount in the ..
large blowing amount area or the passenger wants Io change.
the switching point, thereby performing the comfortable.
air-i:onditioning control more suitable for the passenger*s
preference.

(Sixth Embodiment) Ri

In thc above-rlcscribcd first embodiment, thc correction
method of thc control pattern is chan ed only in accordance
with the passerl lime after Ihe start of. the aulomanc air-
condittomng operauon. However, in the sixth embodiment,
the correction method of. Ihe control pattern is changed also as
in accordance with the seasnn. A time period of automatic
air-conditioning operation is shorter in the spring or the

autumn than in Ihe winter or Ihe summer. Therelore, in the
sixth embodiment, it is determineil in the above embodi-
ments xvhcther or not it is one of the spring anti thc autumn,
anti thc lcamin operation in thc large blowing amount area
can be prohibited Accordingly, the control pattern after
learning is not required to be stored in the memory in an
environmental conihtion mirresponiling Io the spnng or Ihe
autumn, thereby saving the memory in the microcomputer
31 I'or example, xvhen the outside air temperature TAM is
in a range of 16—2S':, it can be determined tn be any one
of thc spring and thc autumn.

(Seventh Emborlimcnt)
In Ihe seventh embodiment, the Ihresholil prexlelermined

lime T of. Ihe passed time in Ihe lirst embodiment, the
threshold limit temperatures o, fi of the tar et blowing
temperature 'IIAO in the second embodiment and the thresh-
old limit temperature &S of the inside air temperature 'I'R in
thc fourth embodiment can be changed base(1 on an envi-
ronmental condition such as thc outside air temperature
TAM anil the sunhght amount TS. For example, it
preferable that the threshold preiletermined time T ol'he
passed time is set shorter in a temperature range IS—2S''f

the outside air temperature TAM than in the other
temperature range of the outside air temperature 'IIAM

Specificall, thc threshold predetermined time T is sct at
aliout 10 seconds in thc outsirlc air tempcraturc TAM of
15—26'., anil ts set al about 60 seconds in the other
temperature area of. Ihe outside air temperature TAM
Preferably, as the sunlight amount 'I'S m the cooling opera-
tion is increased, the threshold limit temperature iy of the
inside air temperature 'I'R in the fourth embodiment can be
sct lower.

(Ei hth Emborlimcnt)
In the above-descwbed lirst embodiment, the mirac(ton

method of. Ihe control pauern is changed in accordance with
the passed time until the air blowing amount is manually
changed after the start of the air-conditioning operation
I lowever, in the ei hth embodiment, the correction methnd
of the control pattern is changed in accordance with thc
determination value for the passenger temperature feeling
such as a sl in temperature of the passenger. For example, the
passenger's temperature leeling is determined by the pas-
senger skin temperature detected by an infrared detector
The determined temperature feeling is not cool nr warm, but
cold or hot, and the air bloxving amount is manually reduced
in the large blowing amount arcs. At this time, it can bc
determined that this manual operation is pcrformcd because
Ihe passenger does not prefer Ihe previous air blowing
amount. Therefore, the learning operation is perlormed so
Ihat the air blowing amount in the large blowing amount area
is reduced

While the present invention has been shoivn and
dcscribcrl with rcfercncc to thc fore oing preferred
cmbodinicnts, it will bc apparent to those skilled in thc art
that changes in form aml detail may be made therein without
deparung from the scope of the invention as delined in the
appended claims.

What is claimed is
l. An air conditioner for a vehicle, comprising:
a blower for blowing air into a passenger compartment,
an operation device through which an air blowin ~ amount

from the blower is manually changed, anil
a control device lor automaucally controlling Ihe air

blowin ~ amount in accordance with an automatic con-
trol charactertsfic, and for correcung the aulomalm
control characteristic when the air bloxving amount is
manually changed by the operation device, wherein
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the control device includes cfetermining means for
determining whether the air blowing amnunt is in a
tirst area larger than a predetermined amount or in a
second area smaller than the predetemiined amount;

thc control device has a condition vaiuc for determining
whcthcr a passenger wants to reduce thc air blowing
amount in the lirsl area or to change a switching
point al which the mr blowing amount is swilchecf
bet&veen the first area and the second area; and

the control device changes a correction of the automatic
cnntrnf characteristic in accordance with the cnndi-
tion value when thc air blowin amount is manually
rcducccl through thc operation device when thc deter-
mining means cfetermines thai the air blowing
amount is in Ihe first area. is

2. The air conditioner according to claim 1, wherein
thc automatic control characteristic has a first control

portion in thc first area and a second controi portion in
the second area;

the control device changes the cnrrection nf the automatic D

control characteristic to correct the first control portion
when the condition value satisfies a predetermined
condition in a relationship with a threshold value stored
in thc control device; and

"S
the control device changes Ihe correction of the automatic

control characlerisnc lo correct Ihe second control
pornon when the condition value does not sansfy Ihe.

predetermined condition in the relationship ivith the
threshold value.

) )

3. Thc air conditioner according to claini 2, wherein thc
condition value is at least one of an air tcmpcrature in thc
passenger compartment, a targe! blov:ing temperature of: air
to be blown into the passenger compartment, a pa&sect lime
from a start of. automatic control operanon, an estimalecf
value of a passenger*s thermal feeling, and a skin tempera-
ture of the passenger.

4. Thc air conclitioncr according to claim 2, ivhcrcin the
threshold value is changed in accordance with an environ-
mental conclition value around thc vehicle.

so
5. The air conditioner according to claim 2, wherein.
when the air blowing amount is increased by ihe operanon

device to l&e equal to or more than the predetermined
amount in the first area from the second area, the
control device corrects both the first control portion and js
thc second control portion in the automatic control
characteristic.

6. The air conchlioner according to claim 2, wherein.
the second area includes a low blowing amount area, ancf

an intermechate blowing amount area where ihe air so
f&lowing amount is between the low blowing amount
area and the first area; and

when the control device corrects the second control
portion, thc control device corrects at least onc of a
switching point at which the air blowing aniount is ..
switched between the first area aml Ihe intermediate.
blowing amount area, a change ratio of. the air blov:ing
amount in the intermediate blowing amount area, and
the air blowing amount in the low blowing amount
area i t)

7. A control method of a control system for a vehicle air
conditioner, thc control system l&cin for automatically
controlling an air blowing amount lo be blown into a

passenger compartment based on a temperature relanve io
an inside air temperature of Ihe passenger compartment in as

any one of a first area where the air blowing amount is larger
than a first predetermined amount, a secnnd area ivhere the

air blowing amount is between Ihe lirst precfelermined
amount and a second predetermined amount smaller than the
first predetermined amount, and a third area where the air
bloiving amount is smaller than the second predetermined
amount, the control nicthod comprising

storing at least a relationship bctwccn the air blowing
amount and Lhe iemperaiure relative lo Ihe inside air
temperature as a map,

readin ~ signals from sensors anil operation switches,
delermimng the temperature relanve to lhe inside air

temperature;
determining the air blowing amount based on the deter-

mined temperature relative to the inside air
tcmpcraturc, in accorclancc with thc relationship,

dctemiinin whether the air i)lowin amount is manually
changed when automatic control of thc air blowing
amount is performed;

determimng whether Ihe air blowing amount at a start
time of manual change is in the lirsl area, when the air
blowing amount is manually changed;

changing and neivly storing the relationship for learning
such that the air bloivin amount in the hrst area is
reduced, ivhcn the tempcraturc rclativc to the inside air
tempcraturc is lower than a prcdetcrmined tcmperaturc
when ihe air blowing amount is manually reduced in
Ihe first area aml a conclition value is in a lirsl stale, and

changing anil newly stonng ihe relauonship for learning
such that the air bloiving amount in the seconcl area is
reduced ivhen the air blowing amount is manually
rccluccd in thc first area when the conclition value is in
a second state.

8. The control mcthocl according to claim 7, wherein:
thc temperature rclativc to thc inside air tcmperaturc is an

inside air tempcraturc dctectcd by an inside tempera-
ture sensor among lhe sensors.

9. The control method according to claim 7, wherein.
thc tcmpcrature rclativc to thc inside air tcmperaturc is a

target blowmg temperature of air to be blown into the
passenger compartment, and

thc tar ct bloiving tcmpcrature is calculated using at least
Ihe ms)de air temperature cletecled by an inside tem-
perature senm)r among lhe sensors.

10 The control method accordin to claim 7, ivherein
when Ihe comhnon value is in the secomf slate, a switch-

in ~ point, al which Ihe air blowing amount is switched
between the first area and the second area, is reduced

11 The control method accordin to claim 7, wherein
the comhnon value is in Ihe lirsl slate, when a passed time

from a start of the automatic control is shorter than a
predetermined time; and

the condition value is in the second state, when the passed
time from the start of the automatic control is longer
than the predetermined time

12. Thc control method accorcling to claim 7, wherein
ivhen the air blowing amount is manually increased in the

first area, thc relationship is changed and newly stored
such that thc air blowing amount in the tirst area is
incrcascd.

13. The control method accordmg lo claim 7, further
composing

delermimng whether lhe air blowing amount is manually
changed Irom the secoml area to be larger than the air
blowin ~ amount in the lirst area, wherein:
in the learning, a sivitching point at which the air

blowing amount is switched bet&veen the first area
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and the secoml area is reduced in Ihe map, when lhe.

air blowing amount is manually changed smaller
than the air blowing amount in the first area, in the
automatic control with the air blowing amount in the
second area; and

in thc learning, at least thc switching point is increased,
when the air blowing amount is manually changerf
larger than the air blowing amount in the lirst area,
in the automatic control with the air bloiving amount
in the second area

14 '1'he cnntroi method according to claim 7, wherein
the comhuon value is in the lirsl state, when the tempera-

ture relauve to the insula air temperature is equal to or
lower than a lirst predetermined temperature, or is
equal to or higher than a second predetermined tem-
perature higher than the first predetemiined tempera-
ture, and

the conililion value is in the second stale, when Ihe
temperature relative to the insula air lemperature is
higher than the first predetermined temperature and is
lower than the second predetermined temperature.

15 '1'he control method according to claim 7, further
comprising

calculating a temperature dilTerence behveen Ihe tempera-
ture relative to the inside air temperature when Ihe, air
lilowing amount is manually changed, and the tempera-
ture relative to the inside air temperature at a switching

iu

is

point where lhe air blowing amount is switched
between the tirst area and the second area; and

dctemiinin whether the tcmpcrature ditfcrcnce is equal
to or lar cr than a predctcrmincrl temperature
ihllerence, wherein.
when the temperature dilTerence is equal to or larger

than Ihe predetermined temperature dilTerence, the
condition value is in the first predeterminerl state;
ariel

when thc tempcraturc ditfcrcnce is smaller than thc
prcdcterniincd teniperaturc ditfcrcnce, thc condition
vahie w m Ihe secoml slate.

16. The control method accorihng lo claim 7, wherein
the relationship is stored as the map to chan e the air

blowing amount in accordance with the tcmperaturc
relative to thc insitlc air tempcraturc; and

the map includes a lirsl control portion with the air
blowmg amount in lhe first area in low and high
temperature ranges of the temperature relative to the
inside air temperature, a second control portion with
the air liloivin amount in the thirtl area bctwecn thc
low and hi h tcmpcrature ranges in the tcmperaturc
relative lo the inside air temperature, aml a third control
portion with the air blowing amount in the second area
between lhe lirsl area and the third area.


