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[57] ABSTRACT

A portion of an air-conditioning unit is divided into two
0 as to provide first and second air-mixing chambers
each following first and second temperature adjustment
mechanisms. The temperature of air in the first chamber
is controlled independently of the temperature of air in
the second chamber, while the first chamber communi-
cates with a first group of air-conditioning zone or
zones and the second chamber communicates with a
second group of remaining zone or zones. Thus, the
temperature of air fed to the first group can be con-
trolled in a manner different from the temperature of air
fed to the second group. A plurality of distributing
valves are provided at air discharging outlets communi-
cating with the first or second chambers, and the open-
ing degree of each damper may be controlled so that air
distribution amount may be controlled. The tempera-
ture of the air in each of the first and second chambers
and the opening degree of each damper may be auto-
matically controlled in accordance with temperature
measurement signals, temperature settings and other
information such as the intensity of sun light.

6 Claims, 12 Drawing Figures
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ZONE AIR-CONDITIONING CONTROL SYSTEM
FOR MOTOR VEHICLE COMPARTMENT

BACKGROUND OF THE INVENTION

This invention relates generally to a zone air-condi-
tioning control or air conditioning system for the pas-
senger compartment of a motor vehicle, and more par-
ticularly, the present invention relates to a zone air-con-
ditioning control system which is capable of controlling
the climate in air-conditioning zones covering each one
of the passenger seats independently of each other.

Temperatures at various places in a passenger com-
partment of a motor vehicle are sometimes different
from each other due to external influences such as sun
light or the like. Furthermore, even if the temperature
in the compartment is controlled to be uniform through-
out various places in the compartment, the temperature
at which a passenger feels comfortable is apt to be dif-
ferent for different passengers. Therefore, in some air-
conditioning control systems known hitherto, air condi-
tioning is effected in such 2 manner that its effect at each
passenger’s seat varies independently of the effect at
other seats, or its effect is intentionally unbalanced.

According to the simplest example, air distribution is
unbalanced by means of distribution valves provided in
an air sending duct which leads temperature-condi-
tioned air to a plurality of air discharging outlets pro-
vided at various places in the compartment. Although
temperature difference is caused by the difference in
airflow between various places in the compartment, a
drastic unbalance in airflow is not preferable because
the air conditioning felt by each passenger is subject to
the changes in the airflow. For this reason it is difficult
to provide a comfortable air-conditioning control, with
which temperatures at all the places are kept uniform or
a large temperature difference is provided, by only
changing airflow. This also applies to other ways of
providing airflow control, for example, by a plurality of
electric fans each provided at each outlet for control-
ling airflow at each air outlet, or by providing a fin for
the adjustment of the air blowing direction at each air
outlet.

Apart from the control by . airflow distribution
change, it is also known that more than one temperature
adjustment unit can be provided so that each covers a
zone or region in the vehicle compartment. The best
known example of this type is a so-called dual air-condi-
tioning system having a main air-conditioning unit
which controls the air around the front seat and a rear
air-conditioning unit which controls the air around the
rear seat, where these two units are respectively dis-
posed at the front and rear of the compartment. Al-
though this type of control is capable of controlling the
temperature of each zone independently of the other
zone, if the number of zones to be controlled is more
than two, namely if each of the front and rear seats is
divided into two zones of right seat and left seat, the
above-mentioned control of airflow distribution change
has to be used. Therefore, the control employing more
than one temperature adjustment unit cannot provide
satisfactory temperature adjustment.

According to another known example, a vehicle
compartment is treated as a group of a plurality of air-
conditioning zones, as disclosed in Japanese Patent
Provisional Publication No. 56-2213, and at least one air
outlet and a temperature adjustment unit are provided
for each air-conditioning zone so that temperature con-
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trol for each zone can be effected independently of
other zones. It is known that the temperature of air
blowing into each air-conditioning zone can be freely
adjusted by controlling the corresponding temperature
adjustment unit for the air-conditioning zone. However,
in typical passenger motor vehicles, the passenger com-
partment has a space for four or more passengers.
Therefore, at least four air-conditioning zones are
needed, and thus at least four temperature adjustment
units are needed. This makes the structure of the air-
conditioning system complex and bulky. Furthermore,
such a system requires a plurality of air ducts connected
between the respective temperature adjustment units
and the corresponding outlet or outlets, resulting an
increase in the airflow resistance.

SUMMARY OF THE INVENTION

The present invention has been developed in order to
remove the above-described drawbacks inherent in the
conventional air-conditioning control systems for a
motor vehicle passenger compartment.

It is, therefore, an object of the present invention to
provide a zone air-conditioning control system which is
capable of adjusting the temperature at four air-condi-
tioning zones in the vehicle compartment with a simple
structure.

The present invention has been achieved with an
understanding that a factor which determines the de-
sired temperatures at respective air-conditioning zones
is affected by the structural property of a vehicle com-
partment. Assuming four air-conditioning zones of front
right seat, front left seat, rear right seat and rear left
seat, thermal influence due to sun light incident on the
compartment through the front, rear or both sides of the
compartment is apt to be given to passengers at only the
front or rear of the compartment or to passengers at
only the right or left side of the front and rear.

When a passenger other than the vehicle driver is
seated, he or she sits on a seat next to the driver’s seat or
on the rear seat, and thus there may be a difference
between desired temperatures by the driver and the
passenger when one of them receives sun light.

From the above viewpoint, the four air-conditioning
zones are divided into two groups, such as 1 zone to 3
zones, or 2 zones to the other 2 zones, so that different
temperature air may be respectively given to the air-
conditioning zones of each group, while different air-
flow may be given to the two or three air-conditioning
zones in the same group.

To this end first and second temperature adjustment
mechanisms each having a heat exchanger and means
for controlling the amount of heat exchange are pro-
vided in such a manner that a single temperature adjust-
ment unit is divided into two portions. Thus, two air-
flows having temperature difference therebetween are
produced and delivered to the four air-conditioning
zones through a plurality of air discharging outlets so
that one of the following three control modes is estab-
lished.

(A) The first airflow is given to the two air-condition-
ing zones at the front, while the second airflow is given
to the remaining two air-conditioning zones at the rear.

(B) The first airflow is given to the two air-condition-
ing zones at the right, while the second airflow is given
to the remaining two air-conditioning zones at the left.

(C) The first airflow is given to the front right (or
left) seat, which is the driver’s seat, while the second
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airflow is given to the remaining three air-conditioning
zones.

In the above three modes, airflow may also be ad-
justed so that there is a difference in airflow between
the right and left seats at the front and between the right
and left seats at the rear in mode (A), between front and
rear right seats and between front and rear left seats in
mode (B), and between the remaining three seats in
mode (C).

According to another object of the present invention,
an automatic zone air-conditioning control system is
provided in which actual temperature at each of the
zones is detected so that the first and second tempera-
ture adjustment mechanisms as well as air outlet switch-
ing dampers are controlled so that desired temperature
will be obtained at respective zones.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and features of the present invention will
become more readily apparent from the following de-
tailed description of the preferred embodiments taken in
conjunction with the accompanying drawings in which:

FIG. 1 is an explanatory diagram showing four air-
conditioning zones in a motor vehicle passenger com-
partment;

FIG. 2 is a schematic diagram showing an embodi-
ment of the zone air-conditioning control system ac-
cording to the present invention;

FIG. 3 is a schematic diagram showing another em-
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bodiment of the zone air-conditioning control system of 30

the automatic control type;

FIG. 4 including FIGS. 4A and 4B is a flowchart
showing the operation of the digital computer shown in
FIG. 3;

FIG. 5 is an explanatory diagram showing the control
of the fan shown in FIG. 3;

FIG. 6 is an explanatory diagram showing the control
of the air outlets;

FIG. 7 is a detailed flowchart of the step 111 of the
flowchart of FIG. 4B; )

FIG. 8 is an explanatory diagram showing the control
of airflow distribution;

FIG. 9 is a schematic diagram showing another em-
bodiment of the zone air-conditioning control system
according to the present invention; and

FIG. 10 is a schematic diagram showing another
embodiment of the zone air-conditioning control system
according to the present invention.

The same or corresponding elements and parts are
designated with like reference numerals throughout the
drawings.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1 a typical passenger motor vehicle
having a passenger compartment for four passengers is
shown. In accordance with the present invention zone
air-conditioning control is effected for four air-condi-
tioning zones Z1 to Z4. A first zone Z1 includes the
front right seat, a second zone Z2 includes the front left
seat, a third zone Z3 includes the rear right seat, and a
fourth zone Z4 includes the rear left seat.

FIG. 2 shows the structure of an embodiment of the
zone air-conditioning control system according to the
present invention. In the following description, the first
and third zones Z1 and Z3 corresponding to the front
and rear right seats is treated as a first group or a first
pair of air-conditioning zones and the second and fourth
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zones Z2 and Z4 corresponding to the front and rear
left seats is treated as a second group or a second pair of
air-conditioning zones. Designated at the reference 10 is
an air-conditioning unit of the zone air-conditioning
control system according to the present invention, and
the air-conditioning unit 10 comprises an air inlet por-
tion, air compression and sending portion, an air tem-
perature adjusting portion, and air outlet portion com-
municating with the vehicle compartment of FIG. 1.
The air-conditioning unit 10, which may be simply
referred to as a unit hereafter, has an upstream end 11
communicating with an unshown air selection box
through which external fresh air or internal recircula-
tion air is led to the unit 10. The selection box may be
manually operated by the vehicle passenger so that
external air is introduced cr internal air is recirculated
in the same manner as in most conventional air-condi-
tioning systems for motor vehicles.

In the unit 10 is disposed an electric blower fan 12
electrically connected to an unshown switching circuit
so that airflow toward the compartment can be manu-
ally adjusted. The air sent downstream by the blower
fan 12 is led to an air temperature adjusting portion
comprising an evaporator 13 functioning as a cooling
heat exchanger, a heater core 14 functioning as a heat-
ing heat exchanger, and a pair of temperature adjust-
ment dampers 15¢ and 154. The heater core 14 has a pair
of halves 14q and 14b arranged to be exposed to first and
second airflows respectively as will be described in
detail later. The evaporator 13 is used as an element of
a well known refrigerating system of the refrigerant
recirculation type so that the air fed from the blower fan
12 is once cooled therewith.

The heater core 14 is interposed in the recirculation
path of the engine coolant where the engine coolant is
arranged to recirculate by means of an unshown water
or coolant pump. The air led into the unit 10, therefore,
is once cooled by the evaporator 13 and is then reheated
by the heater core 14 when the cooled air is fed thereto.
The heater core 14, which is a single unit, is divided into
two halves 14a and 146 by means of a partition 16.
Namely, the temperature adjusting portion is divided
into two parts 17a¢ and 176 which are independent of
each other because the downstream portion of the air-
conditioning unit 10 following the evaporator 13 is
divided into two separate portions by the partition 16.
The two parts of the divided temperature adjusting
portion are respectively referred to as first and second
temperature adjustment mechanisms 17¢ and 176. The
first temperature adjustment mechanism 17a comprises
the above-mentioned first temperature adjustment
damper 15a and the first half 14a of the heater core 14,
while the second temperature adjustment mechanism
176 comprises the above-mentioned second temperature
adjustment damper 156 and the second half 144 of the
heater core 14. Each of the first and second temperature
adjustment dampers 15¢ and 15b is connected via an
unshown link mechanism to a manipulation lever pro-
vided in the passenger compartment so that the position
of the dampers 15a and 156 may be manually adjusted at
will. Designated at the references 18 and 19 are first and
second air-mixing chambers, and the air temperature in
these first and second air-mixing chambers 18 and 19 is
respectively determined by the position of the tempera-
ture adjustment dampers 152 and 1565.

The first air-mixing chamber 18 communicating with
the first temperature adjustment mechanism 17a com-
municates with a VENT outlet 20 disposed at the upper
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portion of the passenger compartment and a heater
(HEAT) outlet 21 disposed at the lower portion of the
passenger compartment where the outlets 20 and 21
face the first air-conditioning zone Z1. The first cham-
ber 18 further communicates with a ventilator (VENT)
outlet 22 and a HEAT outlet 23 both facing the third
air-conditioning zone Z3, and with a defroster (DEF)
outlet 24 provided close to the front windshield.

The second air-mixing chamber 19 communicating
with the second temperature adjustment mechanism 17
communicates with a VENT outlet 30 disposed at the
upper portion of the passenger compartment and a
HEAT outlet 31 disposed at the lower portion of the
passenger compartment where the outlets 30 and 31
face the second air-conditioning zone Z2. The second
chamber 19 further communicates with a VENT outlet
32 and a HEAT outlet 33 both facing the fourth air-con-
ditioning zone Z4, and with a DEF outlet 34 provided
close to the front windshield. )

The air-conditioning unit 10 is connected to these
various air discharging outlets 20-24, 30-34 via ducts
20A-24A and 30A-34A, and at connecting portions
between the unit 10 and these ducts are provided damp-
ers 40-47 used for adjusting airflow to corresponding
outlets. Among these dampers two dampers 43 and 47
also function as VENT/HEAT mode changing damp-
ers so that the blowing mode at the third and fourth
air-conditioning zones for the rear seats are changed
thereby.

The zone air-conditioning control system of FIG. 2
operates as follows. The function of the blower fan 12,
the evaporator 13 and the heater core 14 of the air-con-
ditioning unit 10 is the same as in the conventional sys-
tem. The system differs from conventional systems in
that the temperature adjusting portion is divided into
two parts to provide the above-mentioned first and
second temperature adjustment mechanisms 172 and
17b because the downstream portion of the unit 10 is
divided into two by the partition 16. As a result, the
temperature of the air in the first air-mixing chamber 18
following the first temperature adjustment mechanism
17a can be controlled independently of the temperature
of the air in the second air-mixing chamber 19.

When it is intended to make the unit 10 function as, a
defroster, the dampers 40, 41, 44 and 45 are put in the
solid line closed positions, and the dampers 42 and 46
are put in the dotted line open positions by means of an
unshown manual lever. With the above-mentioned
dampers 40-42 and 44-46 put in such positions, temper-
ature-conditioned air is led via the air passages 24A and
34A to the defroster outlets 24 and 34.

Among the four air-conditioning zones Z1 to Z4, the
temperature of the air led to the first and third zones Z1
and Z3 is selected freely by the first temperature adjust-
ment mechanism 17¢, while the temperature of the air
led to the second and fourth zones Z2 and Z4 is selected
freely by the second temperature adjustment mecha-
nism 175 in the same way. Although the temperature of
air fed to the first and third zones Z1 and Z3 is equal to
each other, it is possible to change the heat quantity by
varying the flow rate at the air outlets facing these
zones. Namely, the dampers 40 to 43 may be controlled
so that the heat quantity given to the first zone Z1 is
greater than that given to the third zone Z3 or vice
versa. Similarly, the heat quantity given to the second
and fourth zones Z2 and Z4 may be controlled by
means of the dampers 44 to 46.
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In the above, although it has been described that the
temperature of the first and second airflows fed to the
first and second chambers 18 and 19 are controlled by
the temperature adjustment dampers 152 and 155, the
flow rate of the coolant passing through the heater core
14 may be adjusted to either increase or decrease the
temperature of the air in both the first and second air-
mixing chambers 18 and 19 in the same direction.

Although the above-mentioned various dampers may
be manually controlled, as described above, these
dampers may be automatically actuated to establish a
desired air-conditioning mode and set desired tempera-
tures for each of the above-mentioned two groups of
air-conditioning zones Z1 to Z4.

Hence, reference is now made to FIG. 3 showing a
schematic diagram of an embodiment of an automatic
zone air-conditioning control system for a motor vehi-
cle. The automatic zone air-conditioning control system
of FIG. 3 comprises an air conditioning unit 10 in which
various elements are arranged in the same manner as in
the system of FIG. 2, and therefore, elements common
to both FIGS. 2 and 3 are designated with the same
reference numerals. A pair of electromechanical actua-
tors 37 and 38 are provided so that the first and second
temperature adjustment dampers 15a and 155 of the first
and second temperature adjustment mechanisms 17a
and 17b are respectively controlled independently of
each other. Each of the actuators 37 and 38 comprises a
driving unit, such as a servo motor, vacuum actuator or
the like, and a mechanical linking mechanism so that the
position of the dampers 15a and 155 are selected at will.

A single electromechanical actuator 39 is provided so
that both the dampers 42 and 46, which interlock and
function as distributing valves for the defroster outlets
24 and 34, are controlled in accordance with an electri-
cal signal. The actuator 39 may be of the open-close
type and comprises a driving unit, such as a servo mo-
tor, vacuum actuator or the like, and a mechanical link-
ing mechanism so that the passages of the defroster
outlets 42 and 46 are made open or closed.

In addition to the above-mentioned actuators 37, 38
and 39, six electromechanical actuators 50, 51, 52, 53, 54
and 55 are provided so that the dampers 40, 41, 43, 44,
45 and 47 provided for the air outlets 20, 21, 22, 23, 30,
31, 32 and 33 are controlled in accordance with electri-
cal signals. Each of these electromechanical actuators
50 to 55 is designed to control the flow rate of the air
emitted from the corresponding air outlet, and com-
prises a driving unit, such as a servo motor, vacuum
actnator or the like, and a mechanical linking mecha-
nism.

These electromechanical actuators 37 to 39 and 50 to
55 are controlled in accordance with corresponding
electrical signals which are produced in a control unit
70, where the control unit is responsive to various infor-
mation as will be described hereinbelow. Four tempera-
ture sensors 56-1, 56-2, 56-3 and 56-4 are provided so
that temperatures at the four air-conditioning zones Z1
to Z4 are respectively detected. Each of the tempera-
ture sensors 56-1 to 56-4 comprises a heat-responsive
resistor element exhibiting a variable resistance depend-
ing on the ambient temperature in a passenger compart-
ment of a motor vehicle. Namely, a given current is
applied to each of the heat-responsive resistor elements
so that the voltage across the element is detected to
produce an electrical signal indicative of the tempera-
ture. Temperature sensors 56-1 and 56-2 are disposed on
the dash board at places difficult to be exposed to direct




4,537,245

7
rays of the sun, while temperature sensors 56-3 and 56-4
are disposed on the back of the front seats at places
difficult to be exposed to direct rays of the sun.

Four setting adjusters 57-1, 57-2, 57-3 and 57-4 are
provided close to the temperature sensors 56-1 to 56-4
respectively. These setting adjusters 57-1 to 57-4 are
employed for manually setting desired temperatures for
each of the air-conditioning zones Z1 to Z4, and may be
any type of signal generators which generate signals in
accordance with the will of the passengers. For in-
stance, each of the setting adjusters 57-1 to 57-4 can be
a potentiometer so that the variable voltage therefrom
indicates a temperature desired by each passenger
seated in the corresponding air-conditioning zone.

In addition to these sensors 56-1 to 56-4 and setting
adjusters 57-1 to 57-4 producing information from the
interior of the passenger compartment, two sensors 58
and 59 are provided to detect external influence. The
sensor 58 may be referred to as an external temperature
sensor, and is disposed outside the passenger compart-
ment so that it produces an electrical signal indicative of
the outside air temperature. The other sensor 59 may be
referred to as a sun light sensor, and is disposed inside
the compartment at a place which is exposed to direct
rays of the sun. For instance, the sun light sensor 59 may
be disposed on the top of the dash board or top of the
rear tray. Both of the sensors 58 and 59 are heat respon-
sive resistors which exhibit variable resistance depend-
ing on the ambient temperature in a passenger compart-
ment of a motor vehicle.

Although it is more preferable to detect the thermal
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influence due to direct rays of the sun at each of the -

air-conditioning zones Z1 to Z4, this embodiment is
arranged such that the zone air-conditioning control
system is capable of responding to thermal influence
due to direct rays from the sun in each of the air-condi-
tioning zones Z1 to Z4 by detecting the actual air tem-
perature in each zone Z1 to Z4. If desired, a pair of sun
light sensors 59 may be provided so that one is disposed
at the top of the dash board and the other is at the top
of the rear tray, with the pair of sensors 59 being con-
nected in series.

The above-mentioned various pieces of information
or input variables from the sensors 56-1 to 56-4, the
setting adjusters 57-1 to 57-4 and the sensors 58 and 59
are fed to an analog-to-digital (A/D) converter 60 so
that various analog signals are converted into binary
coded digital signals which are adapted for digital pro-
cessing in the control unit 70. The A/D converter 60
comprises a multiplexer which selects or gates one of its
input analog signals, and a converter which converts
the gated analog signal into a binary code.

A switch panel 61 is provided for receiving instruc-
tions from the vehicle passengers. The switch panel 61
comprises a plurality of switching elements (not shown)
including a switching element for producing a com-
mand signal with which the zone air-conditioning con-
trol system is put in automatic control mode, a group of
switching elements for producing command signals
with which each of the electromechanical actuators 50
to 55 are controlled so that position of the associated
distributing valves are controlled, and a group of
switching elements for producing command signals
with which the above-mentioned temperature adjust-
ment dampers 152 and 155 are continuously moved in
an arbitrary direction, i.e. toward cooling mode or heat-
ing mode, as long as the switches are manipulated.
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Therefore, when the first mentioned switching ele-
ment group is not manipulated, the automatic zone
air-conditioning control system of FIG. 3 may be manu-
ally controlled in the same manner as the embodiment
of FIG. 2 with the manipulated of the remaining switch-
ing element groups.

The control unit 70 is constructed of a digital mi-
crocomputer so that digital signals from the A/D con-
verter 60 are processed to control the above-mentioned
various dampers and some other elements in the zone
air-conditioning control system. The digital computer
70 comprises a CPU, a ROM, a RAM, and an 1/0 de-
vice in the same manner as typical microcomputers. A
predetermined control program is stored in the ROM in
advance so that the control program is read out there-
from by a unit of instructions in a sequence. Thus, the
CPU executes the unit of read out instructions. During
execution, some data are temporarily stored in the
RAM, and input and output data are transferred
through the I/0 device. Some bus lines (not shown) are
also provided so that data are transferred between these
elements in the microcomputer 70.

The digital computer 70 receives the above-men-
tioned various pieces of information in a sequence from
the A/D converter 60, and stores them temporarily in
the RAM. The stored information or data are processed
by the CPU to obtain some resultant data or signals in
such a manner that a given signal is fed to a given desig-
nated output terminal among a plurality of output termi-
nals. When one cycle of a series of processings is termi-
nated, the processing cycle is again repeated.

The resultant data obtained at the output terminals of
the digital computer 70 are used to control the above-
mentioned various electromechanical actuators 37-39
and 50-55 and the blower fan 12. In detail the resultant
data or signals, which are designated at the references A
to J, are first applied to converters 71a to 71j, and the
converted signals are then fed to the actuators 37-39
and 50-55 and the blower fan 12. These output signals A
to J may be divided into several groups from their func-
tions, such as first group signals A, B for controlling the
position of the first and second dampers 15a and 156 of
the first and second temperature adjustment mecha-
nisms 17a and 175; second group signals C, D, E, F, G,
H, I for controlling the position of the distributing
valves 40-47; and third group signal J for controlling
the blowing ability of the blower fan 12 in accordance
with temperature adjustment commands against the
first and second temperature adjustment mechanisms
17a and 17b.

The converter 71/ may be a relay which performs
switching because the electromechanical actuator 39
connected thereto is needed for on-off or bistable opera-
tion. Each of the remaining actuators 71a to 714, how-
ever, comprises a D/A converter for converting the
output digital signals A to H to analog signals, and a
servo amplifier which is responsive to the converted
analog signal. Thus, the actuators 71a to 714 control
associated dampers so that the position thereof is se-
lected. If desired, a position sensor may be provided for
detecting the position of a connecting rod between each
actuator and its associated damper except for the damp-
ers 42 and 46 so that feedback control may be estab-
lished.

FIG. 4 including FIGS. 4A and 4B shows a flowchart
of the control program for the digital computer 70, and
the operation of the digital computer 70 will be de-
scribed with reference to FIG. 4. The digital computer
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70 starts its operation from the first address of the con-
trol program when an unshown main switch is turned
on. At the beginning of the operation, the state of ma-
nipulation of the switching elements on the switch panel
61 is detected. If the first group of switching elements
has been manipulated or none of the remaining switch-
ing element groups for manual operations have yet been
manipulated, the control program of FIG. 4 is executed
from step 100 repeatedly at a given interval.

In step 101, the digital computer 70 stores various
signals applied via the A/D converter 60 from the sen-
sors 56-1 to 56-4, 58 and 59 and the setting adjusters 57-1
to 57-4 in the RAM. In this step 101, the digital com-
puter 70 produces a command signal with which one of
the analog signals fed to the A/D converter 60 is se-
lected, and a command signal with which the selected
analog signal is converted into a binary coded digital
value. These command signals are fed to the A/D con-
verter 60 so that converted digital signals are fed to the
digital computer 70 in a sequence. Temperature data
from the temperature sensors 56-1 to 56-4 disposed in
respective air-conditioning zones Z1 to Z4 are ex-
pressed in terms of Trl, Tr2, Tr3 and Tr4. Similarly,
setting temperature data from the four temperature
setting adjusters 57-1 to 57-4 are Tsetl, Tset2, Tset3 and
Tset4; outside temperature data from the outside tem-
perature sensor 58 is Tam; and sun light data from the
sun light sensor 59 is Ts. These various data are tempo-
rarily stored in given addresses of the RAM. In order to
insure the stability of these data several consecutive
values for each data may be averaged to obtain an aver-
age value indicative of the most recent data. In this case
each average value is stored in the RAM when ob-
tained.

After step 101, an independent temperature control
average value calculating step 102 takes place so that
average temperatures Tra and Trb in the pair of groups
of the air-conditioning zones Z1, Z3 and Z2, Z4, which
are respectively covered by the first and second temper-
ature adjustment mechanisms 17a and 176, and average
setting temperatures Tseta and Tsetb therefor are ob-
tained from the actual temperatures Tr1 to Tr4 and the
setting temperatures Tsetl to Tset4, and are temporarily
stored in the RAM.

Then a control temperature calculating step 103 is
executed in which average necessary temperatures Taa
and Tab of the air from the first and second temperature
adjustment mechanisms 17a and 176 and necessary tem-
peratures Tai (i=1 to 4) at air outlets at each zone are
calculated. The necessary temperature data Tal to Ta4
are kind of targets which are necessary to cause the data
Tra and Trb indicative of the average temperatures in
the first and second groups of the air-conditioning zones
Z1 to Z4 to approach the data Tseta and Tsetb indica-
tive of average setting temperatures in these zone
groups. However, since both the first and third air-con-
ditioning zones Z1 and Z3 communicate with the first
temperature adjustment mechanism 17q, there would be
no difference in actual temperature between air dis-
charged through outlets at the first and third zones Z1
and Z3. Similarly, there would be no difference in ac-
tual temperature between air discharged through out-
lets at the second and fourth zones Z2 and Z4. These
data Ti will be used, as will be described later, to deter-
mine air distribution amount between outlets of the
same group. This calculation is made in accordance
with formulas including various constants a, b, ¢, d, e, 2’
...e,a" ... ¢e" which are predetermined in accordance

—

5

20

25

40

45

55

60

65

10
with experimentation based on the structure of the vehi-
cle and the air-conditioning unit 10.

In addition, in order to change the blowing ability of
the blower fan 12 in accordance with the temperature
control, data Va indicative of the voltage to be applied
to the blower fan 12 is calculated by using a formula
corresponding to the difference between the average
blowing out air temperature data Taa and Tab, and the
average compartment air temperature data Tra and
Trb. This data Va is obtained by using a given formula
corresponding to difference data (Ta—Tr) or by using a
map formed in a program memory. FIG. 5 shows the
variation in data Va with respect to the difference
Ta—Tr. In FIG. 5, when the temperature difference
(Ta—Tr) between Ta and Tr is in the range of 31 1° C.
to +1° C,, Va is established at a lower level (Lo), and,
when the temperature difference is greater than °C. or
+10° C., Va s established at a higher level (Hi). There-
fore, Va is varied in the range between —10 and —1 or
1 and 10.

In the following step 104, necessary opening degrees
of the first and second temperature adjustment dampers
15a and 155 for obtaining the average necessary temper-
atures Taa and Tab are obtained. Namely, the necessary
opening degrees expressed in terms of fa and 6b are
calculated as functions of Taa and Tab. After step 104,
the data of the necessary opening degrees 9a and 6b and
the voltage Va to be applied to the blower fan 12 are
respectively delivered to the actuators 71a, 71b and 71j
in step 105.

After the above-mentioned data 6a, 8b and Va have
been determined, it is necessary to determine the
amount of air distribution for to the air outlets commu-
nicating with the first and second chambers 18 and 19.
Since the first and second air-mixing chambers 18 and
19 respectively following the first and second tempera-
ture adjustment mechanisms 17a and 175 are identical to
each other, description will be made only for the first
chamber 18.

Prior to determining the amount of air distribution, it
must first be determined which mode of air discharge is
needed. To this end, a discharging mode function is
obtained as a function of the average temperature Taa in
step 106 of FIG. 4. FIG. 6 shows the relationship be-
tween the discharging mode variation and the average
temperature Taa. Three modes, namely, of HEAT,
BI-LEVEL, and VENT are provided, and one of these
modes is selected in accordance with the value of Taa
and the direction of variation. In the HEAT mode,
warm air is discharged from the HEAT outlet 21. In the
BI-LEVEL mode, warm air is also discharged from the
HEAT outlet 21, and warm air whose temperature is
slightly lower than that of the warm air from the HEAT
outlet 21 is discharged from the VENT outlet 20. In the
VENT mode, cool air is discharged from the VENT
outlet 20. The switching points between these three
modes are 10, 50 and 100 degrees centigrade in the
value of the average necessary temperature Taa.

Subsequent to step 106, it is detected whether the
selected discharging mode is of the BI-LEVEL mode
or not in step 107. If the answer of step 107 is YES,
namely, when the BI-LEVEL mode has been set, out-
put signals C, D and E are fed to the actuators 71c, 71d
and 71e so that the associated dampers 40, 41 and 43 are
put in an intermediate position “m” shown in FIG. 3,
and an output signal I is fed to the actuator 71/ so that
the associated damper 42 is put in a closed position S.
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If the answer of step 107 is NO, namely, when a
discharging mode other than the BI-LEVEL mode has
been set, it is detected whether a defroster switch
SWpEFon the switch panel 61 has been manipulated or
not in step 109. The defroster switch is arranged to
produce a logic “1” signal when manipulated, and thus
the answer of step 109 becomes YES when SWpgr=1.
When the answer of step 109 is YES, step 110 is exe-
cuted in which output signals C, D and I are fed to the
actuators 71¢, 71d and 71i so that the dampers 40 and 41
are put in closed position S and the damper 42 is put in
open position 0. From the above, it will be understood
that the amount of discharging air distribution is fixed to
one of two distribution modes respectively set by the
steps 108 and 110. Thus, when one of steps 108 and 110
is executed, air distribution is not changed by tempera-
ture information or signals.

On the other hand, if the answer of step 109 is NO,
namely when the defroster mode has not been selected,
step 111 is executed in which the air distribution amount
to the various discharging outlets is determined. The
step 111, which may be referred to as an air distribution
amount determining routine, is shown in detail in FIG.
7.

In the air distribution amount determining routine
111 of FIG. 7, a ratio Pa between the necessary air
temperatures Tal and Ta3 at outlets 20 and 22 is ob-
tained. Similarly, a ratio Pb between the necessary air
temperatures Ta2 and Ta4 at outlets 30 and 32 is ob-
tained for the other chamber 19. In a following step 114,
it is detected whether the above-mentioned air dis-
charging mode set in step 106 is of the HEAT mode or
not. If YES, namely, when in the HEAT mode, output
signals C, I and E are fed to the actuators 71c, 71/ and
71e in step 115 so that the associated dampers 40, 42 and
43 are put in closed position S, and then in step 116, an
output signal D is fed to the actuator 714 so that the
associated damper 41 is put in a position a which is a
variable position between the closed and open positions
S and O. The variable position a is determined as a
function of the above-mentioned ratio Pa as shown in
the graph of FIG. 8. As a result, dampers 40, 42, and 43
are closed, and the position of the damper 41 is set to the
variable position a so that air distribution amount to the
outlets 21 and 23 is determined.

If the answer of step 114 is NO, namely, when in
VENT mode, output signals D, I and E are fed to the
actuators 71d, 71/ and 71e in step 117 so that the associ-
ated dampers 41 and 42 are put in closed position S, and
the damper 43 is put in open position O, then in step 118,
an output signal C is fed to the actuator 71c so that the
associated damper 40 is put in a variable position a,
which variable position a is determined as a function of
the above-mentioned ratio Pa as shown in the graph of
FIG. 8. As a result, the dampers 41 and 42 are rendered
closed and the damper 43 is rendered open, while the
position of the damper 41 is set to the variable position
a so that the air distribution amount to the outlets 20
and 22 is determined.

Although the air distribution amount determining
routine 111 is described with reference to FIG. 7 in
connection with only the first chamber 18, remaining
dampers 44 to 47 of the second chamber 19 will be
controlled in the same manner as the dampers 40 to 43.

The above described embodiments may be modified
in various ways as follows:

(1) Although the evaporator 13 is placed at a point
upstream of the first and second temperature adjust-

20

25

40

45

65

12

ment mechanisms 172 and 17b so as to be common to
both the mechanisms 172 and 175 for supplying thereto
dehumidified air, such a cooling and reheating system is
not necessary to the present invention. In other words,
another type of refrigerating or cooling system may be
employed although the refrigerating and reheating sys-
tem employed in the present invention is preferable
because it makes more comfortable air.

(2) Instead of the single evaporator 13 two separate
refrigerating units such as evaporators may be respec-
tively provided for the first and second temperature
adjustment mechanisms 17a and 175 so that each refrig-
erating unit may be controlled independently of the
other providing a more complex control of the dis-
charging air for each air-conditioning zone.

(3) The heater core 14, which is a single unit in the
above-described embodiments, may be replaced with
two separate heater cores so that temperature in the first
and second air-mixing chambers 18 and 19 may be inde-
pendently controlled by changing the flow rate of the
engine coolant. In this case, the first and second temper-
ature adjustment dampers 15¢ and 156 may be omitted.

(4) The four temperature setting adjusters 57-1 to 5§7-4
provided in the four air-conditioning zones Z1 to Z4
may be replaced with a single temperature setting ad-
juster with which a common temperature setting is
given. With such a single temperature setting adjuster
the temperature of air discharged into each air-condi-
tioning zone will be controlled so as to maintain the
temperature in each zone at the setting point even if
external thermal influence is differently given to each
zone.

(5) It is preferable to detect the intensity of sun light
incident on each air-conditioning zone so that the tem-
perature in each zone is maintained at the setting point
with a quick response and high accuracy against exter-
nal thermal influence. When sun light intensity or de-
gree is detected at each zone, each data thereof may be
used in calculation of the necessary temperature for the
discharging air at each zone.

(6) On the contrary, in the case that high accuracy is
not needed, the sun light sensor 59 may be omitted. In
this case, the temperature sensors 56-1 to 56-4 at respec-
tive air-conditioning zones Z1 to Z4 may be placed at
such places where influence due to sun light is slightly
given.

(7) Although in the above-described embodiments,
the first and third zones Z1 and Z3 are combined as the
first group and the second and fourth zones Z2 and Z4
are combined as the second group, first and second
zones Z1 and Z2 may be combined as the first group or
a front seat group communicating with the first temper-
ature adjustment mechanism 17q, and the third and
fourth zones Z3 and Z4 may be combined as the second
group or a rear seat group communicating with the
second temperature adjustment mechanism 17b. Such a
variation of the present invention is shown in FIG. 9.
The second air-mixing chamber 19 following the second
temperature adjustment mechanism 175 communicates
with the rear seat group including the third and fourth
air-conditioning zones Z3 and Z4 via a duct 19A. The
defroster outlet 34 in the embodiment of FIGS. 2 and 3
is omitted because only the other defroster outlet 24 is
used. Accordingly, the duct 34A and the damper 46
associated with the defroster outlet 34 are omitted. A
damper 200 is newly provided in the duct 19A at a
branch where the duct 19A is branched off toward the
third and fourth zones Z3 and Z4 so that the air distribu-
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tion amount to these zones Z3 and Z4 is controlled by
the position of the damper 200. Another damper 210
may be provided so that all the airflow is led to the first
and second zones Z1 and Z2 of the front seat group
with the duct 19A closed thereby.

(8) In another combination of air-conditioning zones,
if the first zone Z1 covering the driver’s seat is treated
as one group and the remaining three zones Z2 to Z4 are
combined in the other group, the first temperature ad-
justment mechanism 17 is arranged to communicate
with the first zone 1, while the second temperature
adjustment mechanism 176 is arranged to communicate
with the second to fourth zones Z2 to Z4 via the duct
19A as shown in FIG. 10. In this case, a damper 215 is
provided in the duct 19A at a branch where the duct
19A is branched off toward the second zone Z2 and to
a group of the third and fourth zones Z3 and Z4 so that
air distribution amount to the second zone Z2 and to the
group of the third and fourth zones Z3 and Z4 is con-
trolled by the position of the damper 215. Other damp-
ers 220 and 230 for opening and closing the air passages
communicating with the third and fourth zones Z3 and
Z4 are respectively provided so that the air distribution
amount to the third and fourth zones Z3 and Z4 is re-
spectively controlled thereby.

The above described embodiments of FIGS. 9 and 10
may also be controlled by the control unit 10 having a
digital computer so that the zone air-conditioning con-
trol system operates as an automatic zone air-condition-
ing control system in the same manner as the above-
described embodiment of FIG. 3.

The above-described embodiments are just examples
of the present invention, and therefore, it will be appar-
ent to those skilled in the art that many modifications
and variations may be made without departing from the
spirit of the present invention.

What is claimed is:

1. A zone air-conditioning control system for use
with a motor vehicle, comprising:

(a) an air-conditioning unit having:

a single duct for leading incoming air thereinto,

a refrigerating unit disposed in said single duct for
cooling air led into said single duct,

first and second ducts respectively communicating
with said single duct at a downstream portion of
said single duct, and

first and second temperature adjustment mecha-
nisms respectively disposed in said first and sec-
ond ducts, each of said first and second tempera-
ture adjustment mechanisms including a heat
exchanger, for heating air passing therethrough,
and being provided for controlling the amount of
heat exchanged;

(b) first to fourth branch ducts for distributing tem-
perature-controlled air to first to fourth air-condi-
tioning zones established in the passenger compart-
ment of said motor vehicle, said air-conditioning
zones being respectively defined by the front right
seat area, the front left seat area, the rear right seat
area, and the rear left seat area of the passenger
compartment, said first and third branch ducts
being communicated to said first duct and being
related to said first temperature adjustment mecha-
nism, and said second and fourth branch ducts
being communicated to said second duct and being
related to said second temperature adjustment
mechanism, said first branch duct communicating
with said first air-conditioning zone, said second

—

5

20

25

40

45

50

60

65

14

branch duct communicating with said second air-
conditioning zone, said third branch duct commu-
nicating with said third air-conditioning zone, and
said fourth branch duct communicating with said
fourth air-conditioning zone;

(c) first and second flow rate changing means for
changing the flow rate of air flowing through said
branch ducts, said first flow rate changing means
being disposed in said first duct, and said second
flow rate changing means being disposed in said
second duct;

(d) temperature detecting means for generating elec-
trical signals each indicative of the temperature of
air in each of said air-conditioning zones;

(e) temperature setting adjusters with which a desired
temperature in each of said first to fourth air-condi-
tioning zones can be set;

(f) a control unit for controlling said first and second
temperature adjustment mechanisms and said first
and second flow rate changing means in accor-
dance with electrical signals from said temperature
detecting means and electrical signals from said
temperature setting adjusters so as to cause temper-
ature detected in each of said first to fourth air-con-
ditioning zones to approach temperature set by
means of said temperature setting adjusters, said
control unit controlling said first temperature ad-
justment mechanism in accordance with each dif-
ference between said set temperature and said de-
tected temperature in said first and third air-condi-
tioning zones and controlling said second tempera-
ture adjustment mechanism in accordance with
each difference between said set temperature and
said detected temperature in said second and fourth
air-conditioning zones, said control unit control-
ling said first flow rate changing means to propor-
tion a first distribution amount of temperature-con-
trolled air to be supplied between said first air-con-
ditioning zone and said third air-conditioning zone
and controlling said second flow rate changing
means to proportion a second distribution amount
of temperature-controlled air to be supplied be-
tween said second air-conditioning zone and said
fourth air-conditioning zone; and

(g) actuating means for actuating said first and second
temperature adjustment mechanisms and said first
and second flow rate changing means in accor-
dance with commands from said control unit.

2. A zone air-conditioning control system as claimed
in claim 1, wherein said refrigerating unit comprises an
evaporator for cooling said incoming air.

3. A zone air-conditioning control system as claimed
in claim 1, wherein the combination of said two heat
exchangers respectively comprises a single heater core
disposed such that it is exposed to air in both of said first
and second ducts.

4. A zone air-conditioning control system as claimed
in claim 1, wherein each of said first and second temper-
ature adjustment mechanisms comprise a damper for
controlling the amount of air flow to be reheated, re-
spectively, by each of said heat exchangers.

5. A zone air-conditioning control system as claimed
in claim 1, further comprising a heat outlet provided at
a lower portion of each one of said air-conditioning
zones, a vent outlet provided at an upper portion of
each one of said air-conditioning zones and at least one
damper for each one of said air-conditioning zones for
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controlling the distributing portion of air discharged
through said heat and vent outlets.

6. A zone air-conditioning control system as claimed

in claim 1, further comprising:

a temperature sensor for detecting the temperature of
air outside of the passenger compartment;

a temperature sensor disposed at a place easy to be
exposed to direct rays of the sun for detecting the
intensity of sun light incident on the passenger
compartment;

wherein said control unit comprises an electronic
control unit arranged to calculate average tempera-
tures Tra and Trb in a first group of zone or zones
and in a second group of zone or zones; to calculate
average setting temperatures Tseta and Tsetb in
said first and second groups; to calculate a first
necessary temperature Taa in said first chamber
and a second necessary temperature Tab in said

second chamber in accordance with the following
formulas:
Tra = Trl + Tra3
2
Trb = Tr2 + Trad
2
Tseta = Tsetl —+2~ Tset3
Tseth = Tser2 + Tsetd

2

Taa = a-Tseta — b-Tra—c-Tam — d-Ts + ¢
Tab = a' - Tseth — b -Trb — ¢ -Tam — d' - Ts + €

wherein
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Trl to Tr4 are measured temperatures in said first
to fourth air-conditioning zones;

Tsetl to Tsetd are temperature settings respec-
tively set for said first to fourth air-conditioning
zones;

Tam is 2 measured temperature of outside air;

Ts is data indicative of the intensity of the sun light
incident on said passenger compartment; and
a,b,c,de a,b,c,d,and e’ are constants defined
by the structure of said passenger compartment

and said air-conditioning unit;

a blower fan for sending incoming air to said refriger-

ating unit; and

wherein said electronic control unit is arranged to

calculate necessary temperatures Tai, wherein i is
1, 2, 3 and 4, of air to be discharged into said first
to fourth air-conditioning zones and to calculate a
voltage Va, to be applied to said blower fan for
controlling said blower fan, in accordance with the
following formulas:

Tai = a’ - Tseti — 0" - Tri — ¢ - Tam — d" - Ts + &

Va=f( Taa—;Tab _ Tra-fZ-Trb )

wherein a”, b”, ¢, d"” and e” are constants defined
by the structure of said passenger compartment and
said air-conditioning unit; and f indicates a given
function

said calculated necessary temperatures acting as tar-

gets by which said calculated average temperatures
are caused to approach said average setting tem-

peratures.
* * * * *
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