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[57] ABSTRACf
An automobile air-conditioning system in which a sin-
gle ventilation unit for supplying the conditioned air to
a compartment is divided into two parts, and the air
passing through each part is adapted to be controlled
respectively. The compartment is divided into at least
three air-conditioning zones of the front right, front left
and rear seat zones so that a plurality of air outlets may
supply air to the respective air-conditioning zones. The
air respectively temperature-cont!l'Olled is selectively
supplied to each of the air outlets.

7 Claims, 7 Drawing ]Figures
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AUTOMOBILE AIR CONDITIONING SYSTEM

BACKGROUND OF THE INVENTION
The present invention relates to an automobile air 5

conditioning system having the function of temperature
control of the air in the automobile compartment.

In automobiles including the passenger car having a
small riding space or compartment, the value of the
comfortable temperature required around each seat 10
(air-conditioning zone) or the actual temperature is
known to be greatly different depending on the propen-
sity of the passengers (including the driver) or the effect
of sunlight. Systems have so far been proposed for
changing the air-conditioning effect on each seat inde- 15
pendently or making effects uneven the effect on one
seat from the effect on another.

One of the simplest examples of such a system com-
prises an air-conditioning unit, a plurality of air outlets
facing respective sections of the compartment, ventila- 20
tion ducts for conducting the air conditioned in the
air-conditioning unit to the air outlets, and a distribution
valves arranged in the ventilation ducts for making the
distribution of the air uneven to the respective sections
of the compartment from the air outlets. Although the 25
magnitude of the air flow rate at each section of the
compartment causes the difference of temperature of·
the respective sections, the air-conditioning feeling of
the passengers including driver also depends on the air
flow rate, and therefore it is not desirable to make the 30
air flow rate uneven to a large measure. It is thus diffi-
cult to attain a uniform temperature of the respective
sections or a sufficiently large temperature difference
among the sections. This is also the case when an elec-
trically-operated air blower instead of the distribution 35
valve is provided at each air outlet so that the air con-
duction ability of the blower is adjusted appropriately
or when a blowing direction adjusting fin is provided at
each air outlet so that the angle of the fin is changed. In
poth cases, it is difficult to control the temperature 40
satisfactorily without adversely affecting the air condi-
tioning feeling of the passengers.

In other known methods, instead of changing the
distribution of the air flow rate, a temperature control
unit is provided for each section of the compartment. 45
The most well known example is what is called a dual
air-conditioning system comprising a main air condi-
tioning unit arranged on the front part of the compart-·
ment for air-conditioning the front seat section mainly
and a rear air-conditioning unit arranged at the rear part 50
of the compartment for air-conditioning the rear seat
section of the compartment mainly. In the case where
three or more sections of the compartment are to be
temperature-controlled independently such as when the
front or rear seat section is subdivided into right and left 55
seat sections, the aforementioned method of changing
the air flow rate is required to be used at the same time,
thus making a satisfactory temperature control impossi-
ble.

Still another example such as disclosed in Japanese 60
Patent Laid-Open Publication No. 2213/81 suggests a
method in which the compartment is divided into a
plurality of air-conditioning zones corresponding to
seats and each air-conditioning zone is provided with an
independent air outlet and an independent temperature 65
control system. In this method, the temperature of the
air blown out to each air-conditioning zone from a
corresponding air outlet is controlled to a desired value

2
more easily than in the aforementioned methods by
regUlating the temperature control system for each
air-conditioning zone. An ordinary passenger car is
generally capable of accommodating about four passen-
gers and therefore is required to be divided into four
air-conditioning zones. This requires the air-condition-
ing unit to be provided with four temperature control
systems as many as the air-conditioning zones, thereby
structurally complicating and unduly increasing the size
of the temperature control systems and the dusts. Fur-
ther, an air duct is required for each temperature con-
trol system leading to each air outlet, resulting in an
increased ventilation resistance.

SUMMARY OF THE INVENTION
In view of the above-mentioned problems, the pri-

mary object of the present invention is to provide an
efficient automobile air-conditioning system with a sim-
pIe. construction in which the compartment is consid-
ered to comprise a plurality of horizontal air-condition-
ing zones corresponding to the seats and the tempera-
ture control is capable of being effected as desired for
each air-conditioning zone.

The present invention is based on the recognition that
the factors determining the comfortable temperature
required for each air-conditioning zone include not only
the propensity of the passengers but also the· structural
features of the automobile compartment. Taking a four-
passenger car as an example, the compartment is di-
vided into the front seat section and the rear seat sec-
tiOI).,each section being subdivided into right and left
seat sections. The sunlight radiated into the compart-
ment from the front, rear and side parts of the car have
different thermal effects on the four air-conditioning
zones of the compartment corresponding to the seats, or
cause different direct feelings olfheat to the passengers
in the respective air-conditioning zones. Especially,
such a thermal effect or heat feeling is often different
between the front seat air-conditioning zone and the
rear seat air-conditioning zone or between the right and
left seat air-conditioning zones of the front or rear seat:
section.

After the driver in the front seat, the next passenger
will naturally take the seat adjacent to the driver or on
the back of the driver, thereby causing the difference of
the air temperatures desired by the driver and the other
passenger.

The basic principle of the present invention is based
on the above-mentioned facts and the feature thereof is
that air of different temperature is capable of being
supplied selectively to the front seat air conditioning
zone and the rear seat air conditioning zone or selec··
tively to the right and left seat air-conditioning zones of
the front or rear seat section.

For this purpose, the system according to the present
invention comprises a pair of temperature control sys-
tems contained in a ventilation unit for supplying the
conditioned air into the compartment, each temperature
coritrol system including a heat exchanger for heating
and a means for adjusting the heat exchange amount
thereof. Two types of air of dif£erent temperatures gen-
erated by the two temperature control systems are se-
lectively supplied to at least three air-conditioning
zones including the front right seat section, the front left
seat section and the rear seat section by selector means
for selectively connecting the plurality of air outlets
facing the respective air-conditioning zones with the
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first and second temperature control systems. In this
way, the first and second temperature control systems
are adapted to supply air of different temperatures to
the right and left air-conditioning zones of the front seat
section or to the two air-conditioning zones of the front 5
and rear seat sections.

The present invention is suitable for air-conditioning
a typical four-passenger car, in which the compartment
is divided into four air-conditioning zones including the
front right front left rear right and rear left seat sections 10
so that air of different temperatures is supplied to the
two air-conditioning zones of the front and rear seat
sections or to the two air-conditioning zones of the right
seats and left seats.

According to a preferred embodiment of the present 15
invention, air is supplied to each of the four air-condi-
tioning zones of the compartment from an air-condi-
tioning unit through the first to fourth air passages, the
first air passage being connected only with the first
temperature control system, the fourth air passage being 20
connected only with the second temperature control
system, and the second and third air passages may be
connected with the first and second temperature con-
trol systems in complementary manner with each other
by switching means such as a distribution valve. 25

According to the preferred embodiment of the pres-
ent invention, any preselected two or three out of the
four air-conditioning zones may be supplied with air in
concentrated manner. In this case, the two air-condi-
tioning zones involved or one and the other two air- 30
conditioning zones, as' the case may be, are adapted to
be supplied with air of different temperatures from each
other.

Another object of the present invention is to provide
an automatic control system in which the temperature 35
difference between the front and rear seat sections of
the four air-conditioning zones aqd the temperature
difference between the tight and left seat zones, are
detected, so that the first and second temperature con-
trol systems and the selector means are electrically 40
controlled to reduce the temperature differences almost

. at the same time.
According to the present invention, the temperature

of each of a plurality of horizontal air-conditioning
zones in the compartment of an automobile is controlled 45
with an air-conditioning unit of simple construction,
and the temperature difference control of the front and
rear seat sections and that of the left and right seats can
be made resepctively as desired, thus satisfying the
air-conditioning feeling of a plurality of passengers.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a diagram showing an arrangement of the

air-conditioning zones for explaining the present inven-
tion.

FIG. 2 shows a construction of an air-conditioning
unit according to an embodiment of the present inven-
tion.

FIG. 3 is a block diagram of a part of an automatic
control system according to an embodiment of the pres- 60
ent invention.

FIG. 4 is a flowchart for explaining the control oper-
ation of a digital computer in FIG. 3.

FIG. 5 shows a characteristic diagram for explaining
the control operation of a blow fan by the digital com- 65
puter 50.

FIGS. 6 and 7 are diagrams for showing in detail
temperature control program routines in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described below with
reference to the embodiments shown in the drawings.
FIG. 1 shows an arrangement of air-conditioning zones
in a typical four-passenger car, in which the front right
seat section is defined as the first air-conditioning zone
Z1, the front left seat section is defined as the second
air-conditioning zone 22, the rear right section as the
third air-conditioning zone Z3, and the rear left seat
section as the fourth air-conditioning zone Z4.

A construction of the automobile air-conditioning
system according to the present invention is shown in
FIG. 2. Reference numeral 10 designates a ventilation
unit of the air-conditioning system which ventilation
unit is finally integrally mounted thereon. This ventila-
tion unit includes an air inlet port, ventilation section, an
air temperature control section and an air distribution
section to the compartment integrally constructed with
each other. The most upstream portion 11 of the venti-
lation unit 10 is connected to a well-known inner-outer
air selection box not shown for selecting either the
introduction of the air from outside the car or circula-
tion of the inner air by manual operation of a passenger.

The ventilation unit 10 comprises electrically-
operated blow fan 12 for supplying air, which blow fan
12 is connected electrically to a well-known current
switching circuit not shown thereby to enable the pas-
senger to adjust the air flow rate toward the compart-
ment in the unit 10 by manual operation. The air tem-
perature control section for controlling the temperature
of this air includes an evaporator 13 making up a cool-
ing heat exchanger, water heaters 140 and 14b making
up a heat exchanger for heating (heater), and two tem-
perature control dampers ISa and ISb. The evaporator
13 is used as an element of a freezing cycle of a well-
known refrigerant circulation type driven by a car-
mounted engine, so that the air introduced into the
ventilation unit is cooled by this element.

The. water heaters 140 and 14b are provided in the
route of the pipe for circulating the cooling water for
the car-mounted engine by a water pump and used for
reheating the air cooled by the evaporator 13. The
water heaters 140 and 14b comprise a heater core inte-
grally fabricated and divided at the center thereof for
heating two independent units. Specifically, the temper-
ature control system is divided into apparently com-
bined but substantially independent first and second

50 temperature control units 17a and 17b by a partition
plate 16 provided from the downstream portion of the
evaporator 13 to divide the ventilation unit.

The first and second temperature control units 17a
and 17b include temperature control dampers ISa and

55 ISb respectively as mentioned above. The temperature
control dampers ISa and ISb are connected to an oper-
ating lever in the compartment through an appropriate
link mechanism respectively and are adjustable to a
desired position by the manual operation of the passen-
ger. In air mix chambers 18 and 19 communicating with
the first and second temperature control units 17a and
17b of the ventilation unit 10, the air temperature is
determined by the positions of the temperature control
dampers ISa and ISb.

In the ventilation unit 10, the first and second temper-
ature control units 17a and 17b communicate with four
air passages 20, 21, 22 and 23 through the air mix cham-
bers 18 and 19 respectively and further through the air
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passages 20, 21, 22 and 23, communicate with air outlets
24, 25, 26 and 27 facing the compartment. The air out-
lets 24, 25, 26 and 27 are arranged to face the four air
conditioning zones ZI, Z2, Z3 and Z4 shown in FIG. 1
respectively.

The first air passage 20 communicating with the first
temperature control unit 17a is connected through the
first air outlet 24 to the first air conditioning zone ZI.
The fourth air passage 23 communicating with the sec-
ond temperature control unit 17b, on the other hand, is 10
connected through the fourth air outlet 27 to the fourth
air conditioning zone Z4. The second air passage 21 and
the third air passage 22 which also communicate with
the first temperature control unit 17a and the second
temperature control unit 17b respectively are adapted 15
to be selectively connected to the second air outlet 25
and the third air outlet 26 by two distribution valves 28
and 29 making up a selection means. Specifically, the
first temperature control unit 17a controls the tempera-
ture of the first air conditioning zone Zion the one 20
hand and is also capable of controlling the temperature
of the second air conditioning zone Z2 or the third air
conditioning zone Z3 according to the position of the
distribution valve 28 on the other hand. In similar fash-
ion; the second temperature control unit 17b controls 25

.not only the temperature of the fourth air conditioning
zone Z4 hut also the temperature of the second air con-
ditioning zone Z2 or the third air conditioning zone Z3
by the position of the distribution valve 29.

The distribution valves 28 and 29 are connected 30
through an appropriate link mechanism not shown to
the 'operating lever in the compartment so that the
driver or passenger may select the position a or b in the
drawing separately.

In addition to the distribution valves 28 and 29 for 35
selectively connecting the two temperature control
units.17a and 17b to the second and third air condition-
ingzones ZI and Z2, a distribution valve 30 making up
another· switching means is arranged at the junction
point of the first and second air passages 20 and 21 40
connected to the first temperature control unit 17a. This
distribution valve 30 connects selectively one of the
first passage 20 and the second passage 21 to the first air
mix chamber 18 or both the air passages 20 and 21 to the
first air mix chamber 18 at the shown position of a. Also, 45
a distribution valve 31 is arranged at the junction of the
third andfourth air passages 22 and 23 connecting to the.
second temperature control unit 17b, and this distribu-.
tion valve 31 connects selectively one of the third and
fourth air passages 22 and 23 to. the second air mix 50
chamber 19 or both the air passages 22 and 23 to the
second air mix chamber 19 at the shown position of a.

Each of these two distribution valves 30 and 31 is
connected to an operating lever in the compartment
through an appropriate link mechanism not shown,so 55
that any of the three positions shown by solid line and
dashed lines in the drawing may be selected by manual
operation of the passenger.

The first to fourth air outlets 24 to 27 facing the air
conditioning zones ZI to Z4 are provided with appro- 60
priate distributors for changing the position of air sup-
ply to the passengers seated in the seats involved,
thereby permitting what is called the vent blow and
heater blow. Such a distributor iswell known and will
not be described herein.

As to a defroster, air passages 35 and 36 communicat-
ing with defroster air outlets are connected to the sides
of the two air mix chambers 18 and 19 and are adapted

4,482,009
6

to be opened or closed by the distribution valves 33 and
34 interlocked therewith respectively. The distribution
valves 33 and 34 are connected with an operating lever
in the compartment through appropriate link mecha-

5 nisms respectively not shown so that the passenger may
select the supply of defroster air by manual operation.
Assuming that the distribution valves 33 and 34 are
positioned at the dashed lines in the drawing, for in-
stance, the air passing through the temperature control
units 17a and 17b is blown toward the front windbreak
glass from the defroster air passages 35 and 36 instead of
being directed· toward the first to fourth air passages 20
to 23.

The general function of the automobile air condition-
ing system having the above"mentioned construction
will be explained below.

The functions of the blow fan 12, the evaporator 13
and thewater heaters 140 and ll4b in the ventilation unit
10 are the same as those of the conventional systems.
The difference from the prior art systems lies in that the
temperature control system is divided into two parts by
a partition plate 16 so that first and second temperature
control units 17a and 17b are adapted to act indepen-
dently to control the temperature in the air mix cham-
bers 18 and 19 respectively .

In this system, the defroster air may be obtained by
moving the distribution valves 33 and 34 to the dashed
lines by manual operation of an operating lever (not
shown). The temperature-controlled air is introduced to
defroster air outlets through the air passages 35 and 36
respectively.

In the four air-conditioning zones ZI, Z2, Z3 and Z4,
any two air conditioning zones may be supplied with air
and may be temperature-controlled independently of
each other.

First, in the case where air is supplied to the first air
conditioning zone Zl and the second air conditioning
zone Z2, the distribution valve 30 is moved to the posi-
tion of the dashed line for closing the second air passage
21, the distribution valve 31 is moved to the position of
the solid line for closing the fourth air passage 23, the
distribution valve 29 is moved to the position a of the
dashed line communicating with the air passage 21 from
the air passage 22, and the distribution valve 28 is
moved to the position b ofthesolid line. In this way, the
first air-conditioning zone ZI is supplied with the air
temperature-controlled at the first temperature control
unit 17a and the second air-conditioning zone Z2 is
supplied with the air temperature-controlled by the
second temperature control unit 17b.

For supplying the air to tlhe first air-conditioning
zone ZI and the third air-conditioning zone Z3, the
distribution valve 30 is moved to the dashed line posi-
tion for closing the second air passage 21 and the distri-
bution valve 31 is moved to the solid line position for
closing the fourth air passage 23. Inthis case, the distri-
bution valve 28 may take any of the solid line and
dashed line positions but the distribution valve 29 takes
the solid line position b not to communicate with the
second air passage 21. As result, the first air-condition-
ing zone ZI is supplied with the air temperature-con-
trolled by the first temperature control unit 17aand the
third air conditioning zone Z3 is supplied with the air
temperature-controlled by the :second temperature con-

65 trol unit 17b. .
In supplying air to the first air-conditioning zone ZI

and the fourth air-conditioning zone Z4, on the other
hand, the distribution valve 30 is moved the dashed line



7
position for closing the air passage 21, and the distribu-
tion valve 31 is moved to the dashed line position for
closing the third air passage 22. In this case, the distribu-
tion valves 28 and 29 may take the position of either the
solid or dashed line.

In this way, the first air-conditioning zone ZI is sup-
plied with the air temperature-controlled by the first
temperature control unit 17a, and the fourth air-condi-
tioning zone Z4 is supplied with the air temperature-
controlled .by the second temperature control unit 17b. 10

In the case of supplying the air to the second air-con-
ditioning zone Z2 and the third air-conditioning zone
Z3, the distribution valve 30 is moved to the solid line
position for closing the first air passage 20 and the distri-
bution valve 31 is moved to the solid line position for 15
closing the fourth air passage 23. In this case, the distri-
bution valves 28 and 29 may take any positions as far as
both take similar positions of solid or dashed lines. If
both the distribution valves 28 and 29 take the solid line
positions b, for instance, the second air-conditioning 20
zone Z2 is supplied with the air temperature-controlled
by the first temperature control unit 17a, and the third
air-conditioning zone Z3 is supplied with the air tem-
perature-controlled by the second temperature control
unit 17b.

Now, in the case of supplying air to the second air-
conditioning zone Z2 and the fourth air-conditioning
zone Z4, the distribution valve 30 is moved to the solid
line position for closing the first air passage 20 and the
distribution valve 31 is moved to the dashed line posi- 30
tion for closing the third air passage 22. In this case, the
distribution valve 29 may take any of the solid and
dashed line positions, but the distribution valve 28 takes
the solid line position b so as to shut communication
with the third air passage 22. As a result, the second 35
air-conditioning zone Z2 is supplied with the air tem-
perature-controlled by the first temperature control unit
17a. and the fourth air-conditioning zone Z4 is supplied
with the air temperature-controlled by the second tem-
perature control unit 17b. 40

In the case of supplying air to the third air-condition-
ing zone Z3 and the fourth air-conditioning zone Z4,
the distribution valve 30 is moved to the solid line posi-
tion for closing the first air passage 20, the distribution
valve 31 is moved to the dashed line position for closing 45
the third air passage 22, the distribution valve 28 is
moved to the dashed line position a for communicating
from the second air passage 21 to the third air passage
22, and the distribution valve 29 is moved to the solid
line position b. In this way, the second air conditioning 50
zone Z2 is supplied with the air temperature-controlled
by the first temperature control unit 17a. the fourth
air-conditioning zone Z4 is supplied with the air tem-
perature-controlled by the second temperature control
unit 17b.

In this system, by moving one of the distribution
valves 30 and 31 to the intermediate position a, it is
possible to supply air to any given three of the four
air-conditioning zones while at the same time differenti-
ating them in the temperature control ability to some 60
extent. Also, in this system, if the distribution valves 30
and 31 are both moved to the intermediate positions a,
air is supplied to all of the four air-conditioning zones
while differentiating the front and rear seat sections or
right and left seat sections in the temperature control 65
ability. A typical example will be explained below.

Assume that the distribution valves 30 and 31 are
both set to the intermediate position a by operation of
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the operating lever. If the distribution valves 28 and 29
are moved to the solid line positions b, the air tempera-
ture-controlled by the first temperature control unit 17a
is supplied to the first air-conditioning zone ZI and the

5 second air-conditioning zone Z2, and the air tempera-
ture-controlled by the second temperature control unit
17b is supplied to the third air-conditioning zone Z3 and
the fourth air-conditioning zone Z4. As a result, the first
air-conditioning zone ZI and the second air-condition-
ing zone Z2 mainly covering the front seat section may
be temperature-controlled by the first temperature con-
trol unit 17a. while the third air-conditioning zone Z3
and the fourth air-conditioning zone Z4 mainly cover-
ing the rear seat section are temperature-controlled by
the second temperature control unit 17b.

In the case where the distribution valves 28 and 29
are both moved to the dashed line positions a, the air
temperature-controlled by the first temperature control
unit 17a is supplied to the first air-conditioning zone ZI
and the third air-conditioning zone Z3, while the air
temperature-controlled by the second temperature con-
trol unit 17b is supplied to the second air-conditioning
zone Z2 and the fourth air-conditioning zone Z4. Thus,
the combination of the first air-conditioning zone ZI

25 and the third air-conditioning zone Z3 mainly covering
the right seats is temperature-controlled by the first
temperature control unit 17a. whereas the combination
of the second air-conditioning zone Z2 and the fourth
air-conditioning zone Z4 mainly covering the left seats
is temperature-controlled by the second temperature
control unit 17b.

Generally, it is highly required to supply air of differ-
ent temperatures to the front seat air-conditioning zones
ZI and Z2 and the rear seat air-conditioning zones Z3
and Z4, or to the right seat air-conditioning zones ZI
and Z3 and the left seat air-conditioning zones Z2 and
Z4. According to the present invention, this demand is
satisfied by changing the positions of the distribution
valves 28 and 29 and thereby selecting the connections
between the temperature control units and the air out-
lets.

In this system, only the air to the first air-conditioning
zone ZI may be stopped by moving the distribution
valve 30 to the solid line position for closing the first air
passage 20; only the air to the fourth air-conditioning
zone Z4 may be stopped by moving the distribution
valve 31 to the solid line position for closing the fourth
air passage 23; and only the air supply to the first air-
conditioning zone ZI may be stopped by moving the
distribution valve 28 to the dashed line position a for
closing the second air outlet 25 while at the same time
moving the distribution valve 29 to the solid line posi-
tion b. Alternatively, the distribution valve 30 is moved
to the dashed line position for closing the second air

55 passage 21 while at the same time moving the distribu-
tion valve 29 to the solid line position b. If the air supply
tl) the third air-conditioning zone Z3 alone is to be
stopped, on the other hand, the distribution valve 29 is
moved to the dashed line position a for closing the third
air outlet 26 while at the same time moving the distribu-
tion valve 28 to the solid line position b. As an alterna-
tive, the distribution valve 31 is moved to the dashed
line position for closing the third air passage 22 while at
the same time moving the distribution valve 28 to the
solid line position b.

Although the present invention is described above
with reference to the four air-conditioning zones, the
present invention may be used as a system for supplying
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air to three air-conditioning zones, the rear seat air-con-
ditioning zones Z3 and Z4 being combined into a single
zone. For instance, the distribution valve 31 and the
fourth air passage 23 may be removed so that the rear
seat air-conditioning zone (right and left seats com- 5
bined) is supplied with air through the third air passage
22 and the third air outlet 26. In this case, too, the front
seat air-conditioning zone and the rear seat air-condi-
tioning zone or the front right seat air-conditioning
zone and therront left seat air-conditioning zone may be 10
differentiated in temperature control ability. (In the case
of differentiating the temperature control ability of the
front right seat air-conditioning zone from that of the
front left· seat air-conditioning zone, the rear seat air-
conditioning zone is supplied with the air of the same 15
temperature as the air supplied to the front left seat
air-conditioning zone.)

Also, if distribution valves with one of them capable
of being closed or set to an intermediate position are
provided at the air inlets of the first and second temper- 20
ature control units 17a and 17b. the system according to
the present invention may control the temperature of
only one of the air-conditioning zones.

The above-mentioned temperature control functions 25
may be. achieved also by employing the temperature
control units 17a and 17b of such a type that the flow
rate. of the water heaters is changed without using any
temperature control damper.

Now description will be made of another embodi- 30
ment of the present invention making up an automatic
control system. FIG. 3 shows a system for controlling
the temperatures of the four air-conditioning zones ZI,
Z2, Z3 and Z4, in which the members are arranged in
the same manner in the ventilation unit 10 as in the first 35
embodiment of FIG. 2.
. The first and second temperature control units 17a

and 17b are provided with independently-operated elec-
tro-mechanicalconverters 37 and 38 for changing the
positions of the temperature control dampers 15a and 40
15b automatically by an electrical signal. The electro-

.mechanical converters 37 and 38 are required· to be
capable of selecting a desired position and comprises a
motive power section such as a servo motor or a nega-
tive pressure actuator and a mechanical link· mecha- 45
nism.

Electro-mechanical converters 39 and 40 are pro-
vided for moving the two distribution valves 28 and 29.
respectively by an electrical signal for connecting the
second air passage 21 and the third air passage 22 to 50
each other. The electro-mechanical converters 37 and
38 are of such a type as to be able to select one of the
positions a and b of the distribution valves 28 and 29 and
comprise a motive power section such as a servo motor
or a negative pressure actuator or a mechanical link 55
mechanism.

Electro,mechanical converters 41 and 42 are pro-
vided for moving by electrical signals the positions of
the distribution valve 30 arranged at the junction point
of the first air passage 20 and the second air passage 21 60
and the distribution valve 31 arranged at the junction
point of the third air passage 22 and the fourth air pas-
sage 23 respectively. The electro-mechanical convert-
ers 41 and 42 are of such a type as to be able to select
one of a total of three positions including two positions 65
each for closing an air passage and an intermediate
position of the distribution valves 30 and 31 respec-
tively, and comprises a motive power section such as a

10
servo motor or a negative pressure actuator and a me-
chanical link mechanism.

An electro-mechanical converter 43 is provided for
the purpose of changing the positions of the two inter-
locked distribution valves 35 and 36 by an electrical
signal for supplying a defroster. The electro-mechanical
converter 43 is of such a type that the distribution
valves 35 and 36 may select positions of opening and
closing the defroster air passages 33 and 34 and com-
prises a motor power section such as a servo motor or a
negative pressure actuator and a mechanical link mech-
anism.

Now, explanation will be made of an electric control
system for automatically producing a control output
signal to the electro-mechanical converters in response
to control condition signals. Input elements include
temperature sensors 44-1, 44-2, 44-3 and 44-4 provided
on the air-conditioning zones fQirdetecting the tempera-
tures of the four air-conditioning zones ZI, Z2, Z3 and
Z4 independently of each other. The temperature sen-
sors 44-1 and 44-2 provided for the first air-conditioning
zones Zl and the second air-conditioning zone Z2 re-
spectively are arranged at a place on the dashboard of
the car where direct sunlight is hardly applied, while
the temperature sensors 44-3 and 44-4 provided for the
third air-conditioning zone Z3 and the fourth air-condi-
tioning zone Z4 respectively are arranged at a place on
the back of the front seat free of direct sunlight. Each of
the temperature sensors is comprised of a heat sensitive
resistor element exhibiting a resistance value depending
on the ambient temperature, which element is supplied
with a predetermined current to produce a signal volt-
age at a terminal thereof as a dletection signal.

Input elements. also include temperature setters 45-1,
45-2, 45-3 and 45-4 Installed at the air-conditioning
zones for setting the temperature of the four air-condi-
tioning zones Zl, Z2, Z3 and Z4 independently of each
other. These temperature setters are arranged in the
vicinity of the temperature sensors respectively. These
temperature setters produce a signal voltage changing
according to the will of the passenger and include, for
instance, a variable resistor through which a predeter-
mined current is supplied and a signal voltage generated
across the resistor is used as a set signal.

In order to detect an external signal affecting the heat
load of the compartment, an external temperature de-
tector 46 and a sunlight detector 47 are also provided as
input elements. The external temperature detector 46
includes a temperature sensitive resistance element de-
pending on the ambient temperature, and the sunlight
detector 47 includes a temperature sensitive resistor
element exhibiting a resistance value depending on the
ambient temperature. The sunlight detector 47 is dis-
posed at a place in the compartment subjected to direct
sunlight such as on the upper surface of the dashboard
or rear tray. For increasing the accuracy of the temper-
ature control of each air-conditioning zone, it is desir-
able to detect the thermal ef£ectof sunlight on each
air~conditioning zone separately and directly. Accord-
ing to the embodiment under consideration, the actual
temperature of each air-conditioning zone· is detected
by a temperature sensor thereby to separately respond
to the thermal effect of sunlight in spite of a small re-
sponse delay. The sunlight detector 47 may include a
pair of temperature sensitive resistor elements disposed
on the dashboard and the rear tray which are connected
in series with each other.
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The signal voltages generated from the input ele-
ments 44, 45, 46 and 47 are digitally processed after
being converted into sequential binary codes at the
analog-to-digital converter circuit 48. The analog-to-
digital converter circuit 48 operates in response to a 5
control signal applied to an external terminal, and in-
cludes a multiplexer for selectively gating one of the
signals applied to the input terminals from the input
elements 44, 45, 46 and 47 and a converter section for
converting one of the signal voltages thus gated into a 10
binary code.

A switch panel 49 including a plurality of switching
elements is provided as an input element for issuing a
command of the operation of the system by the passen-
ger. The switching elements include a first switching 15
element for producing a command signal for actuating
the system in automatic mode, a second group of
switching elements for producing a command signal
designating a position of the distribution valves to the
electro-mechanical converters 39, 40, 41, 42 and 43, and 20
a third group of switching elements ·for producing a
command signal for continuing to move the tempera-
ture control dampers 15a and 15b in the desired direc-
t~on (cooling or heating side) for the switch operation 25
time.

In· the case where the first switching element is not
operated, the operation of the second and third groups
of switching elements enables the system to be operated
to a desired condition manuaIly as in the manner de- 30
scribed with reference to the first embodiment (FIG. 2).

A digital computer 50 is provided for operatively
coupling the input elements with the working members
in the ventilation unit 10. The digital computer 50 is
made up of microcomputer so configured that a control 35
program is sequentiaIly read for each unit command
from a read-only memory (ROM) storing preset control
programs and the unit command is executed by a cen-
tral processing unit (CPU). The computer 50 integrally
includes an input-output control circuit (110) for ex- 40
changing the data. with an external device, a random
access memory (RAM) for temporarily holding the data
in the process of processing, and an additional circuit
for cordinating the operation and exchanging data be-
tween internal elements. 45

The digital computer 50 receives signals from the
input elements sequentially according to a control pro-
gram and stores the signals provisionally in the random
access memory. These temporarily stored data are pro-
cessed as required so that a signal is produced at the 50
external output terminals specified by the program.
After a series of processing cycle, the processing cycle
is repeated.

The signals produced at the external terminals of the
digital computer 50 represent control output signals of 55
the electro-mechanical converters 37, 38, 39, 40, 41, 42
and 43. The control output signals include a first group
of signals A and B for controlling the positions of the
first and second temperature control units 17a and 17b,
a second group of signals C and D for controlling the 60
positions of the distribution valves 28 and 29 for select-
ing air passages, and a group of signals E, F and G for
controlling the positions of the other distribution valves
30, 31, 35 and 36. The control output signals also in-
clude a control signal H for changing the air supply 65
capacity of the air blow fan 12 in accordance with a
temperature control command to the first and second
temperature control units 17a and 17b.

12
The output signals A to G produced from the com-

puter 50 are applied to the converters 51a to 51g respec-
tively, from which an electrical drive signal is applied to
the electro-mechanical converters. The converters 51c,
Sid and 51g associated with the converters 39, 40 and 43
which may simply perform binary operation are com-
prised of relays for performing a simple switching oper-
ation, while the other converters include a D/ A con-
verter circuit for converting the control signals A, B, E
and F applied as positioning digital signals from the
computer 50 into analog signals and a servo amplifier
circuit operated in response to the outputs from the
converters. The latter converters may include a feed-
back position sensor for detecting the position of the
output rod of the electro-mechanical converters as re-
quired.

FIG. 4 show a flow of a control program preset in the
digital computer 50 and represents the process of opera-
tions of the automatic system. The essential parts of the
control program will be explained below with reference
symbols.

Upon turning on the main switch, the digital com-
puter 50 starts execution of the control program from
the initial address command so that the operating condi-
tions of the switcr..ing elements of the switch panel 49
are checked. As a result, if the first switching element
for operating the system automaticaIly is operated or
the other switching elements for operating the system
elements in manual mode are not operated,· the control
program shown in FIG. 4 is executed from step 100 at
regular time intervals.

At signal input step 101, the digital· computer 50
stores first the signals received from the input elements
in the random access memory. In this stage, the digital
computer 50 issues a command for selecting one of the
signal voltages of the input elements or a command for
converting the particular signal voltage to a digital
value. (a binary code signal) to the analog-to-digital
converter circuit 48 and receives a digital value signal
after conversion. The temperature data Trl, Tr2, Tr3
and Tr4 received from the temperature detectors 44-1
to 44-4 arranged in the respective air-conditioning
zones, the set temperature data Tsetl, Tset2, Tset3 and
Tset4 obtained from the temperature setters 45-1 to
45-4, the external temperature data Tam obtained from
the external temperature detector 46 and the sunlight
data Ts obtained from the sunlight detector 47 are
stored at predetermined asigned addresses of the ran-
dom access memory. Though not explained in detail, it
is desirable to compuete the average value of the latest
several ones of the these data for securing the stability
of the data.

At the average value computation step 102, an aver-
age of the measured temperatures and set temperatures
of the air-conditioning zones are computed, so that the
average room temperature of the compartment Tr and
the average set temperature Tset are stored at predeter-
mined asigned address of the random access memory.

At the control temperature computation step 103, the
average temperature Ta of the air supplied from the
ventilation unit 10 required for causing the average
temperature Tr of the air-conditioning zones of the
compartment to approach to the average set tempera-
ture Tset of the air-conditioning zones and maintaining
the level of temperature Tset is computed from a func-
tional equation based on the constants a, b, c, d and e
determined by the construction of the vehicle, the air-
conditioning units, etc.
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Also, in order to change the air blowing ability of the

air blow fan 12 in interlocked relation with the tempera-
ture control, the data Va on the voltage applied to the
air blowing fan 12 is computed by a functional equation
corresponding to the difference between the computed 5
average air blow temperature Ta and the average room
temperature Tr. The voltage data V is obtained with
reference to a map using a program memory or a prede-
termined functional equation in accordance with the
difference Ta-Tr as illustrated in FIG. 5.

At the step 104, the temperature Tai of the air to be
supplied from the first to fourth air outlets 24 to 27 is
computed individually in order to obtain the set temper-
ature Tseti (i: 1,2, 3,4) for the air-conditioning zones Zl
to Z2. By use of the four data Tal to Ta4 on the re- 15
quired temperature of the air to be supplied through the
first to fourth air outlets 24 to 27, the step 105 computes
the value XPR representing the temperature difference
ofthe supply air to the front and rear seat sections of the
compartment and the value XRL representing the tem- 20
perature difference of the supply air to the right and left
seat sections. At steps 106 and 107, the magnitudes of
the two values XPR and XRL are compared and if the
required air supply temperature difference XRL be-
tween the right and left seat sections is larger than the 25
value XFR, the routine AI08 is executed; while if the
temperature difference between front and rear seat sec-
tions is smaller, the routine BI09 is executed. For the
judgement at the step 107, two reference values a and
f3, positive and negative (a+f3 is zero or near zero), 30
near zero are employed in order to prevent the hunting
in switching the routines A and B.

The routine A is shown in FIG. 6. A control output
signal for setting the distribution valves 30 and 31 of the
ventilation unit 10 to the intermediate position a is pro- 35
duced to the converters 41 and 42 at the step 108B, and
a control output signal for setting the passage selection
distribution valves 28 and 29 to position a is applied to
the converters 39 and 40 at the step 10SC. In this way,
the air temperature-controlled by the first temperature 40
control unit 17a is supplied to the first air-conditioning
zone Zl and the third air-conditioning zone Z3, namely,
the right seat air-conditioning zone, while the air tem-
perature-controlled by the second temperature control
unit 17b is supplied to the second and fourth air-condi- 45
tioning zones Z2 and Z4 that is the left seat air-condi-
tioning zone.

In this case, the temperature control abilities TR and·
TLofthe first and second temperature control units 17a
and 17b are computed in a manner to add or subtract a 50
predetermined amount to or from the average required
air supply temperature Ta making up a reference in a
complementary manner. The amount to be added or
subtracted is computed by multiplying the required air
supply temperature difference XRL between the right 55
and left seat air-conditioning zones by a predetermined
value such as !.The computed values TR and TL repre-
senting the temperature control abilities of the tempera-
ture control units are converted into data (JRand (JL

representing the opening of the temperature control 60
dampers 14a and 14b respectively by a known func-
tional equation at the step lOSE. At the step 108F, the
data (JRand (JL are applied to the converters 51a and SIb

as control output signals thereby to determine the re-
spective temperature control amounts.

At the routine B shown in FIG. 7, the processing
similar to the routine A is performed for performing
different temperature controls of the front and rear
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air-conditioning zones. At steps 109B and 109C, control
outputs are applied to the converters 39 to 41 in S1'ch a
manner as to move the distribution valves 30 and Jl to
the intermediate position a and the distribution valves
28 and 29 to the position b. At the step 109D, the values
Tp' and TR' representing the temperature control abili-
ties of the front and rear seat sections respectively are
computed as complementary values, followed by the
step 109E where these values are converted into (JP' and

10 (JR' representing the openings of the temperature con-
trol dampers 14a and 14b respectively. At step 109F, the
control outputs are applied to the converters 5la and
51b.

The routine A or B is selected at steps 106 and 107 in
such a manner that the larger one of the temperature
differences XRL and XPR is reduced.

To facilitate the understanding of the operation of the
present system,assume that sunlight is radiated into the
compartment diagonally from the front right side and
that the temperature settings are the same for all the
air-conditioning zones. Due to different heat effects of
the sunlight on the air-conditioning zones, the respec-
tive air-conditioning zones have different required air
supply temperatures Tal to Ta4 for regulating the ac-
tual temperatures Trl to Tr4 to the desired set tempera-
tures. The sunlight under consideration is such that the
temperature Tal required of the first air-conditioning
zone Zl of the compartment is lower than the tempera-
ture Ta2 required of the second air-conditioning zones
Z2 or the temperatures required of the third and fourth
air-conditioning zones, and the temperature Ta3 re-
quired of the third air conditioning zone is lower than
that required of the fourth air-conditioning zone. In
other words, the relation holds that Tal <Ta2<Ta3<-
Ta4 or Tal <Ta3<Ta2<Ta4.

If the former relation holds true, the value
IXRL I-I XPR I is negative and the routine B is selected
so that the air supply temperature is regulated in such a
manner as toreduce the actual temperature of the first
and second air-conditioning zones below the actual
temperature of the third and fourth air-conditioning
zones, that is, in such a manner as to reduce the required
temperature difference between the front and rear seat
sections. With the resulting decrease in the actual tem-
perature of the front seat section as compared with the
temperature of the rear seat section, the required tem-
perature difference between the right and left seats XRL
takes a larger value than the required temperature dif-
ference XFR so that IXRL I-I XPR I takes a positive
value. As a result, the routine A is selected thereby to
regulate the air supply temperature in a manner to re-
duce the actual temperature of the first and third air-
conditioning zones below the actual temperature of the
second and fourth air-conditioning zones. In this way,
the temperatures of the air-conditioning zones of the
compartment are regulated to approach to and maintain
the desired set temperature in spite of the different ef-
fects of the external thermal load. Even if the direction
of the sunlight and hence the set temperatures affecting
the temperatures required of the air-conditioning zones
change, the present system operates ,to control the selec-
tion of the air passages and temperature in a manner to
satisfy the set temperatures.

The foregoing description concerns an embodiment
of the present invention and the related art thereto. The
present invention is not limited to such an embodiment
but may take modifications as described below.

65
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(1) The evaporator 13 arranged as a cooling unit at a
part upstream of and common to the first· and. second
temperature control units 17a and 17b contributes to the
air-conditioning feeling as a dehumidified air is gener-
ated. Nevertheless, the primary feature of the system 5
according to the present invention is to control the
temperatures of a plurality of air-conditioning zones by
use of the first and second temperature control units,
and the object of the present invention for temperature
control is attained without using such a cooling unit. 10

(2) Each of the first and second temperature control
units may be provided with a separate cooling unit such
as an evaporator so that the operation and shutdown of
the evaporators may be combined as desired to control
the characteristics of the air supplied to the air-condi-- 15
tioning zones in a multiple manner.

(3) In the first and second temperature control units,
the water heaters 140 and 14b integrated with each
other may be replaced with equal effect by a pair of
independent water heaters connected in parallel by a 20
piping.

(4) In the automatic control system, the temperature
setters 45-1 to 45-4 may be replaced with equal effect by
a single temperature setter for setting a common tem- 25
perature. In this case, even when external heat of differ-
ent magnitudes affect the air-conditioning zones, the
system automatically controls the temperature of the air
supplied to the respective .air-conditioning zones to
maintain the zones at a common set temperature as 30
described above.

(5) In order to maintain the set temperature of each
air-conditioning zone faithfully (accurately and rapidly)
against the external heat effect, it is desirable to detect
the magnitUde of sunlight at each air-conditioning zone 35
separately and to compute the air supply temperature
required of each air-conditioning zone by use of the
sunlight data separate for each air-conditioning zone.

(6) In the case where high faithfulness is not required,
on the other hand, the sunlight sensor may be removed 40
or the temperature sensors 44-1 to 44-4 may be mounted
at places subject to small sunlight.

(7) The computer 50 may be such that the control
program shown in FIG. 4 may be stopped under a speci-
fied condition. If a seat switch detects that all the seats 45
are not occupied and the average compartment temper-
ature is considerably different from the average set
temperature, the distribution valves 28 to 31 may be
moved to a fixed position to supply air only to the air-
conditioning zones occupied by the passengers.

We claim:
1. An automobile air-condition system, comprising:
(a) first and second temperature control units ar-

ranged in two divided parts of a single ventilation
unit for supplying conditioned air to a compart- 55
ment, each of said temperature control units in-
cluding a heat exchanger for heating and means for
adjusting the amount of heat exchange of said heat
exchanger, said first temperature control unit and
said second temperature control unit producing 60
first air flow and second air flow respectively
which are temperature controlled independently;

(b) first air outlet communicated with a first air pas-
sage for supplying air to a first air-conditioning
zone; 65

(c) second air outlet communicated with a second air
passage for supplying air to a second air-condition-
ing zone;

50
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(d) third air outlet communicated with a third air

passage for supplying air to a third air-conditioning
zone;

(e) fourth air outlet communicated with a fourth air
passage for supplying air to a fourth air-condition-
ing zone; and

(f) selector means for connecting said first and second
temperature control units to said first, second, third
and fourth air outlets selectively, said selector
means being movable between first and second
positions, wherein in a first position of said selector
means, said selector means conducts said first air
flow to said first and second air outlets through
said first and second air passages respectively, and
conducts said second air flow to said third and
fourth air outlets through said third and fourth air
passages respectively, and in a second position of
said selector means, said selector means conducts
said first air flow to said first and third air outlets
through said first and third passages respectively,
and conducts said second air flow to said second
and fourth air outlets through said second and
fourth air passages respectively.

2. An automobile air-conditioning system according
to claim 1, wherein said selector means comprises a first
subpassage for branching off from said first air flow
which goes to said first air passage, a first distribution
valve for coupling said first subpassage to anyone of
said second and third air passages selectively, a second
subpassage for branching off fromm said second air
flow which goes to said second air passage, and a sec-
ond distribution valve for coupling said second. subpas-
sage to anyone of said second and third air passage
selectively.

3. A system according to claim 2, wherein said selec-
tor means includes at least two switching means dis-
posed at a junction of said first air passage and said first
subpassage, and at a junction of said fourth air passage
and said second subpassage respectively, each of said
switching means selecting at least three positions in-
cluding two positions where one of said air passage is
opened and the other is closed and vice versa, and a
position where both the air passages are semiopened.

4. A system according to claim 3, wherein each of
said temperature control units includes a temperature
control damper for c~anging the distribution ratio of
the air passing through each of said heat exchangers and
the bypass thereof as a means for adjusting the amount
of heat exchange.

5. An automobile air-conditioning system comprising:
(a) first and second temperature control units ar-

ranged in two divided parts of a single ventilation
unit for supplying conditioned air to a compart-
ment, each of said temperature control units in-
cluding a heat exchanger for heating and means for
adjusting the amount of heat exchange of said heat
exchanger, said first temperature control unit and
said second temperature control unit producing
first air flow and second air flow respectively
which are temperature controlled independently;

(b) first air outlet communicated with a first air pas-
sage for supplying air to a first air-conditioning
zone;

(c) second air outlet communicated with a second air
passage for supplying air to a second air-condition-
ing zone;

(d) third outlet communicated with a third air passage
for supplying air to a third air-conditioning zone;
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(e) fourth air outlet communicated with a fourth air
passage for supplying air to a fourth air-condition-
ing zone; and

(f) selector means for connecting said first and second
temperature control units to said first, second, third 5
and fourth air outlets selectively, said selector
means being movable between first and second
positions,· wherein in a first position of said selector
means, said selector means conducts said first air
flow to said first and second air outlets through 10
said first and second air passages respectively, and
conducts said second air flow to said third and
fourth air outlets through said third and fourth air
passages respectively, and in a second position of
said selector means, said selector means conducts 15
said first air flow to said first and third air outlets
through said first and third passages respectively,
and conducts said second air flow to said second
and fourth air outlets through said second and
fourth air passages respectively; 20

(g) a plurality of temperature sensors for detecting
the actual temperature of each of said air-condi-
tioning zones;

(h) electrical control means for computing a first
. temperature difference between the average tem- 25

perature of said first and second air-conditioning
zones and the average temperature of said third and
fourth air-conditioning zones and a second temper-
ature difference between the average temperature
of said first and third air-conditioning zones and the 30
average temperature of said second and fourth

18
air-conditioning zones in response to the detection
signals produced from said temperature se,'~ors,
said electrical control means comparing said first
and second temperature differences with each
other, said electrical contlfOl means producing a
first output signal representing the result of said
comparison and a second output signal correspond-
ing to the larger one of said first and second tem-
perature differences; and

(i) an electro-mechanical converter for causing said
selector means to select one of said first and second
pairs in response to said first output signal of said
electrical control means, said electro-mechanical
converter causing said first and second tempera-
ture control units to change the amount of heat
exchange in complementary manner in response to
said second output signal.

6. A system according to claim 5, wherein said com-
plementary change of the amoUlntof heat exchange by
said electrical control means allld said electro-mechani-
cal converter is effected around a reference value based
on the average temperature of said four air conditioning
zones.

7. A system according to claim 6, wherein each of
said first and second temperature control units includes
a temperature control damper for changing the distribu-
tion ratio of air passing through each of said heat ex-
changers and the bypass thereof as a means of adjusting
the amount of heat exchange.

* * * * *
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