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VEHICLE AIR-CONDITIONING SYSTEM
WITH INDEPENDENT LEFT/RIGHT
TEMPERATURE CONTROL DURING

MAXIMUM COOLING

CROSS-REFERENCE TO RELATED
APPLICATION

The present invention is related to, and claims priority
from, Japanese Patent Application Hei. 10-60188.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a vehicle air-conditioning system
capable of independently controlling left and right outlet air
temperatures by adjusting flow proportions of warm and
cool air flows, and particularly to a system capable of
independently controlling the cooling of both left and right
side occupants at times of maximum cooling by controlling
a left-right air flow distribution.

2. Description of the Related Art

In conventional air-mixing type vehicle air-conditioning
systems, an air-mixing door is operated at times of maxi-
mum cooling to a position in which it fully opens a cool air
bypass passage and fully closes an air inflow path to a heat
exchanger for heating. When there is an unbalanced inci-
dence of solar radiation on a vehicle, such as when a
passenger seat side (left side), is exposed to solar radiation
while a driver seat side (right side) is not, a temperature
difference due to the radiation arises between the two sides.
Consequently, the amount of cooling necessary to achieve a
comfortable temperature on the left side varies greatly with
respect to the amount of cooling for the right side.

However, in a vehicle air-conditioning system of the kind
mentioned above, the left and right side outlet temperatures
cannot be varied by changing the operating position of the
air-mixing door when the air-mixing door has already been
operated to its maximum cooling position.

In Japanese Laid-Open Patent Application No. Hei.
7-251623, the positions of left and right film type air-mixing
doors can be adjusted while preventing air from passing to
a heater core at times of maximum cooling in a vehicle
air-conditioning system using film type air-mixing doors. As
a result, it is possible to adjust left and right film-type air
mixing doors to selectively direct conditioned air into left
and right heater core bypass passages, respectively.
Therefore, even when air is delivered into left and right
ventilation paths with a single, common blower it is possible
for left and right cool air flows to be varied independently.

Even though there is no specific description of a relation-
ship between blower flow and position control of the left and
right film type air-mixing doors at times of maximum
cooling, certain cooling limitations are present in the above-
described system. For example, when blower speed is
increased to increase cool air flow on the vehicle passenger
side heated by a large amount of solar radiation on, for
example, a hot summer day, cool air flow also increases on
the driver side not heated to the same extent as the passenger
side. As a result, the driver side is excessively cooled.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention, in view
of the above-mentioned limitations, to provide a left-right
independent temperature control type vehicle air-
conditioning system which at times of maximum cooling
can control left-right air flow distribution corresponding to
vehicle left and right side heat loads.
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To achieve this and other objects, according to the present
invention, when the heat load rises on only one side of a
vehicle passenger compartment, air flow delivered thereto
by a blower is increased when temperature adjusting devices
of both sides are both in a maximum cooling state. At the
same time, air flow to the side on which the heat load has not
risen is reduced.

As a result, cool air flow can be increased on the side
having the increased heat load by increasing the delivery
flow of the blower, while the amount of cool air blown out
to the side exhibiting little or no temperature increase can be
prevented from excessively increasing through reduction of
the open area of the respective ventilation path.

Therefore, even when the heat loads of the left and right
sides of the vehicle are different due to unbalanced solar
radiation or the like at a time of maximum cooling, the
left-right flow distribution can be controlled in correspon-
dence with the left and right heat loads, and both left and
right side occupants can be satisfactorily cooled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional side view of an air-
conditioning unit in a first preferred embodiment of the
invention;

FIG. 2 is a schematic sectional plan view of a main part
of FIG. 1;

FIG. 3 is a block diagram of electronic control in the first
preferred embodiment;

FIG. 4 is a plan view of an air-mixing film member of the
first preferred embodiment;

FIG. § is a flow diagram of electronic control in the first
preferred embodiment;

FIG. 6 is a characteristic diagram of electronic control in
the first preferred embodiment;

FIG. 7 is a characteristic diagram of electronic control in
the first preferred embodiment;

FIG. 8 is a plan view of left and right air-mixing film
members of the first preferred embodiment;

FIG. 9 is a plan view of left and right air-mixing film
members of the first preferred embodiment;

FIG. 10 is a plan view of left and right air-mixing film
members of the first preferred embodiment;

FIG. 11 is a schematic sectional side view illustrating the
operation of the first preferred embodiment;

FIG. 12 is a schematic sectional side view illustrating the
operation of the first preferred embodiment;

FIG. 13 is a characteristic diagram of electronic control in
the first preferred embodiment;

FIG. 14 is a schematic sectional side view of an air-
conditioning unit in a second preferred embodiment;

FIG. 15 is a schematic sectional side view of an air-
conditioning unit in the second preferred embodiment;

FIG. 16 is a schematic sectional side view of an air-
conditioning unit in a third preferred embodiment;

FIG. 17 is a schematic sectional side view of an air-
conditioning unit in the third preferred embodiment;

FIG. 18 is a plan view of left and right ventilation mode
switching film members of a fourth preferred embodiment;

FIG. 19 is a plan view of left and right ventilation mode
switching film members of the fourth preferred embodiment;
and

FIG. 20 is a flow diagram of electronic control in the
fourth preferred embodiment.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the invention will now be
described with reference to the accompanying drawings.
(First Preferred Embodiment)

FIG. 1 shows an air-conditioning unit of a vehicle air-
conditioning system to which the invention has been
applied. The ventilation circuit of the vehicle air-
conditioning system is mainly made up of two parts, a
blower unit 1 and an air-conditioning unit 10. The air-
conditioning unit 10 is of a central installation layout type,
and is typically disposed below the vehicle left-right direc-
tion center of a dash board in the front of the vehicle
passenger compartment. The blower unit 1 is offset at the
side of the air-conditioning unit 10, and is oriented opposite
a front passenger seat.

The blower unit 1 has in an upper side thereof an ordinary
inside/outside air switching box 2 for switchably introducing
outside air and inside air, and an inside/outside switching
door 24 is mounted in the inside/outside air switching box 2.
A centrifugal blower 3 is disposed below the inside/outside
air switching box 2, to blow air into an air inlet 11 at the front
end of the air-conditioning unit 10.

The air-conditioning unit 10 has an air-conditioner case
12 made of a durable material such as resin, and includes a
plurality of split-molded component parts integrally joined
together by suitable fasteners such as clamps. An evaporator
13 and a heater core 14 are disposed in series inside the
air-conditioner case 12. The evaporator 13 preferably is a
conventional refrigerating circuit including a compressor, a
condenser and a pressure-reducing device (not shown), and
is a cooling heat exchanger for cooling air passing through
the air-conditioner case 12. The heater core 14 is disposed
downstream from the evaporator, and is a heating heat
exchanger. Warm water (engine cooling water) flows into
the heater core through a warm water valve 144, disposed on
the inlet side of a warm water circuit, to heat the air passing
through the case.

The evaporator 13 extends across the ventilation path
inside the air-conditioner case 12, while the heater core 14
extends only across a lower part of the ventilation path
inside the air-conditioner case 12. A cool air bypass passage
15 for bypassing the heater core 14 is formed above the
heater core 14.

A plurality of outlet ports 16-21 are formed at a down-
stream end of the air-conditioner case 12, and outlet ducts
(not shown) for delivering conditioned air to predetermined
places inside the passenger compartment are connected to
the downstream sides of these outlet ports.

The outlet ports include a defroster outlet port 16 pro-
vided at an upper front portion of the air-conditioner case 12
and connected by way of a defroster duct (not shown) with
a defroster outlet (not shown) for blowing conditioned air
toward the inner side of a front windshield in the passenger
compartment. Also, a foot and face blowout air branching
duct 22 is integrally connected to a portion of the air-
conditioner case 12.

This blowout air branching duct 22 has a face outlet port
17 and side face outlet ports 18 at an upper side thereof. The
face outlet port 17 is centrally disposed in a direction
perpendicular to the paper of FIG. 1 (in the left-right
direction of the vehicle), and the side face outlet ports 18 are
offset to the left and right sides of the face outlet port 17. The
face outlet port 17 connects by way of a face duct (not
shown) with a center face outlet for blowing conditioned air
toward the central upper body of a front seat occupant.

The side face outlet ports 18 connect by way of side face
ducts (not shown) with side face outlets for blowing con-
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ditioned air toward a front seat side window or the upper left
and right sides a vehicle front seat. A rear seat face outlet
port 20 is provided in a lower side of the blowout air
branching duct 22, and is connected by way of a rear seat
face duct (not shown) with a rear seat face outlet (not shown)
for blowing conditioned air toward an upper rear seat area.

Also, front seat foot outlet ports 19 are disposed on left
and right sides of the bottom of the blowout air branching
duct 22, and connect by way of foot ducts (not shown) with
a driver seat foot outlet (not shown) for blowing conditioned
air toward a lower driver seat area and a passenger seat foot
outlet (not shown) for blowing conditioned air toward a
lower a passenger seat area.

Further, a rear seat foot outlet port 21 connects by way of
a rear seat foot duct (not shown) with a rear seat foot outlet
(not shown) for blowing conditioned air to a lower rear seat
area.

Inside the air-conditioner case 12, a first driving shaft 24
and a first following shaft 25 are rotatably mounted with
respect to the air-conditioner case 12. Respective ends of an
air-mixing film member 26 are fixed to and wound around
the first driving shaft 24 and the first following shaft 25. The
air-mixing film member 26 is made of a flexible material
having excellent flexibility and strength, such as a resin film
material like polyethylene resin.

The air-mixing film member 26 passes around the first
driving shaft 24, a side face of the heater core 14, an
intermediate roller 27 and the first following shaft 25 so that
it extends across a warm air passage 28 passing through the
heater core 14 and the bypass passage 15 bypassing the
heater core 14, and is slideable in the air-conditioner case 12
while being kept under a fixed tension.

The first driving shaft 24 is driven by a driving device
such as a step motor, and rotation of the first driving shaft 24
is also transmitted by a conventional rotation transmitting
mechanism (not shown) to the first following shaft 25.

A plurality of openings 26a (see FIG. 4) are formed in the
air-mixing film member 26 and can be stopped in any
position to adjust the amount of air passing through the
passages 15, 28 when the first driving shaft 24 is rotated by
the driving device.

A wall 29, rising diagonally upwardly from below the
downstream side of the heater core 14, forms a warm air
passage 30 leading upwardly from the downstream side of
the heater core 14. An air-mixing chamber 31 for mixing
cool air that has passed through the bypass passage 15 and
warm air that has passed through the warm air passages 28,
30 is formed above the heater core 14 in the air-conditioner
case 12. Cool air is mixed with warm air in the air-mixing
chamber 31 to create conditioned air having a predetermined
temperature.

Face openings 324, 32b are formed in an upper portion of
a wall 29 located on the downstream side of the heater core
14, and a foot opening 33 is formed at a lower portion of the
wall. More particularly, a center face opening 32a is cen-
trally positioned in a direction perpendicular to the paper of
FIG. 1 (in the left-right direction of the vehicle) and con-
nects with the face outlet port 17 and the rear seat face outlet
port 20. Also, side face openings 32b are positioned on the
left and right sides of the center face opening 324 and
connect with the side face outlet ports 18.

The foot opening 33 connects with the front seat foot
outlet port 19 and the rear seat foot outlet port 21, and the
openings 32a, 32b and 33 are separated from each other by
partitioning (not shown). As a result, conditioned air indi-
cated by the arrow A in FIG. 1 passes through the face
openings 324, 32b and flows into the face outlet ports 17, 18,
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20, and conditioned air indicated by the arrow B flows
through the foot opening 33 into the foot outlet ports 19, 21.

Asecond driving shaft 34 and a second following shaft 35
are also rotatably mounted within the air-conditioner case
12. Respective ends of a ventilation mode switching film
member 36 are fixed to and wound around the second
driving shaft 34 and the second following shaft 35. The
ventilation mode switching film member 36, like the air-
mixing film member 26, is also made of a durable resin film
material having good flexibility.

An intermediate guide shaft 37 is disposed between the
second driving shaft 34 and the second following shaft 35,
and causes the ventilation mode switching film member 36
to follow the inner wall of the air-conditioner case 12.
Although the intermediate guide shaft 37 and the aforemen-
tioned intermediate roller 27 may be rotatable to facilitate
smooth movement of the ventilation mode switching film
members 36, 26, alternatively the shaft and roller may be
integrally molded with the resin air-conditioner case 12 in a
non-rotatable manner.

The ventilation mode switching film member 36 passes
around the second driving shaft 34, the intermediate guide
shaft 37 and the second following shaft 35 so that it faces the
upstream side of the wall in which the openings 16, 324, 33
are formed, and is movable along the wall under a fixed
tension.

The second driving shaft 34 is driven by an independent
driving device such as a step motor, and rotation of the
second driving shaft 34 is transmitted to the second follow-
ing shaft 35 by way of a rotation transmitting mechanism
(not shown).

A plurality of openings (not shown) are formed in the
ventilation mode switching film member 36, and these
openings can be stopped in any position to open and close
the openings 16, 324 and 33 to switch the ventilation mode
when the second driving shaft 34 is rotated by the driving
device.

The side face openings 32b connect with the air-mixing
chamber 31 at all times, irrespective of the operating posi-
tion of the film member 36, to enable conditioned air from
the air-mixing chamber 31 to pass in all ventilation modes.

A cool air bypass opening 38 is provided in the air-
conditioner case 12 in an upper side position immediately
after the evaporator 13, and is opened and closed by a
pivoting plate-like cool air bypass door 39. A drain outlet 40
to drain away water forming on the evaporator 13 is formed
below the heater core 14 on the bottom face of the air-
conditioner case 12.

To make the air-conditioning unit 10 described above of
a left-right independent temperature control type, a partition
plate 41 is provided in the vehicle left-right direction center
of the inside of the air-conditioning unit 10 as shown in FIG.
2. The partition plate 41 extends from a position on the
upstream side of the heater core 14 (specifically, a position
on the upstream side of the air-mixing film member 26 and
the cool air bypass door 39) to the various ports 16-21, and
partitions the ventilation path inside the air-conditioning unit
10 into two ventilation paths —a vehicle right side ventila-
tion path 42 and a vehicle left side ventilation path 43.

The cool air bypass passage 15, the ports 16-21, the warm
air passages 28, 30, the air-mixing chamber 31, the cool air
bypass opening 38 and the openings 32a, 32b, 33 are
provided independently for each of the left and right venti-
lation paths 42, 43, and the film members 26, 36 and the cool
air bypass door 39 also operated independently for each of
the left and right ventilation paths 42, 43. Conditioned air
from a single, common centrifugal blower 3 of the blower
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unit 1 is blown into the left and right ventilation paths 42, 43.
In FIG. 2, because the purpose of this figure is to schemati-
cally illustrate the disposition of the partition plate 41,
components such as the door have been omitted.

FIG. 3 is an electronic control block diagram of the
present preferred embodiment. An electronic control unit
(ECU) 50 includes a microcomputer and other well-known
components, and controls various air-conditioning devices
in accordance with a preset program. When a vehicle
ignition switch (not shown) is switched on, the ECU 50 is
supplied with power from a car battery (not shown) and
starts to operate.

Sensor signals from a set of ordinary sensors 51, and
control signals from an air-conditioning control panel 52
mounted in a dash board at the front of the passenger
compartment, are input into the ECU 50. The sensors are of
the type well known in the art, and include an outside
temperature sensor 54, an inside temperature sensor 55,
solar radiation sensors 564, 56b for detecting the amount of
solar radiation reaching the driver seat side (the right side)
and the passenger seat side (the left side) in the passenger
compartment, a post-evaporator temperature sensor 57 for
detecting the temperature of air exiting the evaporator 13,
and a water temperature sensor 58 for detecting the tem-
perature of warm water entering the heater core 14.

On the air-conditioning control panel 52 there are pro-
vided a driver seat side (right side) temperature setter 59, a
passenger seat side (left side) temperature setter 60, an air
flow strength setter 61, a ventilation mode setter 62, an
inside/outside air mode setter 63, an auto switch 64 for
setting an automatic air-conditioning operation mode, and
an air-conditioning switch 65 controlling operation of the
compressor of the above-mentioned refrigerating cycle.

The various air-conditioning devices controlled by the
ECU 50 are driven by a driving motor 66 of the inside/
outside switching door 2a of the blower unit 1; a blower
driving motor 67; driving motors 68a, 68b of the left and
right first driving shafts 24, 24 for independently moving the
left and right air-mixing film members 26, 26; driving
motors 69a, 69b of the second driving shafts 34, 34 for
independently moving the left and right ventilation mode
switching film members 36, 36; driving motors 70a, 70b of
the left and right cool air bypass doors 39, 39; and a driving
motor 71 of the warm water valve 14a.

FIG. 4 shows an example of the specific plan shape of
driver seat side and passenger seat side air-mixing film
members 26, 26. As shown in FIG. 4, openings 26a are
provided for adjusting air flowing through the warm air
passage 28 and the bypass passage 15. In this example, the
openings 264 consist of four oblong hexagonal holes. Fixing
holes 26b, 26¢ are provided in the driving side end and the
following side end respectively of the air-mixing film mem-
ber 26. The ends of the air-mixing film member 26 are fixed
to the driving shaft 24 and the following shaft 25 by the
fixing holes 265, 26c¢.

An idle part 26d having a predetermined length L is
provided at the driving side end of each of the air-mixing
film members 26, 26. In FIG. 4, numerals 26e and 26f
identify the driving side end and the mounting holes wherein
the idle part 264 is not provided. The idle part 264 is
provided so that it is possible for the position of the openings
26a to be displaced over the range of the predetermined
length L at times of maximum cooling, with the film part 26g
still completely closing the warm air passage 28 of the heater
core 14.

The operation of this preferred embodiment will now be
explained.
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‘FACE MODE’

The center face opening 32a connected to the face outlet
ports 17, 20 is opened by an opening (not shown) in the
ventilation mode switching film member 36. Further, as
mentioned above, the side face openings 324, 32b connected
to the side face outlet ports 18 open directly onto the
air-mixing chamber 31 without the ventilation mode switch-
ing film members 36 being therebetween. However, the
defroster outlet port 16 and the foot opening 33 are both
closed by the ventilation mode switching film member 36.

When the centrifugal blower 3 of the blower unit 1 is
operated, air taken in through the inside/outside air switch-
ing box 2 is first cooled and dehumidified in the evaporator
13 and is cooled. The cooled air then branches into the
bypass passage 15, thereby bypassing the heater core 14 and
the warm air passage 28. The cooled air then passes through
the heater core 14 according to the position of the openings
264 in the air-mixing film member 26.

However, at times of maximum cooling the openings 264
of the air-mixing film member 26 fully open the bypass
passage 15, and the film part 26g fully closes the warm air
passage 28. At the same time, the cool air bypass door 39 is
operated to the position shown with solid lines in FIG. 1 to
fully open the cool air bypass opening 38. Consequently,
most of the cool air flows into the face openings 32a, 32b
through the bypass passage 15 and the air-mixing chamber
31, while some of the cool air passes through the cool air
bypass opening 38 and flows directly into the face openings
32a, 32b.

The cool air entering the center face opening 32a passes
through the front seat center face outlet port 17 and the rear
seat face outlet port 20 and then out through the front and
rear seat face outlets. The cool air passing through the side
face openings 32b passes through the side face outlet ports
18 and through the side face outlets. When the passenger
compartment temperature is adjusted, the openings 26a of
the air-mixing film member 26 are moved to a position such
that the bypass passage 15 is still open, while the warm air
passage 28 is only partially open at the same time.
Consequently, warm air flows up through the warm air
passage 30 into the air-mixing chamber 31. Here, the warm
air mixes with the cool air having passed through the bypass
passage 15 and is adjusted to a desired temperature. The
temperature-adjusted cool air then passes through the face
outlet ports 17, 20 and the side face outlet ports 18 and is
blown into the passenger compartment.

‘BI-LEVEL (BL) MODE’

The face openings 32a, 32b and the foot opening 33 are
simultaneously opened by openings in the ventilation mode
switching film member 36. However, the defroster outlet
port 16 is closed by a film part of the ventilation mode
switching film member 36. Consequently, conditioned air
passes through the front seat center face outlet port 17, the
front seat side face outlet ports 18 and the rear seat face
outlet port 20 and is blown into the passenger compartment.
At the same time, conditioned air is blown out through the
front seat and rear seat foot outlet ports 19 and 21.

That is, warm and cool air are mixed in the air-mixing
chamber 31 to obtain conditioned air of a required
temperature, which is subsequently blown into the passenger
compartment.

‘FOOT MODE’

A small aperture is formed via the openings in the
ventilation mode switching film member 36 at the defroster
outlet port 16. Simultaneously, a large aperture is formed via
the film member openings at the foot opening 33. At this
time, the side face openings 32b connecting with the side
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face outlet ports 18 are also open. However, the center face
opening 32a connecting with the face outlet ports 17, 20 is
closed by the film member 36.

In a blowout air temperature control region, the flow
proportions of cool air passing through the bypass passage
15 and warm air passing through the warm air passage 28 are
adjusted by adjusting the position of the openings 264 in the
air-mixing film member 26. Consequently, the warm air and
the cool air are mixed in the air-mixing chamber 31 to create
warm air having a desired temperature, some of which is
blown out through the defroster outlet port 16 and the side
face outlet ports 18. At the same time, the majority of the
warm air passes through the foot opening 33 and is blown
through the foot outlet ports 19, 21.

When a maximum heating state is set in the foot mode, the
air-mixing film member 26 fully closes the bypass passage
15 and fully opens the warm air passage 28. Therefore, only
warm air from the warm air passage 28 flows into the outlet
ports 16, 18, 19, 21, and a maximum heating effect is
obtained.

In the foot mode, the flow of conditioned air blown out
through the defroster outlet port 16 and the side face outlet
ports 18 is approximately 20% and the flow of conditioned
air blown through the foot outlet ports 19, 21 is about 80%.

Here, a FOOT/DEFROSTER (F/D) MODE wherein the
flow of conditioned air blown out through the defroster
outlet port 16 and the side face outlet ports 18 is increased
to about 50% and the flow of conditioned air blown out
through the foot outlet ports 19, 21 is decreased to about
50% may be provided separately from the FOOT MODE.

‘DEFROSTER (DEF) MODE’

The defroster outlet port 16 is fully opened via an opening
in the ventilation mode switching film member 36. At this
time also, the side face openings 32b connecting with the
side face outlet ports 18 are open. However, the center face
opening 32a connecting with the face outlet ports 17, 20 and
the foot opening 33 are both closed by the ventilation mode
switching film member 36. Therefore, warm air at a required
temperature created by warm air and cool air mixing in the
air-mixing chamber 31 is blown out only through the
defroster outlet port 16 and the side face outlet ports 18.

The foregoing description is an outline of the operation of
each ventilation mode. However, a partition plate 41 is
centrally provided in the air-conditioning unit 10 as shown
in FIG. 2, and partitions the ventilation path into a vehicle
right side ventilation path 42 and a vehicle left side venti-
lation path 43. Also, a movable air-mixing film member 26
is independently provided for each of the left and right
ventilation paths 42 and 43. Therefore, the temperature of air
blown into the left side of the passenger compartment and
the temperature of air blown into the right side of the
passenger compartment can be independently controlled by
controlling the operating positions of the air-mixing film
members 26, 26.

Independent temperature control of air blown into the left
and right sides of the passenger compartment executed by
the ECU 50 will now be described on the basis of the flow
diagram of FIG. 5. If the auto switch 64 (FIG. 3) is switched
on and an automatic air-conditioning operation mode is
thereby selected, automatic control processing of the air-
conditioning system is started at step 100. At step 101,
initialization of a control routine is carried out.

Subsequently, at step 102, temperature setting signals
Tset(Dr) and Tset(Pa) from the driver seat side and passen-
ger seat side temperature setters 59, 60, and signals Tam, Tr,
TsDr, TsPa, Te and Tw from the outside temperature sensor
54, the inside temperature sensor 55, the solar radiation
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sensors 56a, 56b of the driver seat side and passenger seat
side, the post-evaporator temperature sensor 57 and the
water temperature sensor 58 are read.

At step 103, based on the following equations Exp. 1 and
Exp. 2, a target outlet temperature TAO(Dr) and a target
outlet temperature TAO(Pa) of air blown out to the driver
seat side and to the passenger seat side of the passenger
compartment respectively are calculated:

TAO(Dr)=KsetxTset(Dr)-KrxTr-KamxTam—-KsxTs(Dr)+C  Exp. 1
TAO(Pa)=KsetxTset(Pa)-KixTr-KamxTam—-KsxTs(Pa)+C  Exp. 2

where Kset is a temperature setting gain, Kr is an inside
temperature gain, Kam is an outside temperature gain, Ks is
a solar radiation gain and C is a constant for correction.
At step 104, based on the following Exp. 3 and Exp. 4,
target apertures SW(Dr) and SW(Pa) of the driver seat side
and passenger seat side air-mixing film members 26, 26 are

calculated.
SW(DP)={(TAO(Dr)-Te)/(Tw-T2)}x100 (%) Exp. 3
SW(Pa)={(TAO(Pa)-Te)/(Tw-T12)}x100 (%) Exp. 4
At step 105, it is determined whether or not the TAO(Dr)

and the TAO(Pa) calculated at step 103 are different and
whether or not the SW(Dr) and the SW(Pa) calculated at step
104 are both less than or equal to O (this is the MAX) COOL,
or maximum cooling state, of FIG. 6). In FIG. 6, the
predetermined value TAO, .. is the temperature at which the
warm water valve 14a is fully closed and at which the
circulation of warm water through the heater core 14 is
thereby stopped. Also, the warm air passage 28 is fully
closed by the film part 26g and thus the actual temperature
of air blown out into the passenger compartment is a
minimum temperature. In FIG. 6, the blower impressed
voltage is the voltage impressed on the blower driving motor
67; the speed (delivery flow) of the centrifugal blower 3
increases in proportion with increasing of this blower
impressed voltage.

When at step 105 it is determined that TAO(Dr) and
TAO(Pa) are different (for example TAO(Dr)>TAO(Pa)) so
that left-right independent temperature control must be
carried out and that SW(Dr) and SW(Pa) are both 0 or below,
processing proceeds to step 106 and determines a driver seat
(Dr) side target blower voltage E,, and a passenger seat (Pa)
side target blower voltage E,, from the map on the lower
side of FIG. 6 based on the target outlet temperatures
TAO(Dr), TAO(Pa).

Next, at step 107, it is determined which of the driver seat
(Dr) side target blower voltage E,, and the passenger seat
(Pa) side target blower voltage E, is the greater. When the
target blower voltage E,,, is greater than the target blower
voltage E_ , processing proceeds to step 108 and a final
target blower voltage E_ is set to E,,. When the target
blower voltage E, is greater than the target blower voltage
E,,, processing proceeds to step 109 and sets the final target
blower voltage E_ to E,.

Atstep 110, a target aperture (target operating position) of
the air-mixing film member 26 on the side having a higher
target outlet temperature, for example the target aperture
SW,,, of the driver seat side air-mixing film member 26, is
finally determined from the map shown in FIG. 7. For
example, the vertical axis of FIG. 7 represents the target
blower voltage (target air flow). If it is assumed that the final
target blower voltage E_ is 12V (the maximum voltage of the
car battery), the flow is a maximum flow.
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At this time, supposing that from the blower voltage map
of FIG. 6 the target blower voltage on the side having the
higher target outlet temperature (the driver seat side), the
target blower voltage E,,, is a value lower by a certain
amount than 12V, for example 10V, the target aperture SW
of the air-mixing film member 26 of the side having the
higher target outlet temperature (the driver seat side) can be
finally determined from the intersection X of the character-
istic curve E_=12V shown in FIG. 7 with the target blower
voltage=10V line.

The target aperture of the air-mixing film member 26 on
the horizontal axis of FIG. 7 shows the open area of the
bypass passage 15 decreasing toward the left side of FIG. 7.
Thus, the above-mentioned target aperture SW,, of the
driver seat side air-mixing film member 26 represents a
reduced open area of the bypass passage 15 compared to the
target aperture SW,, of when E_=12V, where SW,, is the
fully open position of the bypass passage 15.

For the passenger seat side target aperture (target operat-
ing position) SW,,, the value calculated at step 104 is
unchanged, and thus the target apertures of the two air-
mixing film members 26, 26 of the driver seat side and the
passenger seat side are independently controlled in a state of
maximum cooling. The technological significance of this
will now be explained.

FIG. 8 shows the operating positions of the driver seat
side and passenger seat side air-mixing film members 26, 26
during normal maximum cooling, when the driver seat side
and passenger seat side target outlet temperatures TAO(Dr)
and TAO(Pa) are the same. In this case, the openings 264,
26a in the air-mixing film members 26, 26 fully open the
bypass passages 15, 15 while the side warm air passages 28,
28 of the heater core 14 are fully closed, so that the left-right
flow distribution is 50:50.

Next, referring to FIG. 9, TAO(Dr)>TAO(Pa) and the
driver seat side air-mixing film member 26 is wound from
the state shown in FIG. 8 to the following shaft 25 side so
that its openings 26a reduce the open area of the bypass
passage 15. At this time, because the idle part 26d is
provided, the warm air passage 28 of the heater core 14
remains fully closed.

On the passenger seat side having the lower target outlet
temperature TAO(Pa), because the openings 26a of the
air-mixing film member 26 fully open the bypass passage 15
and, as described above, a target blower voltage E, corre-
sponding to the target outlet temperature TAO(Pa) is set as
the final target blower voltage E_, the flow on the passenger
seat side is increased and the cooling effect in the passenger
seat side space is increased.

On the driver seat side, which has the higher target outlet
temperature TAO(Dr), an increase in air flow is avoided and
cool air is prevented from becoming excessive as the open-
ings 26a reduce the open area of the bypass passage 15 as
described above.

Therefore, for example, when solar radiation is incident
on the passenger seat side only and does not reach the driver
seat side at a time of maximum cooling, it is possible to
increase air flow on the passenger seat side only and improve
the cooling feeling while avoiding an increase in the cool air
flow on the driver seat side and thereby prevent excessive
cooling thereat. In FIG. 9, as an example, the left-right flow
distribution is passenger seat side 80:driver seat side 20.

FIG. 10 illustrates a state wherein solar radiation is
incident on the driver seat side only and does not reach the
passenger seat side at a time of maximum cooling. Here, the
bypass passage 15 on the driver seat side is fully opened due
to the position of the openings 26a of the driver seat side
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air-mixing film member 26. On the passenger seat side, the
open area of the bypass passage 15 is reduced by the film
part of the passenger seat side air-mixing film member 26.
In FIG. 10, for example, the left-right air flow distribution is
20:80.

FIG. 11 shows the air-mixing film member 26 of the side
in FIG. 9 or FIG. 10 on which the air-mixing film member
26 fully opens the bypass passage 15, and FIG. 12 shows the
air-mixing film member 26 of the side in FIG. 9 or FIG. 10
on which the air-mixing film member 26 reduces the open
area of the bypass passage 15.

Returning again to the flow diagram of FIG. §, at step 111,
left and right side ventilation modes are each determined
from the map shown in FIG. 13 based on the above-
mentioned TAO(Dr) and TAO(Pa). However, a defroster
mode, wherein warm air is blown at the front windshield, is
not determined using a TAO but rather is set using a
defroster switch of the ventilation mode setter 62 mounted
on the air-conditioning control panel.

At step 112, the above-mentioned final target blower
voltage E_ is applied to the blower driving motor 67 as a
control output, and the blower driving motor 67 is thereby
operated at a speed based on this voltage E_.

At step 113, control outputs corresponding to the target
positions (target apertures) SW calculated at steps 104, 110
are applied to the driving motors 68a, 68b of the left and
right air-mixing film members 26, 26, and the two air-
mixing film members 26, 26 are thereby driven to indepen-
dent target aperture positions.

At step 114, control outputs corresponding to the venti-
lation modes determined at step 111 are applied to the
driving motors 69a, 69b of the left and right ventilation
mode switching film members 36, 36, and the two ventila-
tion mode switching film members 36, 36 are thereby
independently driven. However, when at step 105 TAO(Dr)
and TAO(Pa) are both smaller than TAO,,., the ventilation
mode inevitably becomes the face mode.

When on the other hand at step 105 TAO(Dr) and TAO
(Pa) are the same, or when SW(Dr) and SW(Pa) are greater
than 0, processing proceeds to step 115 and calculates a
target blower voltage E,.

At step 115, based on the TAO(Dr) and TAO(Pa) calcu-
lated at step 103 and the map shown in FIG. 6, a driver seat
side blower voltage E,,, and a passenger seat side blower
voltage Ep, are calculated, and the average of the two
blower voltages E,,, and E, is set as the target blower
voltage E_.

Subsequently, processing of the above-mentioned steps
111-114 is carried out and the various actuators are con-
trolled to produce the respective target values.

As is clear from the foregoing description, the processing
of step 115 and steps 111-114 is ordinary left-right inde-
pendent control, while the processing of steps 105-110 is
original control according to the invention for left-right
independent flow distribution at times of maximum cooling.
(Second Preferred Embodiment)

FIG. 14 and FIG. 15 show a second preferred embodiment
of the invention, wherein at times of maximum cooling the
left and right air-mixing film members 26, 26 are operated
to the positions shown in FIG. 8. In these positions, the
members fully open the bypass passages 15, 15, and the
blowout flow distribution of the left and right cool air flows
is adjusted by the cool air bypass openings 38 being opened
and closed via the cool air bypass doors 39.

FIG. 14 shows a normal maximum cooling state, wherein
the cool air bypass opening 38 is fully opened by the cool air
bypass door 39, and FIG. 15 shows a flow-controlled
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maximum cooling state, wherein the cool air bypass opening
38 is fully closed by the cool air bypass door 39.

In this second preferred embodiment, when a flow-
controlled maximum cooling state is set, instead of the cool
air bypass opening 38 being fully closed by its cool air
bypass door 39, the open area of the cool air bypass opening
38 is reduced.

Also, in this second preferred embodiment, as well as the
bypass passage 15 provided above the heater core 14, a
further bypass passage 150 is provided below the heater core
14. Accordingly, an opening (not shown) for opening the
bypass passage 150 is provided in each of the air-mixing
film members 26, 26 in addition to the openings 264, 264 for
opening the bypass passages 15, 150 resulting in a three-
layer flow passage wherein warm air that has passed through
the heater core 14 is mixed with cool air from the bypass
passages 15, 150 above and below the heater core 14.
(Third Preferred Embodiment)

FIG. 16 and FIG. 17 show a third preferred embodiment
of the invention in which the cool air bypass openings 38
and the cool air bypass doors 39 in the first and second
preferred embodiments are dispensed with. FIG. 16 shows a
normal maximum cooling state, wherein the bypass passage
15 is fully opened by the openings 264 of the air-mixing film
member 26. FIG. 17 shows a flow-controlled maximum
cooling state, wherein the open area of the bypass passage
15 is reduced by the openings 26a of the air-mixing film
member 26.

(Fourth Preferred Embodiment)

In the first through third preferred embodiments described
above, in the maximum cooling state, the blowout flow
distribution of left and right cool air flows is adjusted by
control of the open areas of the bypass passages 15 with the
air-mixing film members 26, or control of the open areas of
the cool air bypass openings 38 with the cool air bypass
doors 39 being carried out left-right independently. In a
fourth preferred embodiment, the blowout flow distribution
of left and right cool air flows is adjusted by control of the
positions of the left and right ventilation mode switching
film members 36, 36.

That is, in the fourth preferred embodiment illustrated in
FIG. 18 and FIG. 19, openings 36a for adjusting the open
areas of the defroster outlet ports 16 and the center face
openings 324, and openings 36b for adjusting the open areas
of the foot openings 33 are provided in the left and right
ventilation mode switching film members 36, 36.

FIG. 18 shows a state wherein the ventilation mode
switching film members 36, 36 have been operated to a
normal face mode position at a time of maximum cooling
such that the left and right blowout flows are equal (50:50).
In this case, the openings 36a, 36a in the left and right
ventilation mode switching film members 36, 36 fully open
the center face openings 324, 32a.

FIG. 19 on the other hand shows as an example a state
wherein the left-right cool air flow distribution at a time of
maximum cooling has been set so that the flow on the driver
seat Dr side is greater than the flow on the passenger seat Pa
side. In this case, the openings 364 in the driver seat Dr side
ventilation mode switching film member 36 fully open the
respective center face opening 324, while the openings 36a
in the passenger seat Pa side ventilation mode switching film
member 36 are operated to a position in which the open area
of the respective center face opening 324 is reduced, thereby
reducing the cool air blowout flow on the passenger seat Pa
side.

FIG. 20 is a control flow diagram for the fourth preferred
embodiment described above. Parts in FIG. 20 which are the
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same as or equivalent to parts in FIG. 5 have been given the
same reference numerals. In FIG. 20, after step 104, at step
111 a ventilation mode is determined.

The next step 1052 is a modified version of step 105
wherein the ventilation modes of the driver seat side and the
passenger seat side both being the face mode is added as a
condition of the determination. This is because in the fourth
preferred embodiment the left-right air flow distribution is
adjusted by controlling the open areas of the left and right
center face openings 324, 324 in the face mode through
control of the operating positions of the ventilation mode
switching film members 36, 36.

Steps 110a and 1105 correspond to step 110 of FIG. 5. At
step 1104, the aperture of the ventilation mode switching
film member 36 of the side having the lower TAO is
uniformly calculated as the aperture at which the openings
36a fully open the center face opening 32a. As a result, the
cool air flow on the side having the lower TAO can be
increased.

At step 1105, the aperture of the ventilation mode switch-
ing film member 36 of the side having the higher TAO is
calculated using the same kind of map as that of the
above-mentioned FIG. 7. In addition, the open area of the
center face opening 324 on the side having the higher TAO
is reduced by of the openings 36a of the ventilation mode
switching film member 36 of that side to avoid cool air flow
on the side having the higher TAO from becoming exces-
sive.

(Other Preferred Embodiments)

In the preferred embodiments described above, cases
wherein the side face openings 32b connecting with the side
face outlet port 18 open directly onto the air-mixing chamber
31 without the ventilation mode switching film member 36
coming therebetween were described. However, the side
face openings 32b may of course alternatively be made to
open onto the air-mixing chamber 31 in a full ventilation
mode by way of an opening provided in the ventilation mode
switching film member 36.

By adding an opening to the ventilation mode switching
film member 36 for opening the side face openings 32b in
such a manner, in the fourth preferred embodiment
described above, the open areas of the center face opening
324 and the side face openings 32b can both be reduced with
the ventilation mode switching film member 36 on the side
having the higher TAO to suppress the cool air blowout
flows from both the center face outlet and the side face
outlets. Thus it is possible using the ventilation mode
switching film member 36 to still better prevent the flow of
cool air on the side having the higher TAO from becoming
excessive.

In the second preferred embodiment shown in FIG. 14 and
FIG. 15, because the left-right air flow distribution during
maximum cooling is controlled using the cool air bypass
doors 39 and the cool air bypass openings 38, as air-mixing
devices, instead of the air-mixing film members 26, plate-
like air-mixing doors may alternatively be used.

Also, it is possible to use plate-like ventilation mode
switching doors as the ventilation mode switching device in
the first through third preferred embodiments, instead of the
ventilation mode switching film members 36.

Although in all the above preferred embodiments the
motor speed was varied by varying the voltage impressed on
the blower driving motor 67 of the centrifugal blower 3, and
the delivery air flow of the centrifugal blower 3 was varied
thereby, alternatively it is of course possible to utilize pulse
width modulation (PWM), wherein a pulse voltage is
impressed on the blower driving motor 67 and the motor
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speed is varied by varying the pulse width of this pulse
voltage, to adjust the delivery flow of the centrifugal blower
3.

While the above description constitutes the preferred
embodiment of the present invention, it should be appreci-
ated that the invention may be modified without departing
from the proper scope or fair meaning of the accompanying
claims. Various other advantages of the present invention
will become apparent to those skilled in the art after having
the benefit of studying the foregoing text and drawings taken
in conjunction with the following claims.

What is claimed is:

1. A vehicle air-conditioning system comprising:

an air-conditioning case defining a ventilation path;

a cooling heat exchanger disposed in the air-conditioning
case for cooling air;

a heating heat exchanger, disposed in the air-conditioning
case on a downstream side of the cooling heat
exchanger, for heating air;

a bypass passage for bypassing air around said heat
exchanger;

a partition plate for partitioning the ventilation path into
a right side ventilation path and a left side ventilation
path at least on a downstream side of the heating heat
exchanger; and

right and left side temperature adjusters, respectively
disposed in the right side ventilation path and the left
side ventilation path, for controllably adjusting an
amount of conditioned air heated by the heating heat
exchanger and fed to respective right and left passenger
compartment sides, said right and left side temperature
adjusters being mixing devices;

a blower that blows air through said heat exchanger, said
right side ventilation path and said left side ventilation
path;

wherein when said left and right side temperature adjust-
ers are in a maximum cooling state and the heat load in
one of said left and right passenger compartment sides
has a higher heat load than the other of said left and
right passenger compartment sides, an air-blow amount
provided by said blower is increased and an opening of
one of said left and right side temperature adjusters
corresponding to a cooler of said left and right passen-
ger compartment sides is reduced.

2. The vehicle air-conditioning system of claim 1, wherein
the passenger compartment sides under increased heat load
and not under increased heat load each correspond to one of
a driver seat side and a passenger seat side.

3. The vehicle air-conditioning system of claim 1, wherein
the ventilation path includes a warm air passage in commu-
nication with the heating heat exchanger, and the bypass
passage bypassing the heating heat exchanger.

4. The vehicle air-conditioning system of claim 3, wherein
the mixing devices are each for adjusting flow proportions of
warm air passing through the warm air passage and cool air
passing through the bypass passage.

5. The vehicle air-conditioning system of claim 4, wherein
the ventilation path also includes a lower bypass passage for
bypassing the heating heat exchanger, the lower bypass
passage, the bypass passage, and the warm air passage
defining a three-layer air flow ventilation path.

6. The vehicle air-conditioning system of claim 4, wherein
the mixing device for adjusting flow proportions of cool air
passing through the bypass passage defines a mixing open-
ing for allowing the cool air to pass through the bypass
passage.
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7. The vehicle air-conditioning system of claim 6, wherein
the mixing opening is closed when a flow-controlled maxi-
mum cooling state is set.

8. The vehicle air-conditioning system of claim 6, wherein
the mixing opening is reduced when a flow-controlled
maximum cooling state is set.

9. The vehicle air-conditioning system of claim 4, wherein
the mixing devices are film members having openings for
adjusting the flow proportions of the warm air and the cool
air, a film part of the film member, in one of the right side
ventilation path and the left side ventilation path correspond-
ing to a side on which the heat load has risen, for closing the
warm air passage of the heating heat exchanger, while the
opening fully opens the bypass passage while the film
members are in the maximum cooling state; and

a film part of the film member on a side on which the heat

load has not risen closes the warm air passage of the
heating heat exchanger, and an open area between the
opening of the corresponding film member and the
bypass passage is reduced.

10. The vehicle air-conditioning system of claim 1, further
comprising cool air bypass openings each for guiding cool
air directly from the cooling heat exchanger to a section of
the ventilation path downstream from the heating heat
exchanger; and

cool air bypass doors for opening and closing the cool air

bypass openings, the cool air bypass openings and the
cool air bypass doors being disposed in both the right
side ventilation path and the left side ventilation path.

11. The vehicle air conditioning system of claim 10,
wherein the cool air bypass door on the passenger compart-
ment side under increased heat load fully opens the corre-
sponding cool air bypass opening, and the cool air bypass
door on the passenger compartment side not under increased
heat load reduces the corresponding cool air bypass opening
in the maximum cooling state.

12. The vehicle air-conditioning system of claim 1, further
comprising face outlet ports for blowing air toward an upper
passenger compartment area, foot outlet ports for blowing
air toward a lower passenger compartment area, and venti-
lation mode switches for the face outlet ports for switching
air flow between the right side ventilation path and the left
side ventilation path.

13. The vehicle air-conditioning system of claim 12,
wherein a flow path to the face outlet ports is reduced by the
ventilation mode switches on the side under increased heat
load when the temperature adjusting devices are in the
maximum cooling state in a face mode.

14. The vehicle air-conditioning system of claim 12,
wherein the ventilation mode switches comprise film mem-
bers.

15. The vehicle air-conditioning system of claim 14,
wherein the film members are adjustable to regulate inde-
pendent air flow distribution in both the left and right side
ventilation paths.

16. The vehicle air-conditioning system of claim 12,
wherein the ventilation mode switches comprise plate mem-
bers.

17. The vehicle air-conditioning system of claim 12,
wherein the ventilation mode switches are ventilation mode
switching film members having openings for switching
flows of air to the face outlet ports and the foot outlet ports,
and

wherein a ventilation path to the face outlet ports is fully

opened by the opening of the ventilation mode switch-
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ing film member corresponding to the side under
increased heat load, and an open area between the
opening of the ventilation mode switching film member
and the ventilation path to the face outlet ports is
reduced on the side not under increased heat load, when
the temperature adjusting devices are in the maximum
cooling state in a face mode.

18. The vehicle air-conditioning system of claim 1,
wherein the heat load is determined based on an amount of
solar radiation incident on the right and left passenger
compartment sides.

19. A vehicle air-conditioning system comprising:

an air-conditioner case including separate left and right

side ventilation paths;

a heating heat exchanger for providing heating air into

said left and right side ventilation paths;

a cooling heat exchanger for providing cooling air into
said left and right side ventilation paths;

a bypass passage for bypassing the heating heat
exchanger;

right and left side temperature adjusters, respectively
disposed in the right and left side ventilation paths for
adjusting flow proportions of cooled and heated air
flowing through the ventilation paths and into respec-
tive right and left passenger compartment sides;

a blower that feeds air through said right and left side
ventilation paths; and

wherein when the left and right side temperature adjusters
are in a maximum cooling state and the heat load in one
of said left and right passenger compartment sides has
a higher heat load than the other of said left and right
passenger compartment sides, an air-blow amount pro-
vided by said blower is increased and an opening of one
of said left and right side temperature adjusters corre-
sponding to a cooler of said left and right passenger
compartment sides is reduced.

20. The vehicle air conditioning system of claim 19,
wherein the controller controls one of the temperature
adjusters so that a quantity of the heated air in a ventilation
path corresponding to the increased heat load at one of the
right and left sides of the passenger compartment is zero.

21. The vehicle air conditioning system of claim 19,
wherein the cooling heat exchanger is disposed in the left
and right ventilation paths, and the heating heat exchanger
is disposed in the left and right ventilation paths downstream
for the cooling heat exchanger;

wherein each of the left and right side ventilation paths

includes a left and front side bypass passage,
respectively, that enables the cooled air cooled by the
cooling heat exchanger to bypass the heating heat
exchanger.

22. The vehicle air conditioning system of claim 19,
wherein the bypass passage comprises an upper bypass
passage located above the heating heat exchanger, and
further comprising a lower bypass passage located below the
heating heat exchanger.

23. The vehicle air conditioning system of claim 19,
further comprising a temperature adjuster for adjusting an
amount of the cooled air flowing through the bypass pas-
sage.

24. The vehicle air conditioning system of claim 19,
wherein the right and left temperature adjusters comprise
film members having openings that are selectively commu-
nicated with the right and left side ventilation paths for
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adjusting a mixture of the cooled and heated air flowing
through the ventilation paths.

25. The vehicle air conditioning system of claim 24,
wherein the film member openings are air-mixing openings
that are closed during the maximum cooling state.

26. The vehicle air conditioning system of claim 24,
wherein the film member openings are air-mixing openings
that are reduced in size during the maximum cooling state.
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27. The vehicle air conditioning system of claim 24,
wherein a controller controls a location of the film members
so that the heated air flow is zero during a maximum cooling
state to thereby increase cooling only at one of the right and
left passenger compartment sides in response to an increased
heat load thereat.



