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(7) ABSTRACT

In a vehicle air conditioner with an automatic control having
a learning function of manual operation, when a passenger
manually sets an air blowing amount in the automatic
control, it is determined whether or not an air blowing
amount after the manual operation is in a readily sensible
area. When a change of the air amount due to the manual
operation is in the readily sensible area, a reflecting degree
of the manual operation reflected in an air amount control
pattern is increased. For example, 100% of the manual
operation is reflected in the air amount control pattern in the
readily sensible area, while about tens % of manual opera-
tions is generally reflected in the air amount control pattern
totally.

11 Claims, 18 Drawing Sheets

NO

/514

AFFECTING DEGREE TO THE
CONTROL MAP IS MADE SMALL

AFFECTING DEGREE TO THE
CONTROL MAP IS MADE LARGE

—$13

/S15

CHANGE CONTROL MAP

( RETi@



U.S. Patent Dec. 30, 2003 Sheet 1 of 18 US 6,669,101 B2

OUTSIDE
AR,
5 ¢‘//
|Nsn;§<:—Ja\\ 2
3/_/’ \-r
7
6
\
DRIVE INSIDE AIR SENSOR |24
CIRCUIT
25
Ly _ LEVEL OUTSIDE AIR SENSOR [~
MICRO Eon
COMPUTER
VERSION —~26
VERSTON SUNLIGHT SENSOR
< TEMPERATURE SWITCH }~27
Ly \Log

OPERATION |—23
PORTION




U.S. Patent Dec. 30, 2003

Sheet 2 of 18

US 6,669,101 B2

FIG. 2A FIG. 2B
32 34
4 -
:5;}31 E:/\/NSS
LEARNING AUTO
- y, \ .
FIG. 3

100
( START )

INITIALIZE 110

— 150
7 INUT SToNALS
|

CALCULATE TAO

/*200

A/M CONTROL

~300

BLOWER VOLTAGE CONTROL

~400

INSIDE/OUTSIDE AIR
INTRODUCTION CONTROL

~500

|

AIR OUTLET MODE CONTROL

~600

COMPRESSOR CONTROL

~700




U.S. Patent Dec. 30, 2003 Sheet 3 of 18 US 6,669,101 B2

FIG. 4

© @ © 6

MANUALLY SET? S>1E°

— /452

NO
CHANGE BLOWER-VOLTAGE
CONTROL MAP (DEF)

<

CALCULATE VE 493

- ©

OUTPUT VF 460

500



U.S. Patent Dec. 30, 2003 Sheet 4 of 18 US 6,669,101 B2

FIG. 5A

MANUALLY SET?

/"412

CHANGE BLOWER-VOLTAGE
CONTROL MAP (FACE)

CALCULATE VF 413

FIG. 5B

421

YES

MANUALLY SET?

/422

CHANGE BLOWER-VOLTAGE
CONTROL MAP (B/L)

~

CALCULATE VF  f 423




U.S. Patent Dec. 30, 2003 Sheet 5 of 18 US 6,669,101 B2

FIG. 6A

431

YES

MANUALLY SET?

/"432

CHANGE BLOWER-VOLTAGE
CONTROL MAP (FOQT)

CALCULATE VF  p 433

FIG. 6B

/”*442

CHANGE BLOWER-VOLTAGE
CONTROL MAP (F/D)

CALCULATE VF 443




U.S. Patent Dec. 30, 2003 Sheet 6 of 18 US 6,669,101 B2

FIG. 7A FIG. /B
VF(V) FACE VF(V) B/L
HI ‘—\ L HI —\—/___
L0 - / O
TAO (°C) TAO (°C)
FIG. 7C FIG. 7D
VF(V) Fo0T VF(V) F/D

Hl_j HI—\_/—

L0 F-- - /—— LO

TAO (°C) TAO (°C)
FIG. 7E
DEF
VF(V)
TN
R




U.S. Patent Dec. 30, 2003 Sheet 7 of 18 US 6,669,101 B2

FIG. 8

\Q‘H
MANUALLY SET?

S12

BLOWER LEVEL AFTER
MANUAL OPERATION=107?
(LOW BLOWING-AMOUNT AREA?)

NO

/‘814

AFFECTING DEGREE TO THE
CONTROL MAP IS MADE SMALL

AFFECTING DEGREE TO THE [~ 513
CONTROL MAP IS MADE LARGE

CHANGE CONTROL MAP

( RETURN )



U.S. Patent Dec. 30, 2003 Sheet 8 of 18 US 6,669,101 B2

FIG. 9

;
© © © 6

CALCULATE VF | 493

<

ouTPUT VF 480

Yo

©




U.S. Patent Dec. 30, 2003 Sheet 9 of 18 US 6,669,101 B2

VE(V)
HI

LO

VE(V)
HI

LO

VE(V)
HI

LO

FIG. 10A

o~ _— FIRST OPERATION

[« ortainaL
\o~~" PATTERN

\
\
\
\
\

A

AFTER FIRST OPERATION REFLECTED

M1

TAO (°C)

FIG. 10B

N AFTER FIRST OPERATION REFLECTED

N ORIGINAL
-~ PATTERN

\
\____SECOND
OPERATION

| VR W

AFTER SECOND OPERATION REFLECTED

TAO (°C)

FIG. 10C

,,,,,,, AFTER FIRST OPERATION REFLECTED

. _.ORIGINAL
\e~" PATTERN

.\ _THIRD
OPERATION

' AN AFTER THIRD
AFTER SECOND N QPERATION REFLECTED

OPERATION REFLECTED

TAO (°C)



U.S. Patent Dec. 30, 2003 Sheet 10 of 18 US 6,669,101 B2

FIG. 11

START

§21
NO

MANUALLY SET?

S22

BLOWER LEVEL AFTER
MANUAL OPERATION =107
(LOW BLOWING-AMOUNT AREA?)

/"‘824

AFFECTING DEGREE TO THE
CONTROL MAP IS MADE SMALL

AFFECTING DEGREE TO THE 523
CONTROL MAP IS MADE LARGE

CHANGE CONTROL MAP
M4

( RETURN )



U.S. Patent Dec. 30, 2003 Sheet 11 of 18 US 6,669,101 B2

FIG. 12

START

S31
MANUALLY SET?

BLOWER LEVEL AFTER
MANUAL OPERATION=107?

534
YES -

STORE MANUAL OPERATION
DATA FOR SHORT TIME

STORE MANUAL OPERATION [ 533
DATA FOR LONG TIME

CHANGE CONTROL MAP
(WHEN THREE TIMES OF OPERATION DATA
CAN BE STORED AS MAXIMUM TIMES)

M3 %

M2

M4
M1

( RETURN )



U.S. Patent Dec. 30, 2003 Sheet 12 of 18 US 6,669,101 B2

FIG. 13
\Q‘H
MANUALLY SET? >0
YES
542
£>30 SECONDS?

AFFECTING DEGREE TO THE k543
CONTROL MAP IS MADE LARGE

/'*844

AFFECTING DEGREE TO THE
CONTROL MAP IS MADE SMALL

/"845

CHANGE CONTROL MAP

( REﬂEﬁE::)



U.S. Patent Dec. 30, 2003 Sheet 13 of 18 US 6,669,101 B2

FIG. 14

NO

\Qm
MANUALLY SET?

YES

IN FACE MODE NO

OR B/L MODE?

AFFECTING DEGREE TO THE f 393
CONTROL MAP IS MADE LARGE

/"854

AFFECTING DEGREE TO THE
CONTROL MAP IS MADE SMALL

/’*355

CHANGE CONTROL MAP

!

(" RETURN )



U.S. Patent Dec. 30, 2003 Sheet 14 of 18

FIG. 15

Comi D)

561

NO

US 6,669,101 B2

MANUALLY SET?

YES

$62
\JC:;\\\\\> NO
V2-V1| <57

YES

—$63
100% OF MANUAL OPERATION

IS REFLECTED

/"864

50% OF MANUAL OPERATION
IS REFLECTED

CHANGE CONTROL MAP 569

e

( RETUL—RN—)




U.S. Patent Dec. 30, 2003 Sheet 15 of 18 US 6,669,101 B2

FIG. 16

NO

ALL OF MANUAL OPERATION
IS REFLECTED

[ —S14

THREE LEVEL OF MANUAL
OPERATION IS REFLECTED

-

CHANGE CONTROL MAP 810

o

C RETURN )




U.S. Patent

Dec. 30, 2003

Sheet 16 of 18

FIG. 17

C swt )

MANUALLY SET?

S81
NO

US 6,669,101 B2

YES

~( 7
57

NO
IV2-v1| <
—S83
ALL OF MANUAL OPERATION
IS REFLECTED
CHANGE CONTROL MAP S84
/"385

NONE OF MANUAL
OPERATION IS REFLECTED

/586
TURN OFF AUTOMATIC
OPERATION INDICATOR IN
MANUAL MODE

C ReTURN )




U.S. Patent Dec. 30, 2003 Sheet 17 of 18 US 6,669,101 B2

FIG. 18

G D)

S91

NO

MANUALLY SET?

S92
AT ANY ONE OF YES

MAX COOL AND MAX HOT?

ALL OF MANUAL OPERATION
TEMPERATURE IS REFLECTED

CHANGE AIR-TEMPERATURE | 594
CONTROL MAP

/"895

NONE OF MANUAL OPERATION
TEMPERATURE IS REFLECTED

/’*896

TURN OFF LEARNING MODE
INDICATOR

C Ry )




U.S. Patent Dec. 30, 2003 Sheet 18 of 18 US 6,669,101 B2

FIG. 19

Csmer_)

5101

NO

MANUALLY SET?

YES

$102
BLOWER LEVEL AFTER YES

MANUAL OPERATION=57

—~$103
ALL OF MANUAL OPERATION

IS REFLECTED

CHANGE CONTROL MAP 5104

/"8105

NONE OF MANUAL OPERATION
IS REFLECTED

C RETURN )




US 6,669,101 B2

1

VEHICLE AIR CONDITIONER WITH
AUTOMATIC AIR-CONDITIONING
CONTROL HAVING LEARNING FUNCTION
OF MANUAL OPERATION

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to and claims priority from
Japanese Patent Applications No. 2001-309060 filed on Oct.
4, 2001 and No. 2001-309130 filed on Oct. 4, 2001, the
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle air conditioner
with automatic air-conditioning control where a voltage
applied to a blower motor is calculated based on a prede-
termined air amount control characteristic, and the blower
motor is automatically controlled. Particularly, the vehicle
air conditioner is a learning automatic air conditioner where
the air amount control characteristic is learned and changed
so that an air-conditioning control amount, manually set in
an air-amount automatic control, is reflected in the next
automatic air-conditioning control after the manual opera-
tion is performed.

2. Description of Related Art

In conventional vehicle air conditioners, a voltage applied
to a blower motor is calculated based on a predetermined air
amount control characteristic, and the blower motor is
automatically controlled. Among the automatic-control air
conditioners, a learning automatic air conditioner with a
learning function is disclosed in JP-A-7-329539. In the
learning automatic air conditioner, when a passenger manu-
ally sets an air blowing amount in an air amount automatic
mode where an amount of air blown from each air outlet port
is automatically controlled, the above air amount control
characteristic is changed so that the manual set amount is
reflected in the automatic air-conditioning control after the
manual operation is performed. In the learning automatic air
conditioner, each manually set amount in the automatic
control mode is stored in a storage medium (memory). Then,
when the storage medium is filled to its storage capacity, the
manually set amounts stored in the storage medium are
averaged, and the averaged amount is stored in the storage
medium while the stored manually-set amounts are erased.

In the conventional learning automatic air conditioner,
when the storage capacity of the storage medium is suffi-
ciently large, an air-amount automatic control corresponding
to a passenger’s preference can be performed. However, in
this case, an expensive storage medium having a large
memory capacity is required, and production cost of the
vehicle air conditioner is increased. Further, even if irregular
operation is manually set, the irregular manual operation is
faithfully reflected in the automatic air-conditioning control,
and a regular control pattern based on the air-conditioning
control characteristic is largely disturbed.

SUMMARY OF THE INVENTION

In view of the above problems, it is a first object of the
present invention to provide a vehicle air conditioner with an
automatic air-conditioning control having a learning
function, which reduces production cost.

A second object of the present invention is to provide a
vehicle air conditioner where irregular manual operation is
difficult to be reflected in the automatic air-conditioning
control.
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According to the present invention, in a vehicle air
conditioner having automatic control, a change portion
learns and changes an air-conditioning control characteristic
of an air-conditioning portion in accordance with a manual
control value when an operation portion is manually oper-
ated in the automatic control, so that the manual control
value is reflected in the next automatic control. The change
portion includes determining means for determining a nec-
essary degree of a learning control of the air-conditioning
control characteristic by determining whether the manual
control value is within a predetermined range, and the
change portion controls a reflecting degree of the manual
control value in the air-conditioning control characteristic
based on the necessary degree of the learning control.
Accordingly, it is compared with a case where the air-
conditioning control characteristic is learned and changed
without a distinction relative to all manual operation,
memory capacity of a memory portion for memorizing the
air-conditioning control characteristic can be made smaller.
Thus, the production cost of the vehicle air conditioner can
be reduced, while the passenger’s preference can be effec-
tively reflected.

Preferably, when the manual control value is in a readily
sensible area in which a change of the air-conditioning state
due to the manual control value is readily sensible by the
passenger, the change portion increases the reflecting degree
of the manual control value reflected in the next automatic
control, as compared with a case where the manual control
value is in an unreadily sensible area in which a change of
the air-conditioning state due to the manual control value is
difficult to be sensible by the passenger. Accordingly, in the
readily sensible area, the manual operation can be accurately
reflected in the air-conditioning control characteristic. On
the other hand, irregular manual operation is difficult to be
reflected. Thus, the memory capacity of the memory mem-
ber can be reduced, and the cost of the vehicle air condi-
tioner can be reduced.

The memory portion can store plural manual control
values set by the operation portion through plural manual
operations. In this case, when a change of the air-
conditioning state due to a manual control value among the
plural manual control values is readily sensible by the
passenger, the change portion increases the reflecting degree
of the manual control value reflected in the next automatic
control, as compared with a case where a change of the
air-conditioning state due to a manual control value among
the plural manual control values is difficult to be sensible by
the passenger. Accordingly, the same effect described above
can be obtained.

Preferably, when the manual control value is in the readily
sensible area, the memory portion increases a storing time
for which the manual control value is stored, as compared
with a case where the manual control value is the unreadily
sensible area. Accordingly, the passenger’s preference can
be effectively reflected while the memory capacity can be
reduced.

When a time for which an environmental condition for the
air conditioning state is maintained is longer than a prede-
termined time period, the change portion increases the
reflecting degree of the manual control value reflected in the
next automatic control, as compared with a case where the
time is shorter than the predetermined time period.

Further, in a first mode such as a face mode and bi-level
mode, the change portion increases the reflecting degree of
the manual control value reflected in the next automatic
control, as compared with that in a second mode such as a
foot mode.
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On the other hand, when a difference between the manual
control value and a basic control value that is stored in the
memory portion is larger than a predetermined level, the
change portion decreases the reflecting degree of the manual
control value reflected in the next automatic control, as
compared with a case where the difference is smaller than
the predetermined level. Alternatively, when the difference
between the manual control value and the basic control
value that is stored in the memory portion is larger than a
predetermined level, the change portion controls the reflect-
ing degree of the manual control value reflected in the next
automatic control at a substantially constant value.
Accordingly, it is unnecessary to consider a manual control
value that is greatly different from the basic control value,
and the air-conditioning control characteristic can be readily
approximated by a simple line, and the memory capacity can
be further reduced.

When the manual control value is at a maximum value or
a minimum value in an operation range of the operation
portion, the change portion controls the reflecting degree of
the manual control value reflected in the next automatic
control at a small degree. Alternatively, when an air amount
to be blown into the passenger compartment is smaller than
a predetermined amount or when the air amount to be blown
into the passenger compartment is smaller than the prede-
termined amount after the manual operation, the change
portion decreases the reflecting degree of the manual control
value reflected in the next automatic control.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and advantages of the present inven-
tion will be more readily apparent from the following
detailed description of preferred embodiments when taken
together with the accompanying drawings, in which:

FIG. 1 is a schematic diagram showing an automatic air
conditioner for a vehicle according to a first embodiment of
the present invention;

FIG. 2A is a plan view showing a learning mode switch
according to the first embodiment, and FIG. 2B is a plan
view showing an automatic operation switch according to
the first embodiment;

FIG. 3. is a flow diagram showing a basic control of the
automatic air conditioner according to the first embodiment;

FIG. 4 is a flow diagram showing a blower-voltage
control in the basic control operation shown in FIG. 3;

FIG. 5A is a flow diagram showing a detail blower-
voltage control operation in a face mode shown in FIG. 4,
and FIG. 5B is a detail blower-voltage control operation in
a bi-level (B/L) mode shown in FIG. 4;

FIG. 6A is a flow diagram showing a detail blower-
voltage control operation in a foot mode shown in FIG. 4,
and FIG. 6B is a flow diagram showing a detail blower-
voltage control operation in a foot/defroster (F/D) mode
shown in FIG. 4;

FIGS. 7A-T7E are graphs showing original blower-voltage
control patterns corresponding to a target blowing tempera-
ture (TAO) in the face mode, in the B/L. mode, in the foot
mode, in the F/D mode and in a defroster (DEF) mode,
respectively, according to the first embodiment;

FIG. 8 is a flow diagram showing a learning-change
control for an air amount control map (blower voltage
control map), according to the first embodiment;

FIG. 9 is a flow diagram showing a blower voltage control
according to a second embodiment of the present invention;

FIG. 10A is a characteristic graph showing a blower-
voltage control pattern after reflecting a first manual opera-
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tion in an original blower-voltage control pattern, FIG. 10B
is a characteristic graph showing a blower-voltage control
pattern after reflecting a second manual operation in the
blower-voltage control pattern shown in FIG. 10A, and FIG.
10C is a characteristic graph showing a blower-voltage
control pattern after reflecting a third manual operation in
the blower-voltage control pattern shown in FIG. 10B,
according to the second embodiment;

FIG. 11 is a flow diagram showing a learning-change
control for an air amount control map, according to a third
embodiment of the present invention;

FIG. 12 is a flow diagram showing a learning-change
control for an air amount control map, according to a fourth
embodiment of the present invention;

FIG. 13 is a flow diagram showing a learning-change
control for an air amount control map, according to a fifth
embodiment of the present invention;

FIG. 14 is a flow diagram showing a learning-change
control for an air amount control map, according to a sixth
embodiment of the present invention;

FIG. 15 is a flow diagram showing a learning-change
control for an air amount control map, according to a
seventh embodiment of the present invention;

FIG. 16 is a flow diagram showing a learning-change
control for an air amount control map, according to an eighth
embodiment of the present invention;

FIG. 17 is a flow diagram showing a learning-change
control for an air amount control map, according to a ninth
embodiment of the present invention;

FIG. 18 is a flow diagram showing a learning-change
control for an air temperature control map, according to a
tenth embodiment of the present invention; and

FIG. 19 is a flow diagram showing a learning-change
control for an air amount control map, according to an
eleventh embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will be
described hereinafter with reference to appended drawings.

(First Embodiment)

An automatic air conditioner according to the first
embodiment is constructed to automatically control air-
conditioning performance in a passenger compartment of a
vehicle including an engine. Even in the automatic air
conditioner, the air-conditioning performance can be manu-
ally controlled. Specifically, in FIG. 1, an electronic control
unit (air-conditioning ECU) 10 electrically controls air-
conditioning components (actuators) of an air-conditioning
unit 1 for performing air-conditioning operation in the
passenger compartment. The air-conditioning unit 1
includes an air conditioning duct 2 for defining an air
passage therein. An inside/outside air switching door 3 is
provided at the most upstream side of the air conditioning
duct 2 between an outside air introduction port 4 and an
inside air introduction port 5. The inside/outside air switch-
ing door 3 is operated by an actuator (not shown) such as a
servomotor, for selecting a flow amount ratio of inside air to
outside air, to be introduced into the air conditioning duct 2.
A centrifugal fan is disposed at a downstream side of the
inside/outside air switching door 3. The centrifugal blower
includes a blower motor 6, and a centrifugal fan 7 driven and
rotated by the blower motor 6. The centrifugal fan 7 sucks
air into the air conditioning duct 2 and blows the sucked air
to a downstream side in the air conditioning duct 2. A
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refrigerant evaporator 8 and a heater core 9 are provided at
a downstream side of the centrifugal fan 7.

The refrigerant evaporator 8 in a refrigerant cycle is a
cooling heat exchanger for cooling air blown by the cen-
trifugal fan 7. Here, the refrigerant cycle includes a refrig-
erant compressor, a refrigerant condenser, a receiver, an
expansion valve, and the like. Here, rotational motive power
of an engine is transmitted to the refrigerant compressor by
turning on a solenoid clutch (not shown), and operation of
the refrigerant cycle is started.

The heater core 9 is a heating heat exchanger for heating
air passing through the heater core 9 using engine cooling
water (hot water) circulated into the heater core 9. An air
mixing door (A/M door) 11 is disposed at an upstream side
of the heater core 9, and its open degree is adjusted by an
actuator such as a servomotor. Thus, a flow amount ratio of
air passing through the heater core 9 to air bypassing the
heater core 9 is adjusted by the air mixing door 11, thereby
controlling a temperature of air to be blown into the pas-
senger compartment from air outlet ports provided on the air
conditioning duct 2 at the most downstream side.

Specifically, a defroster air outlet port 12, a face air outlet
port 13 and a foot air outlet port 14 are provided on the air
conditioning duct 2 at the most downstream side. A defroster
switching door 15, a face switching door 16 and a foot
switching door 17 are provided at upstream sides of the
defroster air outlet port 12, the face air outlet port 13 and the
foot air outlet port 14, respectively. Each of the switching
doors 15-17 is driven by an actuator such as a servomotor
(not shown), and the temperature-controlled air is blown
into the passenger compartment in an air outlet mode such
as a defroster mode (DEF mode), a face mode (FACE
mode), a bi-level mode (B/L mode), a foot mode (FOOT
mode), a foot-defroster mode (F/D mode). In the defroster
mode, conditioned air is blown toward a windshield of the
vehicle. In the face mode, conditioned air is mainly blown
toward the upper body portion of the passenger in the
passenger compartment. In the bi-level mode, conditioned
air is blown toward both of the upper portion of the
passenger and the foot area of the passenger in the passenger
compartment. In the foot mode, conditioned air is mainly
blown toward the foot area of the passenger in the passenger
compartment. Further, in the foot-defroster mode, condi-
tioned air is blown toward the windshield while being blown
toward the foot area of the passenger in the passenger
compartment.

The air-conditioning ECU 10 includes a microcomputer
21 constructed by a central processing unit (CPU), a read
only memory (ROM), a random access memory (RAM), a
stand-by RAM, an input/output port (I/O port), an analog-
digital conversion circuit (A/D conversion circuit) and the
like (they are not shown). Here, an electrical erasable
programmable ROM (EEPROM) may be provided in place
of the ROM. An air blowing amount of the centrifugal fan
7, that is, a voltage applied to the blower motor 6 is
electrically controlled by a blower driving circuit 22, based
on a control signal output from the microcomputer 21. The
stand-by RAM is a RAM for storing (performing a backup
of) learned values of passenger’s preferences even when an
ignition switch (IG) is turned off, and is directly energized
by a battery even when IG is turned off. Further, the
microcomputer 21 includes a backup power source for
energizing the stand-by RAM for a short time even when the
battery is removed.

Signals are input to an input circuit of the microcomputer
21 from an operation portion (air-conditioning operation
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panel) 23. The operation portion 23 includes a manual
inside/outside air selecting switch, a manual air-outlet mode
selecting switch, a manual air blowing-amount setting
switch and the like. The manual inside/outside air selecting
switch is for switching any one of an inside air circulation
mode and an outside air introduction mode. On the other
hand, the manual air-outlet mode selecting switch is for
switching any one of the defroster mode, the face mode, the
B/L mode, the foot mode and the F/D mode. Further,
environmental conditions relative to the air-conditioning
operation in the passenger compartment of the vehicle are
input to the microcomputer 21. That is, signals from an
inside air temperature sensor 24, an outside air temperature
sensor 25, a sunlight sensor 26 and a post evaporator
temperature sensor (not shown) are input to the microcom-
puter 21, through a level conversion circuit 28. The analog
sensor signals are converted to digital sensor signals, and the
converted digital sensor signals are input to the microcom-
puter 21. The inside air temperature sensor 24 is for detect-
ing an air temperature inside the passenger compartment,
and the outside air temperature sensor 25 is for detecting an
air temperature outside the passenger compartment. The
sunlight sensor 26 is for detecting a sunlight amount enter-
ing into the passenger compartment.

A passenger’s preference temperature (set temperature) in
the passenger compartment is input by a temperature setting
switch 27 for setting an air temperature in the passenger
compartment at a desired temperature. A signal from the
temperature setting switch 27 is level-converted by the level
conversion circuit 28, and the level-converted signal is input
to the microcomputer 21. The temperature setting switch 27
includes an air temperature up switch and an air temperature
down switch. When the air temperature up switch is pushed
one time, a signal for increasing the air temperature by one
level (e.g., 0.5° C.) is input to the input circuit of the
microcomputer 21 from the air temperature up switch.
Similarly, when the air temperature down switch is pushed
one time, a signal for decreasing the air temperature by one
level (e.g., 0.5° C.) is input to the input circuit of the
microcomputer 21 from the air temperature down switch.
The operation portion 23 further includes an air amount up
switch and an air amount down switch (they are not shown)
for manually setting an amount of air blown into the
passenger compartment. When the air amount up switch is
pushed one time, a signal for increasing the blower voltage
(voltage applied to the blower motor 6) by one level (e.g.,
0.25V) is input to the input circuit of the microcomputer 21
from the air amount up switch. Similarly, when the air
amount down switch is pushed one time, a signal for
reducing the blower voltage by one level (e.g., 0.25V) is
input to the input circuit of the microcomputer 21 from the
air amount down switch.

As shown in FIG. 2A, the operation portion 23 includes
a push-button switch (learning switch) 31 having a learning
mode indicator 32. The learning switch 31 is for command-
ing a learning mode where passenger’s manual operation is
reflected in control characteristics. The learning mode indi-
cator 32 includes a light emitting diode (LED) and the like
for indicating a learning mode state by lighting the LED. The
learning switch 31 is disposed at a position where the
learning switch 31 can be readily operated and can be readily
seen by the driver. As shown in FIG. 2B, the operation
portion 23 includes a push-button switch (automatic opera-
tion switch) 33 having an automatic operation indicator 34.
The automatic operation switch 33 is for setting automatic
control where each actuator of the air-conditioning unit 1 is
automatically controlled based on a predetermined control
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characteristic such as a blower voltage control characteristic,
a blowing temperature characteristic, an inside/outside air
introduction characteristic and an air outlet mode control
characteristic. The automatic operation indicator 34 includes
a LED and the like for indicating an automatic control state
by lighting the LED.

When the automatic operation switch 33 is pushed, an
automatic control mode such as an air amount automatic
control is performed base on the predetermined control
characteristic such as the air amount control characteristic,
and the automatic operation indicator 34 is turned on. At this
time, when the passenger operates the manual operation
switch, the automatic control mode is released to perform a
manual control mode set by the passenger, and the automatic
operation indicator 34 is turned off. When the automatic
operation switch 33 is again pushed, the automatic control
mode is again performed, and the automatic operation
indicator 34 is again turned on. For example, when the
automatic control mode is released by manually operating
the air amount control switch, the other automatic control
such as the inside/outside air mode control, the air tempera-
ture control, the air outlet mode control and the like can be
maintained as it is.

Next, a control method of the vehicle air conditioner
having the automatic controlling operation according to the
first embodiment will be described with reference to FIGS.
1-8. FIG. 3 shows a basic control of the vehicle air condi-
tioner. In FIG. 3, at step S100, the microcomputer 21 starts
control operation after the IG is turned on. At step S110,
conversion values, flags and the likes are initialized. At step
S150, sensor signals relative to environmental conditions are
input to the microcomputer 21 from the inside air tempera-
ture sensor 24, the outside air temperature sensor 25, the
sunlight sensor 26 and the post evaporator temperature
sensor, and operation signals relative to operation switch
states are input to the microcomputer 21 from the operation
portion 23 and the temperature setting switch 27. Further,
operation signals are input to the microcomputer 21 from the
learning switch 31 and the automatic operation switch 33.

At step S200, a target blowing temperature TAO of air
blown into the passenger compartment is calculated by the
following formula (1) based on the signals relative to the
environmental conditions input at step S150.

TAO=KSETXTSET-KRxTR-KAMXTAM-KSxTS+C )
wherein, each of KSET, KR, KAM and KS is a
coefficient, and C is a constant. TSET is a set tempera-
ture for the passenger compartment (inside air
temperature) set by the temperature setting switch 27,
and TR is an inside air temperature detected by the
inside air temperature sensor 24. TAM is an air tem-
perature outside the passenger compartment (outside
temperature) detected by the outside air temperature
sensor 25, and TS is an amount of sunlight radiated into
the passenger compartment detected by the sunlight
sensor 26.

Step S300, an open degree of the A/M door 11 is calcu-
lated by the following formula (2) in correspondence to the
target blowing temperature TAO in an automatic air-
conditioning control mode. The A/M door 11 is controlled to
be operated to the calculated open degree, thereby automati-
cally controlling the temperature of air blown into the
passenger compartment from the air outlet ports 12-14.
However, since a desired blowing temperature is changed
for every passenger, it is difficult to determine the desired air
blowing temperature uniformly for every passenger.
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Therefore, manual operation of the passenger is stored, and
the air temperature control characteristic can be changed so
that the stored manual operation is reflected in the next air
temperature automatic control after the manual operation is
performed.

SW (TAO-TE)/(TW-TE) x100(%) )
wherein, TAO is the target blowing temperature calcu-
lated at step S200, TE is the post evaporator tempera-
ture (air temperature directly at a downstream side of
the evaporator 8) detected by the post evaporator
temperature sensor, and TW is a temperature of engine
cooling water detected by a water temperature sensor
(not shown).

At step S400, an amount of air blown by the centrifugal
fan 7 is calculated in the automatic mode, and the amount of
air blown into the passenger compartment is controlled by
controlling the rotation speed of the centrifugal fan 7 con-
nected to the blower motor 6 through the blower driving
circuit 22. That is, at step S400, a blower voltage applied to
the blower motor 16 is controlled through the blower driving
circuit 22 so that the amount of air blown into the passenger
compartment is controlled. However, a desired air blowing
amount is changed for every passenger, and is difficult to be
uniformly determined. Therefore, in the first embodiment,
manual setting value of a passenger is stored in the micro-
computer 21, and a preference of the passenger is reflected
in air blowing control characteristics in a learning control
mode where the manual setting value of a passenger is
reflected in the air amount control after the manual setting is
performed. The learning mode will be described later in
detail.

At step S500, for example, an introduction amount ratio
of inside air to outside air, to be controlled by the inside/
outside air switching door 3, is calculated based the target
blowing temperature TAO in the automatic mode. That is, an
inside/outside air mode is determined among the inside air
circulation mode, the outside air introduction mode and an
inside/outside air introduction mode. Here, when the inside
air circulation mode is manually selected, the inside/outside
air switching door 3 is controlled to set the selected inside
air circulation mode. Further, the inside/outside air mode
preferred by the passenger is learned in the manual operation
of the passenger, and the preference of the passenger may be
reflected in the inside/outside air control characteristics. At
step S600, for example, the air outlet mode is calculated in
accordance with the target blowing temperature TAO in the
automatic mode. That is, the air outlet mode is determined
among the face mode, the B/L. mode, the foot mode, F/D
mode and the defroster mode. Each operation of the mode
switching doors 15-17 is controlled so that the determined
air outlet mode can be set. When the air outlet mode is
manually selected, each of the mode switching doors 15-17
is controlled so that the manually selected air outlet mode
can be set. Further, the air outlet mode preferred by the
passenger can be learned in the manual operation of the
passenger, and the preference of the passenger may be
reflected in the air-outlet mode control characteristics.

At step S700, the compressor of the refrigerant cycle is
controlled in the automatic mode. For example, when the
post evaporator temperature TE detected by the post evapo-
rator temperature sensor is reduced equal to or lower than 3°
C., a solenoid clutch is controlled to be disconnected to the
compressor. Further, when the post evaporator temperature
TE is increased equal to or higher than 4° C., the solenoid
clutch is controlled to be connected to the compressor. Here,
the post evaporator temperature TE is an air temperature
directly at the downstream side of the evaporator 8, or a fin
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temperature of the evaporator 8. Thereafter, the control
operation is returned to step S150, and steps S150-S700 are
repeated to control air-conditioning performance in the
passenger compartment.

Next, a blower voltage control for electrically controlling
the voltage applied to the blower motor in accordance with
the air outlet mode will be described in detail. After step
S300 shown in FIG. 3 is performed, at step S410 shown in
FIG. 4, it is determined whether or not the present air outlet
mode is the face mode. In the face mode, conditioned air
(mainly cool air) is blown to the upper body portion of the
passenger from the face air outlet port 13. When the face
mode is determined to be set at step S410, it is determined
whether or not an air blowing amount is manually set at step
S411 in FIG. 5A. When the determination at step S411 is
YES, that is, when the air blowing amount is manually set
at step S411, a blower voltage control map in the face mode
shown in FIG. 7A is changed at step S412, and a blower
voltage VF is calculated at step S413. Then, the blower
voltage VF is output to the blower motor 6 through the
driving circuit 22 at step S460 shown FIG. 4. Thereafter, the
control step proceeds to step S500 shown in FIG. 3.

When the present air outlet mode is not the face mode at
step S410 in FIG. 4, it is determined whether or not the
present air outlet mode is the B/L. mode at step S420 in FIG.
4. In the B/L. mode, conditioned air is blown to the upper
body portion of the passenger from the face air outlet port
13, and is blown to the foot portion of the passenger from the
foot air outlet port 14. When the B/L. mode is determined to
be set, it is determined whether or not the air blowing
amount is manually set at step S421 in FIG. 5B. When the
determination at step S421 is YES, a blower voltage control
map in the B/ mode shown in FIG. 7B is changed at step
S422, and a blower voltage VF in the B/L. mode is calculated
at step S423. Then, the blower voltage VF is output to the
blower motor 6 through the driving circuit 22 at step S460
shown in FIG. 4. Thereafter, the control step proceeds to step
S500 shown in FIG. 3.

When the determination at step S420 in FIG. 4 is NO, it
is determined whether or not the present air outlet mode is
the foot mode at step S430 in FIG. 4. In the foot mode,
conditioned air is blown to the foot portion of the passenger
from the foot air outlet port 14. When the B/LL mode is
determined to be set, it is determined whether or not an air
blowing amount is manually set at step S431 shown in FIG.
6A. When the determination at step S431 is YES, a blower
voltage control map in the foot mode shown in FIG. 7C is
changed at step S432, and the blower voltage VF is calcu-
lated at step S433. Then, the blower voltage VF is output to
the blower motor 6 through the driving circuit 22 at step
S460 shown in FIG. 4. Thereafter, the control step proceeds
to step S500 shown FIG. 3.

When the determination at step S430 in FIG. 4 is NO, it
is determined whether or not the present air outlet mode is
the F/D mode at step S440 in FIG. 4. In the F/D mode,
conditioned air is blown to an inner surface of the wind-
shield from the defroster air outlet port 12, and is blown to
the foot portion of the passenger from the foot air outlet port
14. When the F/D mode is determined to be set, it is
determined whether or not an air blowing amount is manu-
ally set at step S441 shown in FIG. 6B. When the determi-
nation at step S441 is YES, a blower voltage control map in
the F/D mode shown in FIG. 7D is changed at step S442, and
a blower voltage VF is calculated at step S443. Then, the
blower voltage VF is output to the blower motor 6 through
the driving circuit 22 at step S460 shown FIG. 4. Thereafter,
the control step proceeds to step S500 shown FIG. 3. When
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the determination is NO at all steps S410, S420, S430, S440,
the air outlet mode is determined to be the defroster mode.
In the defroster mode, conditioned air is blown to the inner
surface of the windshield from the defroster air outlet port
12. Then, it is determined whether or not an air blowing
amount is manually set at step S451. When the determina-
tion at step S451 is YES, a blower voltage control map in the
defroster mode shown in FIG. 7E is changed at step S452,
and the blower voltage VF is calculated at step S453. Then,
the blower voltage VF is output to the blower motor 6
through the driving circuit 22, at step S460 shown FIG. 4.
Thereafter, the control step proceeds to step S500 shown in
FIG. 3.

Next, a learning change control in the learning mode
according to the first embodiment will be described. When
the air blowing amount is manually set in an air amount
automatic mode, the automatic operation indicator 34 is
turned off, and the voltage applied to the blower motor 6 is
controlled to become the desired blower voltage VF. When
3-5 seconds passes after ending the manual operation, a
buzzer is sounded while the learning mode indicator 32 is
made to flicker to inform the passenger whether or not the
blower voltage control characteristic is allowed to be
changed in accordance with the manual operation of the
passenger. When the passenger wants to prohibit the learn-
ing change, the above learning change can be prevented by
pushing the learning switch 31 within two seconds after
starting the indication of the learning mode indicator 32 for
the passenger. When the learning switch 31 is pushed after
two seconds after starting the indication of the learning
mode indicator 32 for the passenger, the blower voltage
control characteristic of the blower voltage control map
described later is changed in accordance with the manual
operation of the passenger. Accordingly, when the passenger
manually sets the air blowing amount to a passenger’s
preference air blowing amount, the blower voltage control
characteristic in the air-amount automatic mode can be
changed to a characteristic in which the passenger’s prefer-
ence is reflected, after a predetermined time (e.g., five
seconds) passes after the manual operation.

Next, the learning change control of the blower voltage
control map will be described in detail. In FIG. 8, at step
S11, it is determined whether or not the passenger manually
sets the air blowing amount in the air amount automatic
mode where a voltage applied to the blower motor 6 is
automatically controlled in accordance with the blower
voltage control map. That is, it is determined whether or not
the passenger increases the blower voltage by one level
(0.25V) or more by pushing the air amount up switch, or it
is determined whether or not the passenger reduces the
blower voltage by one level (0.25V) or more by pushing the
air amount down switch. When the determination at step S11
is YES, that is, when it is determined that the passenger
manually sets the air blowing amount, it is determined
whether or not the air blowing level after the manual
operation is in a readily sensible area at step S12. In the
readily sensible area, for example, the air blowing amount is
small, and the air blowing temperature is approximate 25° C.
Further, in the readily sensible area, an air amount change
(air-conditioning state change) is readily sensible by the
passenger. For example, at step S12, it is determined
whether or not the air blowing level after the manual
operation is set equal to or lower than a predetermined level
(e.g., 10 levels).

When the determination at step S12 is YES, that is, when
the air blowing level after the manual operation is in the
readily sensible area, it is determined that the above
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manually-set air amount is largely affected to the blower
voltage control map at step S13. That is, an effecting degree
(necessary degree) of the manual operation to the control
pattern is larger. Then, at step S15, the blower voltage
control map is formed so that the air amount control pattern
is changed to the solid line .2 passing through an operation
point M0 where the air amount change is readily sensible for
the passenger. When the determination at step S12 is NO,
that is, when the air blowing level after the manual operation
is in an unreadily sensible area, it is determined that the
above manually-set air amount is not largely affected to the
blower voltage control map at step S14. That is, the affecting
degree of the manual operation affected to the blower
voltage control map is small. Then, at step S15, the blower
voltage control map is formed so that the air amount control
pattern is changed to the broken line I.1 where the air
amount change is difficult to be sensible by the passenger.
Here, the chain line L0 represents a basic air-amount control
pattern, that is, the air-amount control pattern before being
changed. Generally, several ten % of manual operation is
reflected in the air amount control. However, when the air
amount is not in the low air amount area, the air amount
control characteristic of the blower voltage control map is
changed by 20-50% of the manual operation amount. When
the air amount is in the low air amount area, the air amount
control characteristic of the blower voltage control map is
changed by 100% of the manual operation amount.

When the air blowing amount manually set by the pas-
senger is lower than a predetermined amount, it can be
determined that the air blowing amount is in the readily
sensible area. Further, when it is determined that the air
blowing amount is in the readily sensible area, it can
determine that the manually set air blowing amount is data
having a large affecting degree relative to the blower voltage
control map. In this case, the blower voltage control map is
changed to pass through the manually set air blowing
amount set by the passenger. On the other hand, when the air
blowing amount manually set by the passenger is not lower
than the predetermined amount, it can be determined that the
air blowing amount is in the unreadily sensible area. Further,
when it is determined that the air blowing amount is in the
unreadily sensible area, it can determine that the manually
set air blowing amount is data having a small affecting
degree relative to the blower voltage control map. In this
case, it is unnecessary to change the control pattern of the
blower voltage control map to the manually set air blowing
amount by 100%. That is, in this case, the blower voltage
control map is changed to a control pattern that is linearly
approximated to the manually set air blowing amount by a
ratio in a range of 20-50%. Accordingly, when it is deter-
mined that the air amount change is in the unreadily sensible
area, a free degree for setting a straight line approximating
plural operation points manually set by the passenger or a
simple combination of the simple straight line is readily set.
Thus, the stored capacity can be reduced by the simple
approximating method due to the simple lines.

As described above, in the automatic air conditioner
according to the first embodiment, as the passenger performs
the manual operation in the more readily sensible area, the
more manual operation is reflected in the air amount auto-
matic control. Therefore, the air amount control character-
istic can be faithfully changed in accordance with the
manual operation in the readily sensible area such as the low
air amount area and the blowing temperature of approximate
25° C. Further, a storage capacity of the stand-by RAM
contained in the microcomputer 21 can be reduced as
compared with the storage medium where each air blowing
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amount manually operated by the passenger is stored,
thereby requiring no expensive storage medium, and reduc-
ing production cost of the vehicle air conditioner.

(Second Embodiment)

The second embodiment of the present invention will be
described with reference to FIGS. 9 and 10A-10C. When the
air blowing amount is fixed at a high level in a case where
the defroster mode is required, the possibility for manually
operating the air blowing amount is smaller. Therefore, in
the second embodiment as shown in FIG. 9, steps S451,
S452 shown in FIG. 4 are eliminated. In FIG. 9, the control
operation at the other steps are similar to those in FIG. 4. The
blower voltage control characteristic is adjusted to the
original pattern shown in FIGS. 10A-10C when the vehicle
air conditioner is shipped. When the passenger reduces the
air blowing amount as a first manual operation as shown in
FIG. 10A, the slant portion of the original pattern is dis-
placed to a straight line passing through an operation point
M1 in parallel to the slant portion of the original pattern.
After the first manual operation is reflected in the blower
voltage control characteristic, the blower voltage control
characteristic is changed to the solid line in FIG. 10A, and
the air amount is automatically controlled based on the solid
line in FIG. 10A.

Then, when the passenger reduces the air blowing amount
as a second manual operation as shown in FIG. 10B, the
changed pattern due to the first manual operation is inclined
to pass through an operation point M2 and the operation
point M1. After the second manual operation is reflected in
the blower voltage control characteristic, the blower voltage
control characteristic is changed to the solid line in FIG.
10B. When the passenger reduces the air blowing amount as
a third manual operation as shown in FIG. 10C, the changed
pattern due to the second manual operation is inclined to the
solid straight line shown in FIG. 1C. The solid straight line
in FIG. 10C is approximated in the least square by the
operation points M1, M2, M3. Further, when the passenger
performs three or more times of manual operation, the
blower voltage control characteristic is changed to a line
approximated in the least square by three or more operation
points.

According to the second embodiment of the present
invention, the original pattern shown in FIGS. 10A-10C is
stored when the vehicle air conditioner is shipped. When the
control pattern of the blower voltage control map is changed
so that the manually operation points are reflected, the
previous change is not rejected but is learned. That is, the
first change shown in FIG. 10A is similar to that of the
above-described first embodiment. However, in the second
embodiment, when the second change is caused, the previ-
ous first change is not rejected, but the second change is
performed to pass through both of the first and second
operation points, as shown in FIG. 10B. When the third
change is performed, the control pattern of the blower
voltage control map is changed to a straight line approxi-
mating the first operation point, the second operation point
and the third operation point while the straight line does not
pass through all the operation points, as shown in FIG. 10C.

(Third Embodiment)

The third embodiment of the present invention will be
described with reference to FIG. 11. In the third
embodiment, at step S21 shown in FIG. 11, it is determined
whether or not the passenger manually sets the air blowing
amount in the air amount automatic mode as in the first
embodiment. When the determination at step S21 is YES,
that is, when it is determined that the passenger manually
sets the air blowing amount, it is determined whether or not
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an air blowing level after the manual operation is in the
readily sensible area at step S22. That is, at step S22, it is
determined whether or not the air blowing level is equal to
or lower than a predetermined level (e.g., 10 levels).

When the determination at step 22 is YES, that is, when
the air blowing level after the manual operation is in the
readily sensible area, it is determined that the above manual-
set air amount is largely affected to the blower voltage
control map at step S23. That is, the affecting degree of the
manually set air amount to the blower voltage control map
is larger. When the determination at step S22 is NO, that is,
when the air blowing level after the manual operation is in
the unreadily sensible area, it is determined that the affecting
degree of the manual-set air amount to the blower voltage
control map is small at step S24. Then, at step S25, the
blower voltage control map is formed so that the air amount
control pattern is changed to the solid line approximated in
the least square by the operation points M2, M3, M4 where
the air amount change is readily sensible for the passenger.
In the graph at step S25 in FIG. 11, M' shows a comparison
example where the affecting degree is made low and uniform
in the low air amount area.

According to the third embodiment, the manually set
blowing operation can be set at plural levels. Further, as the
manually set operation point is in a low level side, the
affecting degree of the manually set operation point is made
larger. That is, the control pattern is set at a straight line that
is approximated to the manual operation point such that, as
the manually set air-blowing amount level becomes lower,
the reflecting ratio reflected in the following automatic air
amount control can be made larger.

Accordingly, in the third embodiment, a passenger’ pref-
erence can be effectively reflected in the blower voltage
control characteristic even when a simple air amount control
map is used. Thus, the passenger’s preference can be faith-
fully reflected in the blower voltage control characteristic in
the readily sensible area and even by the low-priced micro-
computer 21 including the stand-by RAM having a small
storage capacity.

(Fourth Embodiment)

The fourth embodiment of the present invention will be
now described with reference to FIG. 12. In the fourth
embodiment, at step S31 shown in FIG. 12, it is determined
whether or not the passenger manually sets the air blowing
amount in the air amount automatic mode as in the first
embodiment. When the determination at step S31 is YES,
that is, when it is determined that the passenger manually
sets the air blowing amount, it is determined whether or not
an air blowing level after the manual operation is in the
readily sensible area at step S32. That is, at step S32, it is
determined whether or not the air blowing level is equal to
or lower than a predetermined level (e.g., 10 levels).

When the determination at step S32 is YES, that is, when
the air blowing level after the manual operation is in the
readily sensible area, it is determined that the above manu-
ally set air amount is stored in the storage medium for a long
time at step S33. When the determination at step S32 is NO,
that is, when the air blowing level after the manual operation
is in the unreadily sensible area, it is determined that the
above manually set air amount is stored in the storage
medium for a short time at step S34. For example, in a case
where three, operation points can be stored, when a fourth
operation point is in the low air amount area and a third
operation point is in the high air amount area, the third
operation point is eliminated. Therefore, at step S35, the
blower voltage control map is formed so that the air amount
control pattern is changed to the solid line approximated in
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the least square by the operation points M1, M2, M4.
Accordingly, the passenger’s preference can be reflected in
the blower voltage control characteristic even when the
low-priced microcomputer 21 including the stand-by RAM
having a small storage capacity is used.

In the fourth embodiment, when the control pattern of the
blower voltage control operation is changed, the previous
change is not rejected but is further learned. However, all the
old manual operation data is not considered, and a part of the
old manual operation data is rejected. The rejection time of
the old manual operation data is determined based on the
stored time determined at steps S33, S34. That is, the
rejection time of the old manual operation data is determined
based on the air blowing level after the manual operation.
Accordingly, in the case where the three operation points can
be stored, the first change of the control pattern of the blower
voltage control map can be performed so that the control
straight line of the blower voltage control map passes
through the first operation point. Further, the second change
of the control pattern of the blower voltage control map can
be performed so that the control straight line of the blower
voltage control map passes through the first and second
operation points. Further, the third change of the control
pattern of the blower voltage control map can be performed
so that the control straight line of the blower voltage control
map is changed while considering the first, second and third
operation points. As described above, when the air blowing
amount is manually operated at the fourth time, the fourth
change of the control pattern of the blower voltage control
map is performed so that the control straight line of the
blower voltage control map is changed while considering the
first, second and fourth operation points without using the
third operation point. That is, the control straight line of the
blower voltage control map is changed to the solid line in the
graph at step S35 in FIG. 12, approximated in the first
operation point M1, the second operation point M2 and the
fourth operation point M4.

(Fifth Embodiment)

The fifth embodiment of the present invention will be now
described with reference to FIG. 13. In the fifth embodiment,
at step S41 shown in FIG. 13, it is determined whether or not
the passenger manually sets the air blowing amount in the air
amount automatic mode as in the first embodiment. When
the determination at step S41 is YES, that is, when it is
determined that the passenger manually sets the air blowing
amount, it is determined whether or not a time, for which an
environmental condition is not changed, is long at step S42.
At step S42, it is determined whether or not the manual
operation is performed in a stable state, that is, it is deter-
mined whether or not a predetermined time (e.g., 30
seconds) passes after the air blowing amount is changed last
when the manual operation is performed. Here, a range,
where the air blowing level is determined to be stable, can
be set. For example, when the air blowing level is changed
in a range of =1 level (e.g., corresponding to 0.025V of the
blower voltage) of the blower level, the air blowing level is
determined to be stable.

When the passed time after the blower voltage is
changed at the last time is longer than a predetermined time
(e.g., 30 seconds) at step S42, it can be determined that the
blower level is in the stable level, and it can be determined
that a passenger’s discontenting degree with the air blowing
amount before the manual operation is high. Therefore, the
manually-set air blowing amount is largely reflected in the
air amount control map at step S43. When the determination
is NO at step S42, it can be determined to be difficult to
estimate an degree of the passenger discontent with the air
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blowing amount before the manual operation. Therefore, the
air blowing amount manually set is slightly reflected in the
air amount control map at step S44. That is, at step S43, the
affecting degree of the manual operation is made larger. On
the other hand, at step S44, the affecting degree of the
manual operation is made smaller. Then, at step S45, the
control pattern of the blower voltage control map is changed
to a solid line more approximated in the operation points ML
where the affecting degree of the manual operation is larger,
as compared with the operation point MS where the affecting
degree of the manual operation is smaller.

(Sixth Embodiment)

The sixth embodiment of the present invention will be
described with reference to FIG. 14. In the sixth
embodiment, at step S51 shown in FIG. 14, it is determined
whether or not the passenger manually sets the air blowing
amount in the air amount automatic mode as in the first
embodiment. When the determination at step S51 is YES,
that is, when it is determined that the passenger manually
sets the air blowing amount, it is determined whether or not
the air outlet mode is a mode such as the face mode and the
B/LL mode, where conditioned air is blown to the upper body
portion (especially, the face) of the passenger, at step S52.
When the determination is YES at step S52, that is, when the
air blowing amount is manually operated in the air outlet
mode where much amount of conditioned air is blown to the
upper half body of the passenger, it is determined that the
passenger’s preference is more reflected, than in an air outlet
mode such as the foot mode and the F/D mode, where the air
amount change is difficult to be sensible for the passenger.
Therefore, the affecting degree of the manually set air
blowing amount is made larger at step S53 so that the
operation points ML are largely reflected in the blower
voltage control map at step S585.

When the determination is NO at step S52, that is, when
the air blowing amount is manually operated in the air outlet
mode such as the foot mode and the F/D mode where
conditioned air blown to the upper body portion of the
passenger is small, the affecting degree of the manually-set
air blowing amount is made small at step S54 so that the
operation point MS is slightly reflected in the blower voltage
control map at step S55. Accordingly, manual operation
data, set in the air outlet mode where the air amount change
is readily sensible for the passenger, is more largely reflected
in the air amount control map. Thus, the air amount control
characteristic rapidly approaches a characteristic fitted to the
passenger’s preference.

According to the sixth embodiment, the affecting degree
of the manual operation is determined based on the air outlet
mode for determining the blowing direction of air within the
passenger compartment.

(Seventh Embodiment)

The seventh embodiment of the present invention will be
now described with reference to FIG. 15. In the seventh
embodiment, irregular manual operation is made difficult to
be reflected in the blower voltage control map. As shown in
FIG. 15, at step S61, it is determined whether or not the
passenger manually sets the air blowing amount in the
air-amount automatic control mode. When the determination
at step S61 is YES, it is determined whether or not the air
blowing amount is manually set at a passenger’s preference
control value at step S62. In the manual operation, the
passenger increases the blower voltage by one level (0.25V)
or more by pushing the air amount up switch, or reduces the
blower voltage by one level (0.25V) or more by pushing the
air amount down switch. Specifically, it is determined
whether or not the manual operation level is away from a
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reference control value (e.g., five levels) at step S62. That is,
it is determined whether or not a difference ([V2-V1|)
between the blower voltage level V2 after the manual
operation and the basic blower voltage level V1 before the
manual operation is equal to or smaller than a predetermined
voltage (e.g., 5). When the determination at step S62 is YES,
that is, when it is determined that the air blowing amount
after the manual operation is not greatly different from the
basic air amount before the manual operation, it is deter-
mined at step S63 that 100% of the manual operation amount
is reflected in the blower voltage control map after the
manual operation is performed.

When the determination at step S$62 is NO ([V2-V1|>5),
that is, when it is determined that the air blowing amount
after the manual operation is greatly different from the basic
air amount before the manual operation, it can be determined
that a possibility of irregular manual operation is high.
Therefore, at step S64, 50% of the manual operation amount
is reflected in the blower voltage control map after the
manual operation is performed. Then, at step S65, the
manual operation amount is reflected in the blower voltage
control map based on the reflecting degree at step S63, S64,
and the blower voltage control map is changed.

For example, when the passenger get on the vehicle and
starts automatic air-conditioning operation in the passenger
compartment after sporting hard, the passenger prefers an air
blowing temperature lower than in an usual case and an air
blowing amount larger than in the usual case. In this case,
since the passenger is not satisfied with an air blowing
amount corresponding to the blower voltage control char-
acteristic in which the previous manual operation has been
reflected, the passenger manually changes the air blowing
amount to an air blowing amount satisfying the passenger.
However, if the manual operation, performed in such
condition, is reflected in the blower voltage control
characteristic, the blower voltage control characteristic is
changed to be different from a general passenger’s prefer-
ence. Accordingly, when the air blowing amount after the
manual operation is largely different from the basic air
amount, only a part (e.g., 50%) of the manual operation
amount is reflected in the blower voltage control character-
istic.

When the air blowing amount after manual operation is
different from the basic control amount beforehand stored in
the storage medium (memory) by more than the reference
control amount, the manual operation can be determined to
be irregular in a high possibility. Therefore, the air blowing
amount set by such manual operation can be made not to be
completely reflected in the blower voltage control charac-
teristic. Thus, the control pattern of the blower voltage
control characteristic, in which manual operation is reflected
to realize comfortable air-conditioning operation, cannot be
largely disturbed. Further, as the manual operation
approaches the original automatic control pattern of the air
blowing amount, the reflecting percentage of the manual
operation is made larger. Accordingly, the manual operation
can be rapidly reflected in the air amount automatic control
to be more rapidly fitted to the passenger’s preference.

In the seventh embodiment, when the air blowing amount
after manual operation is different from the basic control
amount beforehand stored in the storage medium (memory)
by more than the reference control amount, it is determined
that the manual operation is an irregular operation in a high
possibility, and 50% of the manual operation amount is
reflected in the blower voltage control map. However, in the
seventh embodiment, as the air blowing amount after the
manual operation is more different from the reference con-
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trol amount, the reflecting degree of manual operation can be
made smaller. In this case, the control straight line does not
pass through the operation point, but is approximated to the
manual operation point by a simple straight line in accor-
dance with the reflecting degree. As the reflecting degree is
smaller, a degree for approximating to the manual operation
point is made litter.

On the other hand, when the air blowing amount after
manual operation is slightly different from the basic control
amount beforehand stored in the storage medium (memory)
by less than the reference control amount, it is determined
that the manual operation is a regular operation, and 100%
of the manual operation amount is reflected in the blower
voltage control map. In this case, the control straight line is
changed to pass through the manual operation point, so that
the passenger’s manual operation can be readily reflected in
the air amount automatic control. Thus, a storage capacity
can be made smaller in the seventh embodiment.

(Eighth Embodiment)

In the eighth embodiment, as shown in FIG. 16, at step
S71, it is determined whether or not the passenger manually
sets the air blowing amount in the air amount automatic
control as in the seventh embodiment. When the determi-
nation at step S71is YES, it is determined whether or not the
air blowing amount V2 after the manual operation is not
different from the basic air amount V1 before the manual
operation by much more than the reference control amount
(e.g., five levels) at step S72. When the determination at step
S72 is YES, that is, when it is determined that the air
blowing amount after the manual operation is not so much
different from the basic air amount before the manual
operation, it is determined at step S73 that all of the manual
operation amount is reflected in the air amount control after
the manual operation is performed. When the determination
at step S72 is NO, that is, when it is determined that the air
blowing amount after the manual operation is greatly dif-
ferent from the basic blowing amount before the manual
operation by much more than the reference control amount,
it can be determined that irregular manual operation is
performed in a high possibility. Therefore, at step S74, it is
determined that a predetermined amount (e.g., three levels)
of the manual operation amount is reflected in the air amount
control after the manual operation is performed.

Then, at step S75, the predetermined amount of the
manual operation amount determined at steps S73, S74 is
reflected in the air amount control map after the manual
operation is performed. When the air blowing amount after
manual operation is greatly different from the original
automatic control pattern, that is, the basic control amount
beforehand stored in the storage medium by more than the
reference control amount, it is determined that the manual
operation is irregular in a high possibility. Therefore, in this
case, 100% of the irregular manual operation amount can be
prevented from being reflected in the blower voltage control
characteristic by setting the percentage reflected in the
blower voltage control characteristic at 0% or reducing the
percentage reflected therein. Thus, the air amount control
characteristic rapidly approaches an air-amount characteris-
tic fitted to the passenger’s preference. Further, as the
manual operation approaches the original automatic control
pattern of the air blowing amount, the reflecting percentage
of the manual operation is made longer. Accordingly, the
manual operation can be rapidly reflected in the next air
amount automatic control.

(Ninth Embodiment)

The ninth embodiment of the present invention will be
described with reference to FIG. 17. In the ninth
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embodiment, as shown in FIG. 17, at step S81, it is deter-
mined whether or not the passenger manually sets the air
blowing amount in the air amount automatic control as in the
seventh embodiment. When the determination at step S81 is
YES, it is determined whether or not the air blowing amount
is manually set at an air blowing amount of the passenger’s
preference at step S82. Specifically, it is determined whether
or not the air blowing amount V2 after the manual operation
is not separated from the basic air amount V1 before the
manual operation by much more than the reference control
amount (e.g., five levels) at step S82. When the determina-
tion at step S82 is YES, that is, when it is determined that
the air blowing amount after the manual operation is not so
much different from the basic air amount before the manual
operation, it is determined at step S83 that all of the manual
operation amount is reflected in the air amount control
characteristic after the manual operation is performed. Then,
at step S84, all of the manual operation amount is reflected
in the air amount control after the manual operation is
performed.

When the determination at step S82 is NO, that is, when
it is determined that the air blowing amount V2 after the
manual operation is greatly different from the basic air
amount V1 before the manual operation by much more than
the reference control amount, the manual operation amount
is not reflected in the air amount control after the manual
operation is performed at step S85. Then, at step S86, the
automatic operation indicator 34 shown in FIG. 2 is turned
off while the air amount control mode is fixed to the manual
mode. At this time, the learning mode indicator 32 can be
turned off to indicate a mode where the present manual
operation is not reflected in the blower voltage control
characteristic.

Because the irregular manual operation is not reflected in
the blower voltage control characteristic, the regular air-
amount control pattern is not disturbed. For example, when
the irregular manual operation is performed, the irregular
manual operation is not reflected in the next automatic
control.

In the ninth embodiment, when the affecting degree of the
manual operation to the automatic control is small, the
manual operation is not reflected in the next automatic
control.

(Tenth Embodiment)

The tenth embodiment of the present invention will be
described with reference to FIG. 18.

As shown in FIG. 18, at step S91, it is determined whether
or not the passenger manually sets the air temperature in the
air-temperature automatic control mode. When the determi-
nation at step S91 is YES, it is determined whether or not the
air temperature is manually set at any one of MAXCOOL
(e.g., equal to or lower than 20° C.) and MAXHOT (e.g.,
equal to or higher than 30° C.) at step S92. In the manual
operation, the passenger increases the air temperature by one
level (0.5° C.) or more by pushing the air temperature up
switch of the temperature setting switch 27, or reduces the
air blowing temperature by one level (0.5° C.) or more by
pushing the air temperature down switch of the temperature
setting switch 27. When the determination at step S92 is NO,
that is, when it is determined that the air blowing tempera-
ture is manually set at a temperature different from the
MAXCOOL and MAXHOT, it is determined at step S93 that
all the temperature change manually performed by the
temperature setting switch 27 is reflected in the air tempera-
ture control after the manual operation is performed. Then,
at step S94, all the changed temperature is reflected in the air
temperature control characteristic after the manual operation
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is performed. Specifically, the target open degree SW of the
A/M door 11 is reduced or increased in accordance with the
target blowing temperature TAO.

When the determination at step S92 YES, that is, when it
is determined that the air temperature is manually set at any
one of the MAXCOOL and the MAXHOT, it can be
determined in a high possibility that irregular manual opera-
tion is performed. Therefore, at step S95, the temperature
change manually performed by the temperature setting
switch 27 is not reflected in the next automatic air tempera-
ture control after the manual operation is performed. That is,
the affecting degree of the manual operation to the air
temperature control is made smaller, and the manual opera-
tion is not reflected in the next air temperature control map.
Then, at step S96, the learning mode indicator 32 is turned
off to indicate that none of the changed temperature is
reflected in the next automatic air temperature control.
Because the irregular manual operation is not reflected in the
next automatic temperature control, the regular manual
operation is readily reflected in the next automatic air
temperature control to be readily fitted to the passenger’s
preference. Thus, the air temperature control characteristic
rapidly approaches to the passenger’s preference character-
istic.

In the tenth embodiment, when the air amount is manually
set at the maximum value or minimum value, the manual
operation is not reflected in the control characteristic, simi-
larly to the above-described temperature control shown in
FIG. 18.

(Eleventh Embodiment)

The eleventh embodiment of the present invention will be
described with reference to FIG. 19. In the eleventh
embodiment, as shown in FIG. 19, at step S101, it is
determined whether or not the passenger manually sets the
air blowing amount in the air amount automatic control
mode as in the seventh embodiment. When the determina-
tion at step S101 is YES, it is determined whether or not the
blower level after the manual operation is equal to or lower
than a predetermined level (e.g., five levels) at step S102.
When the determination at step S102 is NO, it is determined
that the air blowing amount after the manual operation is
sufficient. In this case, it is determined that the affecting
degree of the manual operation to the air amount control is
high, and all of the manual operation is reflected in the next
automatic air amount control after the manual operation is
performed. Then, at step S104, the blower voltage control
map is changed so that all the manual operation is reflected.
When the determination at step S102 is YES, that is, when
it is determined that the air amount after the manual opera-
tion is excessively low, it can be determined in a high
possibility that irregular manual operation is performed. In
this case, an amount of conditioned air reaching a rear seat
is reduced. Accordingly, in this case, the affecting degree of
the manual operation to the air amount control characteristic
is small. Therefore, at step S105, the manual operation
amount is not reflected in the next air-amount automatic
control after the manual operation is performed. At this time,
the learning mode indicator 32 can be turned off to indicate
a mode where the present manual operation is not reflected
in the blower voltage control characteristic.

In the eleventh embodiment, when the air amount is
manually set in a low blower voltage control where the air
amount blown into the passenger compartment is small, the
manual operation is set to be not reflected in the next
automatic control. For example, at a minimum blower level,
the manual operation is not reflected in the blower voltage
control characteristic, or an amount of the manual operation
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to be reflected in the blower voltage control characteristic is
reduced. Preferably, the minimum blower level is changed in
accordance with thermal loads of the air conditioner.

(Other Embodiments)

In the above embodiments, the voltage applied to the
blower motor 6, manually operated by the passenger is
reflected in the blower voltage control characteristic, or the
air blowing temperature manually set by the passenger using
the temperature setting switch 27 is reflected in the air
temperature control characteristic. However, other manual
operation may be reflected in the air-conditioning control
characteristic such as the inside/outside air control charac-
teristic and the air outlet mode control characteristic.

The stand-by RAM is used to store values learned as
passenger’s preferences even when an ignition switch (IG)
is turned off in the above embodiments. However, a non-
volatile memory such as an erasable programmable ROM
(EPROM), an EEPROM and flash memory may be used in
place of the stand-by RAM. Also in this case, even when
energization for the nonvolatile memory is stopped by
turning off IG, the learned values are stored in the nonvola-
tile memory.

The air blowing amount and the air blowing temperature
are manually set by the air-conditioning control switch such
as the air amount up switch and the air temperature up
switch provided on the air-conditioning control panel in the
above embodiments. However, the manual operation may be
performed by a panel switch on an image plane of the
air-conditioning operation panel, a touch switch on an image
plane of a navigation system and a voice of the passenger.
Further, 0% of the manual operation, reflected in the auto-
matic air-conditioning control in the above embodiments,
may be changed to a little %. In addition, 100% of the
manual operation, reflected in the automatic air-conditioning
control in the above embodiments, may be changed to a
certain amount % such as 60% and 80%. Also in the cases,
the same effects as in the above embodiments can be
obtained.

While the present invention has been shown and
described with reference to the foregoing preferred
embodiments, it will be apparent to those skilled in the art
that changes in form and detail may be made therein without
departing from the scope of the invention as defined in the
appended claims.

What is claimed is:

1. A vehicle air conditioner having automatic control,
comprising:

an air-conditioning portion for adjusting an air-

conditioning state in a passenger compartment of the
vehicle;
a memory portion for memorizing an air-conditioning
control characteristic of the air-conditioning portion;

an automatic control portion for automatically controlling
the air-conditioning portion by a control amount cor-
responding to the air-conditioning control characteris-
tic stored in the memory portion to perform the auto-
matic control;

an operation portion manually operated by a passenger,

for manually setting the air-conditioning state to a
manual control value by operating the air-conditioning
portion; and

a change portion for learning and changing the air-

conditioning control characteristic in accordance with
the manual control value when the operation portion is
manually operated in the automatic control, so that the
manual control value is reflected in the next automatic
control, wherein:
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the change portion includes determining means for deter-
mining a necessary degree of a learning control of the
air-conditioning control characteristic by determining
whether the manual control value is within a predeter-
mined range; and

the change portion controls a reflecting degree of the
manual control value in the air-conditioning control
characteristic based on the necessary degree of the
learning control.
2. The vehicle air conditioner according to claim 1,
wherein:

when the manual control value is in a readily sensible area
in which a change of the air-conditioning state due to
the manual control value is readily sensible by the
passenger, the change portion increases the reflecting
degree of the manual control value reflected in the next
automatic control, as compared with a case where the
manual control value is in an unreadily sensible area in
which a change of the air-conditioning state due to the
manual control value is difficult to be sensible by the
passenger.

3. The vehicle air conditioner according to claim 1,

wherein:

the memory portion stores plural manual control values
set by the operation portion through plural manual
operations;

when a change of the air-conditioning state due to a
manual control value among the plural manual control
values is readily sensible by the passenger, the change
portion increases the reflecting degree of the manual
control value reflected in the next automatic control, as
compared with a case where a change of the air-
conditioning state due to a manual control value among
the plural manual control values is difficult to be
sensible by the passenger.

4. The vehicle air conditioner according to claim 1,

wherein:

when the manual control value is in a readily sensible area
in which a change of the air-conditioning state due to
the manual control value is readily sensible by the
passenger, the memory portion increases a storing time
for which the manual control value is stored, as com-
pared with a case where the manual control value is in
an unreadily sensible area in which the change of the
air-conditioning state due to the manual control value is
difficult to be sensible by the passenger.

5. The vehicle air conditioner according to claim 1,

wherein:

when a time for which an environmental condition for the
air conditioning state is maintained is longer than a
predetermined time period, the change portion
increases the reflecting degree of the manual control
value reflected in the next automatic control, as com-
pared with a case where the time is shorter than the
predetermined time period.

10

15

20

30

35

40

45

50

55

22

6. The vehicle air conditioner according to claim 1, further
comprising:
an air outlet mode selecting portion for selecting at least
one of a first mode where a flow amount ratio of air
blown toward the upper body portion of the passenger
is larger than a predetermined ratio, and a second mode
where the flow amount ratio is smaller than the prede-
termined ratio, wherein:
in the first mode, the change portion increases the
reflecting degree of the manual control value
reflected in the next automatic control, as compared
with that in the second mode.
7. The vehicle air conditioner according to claim 1,
wherein:
when a difference between the manual control value and
a basic control value that is stored in the memory
portion is larger than a predetermined level, the change
portion decreases the reflecting degree of the manual
control value reflected in the next automatic control, as
compared with a case where the difference is smaller
than the predetermined level.
8. The vehicle air conditioner according to claim 1,
wherein:

when a difference between the manual control value and
a basic control value that is stored in the memory
portion is larger than a predetermined level, the change
portion controls the reflecting degree of the manual
control value reflected in the next automatic control at
a small degree.

9. The vehicle air conditioner according to claim 1,

wherein:

when a difference between the manual control value and
a basic control value that is stored in the memory
portion is larger than a predetermined level, the change
portion controls the reflecting degree of the manual
control value reflected in the next automatic control at
a substantially constant value.

10. The vehicle air conditioner according to claim 1,

wherein:

when the manual control value is at a maximum value or
a minimum value in an operation range of the operation
portion, the change portion controls the reflecting
degree of the manual control value reflected in the next
automatic control at a small degree.
11. The vehicle air conditioner according to claim 1,
wherein:

when an air amount to be blown into the passenger
compartment is smaller than a predetermined amount
or when the air amount to be blown into the passenger
compartment is smaller than the predetermined amount
after the manual operation, the change portion
decreases the reflecting degree of the manual control
value reflected in the next automatic control.
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