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[57] ABSTRACT

A vehicle air conditioning apparatus in which the larger the
air conditioning cooling load in a vehicle compartment, for
example, the larger the solar radiation amount, the lower the
set temperature or the larger the temperature deviation
between set temperature and inner air temperature, the
narrower the swing ranges of swing louvers of respective
center and side FACE blow outlets are set. Regardless of the
swing range of the swing louvers, swing cycles of the swing
louvers are set constant, and the narrower the swing ranges
of the swing louvers, the slower the swing speeds of the
swing louvers are set. Therefore, annoying feeling is
reduced, and comfortable feeling for passengers is signifi-
cantly improved.

27 Claims, 36 Drawing Sheets




U.S. Patent Jan. 11, 2000 Sheet 1 of 36 6,012,297




6,012,297

Sheet 2 of 36

Jan. 11, 2000

U.S. Patent

FIG. 2

S
g 2
Mu__,\w
LR
...Iq/.wn .
N LS
N
0O =
-
2..m 5
b4| < |
N—"= -
o~ /
mm ™
3 1

—_—_—_——

- o — ]

\
]
2
/ﬂg
=i
8 ]
15?23;?32;? ﬁ@wﬁf 50
/

ECU

60~

0
o
<—CO— 5
w
<O
o
< 0
Lo
<~
Lo
.
Eull -
< W
4D
!
Loy
(i Lo
gD
™
n



U.S. Patent Jan. 11, 2000 Sheet 3 of 36 6,012,297

FIG.3

39 2165
2b 22b A1bT

4 ( WA
1 \\ \\ ; l . -
% ==t

B== L —J [
FIG.4
41a(42a) 43 " "
a
Tch = =P S B/
o [ZAN i =rp
Iz
Z’GC”E ; 45 ~

\> / I—!T)

) L

21a(22a) 47
P

48



U.S. Patent Jan. 11, 2000 Sheet 4 of 36 6,012,297

FIG.S
: 59
46 s f59p 593
\ /o
[
o L

48

P T
4la(42a) 60a 60b

21a(22a)



U.S. Patent

Jan. 11, 2000 Sheet 5 of 36
FIG.7
(. START )
INITI‘II-'\LIZE ——§1
READ)l DATA |2
CALCULATE TAD |53
CALCULATE VA  |~—S$4
EE}TSWLIQTE MODE [ S5
CALCULI]:TE W |—s6
MRS
gﬂﬁé@&en S8
OUTPUT lSIGNALS ——$9

[vEs

NO

S10

6,012,297



6,012,297

Sheet 6 of 36

Jan. 11, 2000

U.S. Patent

FIG.8

-

e e e s e s

TAO (°C)

FIG.9

FACE -

|

|

|

I

I

i
—J
N
(e a]

FOOT f---=----

|

I

I

I

|

_

_

!

i

!

_

!

|

!
(o)
o

300N 131LN0 4Iv

TAO (C)



U.S. Patent Jan. 11, 2000

Sheet 7 of 36 6,012,297

FIG. 10 FIG. 13

$17
FACE gr B/L
518 VEs
1 Ny
CALCULATE SOLAR _
RADIATION AMOUNT o READ 6 (Dr), 6 (Pa)
N
oA DETERMINE
CALCULATE SWING SPEED
6(Dr),5 (Pa)
515 l;
COMPENSATE

8(0r), 6 (Pa)

O




U.S. Patent Jan. 11, 2000 Sheet 8 of 36 6,012,297

FIG. 11

(degree)
90
80t
70
60
50}
40+
30 _p:

20 s >1000W,”m?2 /

10} SO00W,/m? 500W./m?

0 t t 4 —— : t : f
LEFTS0° 0 RIGHT 80°
SOLAR RADIATION DIRECTION

<1000W,/m? }Pa SIDE

SWING RANGE 6

}Dr SIDE

FIG. 12

1
X 0.5+ X
"5 20 25 30 35 CO)
INNER TEMPERATURE




6,012,297

Sheet 9 of 36

FIG. 14

Jan. 11, 2000

U.S. Patent

L431=— @0)6 JINVY INI — 1HJIY

FIG.1S

1437=—  (d)6 FONVYH INIMS —1HOIY



6,012,297

Sheet 10 of 36

Jan. 11, 2000

U.S. Patent

G9

28—

Bl

977

ey

m_m w_w 08 w_m wa @@ 0L
f - [/ /[
ASNd [ .
m_%\u so\I\ozz@ 340| oLy | |< o> VNa
wz_xmo S @mo“w —99
g O 4304 || 430 14 N
\I\ MS ONIMS \_ \w \,
9L LL GL /A CL mm_ O_h_
4
Y C — 8
~ L
- L] azz
- - -
11 I
L QY
[
ey A Vol 914



U.S. Patent Jan. 11, 2000 Sheet 11 of 36 6,012,297

FIG.I7

C STIiRT D

INITIALIZE ——3$1

=

READ DATA —— 32

l

CALCULATE TAO |—-S§3

l

CALCULATE VA [—~—S4

l

DETERMINE
AIR OUTLET MODE [ S5

CALCULATE SW |—S6

y
CONTROL LOUVERS [——S20

l

OUTPUT SIGNALS |—SS

[ves 810




U.S. Patent Jan. 11, 2000 Sheet 12 of 36 6,012,297

FIG.I8

$21

FACE or B/L?

S22
Ny

FACE 10 CALCULATE $25
SIDE WiNpow | | STOPSWING | | g'pey. e by [

S ——

STOP SWING FOR | | CALCULATE
$27— CERTAIN PERIOD | | SWiNG sPEep [ %6

SYNCHRONIZE
LOUVERS — 528

'

WIDEN SWING
RANGE —329

'

COMPENSATE
YO T I

8




U.S. Patent Jan. 11, 2000 Sheet 13 of 36 6,012,297

FIG.I19A

(degree)
0
~-10+F

<1000W,”m?
./'/\"-

}Pa SIDE

SWING RANCGE 8
-~
O

" 31000W/m?
\ [
-80}  800W/m? 800W./m?

0 t t + —— t t t i
LEFTS0° 0 RIGHT S0°
SOLAR RADIATION DIRECTION

}Dr SIDE

@ (degree)
Lil
S 100+ .
FIG.I9B = !
s 90 !
Z 1
S g
15 20 25 30 35 40 C°C)
INNER TEMPERATURE
D
W (degree)
= 100
FIG.I9C =
o 90
=
3

4 55 7 85 10 11513 (W)
v



U.S. Patent Jan. 11, 2000 Sheet 14 of 36 6,012,297

FIG.20
22b 43 21b 213 3 31 29

\;m

SMALL COOLING LOAD

LARGE COOLING LOAD

\ RIGHT 30°
Pa .

/ RICHT20° LEFT30°

LEFT20°

FIG.21A

(Dn
RIGHT 3C°

20°%
10°

9 18:" : o (SE?)OND)
20

LEFT 30°%

FIG.21B SWING __|__ SWING

Py, OFF ON

RICHT 207
107
6 Tl

10— OND)
LEFT 207t (SEQOND




U.S. Patent

FIG. 22A

FIG.228B

FIG.22C

FIG. 22D

Jan. 11, 2000

Sheet 15 of 36

43 291556212 43 39

43

6,012,297

TR40TC

TR38°C

TR35C

TR30C



U.S. Patent Jan. 11, 2000 Sheet 16 of 36 6,012,297

56 39 TR35C
43 21b [ 21a 43

FIG.23A
\
Pa
TR3C0°C
FIG. 23B
o)
Pa
FIG.25 Dr SIDE SIDE LOWER  DrSIDE CENTER LOUVER
600"%"“""':/!'“"""""“‘ 1
@ 50 < |
% } \\\\ '
= e =
i — e -
= | |

90° 15 0° 15 o0
LEFT SoLaR RADIATION DIRECTION  NGHT



U.S. Patent Jan. 11, 2000 Sheet 17 of 36 6,012,297

21a
43 210 493 3
ﬁiﬁﬁ\fﬁ

Pa

FIG.24A

—
—
—
S~

Dr

Il
%

.
\

i Dr

FIG.24B

<

Pa

g

43 43 39
Kw\%
VoY,

Dr

FIG. 24C

&



U.S. Patent Jan. 11, 2000 Sheet 18 of 36 6,012,297
FIG. 26A
$E o
22b 1,56 ||| 212 22a
X G
FIG. 268 FIG. 26C
LEFT45° %,HT45°
:\Q:Q\ 21b % 21a 22a 22b 21p 96 21a 222 /_//

225>

FIG. 26D
22b

®®

LEFTS0°

Ay
~ " —
-O-_,
~C

uj

A
N

FIG. 26E

22b

216°6  21a 922
@‘L{ N\, RICHTS0"

1
q_.\‘ ”
— -
(—_’,I\\




6,012,297

Sheet 19 of 36

Jan. 11, 2000

U.S. Patent

s 5 s 5 o
[ HSNd / mk [ Hsnd / _
d01SO  ¥IINIDS  HOLYAW d0IS®  HIINIDA  HOLVW

ONIMS ONIMS

-4 © 04d01s 1-4 © OdoLS

ONIMS O A ONINS O ©

a-n QO “oLny a-n O  “olnv

13 13
—F MS N —— —F #S NS ———
w1 YA
9L 9L
o Do=og
L
e e e s Y
)|
— B =
— , 7
i
Bly ®B|Z qz  qly qze ¢7
22 9l




U.S. Patent Jan. 11, 2000 Sheet 20 of 36 6,012,297

FIG.28
166
Bl g7 30 163 162 g

FIG. 29
161
165 167 163 162 166 164
| ( \

el

N
2
173
1

71 :
160 ) 7(
T_J\_.

175

T
Y
172




6,012,297

Sheet 21 of 36

Jan. 11, 2000

U.S. Patent

FIG. 30




U.S. Patent Jan. 11, 2000 Sheet 22 of 36 6,012,297

FIG.3IA

203 204

201 — 1T\ N




U.S. Patent

Jan. 11, 2000 Sheet 23 of 36 6,012,297

FIG. 32

FIG. 33
302

301



U.S. Patent Jan. 11, 2000 Sheet 24 of 36 6,012,297

FIG. 34A

302
301a

!
M\»&;ﬁ@

304 301

|

1

FIG. 34B




U.S. Patent Jan. 11, 2000 Sheet 25 of 36 6,012,297

FIG. 35
303
/
= T )
301 ‘\\
FIG.36A FIG. 36B

FIG. 36C FIG. 36D

' 301 o ;" 301




U.S. Patent Jan. 11, 2000 Sheet 26 of 36 6,012,297

FIG.37C

303

FIG.378B

303

FIG. 37A




U.S. Patent Jan. 11, 2000 Sheet 27 of 36 6,012,297

FIG. 38




U.S. Patent Jan. 11, 2000 Sheet 28 of 36 6,012,297

3
O @)
(0)) O o
M I 9
O O
TH ™
b=
2 g :
N 3 3 F 3 "
™ ™ ™M
© ©
L {4 L
= b=
O
< "0 L &
(0)) O D
™ . &
=2 2 O
L T

[ AN

3N
K1)



U.S. Patent Jan. 11, 2000 Sheet 29 of 36 6,012,297

FIG.41A FIG.41B
309 308
FIG.4IC FIG. 41D

309

FIG.4IE

309



U.S.

Patent Jan. 11, 2000 Sheet 30 of 36 6,012,297

FIG.42

(V)
131

1214
Ny
101

Q (40~80km/h)

R (280km/h)

P(<40km/h)

L\q1m\100c0

0 10 20 30 40 50 60 70 80 90 100 110 120
SWING RANCE 6 (degree)



6,012,297

Sheet 31 of 36

Jan. 11, 2000

U.S. Patent

Q1S 40 < (22462p) NOILOFHIQ NOILVIAYY YYI0S 40 FTONY ——=30IS &d

08l 091 OvlL 0zt oo—

o_m o_c o_v o_N

0 om- ov- 8 ow oo_.- 0Zl- Ovi- 091- 081~

¢P Old

INNOWY NOILd333d 1V3H



U.S. Patent Jan. 11, 2000 Sheet 32 of 36 6,012,297

FIG.44A
563

FIG.448  FIG.44C

e RICHT45°
56 lc
O\§.\ 21b J721a 22a  22b 21b°9 21 22a/‘//Q~

“In A

FIG. 44D FIG.44E

b 216 56 21a 2a 26 26°021a 2a
LEFT90° @ m %ﬁ \ RICHTO"
=3k




U.S. Patent Jan. 11, 2000 Sheet 33 of 36 6,012,297

FIG.45
r SIDE CENTER GRILL  Pa SIDE CENTER CRILL
45- '
40
F2
S 35-
=
2 30+
>
254
20-
I | ] | T
<EFT 90 45 O 45 90  RIGHT—
SOLAR RADIATION DIRECTION
FIG.48
80F-—--1.3--
o 75t 5125
» = N
o 65F £51.15-
= 4| o
Prest
551 1.05-
50L———-- 1.0-

40 50 60 70 80 90 100
SPEED (km/h)



U.S. Patent Jan. 11, 2000 Sheet 34 of 36 6,012,297

FIG. 46

. 1 ,_'\:"’g."'
D
45
Nal2a) 43 43a
41a(42a)
FIG.47
48
46a \
=
41a{42a)
.
46~y 1IN
L3~ T
Poogm |
I £ \
{ m L“—l"

21a(22a) 47



U.S. Patent

SWING RANCE 6°

g g o O
O U o 9 O

SWING IRANCE
COMPENSATION

451

w
o O

W
(o)

. - - - —

-t
oo
1

I
o
-

i

Jan. 11, 2000

Sheet 35 of 36

FIG.49

6,012,297

10

12

1416

18 20 22 24 26!
EVAPORATOR TEMPERATURE (°C)

|
I
|
1
I
i
!
J

26 79 32 35 38 41 44 47 50

SEAT,/STEERING TEMPERATURE (°C)



U.S. Patent Jan. 11, 2000 Sheet 36 of 36 6,012,297

FIG.50

70r-----1.0 -

65F < 0.951
l.—-

ey BOF 09 -

(W

S 55f %_085-

< ==

e <5

s OF = 0.8 -

= Qa’

= 45 g% 0.75-
40+ 0.7 -
35r 0.65-
30‘ “““ 08 T T T T T T T T

36.4 36.6 36.8 31.0 31.2
i SKIN  TEMPERATURE (°C)

1

60 65 70 75 80 8 90 95 1@0

INTERNAL HUMIDITY (%)

|
L 1 1 | | 1 | l J
1 24 27 30 33 36 39 42 45
EXTERNAL TEMPERATURE (°C)

2



6,012,297

1
VEHICLE AIR CONDITIONING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims priority from
Japanese patent application Nos. Hei 9-214571, filed Aug. 8,
1997, and Hei 10-44104, filed Feb. 25, 1998, and Hei
10-116861, filed Apr. 27, 1998, and Hei 10-180300, filed
Jun. 26, 1998, the entire contents of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle air conditioning
apparatus capable of setting a swing range of a blow
condition changing device such as a swing louver or the like
for changing a blow condition of a blow range, a blow
position, a blow direction, a blow angle, a blow region, the
blown air amount or the like of air conditioned blown air, to
an optimum swing range in accordance with an cooling load
such as a solar radiation amount, a solar radiation direction
or the like.

2. Description of Related Art

One type of known vehicle air conditioning apparatus has
a blow condition changing device having a deflecting plate
for changing a blow direction of air conditioned blown air
blown from a center face blow outlet as well as a side face
blow outlet.

Further, as a conventional technology, there has been
disclosed a blow condition changing device (first related art:
for example, Japanese Examined Patent Publication No.
JP-B2-7-102775) in which when air conditioning cooling
load is temporarily increased by influence of a solar radia-
tion amount or the like, a swing range of a deflecting plate
is narrowed to concentrate a cooled wind in a certain area,
and a swing cycle of the deflecting plate is proportionally
shortened such that the cooled wind is blown as if it is
fanned vehemently by a fan.

Further, as another conventional technology, there has
been disclosed a blow condition changing device (second
related art: for example, Japanese Examined Utility Model
Publication No. JP-Y2-4-2086) in which solar radiation
direction signals from two solar radiation sensors provided
on left and right sides in a vehicle compartment and louver
position signals from position detecting switches for detect-
ing left and right directions of center louvers are inputted,
and a swing speed of the center louver on the side of
presence of solar radiation is retarded than a swing speed of
the center louver on a side of absence of solar radiation in
accordance with a solar radiation direction.

However, according to the blow condition changing
device of the first related art, when the swing range of the
deflecting plate is narrowed, the swing cycle of the deflect-
ing plate is shortened and accordingly, blow directions of the
cooled wind blown from the center face blow outlet and the
side face blow outlet are frequently changed. It may cause
a problem that such operation is annoying and unpleasant for
a passenger in a vehicle. Furthermore, according to the blow
condition changing device of the first prior art, regardless of
the swing range of the deflecting plate, the swing speed of
the deflecting plate is maintained constant. Therefore, the
narrower the swing range of the deflecting plate, the more
vehemently the movement of the deflecting plate is changed,
and accordingly, it may cause a problem that the operation
is annoying depending on a reflecting light angle, and
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unpleasant feeling is brought about to the passenger in the
vehicle. Particularly, the operation is not preferable to a high
class vehicle which highly probably installs with a wind
direction changing device. Furthermore, when air condition-
ing cooling load is high, the deflecting plate is vehemently
reciprocated at a predetermined location and the durability
of a device for driving the deflecting plate is lessened.

Further, when the swing range of the deflecting plated is
widened in accordance with lowering of air conditioning
cooling load, in order to provide an agreeable air distribution
amount, swinging to as far as a contiguous air conditioning
zone becomes necessary, for example, independent control
performance between an air conditioning zone for the driver
seat side and an air conditioning zone for the passenger seat
side is lessened. Further, when the swing range of the
deflecting plate is widened, for example, uniformly in left
and right direction centering on a direction to front seat
passengers, a lot of time is required to obtain sufficient
blown air amount for the rear seat passengers, and unpleas-
ant feeling is brought about to the rear seat passengers at an
initial stage of the air conditioning.

Meanwhile, according to the blow condition changing
device of the second prior art, the swing speed of the center
louver is controlled in accordance with the direction of the
solar radiation which is incident on the inside of the vehicle
compartment. However, when the solar radiation is incident
on the passenger of the vehicle from a side of the vehicle, the
passenger of the vehicle feels hot and a comfortable feeling
is lessened if the air conditioned blown air is blown from the
center louver to the passenger of the vehicle.

SUMMARY OF THE INVENTION

The present invention is made in light of the foregoing
problems, and it is an object of the present invention to
provide a vehicle air conditioning apparatus capable of
reducing an annoying feeling and preventing passengers
from uncomfortableness caused by the frequent change in
the blow direction of the air conditioned blown air blown
from a blow outlet.

It is another object of the present invention to provide a
vehicle air conditioning apparatus capable of preventing the
durability degradation of an actuator of blow condition
changing device.

Furthermore, it is another object of the present invention
to provide a vehicle air conditioning apparatus capable of
maintaining an optimum blown air amount which is calcu-
lated in accordance with the cooling load.

It is another object of the present invention to provide a
vehicle air conditioning apparatus capable of promoting a
comfortable feeling of passengers of a vehicle in a rear seat
air conditioning zone even at an initial stage of the air
conditioning.

Furthermore, it is another object of the present invention
to provide a vehicle air conditioning apparatus capable of
promoting a comfortable feeling of passengers by canceling
a cooling load difference between left and right side cooling
loads on the passenger bodies.

According to an aspect of the present invention, a swing
range of a blow condition changing device is set in accor-
dance with a cooling load, and the narrower the swing range,
the slower a swing speed of the blow condition changing
member to stop or swing very slowly at an end of swing or
at a midway of the swing range. Therefore, even when the
swing range of the blow condition changing device is
changed, the swing cycle of the blow condition changing
device remains constant, and accordingly, the narrower the
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swing range of the blow condition changing member
becomes, the slower the swing speed is changed continu-
ously or in steps. Thus, an annoying feeling is reduced and
an uncomfortable feeling of the passenger is prevented.

When the cooling load is large and the swing range of the
blow condition changing member is narrowed, blow range,
blow position, blow direction, blow angle or blow region of
air conditioned blown air blown from a blow outlet is not
frequently changed. Therefore, an annoying and an uncom-
fortable feelings are reduced.

When the cooling load is small and the swing range of the
blow condition changing member is widened, blow range,
blow position, blow direction, blow angle or blow region of
air conditioned blown air blown from a blow outlet is
continuously changed and the air conditioned blown air
blown from the blow outlet is blown over a wide range.
Thus, a time period where the air conditioned blown air is
blown to passengers of a vehicle is shortened, and the
annoying and the uncomfortable feelings are reduced.

Further, as a cooling load detected by the cooling load
detecting member, either one or more of an blow wind
amount from an upper blow outlet, a blow wind amount of
a blower, applied voltage on a blower motor, temperature in
a vehicle compartment, temperature deviation between set
temperature and temperature in a vehicle compartment, a
solar radiation amount, solar radiation direction, vehicle
speed, humidity in a vehicle compartment, temperature
outside of a vehicle compartment, air temperature immedi-
ately after passing through an evaporator, blow temperature,
seat temperature, steering wheel temperature and skin tem-
perature can be selected.

Furthermore, when a cooling load of a first air condition-
ing zone differs from a cooling load of a second air condi-
tioning zone, amounts of changing swing ranges of blow
condition changing member are made different from each
other at the first air conditioning zone and the second air
conditioning zone by which the air conditioning state in the
first air conditioning zone and the air conditioning state in
the second air conditioning zone can be set to optimum
states, respectively. Accordingly, even in the case where air
conditioning feeling (for example, refrigerating feeling) of a
passenger of the vehicle in the first air conditioning zone
differs from air conditioning feeling (for example, refriger-
ating feeling) of other passenger of the vehicle in the second
air conditioning zone, comfortable feeling of both of the
passengers can be ensured.

According to another aspect of the present invention, by
narrowly setting a swing range of blow condition changing
member of an air conditioning zone in the first air condi-
tioning zone or the second air conditioning zone where solar
radiation is incident, or by narrowly setting the swing range
when the solar radiation direction gets closer from the front
of the vehicle toward the side of the vehicle, or by narrowly
setting the swing range when the solar radiation is incident
on a passenger, air conditioned blown air is intensively
supplied on the body of the passenger. Therefore, comfort-
able feeling of the passenger is significantly improved.

Furthermore, by widely setting a swing range of blow
condition changing member on a side proximate to a steer-
ing wheel, the hand or the arm holding the steering wheel of
a passenger of a vehicle can be prevented from becoming
cold or hot and accordingly, disagreeable feeling is not
brought about to the passenger of the vehicle.

According to another aspect of the present invention, the
smaller a number of the operating blow condition changing
member, the narrower the swing ranges of the blow condi-
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tion changing member are set by which a deficiency in the
cooled wind or a deficiency in warm wind can be compen-
sated for when, for example, solar radiation is present or
solar radiation is not present or the like.

According to another aspect of the present invention,
blow condition changing member on the right seat side and
blow condition changing member on the left seat side are
swung such that firstly, blow ranges, blow positions, blow
directions, blow angles, blow regions and so on of air
conditioned blown air are in directions proximate to each
other. Further, a swing range of the right seat side blow
condition changing member and a swing range of the left
seat side blow condition changing member are respectively
set in accordance with cooling load. Further, by setting
swing cycles of the right seat side blow condition changing
member and the left seat side blow condition changing
member to the same period regardless of changes in the
swing ranges, even when blow direction or blow position of
air conditioned blown air blown from the right seat side
blow outlet, becomes mostly proximate to a passenger of the
vehicle on the left seat side, blow direction or blow position
of air conditioned blown air blown from the left seat side
blow outlet becomes mostly proximate to a passenger of the
vehicle on the left seat side. Therefore, an air curtain is
formed between the passenger of the vehicle on the right seat
side and the passenger of the vehicle on the left seat side, and
accordingly, independent temperature control performance
of the right seat side air conditioning zone and the left seat
side air conditioning zone can be maintained.

A timing where blow range, blow position, blow
direction, blow angle or blow region of the right seat side
blow condition changing member becomes mostly proxi-
mate to the left seat side air conditioning zone, is substan-
tially equalized to that of the left seat side blow condition
changing member by which even when timings of starting to
operate the right seat side blow condition changing member
and the left seat side blow condition changing member are
shifted from each other, when blow direction or blow
position of air conditioned blown air blown from the right
seat side blow outlet is mostly proximate to a passenger of
a vehicle on the left seat side, blow direction or blow
position of air conditioned blown air blown from the left seat
side blow outlet becomes mostly proximate to a passenger of
the vehicle on the right seat side and accordingly, an air
curtain is formed between the passenger of the vehicle on the
right seat side and the passenger of the vehicle on the left
seat side and accordingly, independent temperature control
performances of the right seat side air conditioning zone and
the left seat side air conditioning zone can be maintained.

According to another aspect of the present invention,
when swing range of blow condition changing member
which is calculated in accordance with cooling load, cannot
be maintained because of a restriction region set by restric-
tion region setting member, swing motion of the blow
condition changing member is temporarily stopped until
elapse of a predetermined time period, or swing speed of the
blow condition changing member is delayed. Thus, degra-
dation in durability of the blow condition changing member
can be prevented.

Further, according to the present invention, by substan-
tially equalizing the length of the time period to a time
period necessary for blow direction or blow position of air
conditioned blown air to enter the restriction region and to
leave the restriction region, direction of blowing air condi-
tioned blown air blown from blow outlet is not frequently
changed, and accordingly, annoying feeling is reduced, and
no influence is effected in a contiguous air conditioning
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zone. Further, a position, where the swing motion of the
blow condition changing member is temporarily stopped or
the swing speed of the blow condition changing member is
delayed, does not effect influence on a contiguous air
conditioning zone which is at a vicinity of a restriction
location of the restriction region.

According to another aspect of the present invention,
when the swing range, which is set in accordance with
cooling load, cannot be maintained because of a restriction
region set by restriction region setting member, the swing
range of the blow condition changing member is widened in
a direction reverse to the restriction region by which an
optimum blown air amount calculated in accordance with
the cooling load can be maintained. Further, by widening the
swing range of the blow condition changing member which
is set by the swing range setting member into a direction of
increasing a blown air amount to a rear seat air conditioning
zone, comfortable feeling of a passenger in the rear seat air
conditioning zone is achieved even at an early stage of the
air conditioning.

Further, when a cooling load of the first air conditioning
zone differs from a cooling load of the second air condi-
tioning zone, the swing range of the blow condition chang-
ing member for the first air conditioning zone and the swing
range of the blow condition changing member for the second
air conditioning zone are controlled respectively and inde-
pendently from each other. Therefore, the difference
between the cooling loads of the first and the second air
conditioning zones is cancelled, and comfortable feeling of
passengers in the vehicle is improved.

Further, when the cooling load differs between left and
right of the body of a passenger in the vehicle, by setting the
swing range of the blow condition changing member on the
center and the swing range of the blow condition changing
member on the side independently from each other, the
difference between the cooling loads of the left and the right
of the body of the passenger is canceled, and comfortable
feeling of the passenger is improved.

Further, by setting narrowly the swing range of the blow
condition changing member when the solar radiation direc-
tion becomes proximate to the side face of the vehicle from
the front face of the vehicle, or by setting narrowly the swing
range of the blow condition changing member of the air
conditioning zone of either of the first air conditioning zone
and the second air conditioning zone where the solar radia-
tion is incident, or by narrowly setting the swing range of the
blow condition changing member on the side of the passen-
ger of the vehicle where the solar radiation is incident, air
conditioned blown air is intensively supplied to the body of
the passenger intended to provide air conditioned blown air
(for example, the cooled wind) and accordingly, comfortable
feeling of the passenger is significantly improved.

According to another aspect of the present invention, the
swing range of the right seat side blow condition changing
member and the swing range of the left seat side blow
condition changing member are respectively set in accor-
dance with the solar radiation amount detected by solar
radiation detecting member, and the swing range of the right
seat side blow condition changing member and the swing
range of the left seat side blow condition changing member
are independently set each other in accordance with the solar
radiation direction detected by the solar radiation amount
detecting member. Therefore, the independent control per-
formance of the right seat side air conditioning zone and the
left seat side air conditioning zone can be maintained
(ensured).
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6
BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the present invention
will be appreciated, as well as methods of operation and the
function of the related parts, from a study of the following
detailed description, the appended claims, and the drawings,
all of which form a part of this application. In the drawings:

FIG. 1 is a schematic illustration showing a relationship
between air conditioning cooling load such as a solar
radiation amount or the like and swing ranges of swing
louvers according to a first embodiment of the present
invention;

FIG. 2 is a schematic illustration showing a total structure
of a vehicle air conditioning apparatus according to the first
embodiment of the present invention;

FIG. 3 is a front view showing an instrument panel of a
vehicle according to the first embodiment of the present
invention;

FIG. 4 is an outline view showing a total constitution of
a blow condition changing device according to the first
embodiment of the present invention;

FIG. 5 is an outline view showing a constitution of a
mechanism of swinging in left and right direction of the
blow condition changing device according to the first
embodiment of the present invention;

FIG. 6 is a schematic view showing a swing mechanism
of a blow condition changing device in a vertical direction
according to the first embodiment of the present invention;

FIG. 7 is a flowchart showing an example of control
program of ECU (Electronic Control Unit) of an air condi-
tioner according to the first embodiment of the present
invention;

FIG. 8 is a characteristic diagram showing a characteristic
of blower control voltage in respect of target blow tempera-
ture according to the first embodiment of the present inven-
tion;

FIG. 9 is a characteristic diagram showing a characteristic
of air outlet mode in respect of target blow temperature
according to the first embodiment of the present invention;

FIG. 10 is a flowchart showing determination of swing
ranges of swing louvers according to the first embodiment of
the present invention;

FIG. 11 is a characteristic diagram showing swing ranges
in respect of a solar radiation direction and a solar radiation
intensity according to the first embodiment of the present
invention;

FIG. 12 is a characteristic diagram showing a correction
coefficient in respect of inner air temperature according to
the first embodiment of the present invention;

FIG. 13 is a flowchart showing determination of swing
speeds of swing louvers according to the first embodiment of
the present invention;

FIG. 14 is a time chart showing a swing range and a swing
cycle of a swing louver of the blow condition changing
device according to the first embodiment of the present
invention;

FIG. 15 is a time chart showing a swing range and a swing
cycle of a swing louver of the blow condition changing
device according to the first embodiment of the present
invention;

FIGS. 16A and 16B are front views showing an operation
panel of an air conditioner according to a second embodi-
ment of the present invention;

FIG. 17 is a flowchart showing an example of a control
program of ECU of an air conditioner according to the
second embodiment of the present invention;
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FIG. 18 is a flowchart showing automatic louver control
according to the second embodiment of the present inven-
tion;

FIG. 19A is a characteristic diagram showing swing
ranges in respect of a solar radiation direction and a solar
radiation intensity according to the second embodiment of
the present invention;

FIG. 19B is a characteristic diagram showing an inner air
temperature correction of the swing range according to the
second embodiment of the present invention;

FIG. 19C is a characteristic diagram showing a blower
control voltage correction of the swing range according to
the second embodiment of the present invention;

FIG. 20 is an explanatory view showing swing ranges in
accordance with magnitude of air conditioning thermal loads
according to the second embodiment of the present inven-
tion;

FIG. 21A is a characteristic diagram showing a timing of
a center louver on the driver seat side according to the
second embodiment of the present invention;

FIG. 21B is a characteristic diagram showing a timing of
the center louver on the passenger seat side according to the
second embodiment of the present invention;

FIGS. 22A, 22B, 22C and 22D are explanatory views
showing examples of way of widening a swing range in
respect of inner air temperature according to the second
embodiment of the present invention;

FIGS. 23A and 23B are explanatory views showing a
modified example of way of widening a swing range in
respect of inner air temperature according to the second
embodiment of the present invention;

FIGS. 24A, 24B and 24C are explanatory views showing
another modified example of way of widening a swing range
in respect of inner air temperature according to the second
embodiment of the present invention;

FIG. 25 is a characteristic diagram showing swing ranges
in respect of a solar radiation direction according to the
second embodiment of the present invention;

FIGS. 26A, 26B, 26C, 26D and 26E are explanatory
views showing a modified example of way of widening
swing ranges in respect of a solar radiation direction accord-
ing to the second embodiment of the present invention;

FIG. 27 is a front view showing an air conditioner
operation panel according to a third embodiment of the
present invention;

FIG. 28 is a front view showing an instrument panel of a
vehicle according to a fourth embodiment of the present
invention;

FIG. 29 is a sectional view showing a face duct of an air
conditioning unit according to the fourth embodiment of the
present invention;

FIG. 30 is a perspective view showing a blow condition
changing device according to a fifth embodiment of the
present invention;

FIGS. 31A and 31B are explanatory views of operation of
the blow condition changing device according to the fifth
embodiment of the present invention;

FIG. 32 is a sectional view showing a blow condition
changing device according to a sixth embodiment of the
present invention;

FIG. 33 is a perspective view showing a blow condition
changing device according to a seventh embodiment of the
present invention;

FIG. 34A is a sectional view showing a blow condition
changing device according to the seventh embodiment of the
present invention;
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FIG. 34B is a part of a sectional view showing a louver
itself according to the seventh embodiment of the present
invention;

FIG. 35 is a schematic view of a vehicle showing a
position of attaching the blow condition changing device
according to the seventh embodiment of the present inven-
tion;

FIGS. 36A, 36B, 36C and 36D are explanatory views of
operation of the blow condition changing device according
to the seventh embodiment of the present invention;

FIGS. 37A, 37B and 37C are schematic views showing a
swing range of air conditioned blown air according to the
seventh embodiment of the present invention;

FIG. 38 is a disassembled perspective view showing a
blow condition changing device according to an eighth
embodiment of the present invention;

FIGS. 39A, 39B and 39C are explanatory views for
operations of the blow condition changing device according
to the eighth embodiment of the present invention;

FIGS. 40A, 40B and 40C are explanatory views of
operation of the blow condition changing device according
to the eighth embodiment of the present invention;

FIGS. 41A, 41B, 41C, 41D and 41E are perspective views
showing modified examples of rotary valves according to
the eighth embodiment;

FIG. 42 is a characteristic diagram showing swing range
0 in respect of blower control voltage VA according to a
ninth embodiment of the present invention;

FIG. 43 is a characteristic diagram showing changes in
heat reception amount in respect of changes in left and right
angles of solar ray for left and right passengers at front seats
according to a tenth embodiment of the present invention;

FIGS. 44A, 44B, 44C, 44D and 44E are explanatory
views showing setting of swing ranges in respect of a solar
radiation direction according to the tenth embodiment of the
present invention;

FIG. 45 is a characteristic diagram showing swing ranges
in respect of the solar radiation direction at center grills on
the driver seat side and the passenger seat side according to
the tenth embodiment of the present invention;

FIG. 46 is a schematic view showing a mechanism of
swinging louvers in left and right direction of a blow
condition changing device according to an eleventh embodi-
ment;

FIG. 47 is a schematic view showing a mechanism of
swinging louvers in up and down direction of the blow
condition changing device according to the eleventh
embodiment of the present invention;

FIG. 48 is a diagram showing a swing range and a swing
range compensation factor in respect of a vehicle speed in an
outer air introducing mode according to a twelfth embodi-
ment of the present invention;

FIG. 49 is a characteristic diagram showing relationships
between a swing range, a swing range compensation factor,
post evaporator temperature, blow temperature, seat tem-
perature and steering temperature according to a thirteenth
embodiment of the present invention; and

FIG. 50 is a characteristic diagram showing a relation-
ships between a swing range, a swing range compensation
factor, skin temperature, humidity in vehicle compartment
or outer air temperature according to a fourteenth embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS
First Embodiment

FIG. 1 through FIG. 15 show a first embodiment of the
present invention.
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A vehicle air conditioning apparatus according to the
embodiment is constituted to control respective air condi-
tioning member (actuator) in an air conditioning unit 1 for
conditioning air in a vehicle compartment of a vehicle of an
automobile or the like mounted with an engine by an air
conditioning control unit (hereinafter, referred to as an air
conditioner ECU) 50. The air conditioning unit 1 is an air
conditioning unit capable of adjusting temperature on the
driver seat side as a first air conditioning zone on one side
of the vehicle compartment of the vehicle and temperature
on the passenger seat side as a second air conditioning zone
on other side of the vehicle compartment of the vehicle
independently from each other.

The air conditioning unit 1 is installed with an air con-
ditioning duct 2 arranged at a front side of the vehicle
compartment of the vehicle. The upstream side of the air
conditioning duct 2 is installed with an inner and outer air
switching door 3 and a blower 4. The inner and outer air
switching door 3 is intake port switching member which is
driven by a servo motor 5 for changing opening degrees of
an inner air intake port 6 and an outer air intake port 7. The
blower 4 is a blower which is driven to rotate by a blower
motor 9 controlled by a blower drive circuit 8 for causing air
flow flowing to the inside of the vehicle compartment in the
air conditioning duct 2.

The central portion of the air conditioning duct 2 is
installed with an evaporator (heat exchanger for cooling) 10
of a refrigerating cycle for cooling air passing through the
inside of the air conditioning duct 2 over an entire face of the
air conditioning duct 2. The downstream side of the evapo-
rator 10 is installed with a heater core (heat exchanger for
heating) 13 for heating air passing through a first air passage
11 and a second air passage 12. Further, the first air passage
11 and the second air passage 12 are partitioned by a
partitioning plate 14 and the heater core 13 is installed to
penetrate the partitioning plate 14. The downstream side of
the heater core 13 is installed with air mix (A/M) doors 15
and 16 for the driver seat side and the passenger seat side for
adjusting temperature at the driver seat side air conditioning
zone and the passenger seat side air conditioning zone in the
vehicle compartment independently from each other.
Further, the driver seat side and the passenger seat side A/M
doors 15 and 16 are driven by servo motors 17 and 18.

On the downstream side of the first air passage 11, a
defroster (DEF) blow outlet 20, a driver seat side center face
(FACE) blow outlet (right seat side blow outlet, first center
blow outlet, upper blow outlet) 21a, a driver seat side side
face (FACE) blow outlet (right seat side blow outlet, first
side blow outlet, upper blow outlet) 224 and a driver seat
side foot (FOOT) blow outlet 234, are opened. Further, air
conditioned blown air is blown from the DEF blow outlet 20
not only to an inner face of a front window in the driver seat
side air conditioning zone but also to an inner face of the
front window in the passenger seat side air conditioning
zone. Further, on the downstream side of the second air
passage 12, a passenger seat side center face (FACE) blow
outlet (left seat side blow outlet, second center blow outlet,
upper blow outlet) 21b, a passenger seat side side face
(FACE) blow outlet (left seat side blow outlet, second side
blow outlet, upper blow outlet) 225 and a passenger seat side
foot (FOOT) blow outlet 23b, are opened. Further, the inside
of the first and the second air passages 11 and 12 are installed
with driver seat side and passenger seat side blow outlet
switching doors 24 through 28 for setting air outlet modes on
the driver seat side and the passenger seat side in the vehicle
compartment independently from each other.

Further, the driver seat side and the passenger sear side
blow outlet switching doors 24 through 28 are mode switch-
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ing doors which are driven by servo motors 30 through 32
for respectively switching the air outlet modes on the driver
seat side and the passenger seat side. In this case, there are
an FACE mode, a B/LL mode, an FOOT mode, an F/D mode,
a DEF mode and so on as air outlet modes on the driver seat
side and the passenger seat side. Further, the driver seat side
and the passenger seat side center FACE blow outlets 21a
and 21b as well as the driver seat side and the passenger seat
side side FACE blow outlets 22a and 22b are respectively
installed with blow condition changing devices at an instru-
ment panel (storing member) 39. Further, the driver seat side
side FACE blow outlet 22a and the passenger seat side side
FACE blow outlet 22b may respectively installed to front
side doors or inner panels of side face bodies of the vehicle.

Next, a simple explanation will be given of the blow
condition changing devices in reference to FIG. 1 through
FIG. 6. The blow condition changing devices are respec-
tively installed in driver seat side and passenger seat side
center grilles 41a and 41b and driver seat side and passenger
seat side side grilles 42a and 42b. Further, air passages of the
grilles 41a, 41b, 42a and 42b are utilized as the driver seat
side and the passenger seat side center FACE blow outlets
21a and 21b as well as the driver seat side and the passenger
seat side side FACE blow outlets 224 and 22b mentioned
above. Further, each of the grilles 41a, 41b, 42a and 42b is
installed with a louver left and right direction swinging
mechanism and a louver up and down direction swinging
mechanism.

The louver left and right direction swinging mechanism
corresponds to an actuator or a right seat side actuator or a
left seat side actuator according to the present invention and
as shown by FIG. §, the mechanism is constituted by a
plurality of rows of louver fins (deflecting plates:
hereinafter, referred to as swing louvers) 43 which are
installed in left and right direction (horizontal direction) in
respect of the progressing direction of the vehicle in each of
the grilles, a link lever 44 for swinging the plurality of sheets
of swing louvers 43 centering on fulcra thereof in left and
right direction in a predetermined swing range and a louver
motor (for example, DC (Direct Current) servo motor) 45 as
louver driving member for reciprocating the link lever 33 in
left and right direction via an arm plate 44a.

Further, the swing louvers 43 of the passenger seat side
center and side grilles 41a and 42a correspond to blow
condition changing member or right seat side blow condition
changing member according to the present invention and are
also referred to as center louvers or side louvers. Further, the
swing louvers 43 of the passenger seat side center and side
grilles 415 and 42b correspond to blow condition changing
member or left seat side blow condition changing member
according to the present invention and are also referred to as
center louvers or side louvers.

The louver up and down direction swing mechanism
corresponds to an actuator according to the present invention
and as shown by FIG. 6, the mechanism is constituted by a
plurality of rows of louver fins (deflecting plates:
hereinafter, referred to as swing louvers) 46 which are
installed in up and down direction in respect of the pro-
gressing direction of the vehicle in each of the grills, a link
lever 47 for swinging the plurality of sheets of swing louvers
46 centering on fulcra thereof in up and down direction in a
predetermined swing range and a louver motor (for example,
DC servo motor) 48 as louver driving member for recipro-
cating the link lever 47 via an arm plate 474 in up and down
direction. Further, the swing louvers 46 in each of the grilles
correspond to blow condition changing member according
to the present invention.
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An air conditioner ECU 50 is installed with a well-known
microcomputer comprising CPU, ROM, RAM or the like at
inside thereof and is constituted such that sensor signals
from respective sensors are inputted to the microcomputer
by an input circuit, not illustrated, after A/D (Analogue to
Digital) conversion. Further, as shown by FIG. 2, the air
conditioner ECU 50 is connected with a driver seat side
temperature setting switch 51 for setting the driver seat side
air conditioning zone to desired temperature, a passenger
seat side temperature setting switch 52 for setting the
passenger seat side air conditioning zone to desire
temperature, a switch 53 and so on.

Further, the swing switch 53 is louver operation instruct-
ing member for instructing operation and stoppage of swing-
ing of the swing louvers 43 and 46 of the blow condition
changing devices of the respective grilles 41a, 41b, 42a, 42b
(respective FACE blow outlets 21a, 215, 22a and 22b).
Further, the air conditioner ECU 50 is connected with an
inner air temperature sensor 54 for detecting temperature in
vehicle compartment (hereinafter, referred to as inner air
temperature), an outer temperature sensor 55 for detecting
temperature outside of vehicle compartment (hereinafter,
referred to as outer air temperature) and a solar radiation
sensor 56 as solar radiation amount detecting member.
Further, the air conditioner ECU 50 is connected with a post
evaporator temperature sensor 57 for detecting air tempera-
ture immediately after passing through the evaporator 10
(hereinafter, referred to as post evaporator temperature), a
cooling water temperature sensor 58 for detecting cooling
water temperature of the engine and potentiometers 59 and
60 for detecting blow direction and blow position of air
conditioned blown air from the FACE blow outlet.

Among them, the solar radiation sensor 56 corresponds to
cooling load detecting member according to the present
invention and is provided with solar radiation intensity
detecting member (for example, photo transistor, photo
diode, solar cell) for detecting solar radiation amounts (solar
radiation intensities) irradiated on the driver seat side and
the passenger seat side air conditioning zones. Further, the
air conditioner ECU 50 is provided with solar radiation
direction calculating member (which corresponds to solar
radiation direction detecting member according to the
present invention) for calculating irradiation direction (solar
radiation direction, solar radiation azimuth) of solar ray by
reading an output signal (solar radiation amount signal) of
the solar radiation sensor 56 and solar radiation elevation
calculating member (solar radiation direction detecting
member) for calculating elevation (angle of elevation of
solar radiation, elevation of solar radiation, angle of eleva-
tion of the sun) of solar ray.

In this case, as cooling load detecting member for detect-
ing cooling load of the inside of the vehicle compartment,
blow air amount from the respective FACE blow outlets 214,
21b, 22a and 22b, a blower wind amount of the blower 4,
applied voltage (blower control voltage) of the blower motor
9, set temperature, inner air temperature, outer air
temperature, post evaporator temperature, cooling water
temperature, actual blow temperature, target blow
temperature, vehicle speed, seat temperature at front seats
(driver seat, passenger seat), steering wheel temperature,
skin temperature, a number of passengers of the vehicle and
the like are conceivable and sensors for detecting these
values and temperature setting member for setting tempera-
ture can also be used as the cooling load detecting member.

The potentiometer 59 is louver position detecting member
(blow direction detecting member) for detecting blow direc-
tion or blow position in left and right direction of the
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plurality of sheets of swing louvers 43 and is installed at a
vicinity of each of the louver left and right direction swing-
ing mechanism. Further, potentiometer 60 is louver position
detecting member (blow direction detecting member) for
detecting blow direction or blow position in up and down
direction of the plurality of sheets of swing louvers 46 and
is installed at a vicinity of each of the louver up and down
direction swinging mechanism. As shown by FIG. § and
FIG. 6, specifically, the potentiometers 59 and 60 comprise
movable terminals 594 and 60a reciprocating in left and
right direction and in up and down direction integrally with
the ring levers 44 and 47, resistor elements 595 and 60b
changing voltage dividing ratios by movements of the
movable terminals 59a and 60a and so on.

Next, an explanation will be given of a method of
controlling air conditioning by the air conditioner ECU 50
according to the embodiment in reference to FIG. 1 through
FIG. 15. First, when an ignition switch is turned ON and
direct current power source is supplied to the air conditioner
ECU 50, execution of control program (routine of FIG. 7) is
started. In this occasion, firstly, memories for processing
data or the like are initialized (step S1). Next, the operation
reads data. That is, the operation inputs signals from various
switches and sensor signals from various sensors (step S2).

Next, the operation calculates target blow temperature
TAO (Dr) on the driver seat side and target blow temperature
TAO (Pa) on the passenger seat side based on stored data
mentioned above, Equation 1 and Equation 2 as follows
(step S3).

TAO(Dr)=Kset-Tset(Dr)-KR TR-KAM-TAM-KS TS+
Kd(Dr){CD(Dr)+Ka(Dr)(10-TAM) } {Tset
(Dr)-Tset(Pa) }+C

TAO(Pa)=Kset-Tset(Pa)-KR TR-KAM-TAM-KS TS+
Kd(Pa){CD(Pa)+Ka(Pa)(10-TAM) } {Tset
(Pa)-Tset(Dr) }+C

(Equation 1)

(Equation 2)

In these equations, notations Tset(Dr) and Tset(Pa) rep-
resent a set temperature of the driver seat side air condi-
tioning zone and a set temperature of the passenger seat side
air conditioning zone, respectively. Notations TR, TAM and
TS represent inner air temperature, outer air temperature and
an amount of solar radiation into the vehicle compartment,
respectively. Notations Kset, KR, KAM, KS, Kd(Dr) and
Kd(Pa) represent gain of temperature setting, gain of inner
air temperature, gain of outer air temperature, gain of solar
radiation amount, and gain of correction of temperature
difference between the first and the second air conditioning
zones, respectively. Notations Ka(Dr) and Ka(Pa) respec-
tively represent gains of correction degrees of influence
effected on respective air conditioning temperatures of the
driver seat side air conditioning zone and the passenger seat
side air conditioning zone by the outer air temperature TAM.
Notations CD(Dr) and CD(Pa) represent constants in accor-
dance with the degrees of influence mentioned above, and
notation C represents a correction coefficient. In this case,
values of notations Ka(Dr), Ka(Pa), CD(Dr) and CD(Pa) are
changed by various parameters such as shape or size of the
vehicle, blowing direction of the air conditioning unit 1 and
SO on.

Next, the operation calculates blower control voltage VA
applied on the blower 4 based on the target blow temperature
TAO(Dr) on the driver seat side and the target blow tem-
perature TAO(Pa) on the passenger seat side (step S4).
Specifically, the blower control voltage VA is calculated by
providing blower control voltages VA(Dr) and VA(Pa) in
compliance with the target blow temperatures TAO(Dr) and
TAO(Pa) based on a characteristic diagram of FIG. 8 and by
averaging the blower control voltages VA(Dr) and VA(Pa).
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Next, respective air outlet modes of the driver seat side air
conditioning zone and the passenger seat side air condition-
ing zone are determined based on the target blow tempera-
ture TAO(Dr) on the driver seat side and the target blow
temperature TAO(Pa) on the passenger seat side mentioned
above and a characteristic of air outlet mode in respect of
target blow temperature shown by a characteristic diagram
of FIG. 9 (step S5). Specifically, in determining the air outlet
mode, an FACE mode, a B/ mode, an FOOT mode and an
F/D mode are constituted from low temperature to high
temperature of the target blow temperatures TAO(Dr) and
TAO(Pa). Further, the F/D mode may be set only when a air
outlet mode changeover switch installed on an air condi-
tioner operation panel, not illustrated, is operated.

Further, the FACE mode mentioned above is a air outlet
mode blowing air conditioned blown air toward an upper
half (head, breast) of the body of a passenger of a vehicle.
Further, the B/L. mode is an air outlet mode blowing air
conditioned blown air toward the upper half (head, breast)
and the feet of a passenger of a vehicle. Further, the FOOT
mode is an air outlet mode for blowing air conditioned
blown air toward the feet of a passenger of a vehicle.
Further, the F/D mode is an air outlet mode for blowing air
conditioned blown air toward the feet of a passenger of a
vehicle and an inner face of a front window of a vehicle.
Further, according to the embodiment, when the defroster
switch installed on an air conditioner operation panel, not
illustrated, is operated DEF mode blowing air conditioned
blown air toward an inner face of a front window is set.
Further, in any of the air outlet modes, the driver seat side
side FACE blow outlet 22a and the passenger seat side side
FACE blow outlet 22b are opened.

Next, the operation calculates an opening degree SW(Dr)
(%) of the driver seat side A/M door 15 and an opening
degree SW(Pa) (%) of the passenger seat side A/M door 16
(step S6). Further, such a calculation of the opening degree
SW(Dr) and the opening degree SW(Pa) is carried out based
on the target blow temperature TAO(Dr) on the driver seat
side and the target blow temperature TAO(Pa) on the pas-
senger seat side, post evaporator temperature (TE) detected
by the post evaporator temperature sensor 57, cooling water
temperature (TW) detected by the cooling water temperature
sensor 58 and Equation 3 and Equation 4 as follows.

SW(Dr)={TAO(D#)-TE }x100/(TW-TE) (Equation 3)

SW(Pa)={TAO(Pa)-TE }x100/(TW-TE) (Equation 4)

Next, a routine shown in FIG. 10 (described later) is
started and the swing ranges of the swing louvers 43 and 46
of the blow condition changing devices (swing range setting
means: step S7) of the respective grilles 41a, 41b, 42a and
42b (respective FACE air outlets 21a, 21b, 22a, 22b), are
determined. Incidentally, when the operating swing louvers
43 and 36 are only the swing louvers 43 and 46 of the driver
seat side and the passenger seat side center grilles 41a and
41b or only the swing louvers 43 and 46 of the driver seat
side and the passenger seat side side grilles 42a and 42b,
swing ranges are set to be the swing ranges calculated at step
S7 multiplied by 0.7. Thereby, deficiency of the cooled wind
in the case of presence of solar radiation or the like can be
compensated for.

Further, it has been discovered by an experiment that the
driver seat side side grille 424 is proximate to the right hand
holding the steering wheel, and the cooled wind is inten-
sively blown to the right hand and unpleasant feeling caused
by local refrigeration is brought about to a driver. Hence, the
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swing ranges of the swing louvers (side louvers) 43 and 46
of the driver seat side side grille 424 is set to be the swing
ranges calculated at step S7 multiplied by 1.3. Thereby, the
cooled wind is prevented from intensively impinging on the
right hand of the driver. Further, in consideration of outlook,
the swing ranges of the swing louvers (side louvers) 43 and
46 of the passenger seat side side grille 42b may similarly be
widened.

Next, routine of FIG. 13 (described later) is started and
swing cycles of the swing louvers 43 and 46 of the blow
condition changing devices are set to constant periods.
Specifically, swing speeds of the swing louvers 43 and 46
are determined (swing speed setting means: step S8).

Next, an output signal is sent to the blower driver circuit
8 to constitute the determined blower control voltage VA.
Further, the servo motors 30 through 32 are controlled by
electricity conduction to constitute the determined air outlet
mode. Further, the servo motors 17 and 18 are controlled by
electricity conduction to constitute the determined opening
degree SW(Dr) and the determined opening degree SW(Pa).
Further, control signals are sent to the louver motors 45 and
48 to constitute the determined swing range and the deter-
mined swing speed (blow condition controlling means: step
S9). Next, after elapse of predetermined control period time
() at step S10, the operation returns to the processing of step
S2.

Next, an explanation will be given of control of deter-
mining swing ranges of swing louvers by the air conditioner
ECU 50 in reference to FIG. 10 through FIG. 12.

First, when routine of FIG. 10 is started, the operation
determines whether the swing switch 53 is turned on (ON)
(step S11). When a result of determination is NO, the
operation finishes with the routine of FIG. 10.

Further, when the result of determination at step S11 is
YES, the operation determines whether the air outlet mode
is the FACE mode or the B/L mode (step S12). When the
result of determination is NO, the operation finishes with the
routine of FIG. 10.

Further, when the result of determination at step S12 is
YES, solar radiation direction and solar radiation intensity
of the driver seat side air conditioning zone and solar
radiation direction and solar radiation intensity of the pas-
senger seat side air conditioning zone based on the solar
radiation amount detected by the solar radiation sensor 56
(solar radiation direction calculating member, solar radiation
intensity calculating member: step S13).

Next, the operation calculates the swing ranges (swing
angles) 8(Dr) and 8(Pa) of the swing louvers 43 and 46 of
the blow condition changing devices of the respective grilles
41a, 41b, 42a and 42b (respective FACE blow outlets 214,
21b, 22a, 22b) based on the solar radiation direction and the
solar radiation intensity of the driver seat side air condition-
ing zone and the solar radiation direction and the solar
radiation intensity of the passenger seat side air conditioning
zone which have been calculated at step S13 and a charac-
teristic diagram of FIG. 11 (swing range calculating means:
step S14).

Next, the operation carries out an inner air temperature
compensation (correction) in respect of the swing ranges
8(Dr) and 6(Pa) of the swing louvers 43 and 46 which have
been calculated at step S14. Specifically, the operation
calculates target swing ranges 6(Dr) and 8(Pa) based on the
swing ranges 6(Dr) and 6(Pa) of the swing louvers 43 and
46, a characteristic diagram of FIG. 12, Equation 5 and
Equation 6 specified below (inner air temperature correction
member: step S15). Thereafter, the operation finishes with
the routine of FIG. 10.
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0(Dr)=0(Dr)xa. (Equation 5)

O(Pa)=0(Pa)xa. (Equation 6)

Next, an explanation will be given of control of deter-
mining swing speeds of swing louvers by the air condition-
ing ECU 50 in reference to FIG. 13 through FIG. 15.

First, when routine of FIG. 13 is started, the operation
determines whether the swing switch 53 is turn on (ON)
(step S16). When a result of determination is NO, the
operation finished with the routine of FIG. 13.

Further, when the result of determination at step S16 is
YES, the operation determines whether the air outlet mode
is the FACE mode or the B/L mode (step S17). When the
result of determination is NO, the operation finishes with the
routine of FIG. 13.

Further, when the result of determination at step S17 is
YES, the operation reads the swing ranges 6(Dr) and 6(Pa)
of the swing louvers 43 and 46 of the respective grilles 414,
41b, 42a and 42b which have been calculated at step S14 of
FIG. 10 mentioned above (step S18).

Next, the operation calculates the swing speeds of the
swing louvers 43 and 46 of the respective FACE blow
outlets based on the swing ranges 6(Dr) and 6(Pa) of the
swing louvers 43 and 46 which have been read at step S18
mentioned above and characteristic diagrams of FIG. 14 and
FIG. 15 (step S19). Thereafter, the operation finishes with
the routine of FIG. 13.

Specifically, the swing speed of the swing louvers 43 and
46 becomes higher in proportion to the increase of the swing
range of the swing louvers 43 and 46 to keep the swing cycle
constant. Conversely, the swing speed of the swing louvers
43 and 46 becomes lower in proportion to the decrease of the
swing range of the swing louvers 43 and 46 to keep the
swing cycle constant.

Next, an explanation will be given of the operation of the
vehicle air conditioning apparatus according to the embodi-
ment in reference to FIG. 1 through FIG. 15.

When the swing switch 53 is turn on (ON), in the case
where the air outlet mode is the FACE mode (may be B/L
mode), outer air sucked from the outer air intake port 7 by
the operation of the blower 4 is cooled down to, for example,
about 4° C., thereafter, air enters the first and the second air
passages 11 and 12 and an amount of passing the heater core
13 is adjusted in accordance with opening degrees of the
driver seat side and the passenger seat side air mix doors 15
and 16 to thereby constitute air conditioned blown air at
optimum temperature, respectively.

Thereafter, air conditioned blown air (the cooled wind) is
blown to the driver seat side air conditioning zone and the
passenger seat side air conditioning zone from the driver
seat side center FACE blow outlet 214, the driver seat side
side FACE blow outlet 224, the passenger seat side center
FACE blow outlet 215 and the passenger seat side side
FACE blow outlet 22b which are opened at the most
downstream ends of the first and the second air passages 11
and 12. Particularly, the cooled wind is blown toward the
upper half of the body (head, breast) of the passenger of a
vehicle at a driver’s seat from the driver seat side center
FACE blow outlet 21a and the driver seat side side FACE
blow outlet 224 and blown out to the upper half of the body
(head, breast) of a passenger at a passenger’s seat from the
passenger seat side center FACE blow outlet 215 and the
passenger seat side side FACE blow outlet 22b.

In this case, the operation calculates the solar radiation
direction and the solar radiation intensity of the driver seat
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side air conditioning zone and the solar radiation direction
and the solar radiation intensity of the passenger seat side air
conditioning zone based on the solar radiation amount
detected by the solar radiation sensor 56. Further, the
operation calculates the swing ranges 8(Dr) and 6(Pa) con-
stituting swing angles of the swing louvers 43 and 46 of
respective FACE blow outlets 21a, 215, 224 and 22b based
on the calculated value of the solar direction and the solar
intensity and the characteristic diagram of FIG. 11.

For example, according to the swing range 8(Dr) which is
equal to a total swinging angle of the swing louvers 43 of the
driver seat side center FACE blow outlet 214 and the driver
seat side side FACE blow outlet 224, is 20° when the solar
radiation direction A is 60° on the right side of the progress-
ing direction of the vehicle and the solar intensity is 1000
W/m? or higher, and 30° when the solar radiation intensity
is 500 W/m> and 35° when the solar radiation intensity is
100 W/m? or lower as shown by FIG. 1 and the characteristic
diagram of FIG. 11. Accordingly, the swing range 6(Dr) of
the swing louver 43 is set such that even in the case of the
same solar radiation direction, the larger the solar radiation
intensity, the narrower the swing range 8(Dr) of the swing
louver 43 is set. Further, the same goes with the swing range
8(Dr) of the swing louver 46.

Further, for example, as shown by FIG. 1 and the char-
acteristic diagram of FIG. 11, the swing range 8(Dr) of the
swing louvers 43 of the driver seat side center FACE blow
outlet 21a and the driver seat side side FACE blow outlet
224, is 55° in the case of the radiation intensity of the 500
W/m? and the radiation direction A is 60° on the left side of
the progressing direction of the vehicle and 40° when the
solar radiation direction A is 0° which is equal to the
progressing direction of the vehicle and 30° when the solar
radiation intensity is 500 W/m® and the solar radiation
direction A is 60° on the right side of the progressing
direction of the vehicle. Further, the same goes with the
swing range 6(Dr) of the swing louver 46.

Further, as shown by FIG. 1 and the characteristic dia-
gram of FIG. 11, the swing range 6(Pa) of the swing louvers
43 of the passenger seat side center FACE and side FACE
blow outlets 215 and 22b, is 45° when the solar radiation
direction A is 60° on the right side of the progressing
direction of the vehicle and the solar radiation intensity is
1000 W/m* or higher and 55° when the solar radiation
intensity is 500 W/m* and 65° when the solar radiation
intensity is 100 W/m? or lower. Accordingly, the swing
range 6(Pa) of the swing louver 43 is set such that even in
the case of the same solar radiation direction, the larger the
solar radiation intensity, the narrower the swing range 68(Pa)
of the swing louver 43 is set. Further, the same goes with the
swing range 6(Pa) of the swing louver 46.

Further, as shown by FIG. 1 and the characteristic dia-
gram of FIG. 11, for example, the swing range 6(Pa) of the
swing louvers 43 of the passenger seat side center FACE and
side FACE blow outlets 215 and 22b, in the case of the solar
radiation intensity of 500 W/m?, when the solar radiation
direction A is 60° on the left side of the progressing direction
of the vehicle and 40° when the solar radiation direction A
is 0° which is equal to the progressing direction of the
vehicle and 55° in the case of the solar radiation intensity of
500 W/m?, when the solar radiation direction A is 60° on the
right side of the progressing direction of the vehicle. Further,
the same goes with the swing range 6(Pa) of the swing
louver 46.

In this case, according to the embodiment, the swing
ranges 6(Dr) and 6(Pa) of the swing louvers 43 are corrected
in accordance with not only the air conditioning thermal
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load of the solar radiation amount detected by the solar
radiation sensor 56 or the like but also the air conditioning
thermal load of the driver seat side and the passenger seat
side air conditioning zones. For example, the lower the set
temperatures Tset(Dr) and Tset(Pa) on the driver seat side
and the passenger seat side which are set by the driver seat
side and the passenger seat side temperature setting switches
51 and 52, the narrower the swing ranges 6(Dr) and 6(Pa) of
the swing louvers 43 are corrected to set. Further, the larger
the temperature deviations between the set temperatures
Tset(Dr) and Tset(Pa) on the driver seat side and the pas-
senger seat side and the inner air temperature (TR) detected
by the inner air temperature sensor 54, the narrower the
swing ranges 6(Dr) and 6(Pa) of the swing louvers 43 are
corrected to set. Further, the same goes with the swing
ranges 6(Dr) and 8(Pa) of the swing louvers 46.

Further, the swing speeds are determined in accordance
with the determined swing ranges 8(Dr) of the swing louvers
43 and 46 of the driver seat side center FACE and side FACE
blow outlets 21a and 224 and the determined swing ranges
B(Pa) of the swing louvers 43 and 46 of the passenger seat
side center FACE and side FACE blow outlets 215 and 22b.

A swing speed of the swing louvers 43 of the driver seat
side center FACE and side FACE blow outlets 21a and 22a
becomes a speed indicated by a bold line in the characteristic
diagram of FIG. 14 in the case where the swing range 6(Dr)
is within 15° from center in left and right direction (up and
down direction) and is a speed indicated by a broken line in
the characteristic diagram of FIG. 14 in the case where the
swing range 6(Dr) is within 30° from center in left and right
direction (up and down direction). Thereby, even when the
swing range 6(Dr) is changed, the swing louver 43 is swung
always at a constant period. Further, the same goes with the
swing range 6(Dr) of the swing louver 46.

Further, similarly, the swing speed of the swing louvers 43
of the passenger seat side center FACE and side FACE blow
outlets 215 and 22b becomes a speed indicated by a bold line
in the characteristic diagram of FIG. 15 in the case where the
swing range 0(Pa) is within 15° in left and right direction (up
and down direction) and a speed shown by a broken line in
the characteristic diagram of FIG. 15 in the case where the
swing range 6(Pa) is within 30° from center in left and right
direction (up and down direction). Thereby, the swing louver
43 is swung always at a constant period even when the swing
range 0(Pa) is changed. Further, the same goes with the
swing range 6(Pa) of the swing louver 46.

According to the vehicle air conditioning apparatus of the
first embodiment, the larger the air conditioning thermal
load at inside of the vehicle compartment (for example, the
larger the solar radiation amount, the lower the set tempera-
ture or the larger the temperature deviation between the set
temperature and the inner air temperature), the narrower the
swing ranges of the swing louvers 43 and 46 become, and
accordingly, the cooled wind is supplied to a passenger of a
vehicle on the driver seat side of a passenger of the vehicle
on the passenger seat side locally (in a spot-like shape).
Further, the swing speeds of the swing louvers 43 and 46 are
also retarded and accordingly, the cooled wind is supplied
intensively at a portion of the body intended to provide the
cooled wind feeling and accordingly, agreeable feeling of
passengers of the vehicle can significantly be promoted.

Further, even when the swing ranges of the swing louvers
43 and 46 are narrowed, directions of blowing the cooled
wind blown from the respective FACE blow outlets 214,
21b, 22a and 22b are not frequently changed and
accordingly, a passenger of a vehicle on the driver seat side
or a passenger of a vehicle on the passenger seat side is not
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annoyed and unpleasant feeling of the passenger of a vehicle
on the driver seat side or a passenger of a vehicle on the
passenger seat side can be resolved.

Conversely, the smaller the air conditioning thermal load
at inside of the vehicle compartment (for example, the
smaller the solar radiation amount, the higher the set tem-
perature or the smaller the temperature deviation between
the set temperature and the inner temperature), the wider the
swing ranges of the swing louvers 43 and 46 become and
accordingly, the cooled wind is supplied to the passenger of
a vehicle on the driver seat side or the passenger of a vehicle
on the passenger seat side in a wide range. Further, the swing
speeds of the swing louvers 43 and 46 are accelerated and
accordingly, unpleasant feeling (cold feeling) as a result of
receiving the cooled wind intensively at a specified portion
can be prevented as less as possible and accordingly, the
pleasant feeling of the passengers in the vehicle can signifi-
cantly be promoted.

Furthermore, according to the embodiment, the swing
ranges of the swing louvers 43 and 46 of the driver seat side
center FACE and side FACE blow outlets 21a and 22a for
blowing the cooled wind in the driver seat side air condi-
tioning zone, can be made different from the swing ranges
of the swing louvers 43 and 46 of the passenger seat side
center FACE and side FACE blow outlets 215 and 22b for
blowing the cooled wind into the passenger seat side air
conditioning zone and accordingly, a pleasant air condition-
ing state in correspondence with the air conditioning feeling
and the air conditioning thermal load of a passenger of a
vehicle on the driver seat side and a passenger of a vehicle
on the passenger seat side, can be formed.

Here, when the swing louvers 43 of the driver seat side
center grille and the passenger seat side center grille 41a and
41b are initially moved, there is a case where the swing
louvers 43 of the respective grilles 41a and 41b are swung
such that a direction of blowing the cooled wind to a
passenger of a vehicle on the driver seat side and a direction
of blowing the cooled wind to a passenger of a vehicle on the
passenger seat side, are made proximate to each other. In this
case, the swing cycles of the swing louvers 43 of the
respective grilles 41a and 41b are set to a constant period
even when both of the swing ranges of the driver seat side
center grille 41a and the passenger seat side center grille 415
are narrowed because the air conditioning thermal load of
the driver seat side air conditioning zone and the passenger
seat side air conditioning zone is large.

Thereby, even when the direction of blowing the cooled
wind blown from the driver seat side center FACE blow
outlet 21a is mostly made proximate to the passenger of the
vehicle on the passenger seat side, the direction of blowing
the cooled wind blown from the passenger seat side center
FACE blow outlet 215 is mostly made proximate to the
passenger of the vehicle on the driver seat side. Accordingly,
an air curtain is formed between the passenger of the vehicle
on the driver seat side and the passenger of the vehicle on the
passenger seat side and accordingly, in the case where
temperature control of the driver seat side air conditioning
zone and temperature control of the passenger seat side air
conditioning zone are carried out independently from each
other, independent temperature control performances of the
driver seat side air conditioning zone and the passenger seat
side air conditioning zone can be promoted.

Second Embodiment
FIGS. 16, 17, 18, 19A, 19B, 19C, 20, 21A, 21B, 22A,
22B, 22C, 22D, 23A, 23B, 24A, 24B, 24C, 25, 26A, 26B,
26C, 26D and 26E show a second embodiment of the present
invention.
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According to the embodiment, the driver seat side side
FACE and the passenger seat side side FACE blow outlets
22a and 22b are always opened even when the air outlet
mode is the FOOT mode, the F/D mode or the DEF mode for
removing fogging of inner faces of neighboring side win-
dows and defogging thereof. Further, according to the
embodiment, the plurality of sheets of swing louvers 43 and
46 installed at the driver seat side center FACE and the
passenger seat side center FACE blow outlets 21a and 215,
are referred to as center louvers 43 and 46 and the plurality
of sheets of the swing louvers 43 and 46 installed at the
driver seat side side FACE and the passenger seat side side
FACE blow outlets 22a and 22b are referred to as side
louvers 43 and 46. Further, the solar radiation sensor 56
according to the embodiment is provided with solar radia-
tion intensity detecting member for detecting a solar radia-
tion amount irradiated into the vehicle compartment, solar
direction detecting member for detecting a direction of
irradiating solar ray and solar radiation elevation detecting
member for detecting elevation of solar ray.

Further, an air conditioner operation panel 64 is arranged
with a driver seat side temperature setting switch 65, a
passenger seat side temperature setting switch 66, an AUTO
switch 67 for instructing automatic control, an OFF switch
68 for instructing to stop control, a blower switch 69 for
setting a wind amount level of the blower 4, a DUAL switch
70 for carrying out temperature control of the driver seat side
and the temperature control of the passenger seat side
independently from each other, a MODE switch 71 for
switching the air outlet mode, an A/C switch 72 for instruct-
ing operation and stoppage of a refrigerating cycle, an R/F
switch 73 for switching the intake port mode, an FrDEF
switch 74 for preventing fogging of a front window, an
RrDEF switch 75 for preventing fogging of a rear window,
a louver operation panel 76 for operating blow condition
changing devices and so on. The various switches may be
installed in a remote controller for carrying out remote
operation.

Among them the louver operation panel 76 is installed
with an operation mode changeover switch 77 of the blow
condition changing devices, five pieces of LCDs (Liquid
Crystal Display) which are turned on in accordance with the
switched operation modes, a driver seat side push bottom 78
for operating only the blow condition changing devices on
the driver seat side, a passenger seat side push bottom 79 for
operating only the blow condition changing devices on the
passenger seat side and a MATCH push bottom 80 for
operating both of the blow condition changing devices on
the driver seat side and the passenger seat side. Further, the
operation mode changeover switch 77 can be switched by
turning it to respective operation modes of “STOP” for
stopping the operation of the blow condition changing
devices, “AUTO” for automatically controlling the opera-
tion of the blow condition changing devices (automatic
louver control), “Rr” for increasing a blown air amount to
the rear seat side air conditioning zone, “R-L/SWING” for
operating the louver left and right direction swing
mechanism, “U-D/SWING” for operating only the louver up
and down direction swinging mechanism and so on. In the
drawing, numeral 81 designates operation levers for manu-
ally operating shutter mechanism (not illustrated) for open-
ing and closing the respective center FACE blow outlets 21a
and 21b and numeral 82 designates knobs for changing
directions of the swing louvers 43 and 46 by manual
operation of passengers of a vehicle.

Next, an explanation will be given of a method of
controlling air conditioning by the air conditioning ECU 50

10

15

20

25

30

35

40

45

50

55

60

65

20

according to the embodiment in reference to FIGS. 16, 17,
18, 19A, 19B, 19C, 20, 21A, 21B, 22A, 22B, 22C, 22D,
23A,23B, 24A, 24B,24C, 25,26A,26B, 26C, 26D and 26E.

An explanation will be given of the embodiment only in
respect of a point different from the flowchart of FIG. 7
according to the first embodiment. That is, after finishing the
control processing of step S6 in FIG. 17, automatic louver
control of the center louvers 43 and 46 and the side louvers
43 and 46 of the blow condition changing devices is carried
out by starting routine of FIG. 18 (step S20). Thereafter, the
control processing of step S9 similar to that in the first
embodiment is carried out.

Next, an explanation will be given of the automatic louver
control by the air conditioning ECU 50 in reference to FIGS.
18, 19A, 19B, 19C, 20, 21A, 21B, 22A, 22B, 22C, 22D,
23A,23B, 24A, 24B,24C, 25,26A,26B, 26C, 26D and 26E.
FIG. 18 is a flowchart showing the automatic louver control
by the air conditioning ECU 50.

First, when the routine of FIG. 18 is started, the operation
determines whether the air outlet mode is the FACE mode or
the B/L mode (step S21). When a result of determination is
NO, that is, when the air outlet mode is the FOOT mode, the
F/D mode or the DEF mode, directions of the louvers are
determined such that the respective side louvers 43 and 46
are directed to neighboring side windows with a purpose of
defogging the side windows and cutting cold radiation
thereof (louver direction determining member: step S22).
Thereafter, the operation finishes with the routine of FIG. 18.

Further, when the result of determination at step S21 is
YES, that is, when the air outlet mode is the FACE or the
B/LL mode, the operation determines whether the vehicle
compartment is to be cooled down. That is, the operation
determines whether Equation 7 and Equation 8 specified
below are satisfied (step S23).

5 (° C)<{TR-Tset(Dr)} Equation 7

5 (° C)<{TR-Tset(Pa)} Equation 8
where notation TR designates the inner air temperature
detected by the inner air temperature sensor 54 and notations
Tset(Dr) and Tset(Pa) are set temperatures on the drivers seat
side and the passenger seat side which have been set by the
drivers seat side and the passengers seat side temperature
setting switches 65 and 66. Further, it is preferable that a
criterion of the cooled-down state is varied by the air
conditioning thermal load at an initial stage of air condi-
tioning.

When the result of determination of step S23 is YES, that
is, in the case where the vehicle compartment is to be cooled
down, swinging of the respective center and side louvers 43
and 46 are stopped. For example, directions of the driver seat
side and the passenger seat side center louvers 43 and 46 as
well as directions of the side louvers 43 and 46 on the driver
seat side and the passenger seat side are all fixed to direc-
tions of passengers (for example, to vicinities of the necks
or to vicinities of shoulders of passengers in a vehicle) (step
S24). Thereafter, the operation finishes with the routine of
FIG. 18.

Further, when a result of determination at step S23 is NO,
the operation determines swing ranges in accordance with
air conditioning thermal load. That is, the operation deter-
mines the swing ranges 6(Dr) and 8(Pa) of the respective
center and side louvers 43 and 46 centering on reference
positions of swinging (for example, vicinities of the necks of
passengers of a vehicle) based on solar radiation direction
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and solar radiation intensity of the driver seat side air
conditioning zone, solar radiation direction and solar radia-
tion intensity of the passenger seat side air conditioning zone
and a characteristic diagram of FIG. 19A (swing range
determining member).

Next, an inner temperature compensation of the swing
ranges of the respective center and side louvers 43 and 46 is
carried out (inner temperature compensation means).
Further, a blown air amount compensation of the swing
ranges of the respective center and side louvers 43 and 46 is
carried out (blown air amount compensation means).
Specifically, the swing ranges 6(Dr) and 6(Pa) are calculated
based on the swing ranges 8(Dr) and 8(Pa) of the swing
louvers 43 and 46, a characteristic diagram of FIG. 19B, a
characteristic diagram of FIG. 19C and Equations 9 through
12 specified below.

0(Dr)=0(Dr)+01(Dr) (Equation 9)

0(Pa)=0(Pa)+01(Pa) (Equation 10)

0(Dr)=0(Dr)+02(Dr) (Equation 11)

0(Pa)=0(Pa)+02(Pa) (Equation 12)

Next, the operation determines the swing speeds of the
respective center and side louvers 43 and 46 such that the
swing cycles are maintained constant regardless of the swing
ranges 6(Dr) and 6(Pa) (step S26). That is, although the
swing ranges can be calculated for respectives of the center
and the side louvers 43 and 46, the swing cycles are
equalized to each other regardless of swing ranges in order
to ensure excellent outlook and independent control perfor-
mance. In this case, when the air conditioning thermal load
is large and the swing range is narrow, the swing speed is
retarded and when the air conditioning thermal load is small
and the swing range is wide, the swing speed is accelerated.
Further, the swing speed is preferably 10 seconds through 15
seconds.

In this case, when the swing speed is difficult to change,
or when the blown air amount to the rear seat side air
conditioning zone is intended to increase (when operation
mode changeover switch 77 is set to “Rr”), in the case where
the respective center louvers 43 are directed to the rear seat
side, that is, when blow direction or blow position of air
conditioned blown air is deviated from passengers of a
vehicle on the front seat side, the swing cycle may be
conformed to that of a contiguous one of the center louver
43 by stopping swinging operation for a predetermined
period of time (step S27).

Next, timings of the respective center louvers 43 are
adjusted regardless of the magnitude of the air conditioning
thermal load, that is, regardless of the swing ranges 6(Dr)
and 6(Pa) (step S28). Specifically, even when start points of
swinging motion of the driver seat side and the passenger
seat side center louvers 43 are deviated from each other,
based on an explanatory view of FIG. 20 and characteristic
diagrams of FIGS. 21A and 21B, a timing where the center
louver 43 on the driver seat side is directed to the passenger
seat side and a timing where the center louver 43 on the
passenger seat side is directed to the driver seat side, are
made to coincide with each other.

That is, as shown by FIGS. 21A and 21B, when in
swinging the center louver 43 on one side (for example,
driver seat side), swinging of the center louver 43 on the
other side (for example, passenger seat side) is started, the
center louver 43 which has been stopped start operation such
that it approaches a route on which it is to be moved
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originally (broken line in FIG. 21B) and is swung thereafter
in an original swing range at an original swing speed.
Further, the other one of the center louver 46 and the side
louvers 43 and 46 may be controlled similarly. In FIG. 21A,
the left 30 is the closest point to the adjacent air conditioning
zone (Pa).

Accordingly, even when timings for staring operation of
the center louver 43 on the driver seat side and the center
louver 43 on the passenger seat side are shifted from each
other, in the case where a direction of blowing air condi-
tioned blown air blown from the driver seat side center
FACE blow outlet 21a mostly approaches a passenger of a
vehicle on the passenger seat side, a direction of blowing air
conditioned blown air blown from the passenger seat side
center FACE blow outlet 21b mostly approaches a passenger
of the vehicle on the driver scat side. Therefore, an air
curtain is formed between the passenger of the vehicle on the
driver seat side and the passenger of the vehicle on the
passenger seat side and accordingly, independent tempera-
ture control performances of the driver seat side air condi-
tioning zone and the passenger seat side air conditioning
zone can be promoted. Further, timings where the center
louvers 43 on the driver seat side and the passenger seat side
are directed to central portions in the vehicle direction and
timings where they are directed to both sides in the vehicle
direction become the same and accordingly, appearance is
improved.

Next, in order to prevent influence from being effected in
a contiguous air conditioning zone, a restriction region is set
in the swing range of each of the center louvers 43
(restriction region setting member). For this purpose, when
the swing range which is calculated in accordance with the
air conditioning thermal load cannot be maintained, the
swing range of each of the center louvers 43 is widened in
a direction reverse to the restriction region (blow condition
controlling member). Further, directions of widening the
swinging operations of the respective center and side louvers
43 are adjusted in directions of enhancing the blown air
amount to the rear seat side air conditioning zone (step S29).

That is, at an initial stage of cooling down operation, blow
direction or blow position of air conditioned blown air is
frequently concentrated on the front seats for safety driving.
For example, as shown by FIG. 22A, when the inner air
temperature TR is 40° C., the direction of the center louver
43 on the driver seat side is fixed to direct to a vicinity of the
shoulder of the passenger of the vehicle on the driver seat
side. Further, as shown by FIG. 22B, when the inner air
temperature TR to lowered to 38° C., the swing range of the
passenger seat side is enlarged such that the center louver 43
on the driver seat side is easy to direct to the rear seat side
air conditioning zone by which the air conditioned blown air
is blown to the rear seat side air conditioning zone as early
as possible, for example, at an early stage of cooling down
operation.

Further, as shown by FIGS. 22C and 22D, when the inner
air temperature TR is lowered from 35° C. to 30° C., in order
to prevent influence from being effected on the contiguous
air conditioning zone (passenger seat side air conditioning
zone) and in order to supply sufficiently air conditioned
blown air to the front seat side air conditioning zone, after
widening the swing range to a vicinity of a restriction
location of the restriction region, the swing range of the
center louver 43 on the driver seat side is enlarged to a side
of a side window at this time.

Or, as shown by FIG. 23 A, when the inner air temperature
TR is lowered from 35° C. to 30° C., in the case where the
swing range which has been calculated in accordance with
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the air conditioning thermal load cannot be maintained,
without widening the swing range in a direction reverse to
the restriction region, the swinging operation of the respec-
tive center louvers 43 may be stopped at a swing end
(vicinity of restriction location of restriction region) until
elapse of a predetermined time period of stoppage. It is
preferable that the time period for stoppage is substantially
equal to a time period necessary for exceeding the restriction
location and returning again to the restriction location if
there were no restriction in movement to the contiguous air
conditioning zone. For example, when the inner air tem-
perature TR is 35° C. as in FIG. 23A, the time period for
stoppage is 2 seconds and when the inner air temperature TR
is 30° C. as in FIG. 23B, the time period for stoppage is 8
seconds.

In this way, not only the agreeableness of passengers of a
vehicle on the rear seat side where they are liable to
dissatisfy can be promoted but also influence to a contiguous
air conditioning zone can be reduced. Further, as shown by
FIGS. 24A, 24B and 24C, when the stoppage operation of
the predetermined time period for stoppage exceeds a pre-
determined time period, the swing range may be widened in
an inverse direction. Thereby, both passengers of a vehicle
on the front seat side and the passengers of the vehicle on the
rear seat side can be provided with an agreeable air condi-
tioning state.

Next, the swing range is adjusted in respect of solar
radiation direction (deviated solar radiation) based on a
characteristic diagram of FIG. 25 (step S30). Thereafter, the
operation finishes with the routine of FIG. 18.

Specifically, as shown by FIG. 26A, when the solar
radiation direction is directed to the front face or the right
behind of passengers of a vehicle on the front seat (Dr, Pa)
side, the influence of solar radiation is effected uniformly in
left and right direction and accordingly, deviated solar
radiation correction is carried out uniformly in left and right
direction. Here, as shown by FIGS. 26A, 26B, 26C, 26D and
26E, when solar radiation is deviated to either of left and
right of passengers of a vehicle on the driver seat side and
the passenger seat side, the air conditioning thermal load
differs depending on the right half of the body and the left
half of the body of each of the passengers of the vehicle.
Accordingly, the swing ranges of the left and right louvers
43 and 46 for the passengers of the vehicle are made to differ
from each other. That is, the swing ranges of the louvers 43
and 46 on the side where the solar radiation is incident are
narrowed and the swing ranges of the louvers 43 and 46 on
the side where the solar radiation is not incident are widened
by which air conditioned blown air in accordance with solar
radiation load can be supplied to the passengers of the
vehicle.

In this case, although according to the embodiment, the
swinging operation of the louver is stopped until elapse of a
predetermined time period for stoppage, a similar effect can
be achieved also by swinging the louver very slowly when
the louver enters the restriction region.

Further, it is preferable that the above-described respec-
tive functions are provided with selecting member capable
of selecting execution and prohibition in accordance with
preference of passenger of a vehicle.

Further, when absence of passengers of a vehicle at the
rear seat can be detected at an initial stage of air
conditioning, it is preferable to set swing ranges such that
swinging operation is carried out with preference to swing
ranges covering passengers of a vehicle on the front seat
side.

Third Embodiment

FIG. 27 shows a third embodiment of the present inven-
tion and is a view showing an air conditioner operation
panel.
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According to the third embodiment, the louver operation
panels 76 are respectively installed to the driver seat side and
the passenger seat side. Further, the louver operation panels
16 on the driver seat side and the passenger seat side are
respectively provided with center louver switches 91 and
side louver switches 92 such that the blow condition chang-
ing devices of the driver seat side center FACE and the
passenger seat side center FACE blow outlets 21a and 215
and the blow condition changing devices of the driver seat
side side FACE and the passenger seat side side FACE blow
outlets 22a (not shown) and 22b can be controlled indepen-
dently from each other.

According to the embodiment, by setting the operation
mode changeover switch 77 to “U-DSWING” or
“R-LSWING” installed at the louver operation panel 76 on
the driver seat side or the passenger seat side, the swing
louvers 43 and 46 can be swung in predetermined swing
ranges. The swing ranges may be modified in accordance
with manual operation of passengers of a vehicle, positions
of seats, air conditioning thermal load, swing time period or
the like.

Fourth Embodiment

FIG. 28 and FIG. 29 show a fourth embodiment of the
present invention.

According to the embodiment, the partition plate 14 in the
air conditioning duct 2 according to the second embodiment
is abolished. Further, as a front seat side FACE blow outlet,
a wide flow FACE blow outlet 161 which is opened on the
most downstream side of air of a face duct 160 connected to
an air downstream side end portion of the air conditioning
duct 2, is installed. The wide flow FACE blow outlet 161 is
constituted by driver seat side and passenger seat side center
FACE blow outlets 162 and 163 which are opened at center
of the front FACE of the instrument panel 39, driver seat side
and passenger seat side side FACE blow outlets 164 and 65
on both sides of the instrument panel 39 in the vehicle width
direction, that is, at vicinities of side windows of the vehicle
and driver seat side and passenger seat side middle FACE
blow outlets 166 and 167 which are opened between these
FACE blow outlets. Further, a plurality of louvers for
changing blow direction of air conditioned blown air by
manual operation of passengers of the vehicle are installed
respectively at the FACE blow outlets 162 through 167.

Further, the face duct 160 is pivotably installed with an
FACE door 171 for opening and closing the respective
FACE blow outlets 162 through 167, pivotably installed
with a driver seat side middle FACE door 172 for opening
and closing the driver seat side side FACE and middle FACE
blow outlets 164 and 166 and pivotably installed with a
passenger seat side middle FACE door 173 for opening and
closing the passenger seat side side FACE and middle FACE
blow outlets 165 and 167. Further, the driver seat side and
the passenger seat side middle FACE doors 172 and 173
correspond to blow condition changing member according
to the present invention and change blow conditions (for
example, wide blow mode and spot blow mode) of air
conditioned blown air blown from the driver seat side and
the passenger seat side FACE blow outlets 164 and 165 as
well as the driver seat side and the passenger seat side
middle FACE blow outlets 166 and 167 to respective air
conditioning areas in accordance with opening degrees.

In this embodiment, the FACE door 171 is moved to the
opening side by an actuator of a servo motor or the like and
the driver seat side and the passenger seat side middle face
doors 172 and 173 are moved to the closing side by actuators
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of servo motors or the like. Thereby, the driver seat side and
the passenger seat side center FACE blow outlets 162 and
163 as well as the driver seat side and the passenger seat side
side FACE blow outlets 164 and 165 are opened and the
driver seat side and the passenger seat side middle FACE
blow outlets 166 and 167 are closed by which an opening
area of the wide flow FACE blow outlet 161 is reduced
whereby blow range of air conditioned blown air blown
from the wide flow FACE blow outlet 161 is reduced and air
conditioned blown air is locally blown to portions of the
bodies of passengers of a vehicle in air conditioning areas
(spot blow mode).

Further, the FACE door 171 is moved to the opening side
and the driver seat side and the passenger seat side middle
FACE doors 172 and 173 are moved to intermediary posi-
tions. Thereby, the driver seat side and the passenger seat
side center FACE blow outlets 162 and 163, the driver seat
side and the passenger seat side side FACE blow outlets 164
and 165 and the driver seat side and the passenger seat side
middle FACE blow outlets 166 and 167 are opened by which
the opening area of the wide flow FACE blow outlet 161 is
increased whereby air conditioned blown air is divergently
blown into the air conditioning areas by increasing blow
range of air conditioned blown air blown from the wide flow
FACE blow outlet 161 (wide blow mode).

Further, further fine control of changing air distribution
amount may be carried out by adding FACE doors in the face
duct 160 or air distribution amounts for respective passen-
gers of a vehicle in the driver seat side and the passenger seat
side air conditioning areas may be changed by putting one
or two partition plates in the air conditioning duct 2 and the
face duct 160, arranging blowers for respective air passages
and differentiating wind blow amounts of the respective
blowers from each other.

Fifth Embodiment

FIG. 30, FIGS. 31A and 31B show a fifth embodiment of
the present invention.

A blow condition changing device according to the
embodiment is constituted by a plurality of louvers 201, a
louver motor 202, a link plate 203, link levers 204 and so on.
The louver 201 is rotatably installed while centering on a
rotating shaft 207 rotatably supported by an FACE grille 206
forming an FACE blow outlet 205 and is provided with a pin
208 projected upwardly as illustrated at an upper end portion
of the rotating shaft 207 on the opposite side.

The louver motor 202 is fixed with a gear 209 at an outer
periphery of a front end of an output shaft (not illustrated).
The link plate 203 is arranged at an upper portion of the
FACE grille 206, provided with a rack 210 in mesh with the
gear 209 of the louver motor 202 at one end portion thereof
and is installed slidably in forward and rearward direction of
the FACE grille 206 in accordance with rotation of the
output shaft. Further, the link plate 203 is formed with a
plurality (same as number of louvers 201) of link grooves
211.

The link levers 204 are for transmitting movement of the
link plate 203, installed by a number the same as the number
of the louvers 201 and formed with pins 212 for fitting to the
link grooves 211 of the link plate 203 and guide grooves 213
to which the pins 208 installed to the louvers 201 are fit.

According to the embodiment, when the link plate 203 is
moved forwardly on the FACE grille 206 by rotating the
output shaft of the louver motor 202, as shown by FIG. 31A,
directions of the respective louvers 201 are driven to posi-
tions directing to the passenger via the respective link levers
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204. Thereby, air conditioned blown air is intensively blown
from the center FACE grille 206 and the side FACE grille
206 to the direction of the passenger (concentrating mode).

Meanwhile, when the link plate 203 is moved rearwardly
on the FACE grille 206 by reversely rotating the output shaft
of the louver motor 202, as shown by FIG. 31B, the direction
of the respective louvers 201 are driven to diverge to outer
sides via the respective link levers 204. Thereby, air condi-
tioned blown air blown from the center FACE grille 206 and
the side FACE grille 206 is diverged respectively (diverging
mode).

According to the blow condition changing device, air
conditioned blown air can be directed to the passenger of the
vehicle intensively by selecting the concentrating mode.
Further, when the diverging mode of selected, not only air
conditioned blown air is blown widely into air conditioning
zones but the blown air amount of air conditioned blown air
to the passenger of the vehicle can be reduced.

Sixth Embodiment

FIG. 32 shows a sixth embodiment of the present inven-
tion.

A blow condition changing device of the embodiment is
constituted by a case 221, a drum 222 pivotably integrated
to the case 221, louvers 223 attached to the drum 222 and so
on. According to the blow condition changing device, by
pivoting the drum 222 in respect of the case 221, blow
direction of air conditioned blown air can be changed by
changing directions of the louvers 223 integrally with the
drum 222.

Seventh Embodiment

FIGS. 33, 34A, 34B, 35, 36A, 36B, 36C, 36D, 37A, 37B
and 37C show a seventh embodiment according to the
present invention.

A blow condition changing device according to the
embodiment is provided with a louver main body 301
installed in a slender cylindrical state and a louver motor 302
for driving to rotate the louver main body 301. As shown by
FIG. 34B, the louver main body 301 is formed with an air
passage 301 forming a shape of a circular arc having a
constant width at a position eccentric to the rotational center.

As shown by, for example, FIG. 35, the blow condition
changing device can be used by being attached to an air blow
outlet 304 (refer to FIG. 34A) of a vehicle 303 of a style of
“one box car” or the like.

By driving to rotate the louver main body 301 by the
louver motor 302, a direction of blowing air conditioned
blown air blown from the air blow outlet 304 can be selected
to an arbitrary direction in up and down direction. For
example at a position indicated by FIG. 36A, air conditioned
blown air can be blown mainly to the upper half of the body
of the passenger of a vehicle. Further, at a position indicated
by FIG. 36B, air conditioned blown air can be mainly blown
to the lower half of the body of the passenger of the vehicle.
Further, at a position shown by FIG. 36C, air conditioned
blown air can be blown to a direction of a ceiling of a vehicle
303. Further, at a position shown by FIG. 36D, the air blow
outlet 304 can be closed.

Further, as shown by FIG. 37A, 37B and 37C, when the
louver main body 301 is swung, air conditioned blown air
blown from the air blow outlet 304 can be blown in a
predetermined swing range in accordance with the swing
width of the louver main body 301.

Eighth Embodiment

FIGS. 38, 39A, 39B, 39C, 40A, 40B, 40C, 41A, 41B,
41C, 41D and 41E show an eighth embodiment of the
present invention.
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A blow condition changing device according to the
embodiment can change blow region of air conditioned
blown air in the vehicle width direction and is provided with
a rotary valve 309 rotatably attached to a case 308 forming
an FACE blow outlet 307. In the case 308, air conditioned
blown air is supplied from two of wind blowing ducts 310
connected to a rear face thereof. The front face of the case
308 is attached with an FACE grille 311 in a lattice shape.

The rotational position of the rotary valve 309 can be
adjusted by adjusting dials 312 attached to both ends thereof
and a valve motor, not illustrated, and as shown by, for
example, FIGS. 39A, 39B and 39C and FIGS. 40A, 40B and
40C, blow region of air conditioned blown air can be
changed in the vehicle width direction by changing an
opening state of the FACE blow outlet 307 in accordance
with the rotational position of the rotary valve 309. Further,
a variety of blow conditions can be provided by changing the
shape of the rotary valve 309 as shown by FIGS. 41A, 41B,
41C, 41D and 41E. Also, the rotary valve 309 can also be
used as the louver main body 301 according to the seventh
embodiment.

Ninth Embodiment

FIG. 42 shows a ninth embodiment according to the
present invention.

According to automatic blower control of the embodiment
based on a target blow temperature TAO, a blower wind
amount (blower control voltage applied on the blower motor
9) is linearly set, for example, from 4 V to 13 V. Further,
according to control for determining swing ranges in this
embodiment, swing ranges of the swing louvers 43 and 46
at the respective FACE blow outlets 21a, 21b, 22a and 22b
are calculated based on the intake port mode, the vehicle
speed of a vehicle of an automobile or the like, the blower
control voltage VA and a characteristic diagram of FIG. 24.

In this case, as the intake port modes, there are at least an
inner air circulation mode and an outer air introducing mode,
the inner air circulation mode is an intake port mode for
introducing inner air from the inner air intake port 6 by
closing the outer air intake port 7 by the inner and outer
switching door 3 and the outer air introducing mode is an
intake port mode for introducing outer air from the outer air
intake port 7.

For example, when the blower control voltage is 8 V and
the intake port mode is the inner air circulation mode (case
O in FIG. 42), the swing ranges of the swing louvers 43 and
46 become 62°. Further, when the blower control voltage is
8 V, the intake port mode is the outer air introducing mode
and the vehicle speed of the vehicle is 40 km/h or lower
(case P in FIG. 42), the swing ranges of the swing louvers
43 and 46 become 47°. Further, when the blower control
voltage is 8 V, the intake port mode is the outer air
introducing mode and the vehicle speed of the vehicle is
higher than 40 km/h but lower than 80 km/h or less (case Q
in FIG. 42), the swing ranges of the swing louvers 43 and 46
become 76°. Further, when the blower control voltage is 8
V, the intake port mode is the outer air introducing mode and
the vehicle speed of the vehicle is 80 km/h or higher (case
R in FIG. 42), the swing ranges of the swing louvers 43 and
46 become 88°.

Therefore, according to the embodiment, the larger the
blower wind amount, the narrower the swing ranges of the
swing louvers 43 and 46 and the narrower the swing ranges,
the more slowly the swing louvers 43 and 46 are swung by
which air conditioned blown air having a pertinent amount
in respect of all of air conditioning thermal load of blower
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wind amount, solar radiation intensity, solar radiation
direction, temperature deviation between inner temperature
and set temperature and so on, can be supplied to passengers
of the vehicle. Further, even when the swing ranges of the
swing louvers 43 and 46 are narrow, annoying feeling in
respect of movements of the swing louvers 43 and 46 and
unpleasant feeling of passengers of the vehicle can be
resolved.

Tenth Embodiment

FIGS. 43, 44A, 44B, 44C, 44D, 44E and 45 show a tenth
embodiment according to the present invention in which
FIG. 43 is a diagram showing a change in a heat reception
amount in respect of a change of the angle of the solar
radiation direction for each of left and right passengers at
front seats which is calculated by simulation by the
inventors, FIGS. 44A, 44B, 44C, 44D and 44E are diagrams
showing setting of swing ranges in respect of the solar
radiation direction (deviated solar radiation) and FIG. 45 is
a diagram showing swing ranges in respect of solar radiation
direction at a driver seat side center grille and a passenger
seat side center grille. In FIG. 43, the square represents the
driver seat side, and the circle represents the passenger seat
side.

According to the graph of FIG. 43, it is known that the
same solar radiation amount, in comparison with the case
where the sun is situated at the front face of the vehicle, the
further the sun is disposed to the side face of the vehicle, that
is, the further the deviated solar radiation, the larger the heat
reception amount of a passenger of the vehicle on the side
where the solar radiation is incident. In accordance
therewith, as shown by explanatory views of FIGS. 44A,
44B, 44C, 44D and 44E and a characteristic diagram of FIG.
45, by changing swing ranges of object air conditioning
zones in accordance with the angle of the sun in left and right
direction, a difference in the heat receiving amounts caused
by the deviated solar radiation can accurately be canceled
out and pleasant feeling can be provided.

Further, as shown by the explanatory views of FIGS. 44A,
44B, 44C, 44D and 44E, by changing the swing ranges of the
swing louvers 43 and 46 in accordance with the deviated
solar radiation and changing the portion of the passenger of
the vehicle to which air conditioned blown air is blown, the
portion of the passenger where the solar radiation is incident
can be cooled and pleasant feeling can be promoted. Further,
FIGS. 44A, 44B, 44C, 44D and 44E and FIG. 45 show a case
where a two swing louvers type having blow condition
changing devices (swing louvers 43, 46) of only the driver
seat side and the passenger seat side center grilles 41a and
41b or two of the blow condition changing devices each of
the driver seat side center grille 41a or the passenger seat
side center grille 41b are operated.

Eleventh Embodiment

FIG. 46 and FIG. 47 show an eleventh embodiment
according to the present invention.

According to the embodiment, stepping motors 43a and
46a are used as louver driving member and the swing
louvers 43 and 46 can be swung by outputting pulse signals
from the air conditioner ECU 50 to the stepping motors 43a
and 46a by operating a swing switch (not illustrated) by
passengers of a vehicle. Further, an amount of moving a
louver can be calculated by counting a number of pulses
(number of ON) outputted from the air conditioner ECU 50
and accordingly, in place of the potentiometers 59 and 60
according to the first embodiment, it can be utilized as
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louver position detecting member. In this case, it is prefer-
able that passengers of a vehicle cannot operate the louvers
other than via the swing switch.

According to a blow condition changing device of the
embodiment, when the swing louvers 43 and 46 are directly
moved by manual operation of passengers of a vehicle,
absolute positions of the swing louvers 43 and 46 cannot be
grasped by the air conditioner ECU 50, however, by carrying
out the swing louver control in accordance with the above-
described method, all of control of this embodiment is
applicable.

Further, potentiometers may be installed to the swing
louvers 43 and 46 using the stepping motors 43a and 464 or
a manual operation switch for manually operating directions
of louvers may be provided and member for transmitting
extra pluses by an amount of manual operation (operation
amount) (including reverse direction) may be provided.

Twelfth Embodiment

FIG. 48 shows a twelfth embodiment according to the
present invention.

Generally, when the intake port mode is the outer air
introducing mode, the faster the vehicle speed of the vehicle,
the more increased is a blow wind amount (blown air
amount) of air conditioned blown air blown from the respec-
tive FACE blow outlets and accordingly, passengers of a
vehicle may feel chilly by an increase in the cooled wind
amount from the FACE blow outlets to passengers of the
vehicle.

Hence, as shown in FIG. 48, in the case of the outer air
introducing mode, the faster the vehicle speed, the wider the
swing ranges of the swing louvers 43 and 46 are set, and the
slower the vehicle speed, the narrower the swing ranges of
the swing louvers 43 and 46 are set. Selectively, corrected
swing ranges may be calculated by multiplying the basic
swing range by a swing range compensation factor to
determine the corrected swing range. In this case, the faster
the vehicle speed, the larger the correction rates of the swing
ranges of the swing louvers 43 and 46 are set, and the slower
the vehicle speed, the smaller the correction rates of the
swing ranges of the swing louvers 43 and 46 are set.

Thirteenth Embodiment

FIG. 49 shows a thirteenth embodiment according to the
present invention.

According to the embodiment, the air conditioner ECU 50
is connected with the post evaporator temperature sensor 57
for detecting temperature (post evaporator temperature) of
air immediately after passing through the evaporator 10, or
a blow temperature sensor (not illustrated) for detecting
blow temperature of air blown from an FACE blow outlet
into vehicle compartment. Further, when the air condition-
ing capacity is low by deficiency of coolant in the refriger-
ating cycle or the like and the post evaporator temperature
or the blow temperature is high, the deficiency in the air
conditioning capacity may be compensated for by supplying
a larger amount of the cooled wind to the passenger of a
vehicle by narrowly setting the swing ranges of the swing
louvers 43 and 46.

Further, the air conditioner ECU50 is connected with a
seat temperature sensor (not illustrated) for detecting seat
temperature of front seats (driver seat, passenger seat) or a
steering wheel temperature sensor (not illustrated) for
detecting a steering wheel temperature. Further, when a
passenger of a vehicle gets in the vehicle parking in summer
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and air in the vehicle compartment is conditioned, in the
case where the seat temperature or the steering wheel
temperature is high, the passenger of the vehicle feels hot all
the more and becomes unpleasant. Hence, the higher the seat
temperature or the steering wheel temperature, the narrower
the swing ranges of the swing louvers 43 and 46 are set and
the larger amount the cooled wind is supplied to the pas-
senger of the vehicle by which disagreeable feeling of the
passenger of the vehicle can be resolved.

Fourteenth Embodiment

FIG. 50 shows a fourteenth embodiment according to the
present invention.

According to the embodiment, the air conditioner ECU 50
is connected with a skin temperature sensor (not illustrated)
for detecting skin temperature of a passenger of a vehicle, a
humidity sensor (not illustrated) for detecting the humidity
in the vehicle compartment or the outer air temperature
sensor 55 for detecting outer air temperature. Further, when
the skin temperature is high, the passenger of the vehicle
may highly probably feel hot by exercise before getting in
the vehicle and accordingly, the swing ranges of the swing
louvers 43 and 46 may be set narrowly. Further, when the
humidity in the vehicle compartment is high, the passenger
of the vehicle is liable to feel hot and accordingly, the swing
ranges of the swing louvers 43 and 46 may be set narrowly.
Furthermore, when the outer air temperature is high, thermal
radiation becomes large and the passenger of the vehicle
feels hot and accordingly, the swing ranges of the swing
louvers 43 and 46 may be set narrowly.

Other Embodiments

Although according to the embodiments, the present
invention is applied to the vehicle air conditioning apparatus
where temperature adjustments of left and right sides in the
vehicle compartment (driver seat side air conditioning zone
and passenger seat side air conditioning zone) can be carried
out independently from each other, the present invention
may be applied to a vehicle air conditioning apparatus where
temperature adjustments of the front side and the rear side in
the vehicle compartment (air conditioning zone on front seat
side and air conditioning zone on rear seat side) can be
carried out independently from each other. Further, the
present invention may be applied to a vehicle air condition-
ing apparatus where the temperature adjustment in the
vehicle compartment is carried out by a single temperature
variable member.

Although according to the first embodiment, air condi-
tioned blown air is blown from the passenger seat side side
FACE blow outlet 22g and the passenger seat side side
FACE blow outlet 22) only in the FACE mode or the B/L
mode, air conditioned blown air may be blown from the
driver seat side side FACE blow outlet 224 and the passen-
ger seat side side FACE blow outlet 22b even in the case of
the FOOT mode, the F/D mode or the DEF mode. That is,
not only the cooled wind is supplied to passengers of a
vehicle when the air conditioning state is a cooling state but
also warm wind may be supplied to passengers of a vehicle
from side FACE blow outlets when air conditioning state is
a warming state.

Although according to the first and the second embodi-
ments the driver seat side and the passenger seat side center
grilles 41a and 41b as well as the driver seat side and the
passenger seat side side grilles 42a and 42b are fixed to the
instrument panel 39, the respective grilles may be attached
to storing members in a state where the respective grilles are
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supported pivotably in left and right direction or respective
grilles may be attached to storing members in a state where
the respective grilles are supported pivotably in up and down
direction. In this case, the main bodies of the grilles may be
used as blow condition changing member.

Although as the swing louvers, both of the swing louvers
43 pivotably moving in left and right direction and the swing
louvers 46 pivotably moving in up and down direction are
installed to the respective FACE blow outlets, only either of
the swing louvers 43 pivotably moving in left and right
direction and the swing louvers 46 pivotably moving in up
and down direction may be installed to the respective FACE
blow outlets.

Although the swing ranges (swing range, swing angle) of
the swing louvers 43 and 46 of the driver seat side center and
side FACE blow outlets 21a and 224 are equalized, they may
be different from each other. Further, the swing ranges of the
swing louvers 43 and 46 of the passenger seat side center
and side FACE blow outlets 21b and 22b are equalized, they
may be different from each other.

Further, the swing speeds of the swing louvers 43 and 46
may be accelerated by shortening stoppage time period at a
swing end or a midway of the swing range of each of the
swing louvers 43 and 46 such that the wider the swing
ranges of the swing louvers 43 and 46, the shorter the
stoppage time periods. Conversely, the swing speeds of the
swing louvers 43 and 46 may be retarded by prolonging the
stoppage time periods at a swing end or a midway of the
swing range of each of the swing louvers 43 and 46 such that
the narrower the swing ranges of the swing louvers 43 and
46, the longer the stoppage time periods of the swing louvers
43 and 46.

Further, directions of starting to swing the swing louvers
43 and 46 on the driver seat side and the passenger seat side
may be directions where directions of blowing air condi-
tioned blown air become proximate to each other and
directions of starting to swing the swing louvers 43 and 46
on the driver seat side and the passenger seat side may be set
to directions where directions of blowing air conditioned
blown air become remote from each other. Further, direc-
tions of starting to swing the swing louvers 43 and 46 of the
driver seat side center FACE blow outlet 214 and the driver
seat side FACE blow outlet 22a may be set to directions
where directions of blowing air conditioned blown air
become proximate to each other and directions of starting to
swing the swing louvers 43 and 46 on the center and the side
may be set to directions where directions of blowing air
conditioned blown air become remote from each other. The
same goes with the passenger seat side.

Although regardless of changes in swing ranges of the
swing louvers 43 and 46, the swing cycles of the swing
louvers 43 and 46 are set to constant periods and the
narrower the swing ranges of the swing louvers 43 and 46,
the slower the swing speeds of the swing louvers 43 and 46
are set, the narrower the swing ranges of the swing louvers
43 and 46, the longer the swing cycles of the swing louvers
43 and 46 may be set and the slower the swing speeds of the
swing louvers 43 and 46 may be set.

Although an explanation has been given of examples
where the blow direction variable member or the blow wind
amount variable member for changing blow direction or
blown air amount of air conditioned blown air is used as
blow condition changing member for changing blow con-
dition of air conditioned blown air blown from blow outlets,
as the blow condition changing member, blow position
variable member for changing blow position (blow height,
blow width) of air conditioned blown air may be used.
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Further, when as solar radiation amount detecting
member, the elevation of the sun at time and day and solar
radiation direction in respect of a current position of a
vehicle are stored to a microcomputer of a car navigation
system, an output signal from the car navigation system may
be read by the air conditioner ECU as a solar radiation
sensor signal.

Although examples where the present invention is applied
to the blow condition changing devices on the front seat side
of the vehicle, the present invention may be applied to blow
condition changing devices on an intermediate seat side and
a rear seat side of the vehicle.

Further, origin points of swinging of the blow condition
changing member of the swing louvers 43 and 46 or the like
may be disposed on the side of the side windows at vicinities
of the blow condition changing member or may be disposed
on the side of the passengers of the vehicle.

It is preferable that setting operation can be carried out on
a liquid crystal element (display) of an air conditioner
operation panel, the setting operation can be carried out by
special switching operation or the setting operation can be
carried out by a communication input from an external
device (for example, remote controller) such that correction
or change can be performed in accordance with seat position
(position) of passengers of a vehicle or preference of pas-
sengers of a vehicle. Particularly, what is necessary for
correcting in accordance with the seat position of passengers
of a vehicle or preference of passengers of a vehicle resides
in whether the blow condition changing member of the
swing louvers 43 and 46 or the like are directed to passen-
gers of a vehicle when inner air temperature is very high or
to which directions the member are directed or whether
swing ranges of the blow condition changing member are set
widely or narrowly and so on.

Although the present invention has been described in
connection with the preferred embodiments thereof with
reference to the accompanying drawings, it is to be noted
that various changes and modifications will be apparent to
those skilled in the art. Such changes and modifications are
to be understood as being included within the scope of the
present invention as defined in the appended claims.

What is claimed is:

1. An air conditioning apparatus for a vehicle having an
air conditioning zone in the vehicle, comprising:

an air conditioning unit having an air outlet for controlling

an air-conditioned air to blow toward the air condition-
ing zone;

blow condition changing means for changing at least one

of blow condition including a blow range, blow
position, blow angle, blow zone and blown air amount
of said air-conditioned air, said blow condition chang-
ing means being mounted between said air outlet and
the air conditioning zone;

an actuator for swinging said blow condition changing

means;

cooling load detecting means for detecting a cooling load
in the vehicle;

swing range setting means for setting a swing range of
said blow condition changing means according to said
cooling load detected by said cooling load detecting
means; and

blow condition control means for controlling said actuator
to reduce a swing speed of said blow condition chang-
ing means in proportion to a reduction of said swing
range set by said swing range setting means.
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2. An air conditioning apparatus according to claim 1,
wherein said swing speed of said blow condition control
means is reduced by prolonging a stopping period or a
slowed swing period of said blow condition changing
means.
3. An air conditioning apparatus according to claim 1,
wherein:
said swing range setting means reduces said swing range
in proportion to an increase of said cooling load
detected by said cooling load detecting means; and

said swing range setting means increases said swing range
in proportion to a decrease of said cooling load detected
by said cooling load detecting means.

4. An air conditioning apparatus according to claim 3,
wherein:

said cooling load to be detected by said cooling load

detecting means includes at least one of a blown air
amount at an upper portion of said air outlet, a blower
capacity, an applied voltage to a blower motor, an
internal temperature of the vehicle, a temperature dif-
ference between a predetermined temperature and said
internal temperature of the vehicle, a solar radiation
amount, a solar radiation direction, vehicle speed, an
internal humidity of the vehicle, an external
temperature, a temperature of an air after passing
through an evaporator, a blown air temperature, a seat
temperature, a steering wheel temperature, and a skin
temperature.

5. An air conditioning apparatus according to claim 1,
wherein:

the air conditioning zone includes a first air conditioning

zone and a second air conditioning zone;

said air conditioning unit controls a temperature of said

first air conditioning zone and said second air condi-
tioning zone individually;

said blow condition changing means includes a first blow

condition changing means mounted between said air
outlet and said first air conditioning zone, and includes
a second blow condition changing means mounted
between said outlet and said second air conditioning
zone; and

said swing range setting means sets a first swing range of

said first blow condition changing means according to
a first cooling load of said first air conditioning zone,
and sets a second swing range of said second blow
condition changing means according to a second cool-
ing load of said second air conditioning zone individu-
ally.

6. An air conditioning apparatus according to claim 5,
wherein:

said cooling load detecting means includes a solar radia-

tion amount detecting means for detecting whether one
of said first and second air conditioning zones is
receiving a solar radiation; and

said swing range setting means reduces one of said first

swing range and said second swing range correspond-
ing to said one of said first and second air conditioning
zones receiving said solar radiation.

7. An air conditioning apparatus according to claim 5§,
wherein:

said cooling load detecting means includes solar radiation

amount detecting means for detecting whether a crew is
receiving a solar radiation; and

said swing range setting means reduces one of said first

swing range and said second swing range correspond-
ing to said crew receiving said solar radiation.
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8. An air conditioning apparatus according to claim 5,
wherein said swing range setting means increases one of
said first swing range and said second swing range corre-
sponding to one of said first and second blow condition

5 changing means which is closer to a steering wheel of the
vehicle.

9. An air conditioning apparatus according to claim 1,
wherein:

said cooling load detecting means includes solar radiation
direction detecting means for detecting a solar radiation
direction; and

said swing range setting means reduces said swing range

in proportion to an increase of an angle formed between
a front direction of the vehicle and said solar radiation
direction detected by said solar radiation direction
detecting means.

10. An air conditioning apparatus according to claim 1,
wherein:

said air conditioning apparatus has at least two of said

blow condition changing means; and

said swing range setting means reduces said swing range

in proportion to a decrease of a number of said blow
condition changing means which is in operation.

11. An air conditioning apparatus for a vehicle having a
right side air conditioning zone and a left side air condi-
tioning zone in the vehicle, comprising:

an air conditioning unit having a right side air outlet for

blowing an air-conditioned air toward the right side air
conditioning zone and a left side air outlet for blowing
said air-conditioned air toward the left side air condi-
tioning zone, said air conditioning unit being for con-
trolling a temperature of said right side air conditioning
zone and said left side air conditioning zone individu-
ally;

right side blow condition changing means for changing at

least one of blow condition including a blow range,
blow position, blow direction, blow angle, and blow
zone of said air-conditioned air blown from said right
side air outlet, at least in a horizontal direction;

left side blow condition changing means for changing at

least one of blow condition including a blow range,
blow position, blow direction, blow angle, and blow
zone of said air-conditioned air blown from said left
side air outlet, at least in a horizontal direction;

a right side actuator for swinging said right side blow

condition changing means;

a left side actuator for swinging said left side blow

condition changing means;

cooling load detecting means for detecting a cooling load

in the vehicle;

swing range setting means for setting a right side swing

range of said right side blow condition changing means
and a left side swing range of said left side blow
condition changing means individually according to
said cooling load detected by said cooling load detect-
ing means;

swing cycle setting means for setting a right side swing

cycle of said right side blow condition changing means
and a left side swing cycle of said left side blow
condition changing means equal to one another;
blow condition control means for controlling said right
side actuator and said left side actuator according to
said right and left swing ranges and said right and left
side swing cycles, respectively in such a manner that
swing directions of said right side blow condition
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changing means and said left side blow condition
changing means are opposite.
12. An air conditioning apparatus according to claim 11,
wherein said blow condition control means has a synchro-
nizing means for synchronizing a first timing when said right
side blow condition changing means reaches its left swing
end with a second timing when said left side blow condition
changing means reaches its right swing end.
13. An air conditioning apparatus according to claim 11,
wherein:
said air conditioning unit further includes a center outlet
mounted between said right side air outlet and said left
side air outlet for blowing said air-conditioned air;

said air conditioning apparatus further includes center
blow condition changing means for changing at least
one of said blow condition of said air-conditioned air
blown from said center outlet; and

said swing range setting means further sets a center swing

range of said center blow condition changing means
independently of said right and left side swing ranges
when said cooling load detected by said cooling load
detecting means at a right side of a crew is different
from said cooling load detected by said cooling load
detecting means at a left side of said crew.

14. An air conditioning apparatus according to claim 13,
wherein said swing range setting means increases one of
said right side, left side and center swing ranges correspond-
ing to one of said right side, left side and center blow
condition changing means which is closest to a steering
wheel of the vehicle.

15. An air conditioning apparatus according to claim 11,
wherein:

said cooling load to be detected by said cooling load

detecting means includes at least one of a blown air
amount at an upper portion of said air outlet, a blower
capacity, an applied voltage to a blower motor, an
internal temperature of the vehicle, a temperature dif-
ference between a predetermined temperature and said
internal temperature of the vehicle, a solar radiation
amount, a solar radiation direction, vehicle speed, an
internal humidity of the vehicle, an external
temperature, a temperature of an air after passing
through an evaporator, a blown air temperature, a seat
temperature, a steering wheel temperature, and a skin
temperature.

16. An air conditioning apparatus according to claim 11,
wherein:

said cooling load detecting means includes solar radiation

amount detecting means for detecting whether one of
said right side and left side air conditioning zones is
receiving a solar radiation; and

said swing range setting means reduces one of said right

side and left side swing ranges corresponding to said
one of said right side and left side air conditioning
zones receiving said solar radiation.

17. An air conditioning apparatus according to claim 11,
wherein:

said cooling load detecting means includes a solar radia-

tion amount detecting means for detecting whether a
crew is receiving a solar radiation; and

said swing range setting means reduces one of said right

side swing range and said left side swing range corre-
sponding to said crew receiving said solar radiation.

18. An air conditioning apparatus according to claim 11,
wherein:

said air conditioning apparatus has at least two of said

blow condition changing means; and
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said swing range setting means reduces said swing range
in proportion to a decrease of a number of said blow
condition changing means which is in operation.

19. An air conditioning apparatus for a vehicle having an
air conditioning zone in the vehicle, comprising:

an air conditioning unit having an air outlet for controlling

an air-conditioned air to blow toward the air condition-
ing zone;

blow condition changing means for changing at least one

of blow condition including a blow range, blow
position, blow angle, blow zone and blown air amount
of said air-conditioned air, said blow condition chang-
ing means being mounted between said air outlet and
the air conditioning zone;

an actuator for swinging said blow condition changing

means;

cooling load detecting means for detecting a cooling load

in the vehicle;

swing range setting means for setting a swing range of

said blow condition changing means according to said
cooling load detected by said cooling load detecting
means;

swing range limiting means for limiting said swing range;

and
blow condition control means for controlling said actuator
in such a manner that a swing cycle of said blow
condition changing means is kept constant when said
swing range is limited by said swing range limiting
means.
20. An air conditioning apparatus according to claim 19,
wherein said blow condition control means adjusts a swing
speed of said blow condition changing means at a point
adjacent to said limited swing range.
21. An air conditioning apparatus according to claim 19,
wherein said blow condition control means controls said
actuator to expand said swing range to an opposite side to
said limited swing range.
22. An air conditioning apparatus according to claim 19,
wherein:
said swing range setting means reduces said swing range
in proportion to an increase of said cooling load
detected by said cooling load detecting means; and

said swing range setting means increases said swing range
in proportion to a decrease of said cooling load detected
by said cooling load detecting means.

23. An air conditioning apparatus for a vehicle having a
front side air conditioning zone and a rear side air condi-
tioning zone in the vehicle, comprising:

an air conditioning unit having an air outlet installed in the

front side air conditioning zone for controlling an
air-conditioned air to blow toward the front side and
rear side air conditioning zones;

blow condition changing means for changing at least one

of blow condition including a blow range, blow
position, blow angle, blow zone and blown air amount
of said air-conditioned air, said blow condition chang-
ing means being mounted between said air outlet and
the front side air conditioning zone;

an actuator for swinging said blow condition changing

means;

cooling load detecting means for detecting a cooling load

in the vehicle;

swing range setting means for setting a swing range of

said blow condition changing means according to said
cooling load detected by said cooling load detecting
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means such that said swing range of said blow condi-
tion changing means is increased in proportion to a
decrease of said cooling load detected by said cooling
load detecting means; and

blow condition control means for controlling said actuator
to expand said swing range such that a blown air
amount to said rear side air conditioning zone is
increased.
24. An air conditioning apparatus according to claim 23,
wherein:

said cooling load detecting means includes solar radiation
direction detecting means for detecting a solar radiation
direction; and

said swing range setting means reduces said swing range
in proportion to an increase of an angle formed between
a front direction of the vehicle and said solar radiation
direction detected by said solar radiation direction
detecting means.

25. An air conditioning apparatus for a vehicle having a
right side air conditioning zone and a left side air condi-
tioning zone in the vehicle, comprising:

an air conditioning unit having a right side air outlet for

blowing an air-conditioned air toward the right side air
conditioning zone and a left side air outlet for blowing
said air-conditioned air toward the left side air condi-
tioning zone, said air conditioning unit being for con-
trolling a temperature of said right side air conditioning
zone and said left side air conditioning zone individu-
ally;

right side blow condition changing means for changing at

least one of blow condition including a blow range,
blow position, blow direction, blow angle, and blow
zone of said air-conditioned air blown from said right
side air outlet, at least in a horizontal direction;

left side blow condition changing means for changing at

least one of blow condition including a blow range,
blow position, blow direction, blow angle, and blow
zone of said air-conditioned air blown from said left
side air outlet, at least in a horizontal direction;

a right side actuator for swinging said right side blow

condition changing means;

a left side actuator for swinging said left side blow

condition changing means;

a solar radiation amount detecting means for detecting a

solar radiation amount and a solar radiation direction of
the vehicle;
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swing range setting means for setting a right side swing
range of said right side blow condition changing means

and a left side swing range of said left side blow
condition changing means individually according to

5 said solar radiation amount detected by said solar
radiation amount detecting means, and for adjusting

said right side swing range and said left side swing

range individually according to said solar radiation
direction detected by said solar radiation amount

10 detecting means; and
blow condition control means for controlling said right
side actuator and said left side actuator according to
said right side and left side swing ranges adjusted by
said swing range setting means.
15

26. An air conditioning apparatus for a vehicle having an
air conditioning zone in the vehicle, comprising:

an air conditioning unit having an air outlet for controlling
an air-conditioned air to blow toward the air condition-
ing zone;
20 .. . .
blow condition changing means for changing at least one
of blow condition including a blow range, blow
position, blow angle, blow zone and blown air amount
of said air-conditioned air, said blow condition chang-
ing means being mounted between said air outlet and
the air conditioning zone;

an actuator for swinging said blow condition changing
means;

25

cooling load detecting means for detecting a cooling load

30 in the vehicle;

swing range setting means for setting a swing range of
said blow condition changing means according to said
cooling load detected by said cooling load detecting

means; and

35 blow condition control means for controlling said actuator

to maintain a swing cycle of said blow condition
changing means constant.

27. An air conditioning apparatus according to claim 26,

wherein:

said swing range setting means reduces said swing range
in proportion to an increase of said cooling load
detected by said cooling load detecting means; and

said swing range setting means increases said swing range
in proportion to a decrease of said cooling load detected
by said cooling load detecting means.



