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[571 ABSTRACT

An automotive air conditioner system including a first
detector for detecting a cooling load in the front-seat
space of a vehicle passenger compartment, a second
detector for detecting a cooling load in the rear-seat
space, a discriminator for selecting a larger one of the
detected cooling loads, and a controller for controlling
operation of a refrigerant compressor in accordance
with the selected cooling load.

3 Claims, 6 Drawing Figures
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FIG. 3
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AIR CONDITIONER SYSTEM FOR
AUTOMOBILES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air conditioner
system for automobiles which is constructed to blow
cooled air separately into the front seat space and the
rear seat space of a vehicle passenger compartment.
More particularly, it relates to such air conditioner
system including an improved compressor controlier.

2. Prior Art

In recent years, there is a tendency for automotive air
conditioner system toward high-grade. Typical exam-
ples of such high-grade automotive air conditioner sys-
tem are shown in Japanese patent publication No.
58-7486 and Japanese patent Laid-open publication No.
57-167819 wherein air passed through an evaporator is
blown into a front-seat space and a rear-seat space,
separately, under the control of air-mix doors provided
respectively for the front-seat and rear-seat spaces to
automatically control the temperature of air before the
latter is discharged.

According to the foregoing systems, the temperature
control of blown-off air is done solely by the air-mix
doors without taking the control of a compressor into
consideration. In an air conditioner system employing a
conventional fixed thermo-control, on-off control of the
compressor is effected at a temperature near the freez-
ing point of a refrigerant. With this arrangement, the
compressor is much oversized when both the front-seat
and rear-seat spaces have small cooling load, resulting
in an excess power consumption. Another air condi-
tioner system shown in Japanese Patent Publication No.
58-39083 employs a variable thermo-controtl for adjust-
ing the on-off temperature of a compressor in accor-
dance with thermal loads either one of the front-seat
and rear-seat spaces, and generally with thermal load of
the front-seat space. Accordingly, when the front-seat
space is smaller in thermal loads than the rear-seat
space, the on-off temperature of the compressor be-
comes high with the result that only an insufficient
cooling is achieved at the rear-seat space and conform
of occupants therein cannot be maintained.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide an air conditioner system for automobiles in
which a suitable air temperature control is achieved
with minimum energy consumption.

According to the present invention, the foregoing
and other objects are attained by an air conditioner
system for a vehicle driven by an engine and including
a passenger compartment composed of a front-seat
space and a rear-seat space, comprising: a refrigerant
compressor driving connected with the engine; a duct
unit communicating with the front-seat and rear-seat
spaces for blowing cool air separately into the front-seat
space and the rear-seat space, said duct unit including an
evaporator held in fluid communication with said com-
pressor for cooling air passing therethrough; first means
for detecting a cooling load of the front-seat space;
second means for detecting a cooling load of the rear-
seat space; third means operative connected with said
first and second detecting means for discriminating
magnitude of the cooling loads thus detected; and forth
means operative connected with said discriminating
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means and said compressor for controlling the latter
according to a predetermined pattern based on the re-
sult of discrimination of said discriminating means.

Many other advantages and features of the present
invention will become manifest to those versed in the
art upon making reference to the detailed description
and the accompanying sheets of drawings in which a
preferred structural embodiment incorporating the
principles of the present invention is shown by way of
illustrated example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing the general con-
struction of an air conditioner system according to the
present invention;

FIG. 2 is a schematic view showing structural details
of main portion of the air conditioner system shown in
FIG. 1; .

FIG. 3 is a flow chart showing a main routine
achieved by an electric control unit of the air condi-
tioner system;

FIG. 4 is a graph illustrative of controlling properties
of a in blower and a first air-mix door as well as proper-
ties of a rear-seat blower and a second air-mix door;

FIG. 5 is a flow chart showing a routine for control-
ling a compressor of the air conditioner system; and

FIG. 6 is a circuit diagram of the electric control unit
for controlling operation of the compressor.

DETAILED DESCRIPTION

The present invention will now be described in detail
with reference to the illustrated embodiment.

Referring to FIG. 2, there is shown an air conditioner
system according to the present invention. The air con-
ditioner system comprises a main or front-seat air condi-
tioner unit 1 including a main air flow duct 2 which has
a recirculated air inlet 3 and an outside air inlet 4 pro-
vided in branched fashion. A door 5 is provided be-
tween the branched inlets 3 and 4 to select one of the
inlets 3, 4.

A main blower 6 is disposed in the main duct 2 imme-
diately downstream of the inlets 3, 4 to force air
through the duct 2 from left to right either from the
recirculated air inlet 3 or the outside air inlet 4. An
evaporator 8 is disposed downstream of the main duct 2
and forms part of a refrigeration system 7.

The refrigeration system 7 comprises, in addition to
such evaporator 8, a refrigerant compressor 9, a con-
denser 10, a reserved or container 11 and an expansion
valve 12. The compressor 9 is driving connected with
an engine E of a vehicle via a belt drive unit 13 and a
magnetic clutch 14.

The evaporator 8 cools air passing therethrough and
the cooled air then flows through a cool air passage 15
defined downstream of the evaporator 8. A mode sensor
16 is disposed in the cool air passage 15 for substantially
detecting the temperature of the evaporator 8, the mode
sensor 16 being connected with an electric control unit
41 described below.

A heater core 17 is disposed downstream of the evap-
orator 8. A first air mix door 18 is disposed in front of
the heater core 17 for controlling the ratio of the
amount of air passing through a hot air passage 19 in-
cluding the heater core 17, to the amount of air passing
through a bypass passage 20 extending parallel to the
hot air passage 19. The hot air passage 19 and the bypass
passage 20 are blended at a main air mix chamber 21
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where air streams passed through the passages 19, 20 are
mixed up, thereby controlling the temperature of air to
be discharged into a front-seat space VA of the vehicle
passenger compartment. The first air mix door 18 is
operative controlled by a first actuator 22 to move
between a full heat position in which the air passes
solely through the heater core 17, and a full cool posi-
tion in which the entire air bypasses the heater core 17.

The comperature controlled air is discharged into a
front-seat space VA of the vehicle passenger compart-
ment through a front upper outlet or a vent outlet 23, a
front lower outlet or a heat outlet 24, and a defroster
outlet 25. A door 26a selects the upper outlet 23 or the
lower outlet 24 whereas a door 265 is operable to open
or block the defroster outlet 25.

The front-seat space VA includes disposed therein a
front-seat temperature sensor 27 for detecting the tem-
perature Tr of the front-seat space VA, and a front-seat
temperature setter 28 for setting the temperature Td of
the front-seat space VA, the temperature sensor 27 and
the temperature setter 28 being connected with the
electric control unit 41.

The air conditioner system also includes a rear-seat
blower unit 27 including a rear-seat duct 30 and a rear-
seat blower 31 for forcing air through the duct 30. The
rear-seat duct 30 includes a rear-seat air mix chamber 32
disposed upstream of the blower 31. The air mix cham-
ber 32, in the illustrated embodiment, communicates
with the main duct 2 through first to third connecting
passages 33a-33c. The first connecting passage 33a has
an inlet opening to the cool air passage 15 defined be-
tween the evaporator 8 and the heater core 17. The
second and third connecting passages 33b, 33c have
respective inlets opening to the main duct 2 down-
stream of the heater core 17.

The third connecting passage 33c is used to introduce
the air from the main air mix chamber 21 into the rear-
seat air mix chamber 32 for determining a reference
temperature of air to be blown into a rear-seat space VB
of the vehicle passenger compartment. The air tempera-
ture control for the rear-seat space VB is achieved
when the third connecting passage 33c is omitted. The
inlet of the third connecting passage 33c may be con-
nected with a passage leading to the vent outlet 23.

A second air mix door 34 is disposed between outlets
of the first and second connecting passages 334, 335 that
open to the rear-seat air mix chamber 32, so that a pro-
portion of air passing through the first connecting pas-
sage 33a is adjustable depending on the position of the
second air mix door 34. The door 34 is operative con-
trolled by a second actuator 35 for determine the tem-
perature of air to be blown into the rear-seat space VB.
- The rear-seat duct 30 is bifurcated into two branch
duct portions at a position downstream of the blower
31. A rear-seat mode door 36 is disposed between the
bifurcated branch duct portions, one of which has a
central vent outlet 37 facing to the rear-seat space VB of
the passenger compartment, the vent outlet 37 being
disposed centrally between two front seats. The other
branch duct portion is further bifurcated into left and
right outlets 38a, 38b. The rear-seat mode door 36 is
operated to select the outlet 37 or the outlets 38a, 385
through which temperature controlled air is blown into
the rear-seat space VB.

The rear-seat space VB includes a rear-seat tempera-
ture sensor 39 for detecting the temperature Tr' of the
rear-seat space VB and a rear-seat temperature setter 40
for setting the temperature Td' of the rear-seat space
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VB. The temperature sensor 39 and the temperature
setter 40 are connected with the electric control unit 41.

The electric control unit 41 functions first receives
the signals from the mode sensor 16, front-seat tempera-
ture sensor 27, front-seat temperature setter 18, rear-seat
temperature sensor 39 and rear-seat temperature setter
40 as well as the signal from an ambient temperature
sensor 80 for detecting the temperature outside the
vehicle passenger compartment, then to process the
input signals through computation and amplification for
controlling the main blower 6, magnetic clutch 14, first
actuator 22, rear-seat blower 31 and second actuator 33.

To this end, the electric control unit 41 comprises a
microcomputer of the type known per se, including a
central processing unit (CPU), a random access mem-
ory (RAM), a read only memory (ROM) and input and
output gates (I/0). Operation of the control unit 41 is
described below with reference to the flow chart shown
in FIG. 3.

When a main switch is closed the microcomputer is
operated to execute a pre-recorded program succes-
sively from a first step 42. In the next step 43, the CPU
is reset to clear up its content and then the computation
is started in a step 44.

In the step 44, signals indicative of the temperatures
Tm, Tr and Td are imputed into the microcomputer
wherein a front-seat representative signal T is computed
in accordance with the following equation.

T=(Tr—25)+K1(Ta—25)+K(Tm—T-

mo)—K3(Td—25) )
where K, Kz and K3 are gains of the respective sensors
and setters and Tmo is a reference value of the mode
sensor 16.

In the subsequent stapes 45 and 46, a first air mix door
control signal and a main blower control signal are
computed for controlling the first actuator 22 and oper-
ation of the main blower 6 and in such a manner that the
position of the first air mix door 18 and the r.p.m. of the
main blower 6 demonstrate properties (FIG. 4) stored in
ROM which correspond to the signal T obtained by the
foregoing equation (1).

In the next step 47, signals indicative of the tempera-
tures Tr’ and Td’ are imputed and a rear-seat representa-
tive signal S is computed based on the following equa-
tion.

S=(Tr' —25)—K4(Td' —25) @
where K4 is a gain of the setter.

In the subsequent steps 48 and 49, a second air mix
door control signal and a rear-seat blower control signal
are computed for controlling the second actuator 35
and operation of the rear-seat blower 31 in such a man-
ner that the position of the second air mix door 34 and
the r.p.m. of the rear-seat blower 31 realize the proper-
ties stored in ROM (FIG. 4) which correspond to the
signal S obtained by the foregoing equation (2).

In the following step 50, a magnetic cluich control
signal is determined based on the signals indicative of
the temperatures Tr, Td, Tr’ and Td' and then the signal
is output to magnetic clutch 14 to thereby control oper-
ation of the compressor 9. At the end of the step 50, the
computation is returned to the step 44 and the similar
computational operations as previously mentioned are
repeated. The control routine in the step 50 is described
with reference to a flow chart shown in FIG. 5.
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In the first step 51, the temperature signals Tr, Td,
Tr', Td’ and Tm are imputed. In the following step 52,
a temperature difference Xr between the front-seat
space temperature Tr and the setting temperature Td
for the front-seat space VA is computed, and in the
subsequent step 53, a temperature difference Xgr be-
tween the rear-seat space temperature Tr’ and the set-
ting temperature Td' for the rear-seat space VB.

In the next step 54, the temperature difference XF
obtained in the step 52 is subtracted from the tempera-
ture difference Xg obtained in the step 53 to obtain a
value Y.

In the following step 55, the computed value Y is
compared with a predetermined value a, and when the
value Y is larger than the predetermined value g, i.e. the
front-seat space VA has a greater cooling load than the
rear-seat space VB (Xris greater than XR), operational
sequence advances to the step 56. On the contrary, if the
value Y is smaller than the predetermined value a, i.e.
the rear-seat space VB has a greater cooling load than
the front-seat space VA (Xg is greater than XF), opera-
tional sequences go to the step 56.

In the step 56, the on-off temperature of the compres-
sor 9 is controlled to demonstrate a value in a predeter-
mined pattern with respect to the computed value Xr
(Tr—T4d), the pattern being indicated by the tempera-
ture of the evaporator 8 and then operation is returned
to the main routine.

In the step 57, the on-off temperature of the compres-
sor 9 is controlled to demonstrate a value in a predeter-
mined pattern with respect to the computed value Xg
(Tr' —Td"), the pattern being indicated by the tempera-
ture of the evaporator 8 and then operation is returned
to the main routine.

In the illustrated embodiment, the front-seat space
temperature sensor 27, the front-seat space temperature
setter 28 and the computing step 52 jointly constitute a
front-seat cooling load detecting means 100, whereas
the rear-seat space temperature sensor 39, the rear-seat
space temperature setter 40 and the computing step 53
jointly constitute a rear-seat cooling load detecting
means 200. The steps 54 and 55 constitute a discriminat-
ing means 300, and the steps 56 and 57 constitute a
controlling means 400, all the means 100-400 being
shown in FIG. 1.

FIG. 6 illustrates an electric circuit for conducting
the foregoing steps 51-57. In this circuit, the front-seat
cooling load detecting means 100 is constituted by the
front-seat temperature sensor 27, the front-seat tempera-
ture setter 28, resistors 59, 60, 61 and an operational
amplifier 62. A voltage V1 determined by the ratio
between the front-seat temperature setter 28 and the
front-seat temperature sensor 27 is imputed to the nega-
tive terminal of the operational amplifier 62 whose posi-
tive terminal receives a reference voltage V2 deter-
mined by the ratio between the resistors 75 and 76. As
a result, it appears on the output terminal of the opera-
tional amplifier 62 an output signal having a value of
(1+A1)V2—A1V1 where Al is a gain of the opera-
tional amplifier 62.

The rear-seat cooling load detecting means 200 in-
cludes the rear-set temperature sensor 39, the rear-seat
temperature setter 40, resistors 63, 64, 65 and an opera-
tional amplifier 66. This means 200 is structurally the
same as the front-seat cooling load detecting means 100
so that from the output terminal of the operational am-
plifier 66, it is delivered an output signal having a value
of (1+A2)V2—A2V3 where A2 is a gain of the opera-
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tional amplifier 66. This value corresponds to the differ-
ence between a reference value V2 and a voltage V3
which is determined by the ratio between the rear-seat
temperature sensor 39 and the rear-seat temperature
setter 40. :

The discriminating means 300 is constituted by a pair
of diodes 67, 68 so connected as to output a larger one
of the output signals from the operational amplifiers 62,
63 as an output voltage V4. Thus, a larger temperature
difference between the detected temperature and the set
temperature is delivered from the diodes.

The control means 400 includes the mode sensor 16,
a resistor 69, a comparator 70, resistors 71, 72, a transis-
tor 73 and a relay 74. The negative terminal of the com-
parator 70 receives the output voltage V4 whereas the
positive terminal of the comparator 70 receives a volt-
age V5 corresponding to the temperature of the evapo-
rator 8. The voltages V4 and V5 are compared with
each other and when V5 is larger than V4, the relay is
energized to open its normally-closed contact 74a
whereupon the magnetic clutch 14 is de-energized to
thereby stop the compressor 9. Accordingly, the on-off
temperature of the compressor 9 varies with the tem-
perature difference Tr—Td or Tr'—Td' in such a man-
ner as shown in FIG. 5 at 56 or 57.

According to the present invention, a cooling load of
the front-seat space and a cooling load of the rear-seat
space are compared and then a larger load is used to
vary the on-off temperature of the compressor. The air
conditioner system having thus controlled can operate
with a minimum power consumption and provide a
comfortable air condition in the vehicle passenger com-
partment.

Obviously, many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. An air conditioner system for a vehicle driven by
an engine and including a passenger compartment com-
posed of a front-seat space and a rear-seat space, com-
prising:

(a) a refrigerant compressor

the engine;

(b) a duct unit comprising:

(1) a front-seat air conditioner unit including a main
duct, a blower disposed in said main duct for
forcing air therethrough to the front-seat part, an
evaporator held in fiuid communication with
said compressor for cooling air passing there-
through and a heater core disposed in said main
duct at a rear side of said evaporator for heating
air passing therethrough;

(2) a rear-seat blower unit including a rear-seat
duct and a rear-seat blower disposed in said rear-
seat ‘duct for forcing air therethrough to the
rear-seat part, said rear-seat duct including an air
mix chamber defined a front side of said rear-seat
blower;

(3) at least two connecting passages interconnect-
ing said main duct and said mix chamber, one of
said connecting passages having an inlet opening
to said main duct between said evaporator and
said heater core, and another of said connecting
passages having an inlet opening to said main
duct at a rear side of said heater core; and

driving connected with
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(4) a means for adjusting the proportion of air in-
troduced from said main duct through said con-
necting passage into said air mix chamber;

(c) first means for detecting a cooling load of the
front-seat space;

(d) second means for detecting a cooling load of the
rear-seat space;

(e) third means operative connected with said first
and second detecting means for discriminating
magnitude of the cooling loads thus detected; and

(f) fourth means operative connected with said dis-
criminating means and said compressor for control-
ling the latter according to a predetermined pattern
based on the result of discrimination of said dis-
criminating means.

2. An air conditioner system according to claim 1,
said first detecting means including a first temperature
sensor disposed in the front-seat space for detecting a
temperature thereof, a first temperature setter disposed
in front-seat space for setting a desired temperature
thereof and a first computing means connected with
said first temperature sensor and said first temperature
setter for computing a difference between the detected
front-seat temperature and the set desired front-seat

5

10

15

20

25

30

35

45

50

55

60

65

8

temperature, said second detecting means including a
second temperature sensor disposed in the rear-seat
space for detecting a temperature thereof, a second
temperature setter disposed in the rear-seat space for
setting a desired temperature therefor, and second com-
puting means connected with said second temperature
sensor and said second temperature setter for comput-
ing a difference between the detected rear-seat tempera-
ture and the set desired rear-seat temperature, said dis-
criminating means being connected with said first and
second computing means for selecting a larger one of
the temperature difference thus computed, said control
means including a comparator  connected with said
discriminating means for comparing the selected larger
temperature difference with a reference temperature,
and a relay operative connected with said comparator
and said compressor for energizing said compressor
when the selected temperature difference is larger than
the reference temperature.

3. An air conditioner system according to claim 2,
including a mode sensor disposed in said duct unit adja-
cent to said evaporator for detecting said reference

temperature.
* * * * *




