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[5 I] ABSTRACf

Apparatus for controlling an automotive air condittoner
comprises first and second air distribution passageways
in which blower fans are provided to direct air streams
respectively therethrough to first and second areas of a
passenger compartment. First and second evaporators
located in the first and second passageways respectively
are supplied with workmg fluid to transfer thermal
energy from the first and second air streams to the sup-
plied working fluid. A control unit is responsive to the
temperatures of the first and second areas and tempera-
ture settings for estimating thermal energies of the first
and second air streams to be delivered from the passage-
ways and derives first and second control signals from
the estimated thermal energies to control actuators
which individually regulate the flow rates of the work-
ing fluid supplied to the first and second evaporators.

5 Claims, 5 Drawing Figures
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FIG. 0



U.S. Patent Feb. 18, 1986 Sheet 5 of 5 4,570,450

FIG. 5
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APPARATUS FOR CONTROLLING AUTOMOTIVE
AIR CONDITIONERS

BACKGROUND OF THE INVENTION

The present invention relates generally to electroni-
cally controlled automotive air conditioners, and in

particular to an automotive air conditioner having a

variable capacity compressor, a plurality of evaporators lp
and a plurality of refrigerant flow regulators for mde-

pendently controlling the temperatures of a plurality of
areas within a vehicle passenger compartment in re-

sponse to thermal loads of the compartment areas.
It is known in the art to independently control a 15

plurality of areas of a vehicle compartment. One prior
art system is known as a dual air conditioner having two
air distribution conduits, or subsystems, one at the front
of the vehicle compartment and the other at the rear
thereof and each exhaust duct includes an evaporator 2p

therein.
While the front distribution subsystem is designed as

a main part of the conditioner, the rear distribution
subsystem is usually provided as an optional item to the
vehicle owner and installed as an auxiliary part of the 25

conditioner. The evaporator of the front distribution
subsystem is directly coupled with the source of refrig-
erant, whereas the evaporator of the rear subsystem is

coupled through an electromagnetically controlled reg- 3p
ulating valve. This prevents the refrigerant from being
supplied exclusively to the rear-side evaporator and
difficulties occur in controlling the individual flow rates
when there is a difference in thermal load between the
front and rear subsystems. 35

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention is to
provide an apparatus for controlling an automotive air
conditioner capable of independently controlling the 40

temperatures of different areas of a passenger compart-
ment.

Another object of the invention is to provide an air
conditioner control apparatus which enables the condi-
tioner to operate at small power consumption.

The apparatus comprises first and second air distribu-
tion passageways in which blower fans are provided to
direct air streams respectively therethrough to first and
second areas of the passenger compartment. First and
second evaporators are located in the distribution pas-

sageways respectively and are supplied with refrigerant
at variable flow rates to transfer thermal energy from
the first and second air streams to the refrigerant. A
control unit is responsive to the temperatures of the first

55
and second areas and to the reference temperature set-

tings, for estimating thermal energies of the first and
second air streams to be delivered from the passage-
ways, and derives first and second control signals from
the estimated thermal energies. The first and second Sp
control signals are applied to actuators to individually
control the flow rates of the refrigerant supplied to the
first and second evaporators.

BRIEF DESCRIPTION OF THE DRAWINCJS

The present invention will be described in further
detail with reference to the accompanymg drawings, in

which:

FIG. I is an illustration of an automotive air condi-
tioner and its associated actuators which are controlled
by an apparatus according to the present invention;

FIG. 2 is an illustration of the detail of the control
unit of FIG. 1;

FIG. 3 is a flow diagram describing a control algo-
rithm of the control unit;

FIG. 4 is a flow diagram describing the detail of the
subroutine 103 of FIG. 3; and

FIG. 5 is a graphic illustration of an operating charac-
teristic employed for controlling the blower fans of
FICr. 1 in response to temperature values estimated by
the control unit.

DETAILED DESCRIPTION

In FIG. 1, there is shown an air conditioner embody-
ing the invention. Illustrated at 1 is an air duct havmg a
first air inlet la through which outside air is taken into
the conditioner and a second air inlet through which
inside air is taken for recirculation. Switching between
the first and second air inlets Ia and lb is effected by a
deflecting member or shutter 2. The air duct 1 generally
comprises two air distribution conduits, or subsystems
1A and 1B.

The air distribution subsystems 1A and 1B include
blower fans 3u and 3b, to produce air streams directed
toward a front-side outlet 7a and a rear-side outlet 7b,

respectively, and thence to the vehicle's passenger com-
partment 8, which may be partitioned into front and
rear parts by means of a curtain. Evaporators 4u and 4b
are respectively located in the air distribution subsys-
tems Ia lb downstream of the blower fans 3a, 3b and
are connected to a cooling cycle 40 a part of which is

formed by a compressor 35 which is in turn coupled to
the output shaft of the vehicle's engine, not shown.

Illustrated at Sa and Sb are heater cores which are
located downstream of the evaporators 4u and 4b, re-

spectively, and which are connected to the engine block
41 to transfer the thermal energy of engine coolant
heated by cylinder combustion to the air streams pres-
ented to them from the evaporators. Air mixing shutters
6a and 6b are mounted respectively on the upstream
side of the heater cores Sa 5b to adjustably direct the air
cooled by the evaporators 4a, 4b to the heater cores Sa
Sb in relation to the air bypassing them to the outlets 7a,
7b in response to control signals applied thereto, so that
cool and warm airflows are adjustably mixed at the
downwstream side of each heater core 5 to be exhausted
through each outlet. Although not shown in the draw-
ing, each of the outlets 7a, 7b is provided with one or
more deflectors which can be appropriately oriented to
direct the conditioned air stream in a desired direction.

A control unit 10 receives various information signals
from sensors and manual controls located on the vehicle
and executes on the received information according to a
predetermined control algorithm and sends command
signals to various actuating motors of the air condi-
tioner to provide temperature control in various operat-
ing modes.

The sensors that sends information to the control unit
10 include a front-seat temperature sensor 21a generat-
ing a signal Tri in response to the temperature in the
front seat of the passenger compartment, a rear-seat
temperature sensor 21b generating a signal Trx in re-
sponse to the air temperature in the rear seat, an ambient
temperature sensor 22 generating a signal Tam repre-
senting the outside temperature, potentiometer-type
angle sensors 24a and 24b for generating signals Ari and



3
4,570,450

Arz representing the orientations of the air mixing shut-
ters 60 and 6b respectively, sunlight illumination sen-
sors 25a and 256 for generating signals Sti and Stz repre-
senting the amount of exposure to the sunlight in the
front and rear seats, respectively, and evaporator tem-
perature sensors 260 and 26b for generating signals Te
representing the downstream side temperature of the
evaporators 40 and 4b. The manual controls include
front- and rear-seat temperature setting devices 2322 and
23b and a control panel 11 having power-on and power-
off switches and a plurality of mode selection switches.

The control unit 10 issues various command signals to
actuators. One of such actuators is a compressor regula-
tor 35A which is coupled to the compressor 35 to regu-
late its capacity to 50% of its full capacity in response to
a control signal from the control unit lb. An electro-
magnetic clutch 31 is also responsive to a control signal
from the control unit 10 to interrupt the couplmg be-
tween the engine output shaft and the compressor 35.
Solenoid-controlled, vacuum-operated actuators 320
and 32b are connected to the air mixing shutters 60 and
6b, respectively, to control their orientations with the
aid of the engine's manifold vacuum pressure in re-
sponse to air-mixing signals from the control unit 10.
Other actuators include electromagnetic valves 330 and
33b located in the circulating passageways of refriger-
ant between the cooling cycle 40 and evaporators 40
and 4b in order to regulate the flow rate of the cool
refrigerant, and electromagnetic valves 340 and 34b for
regulating the flow rates of engine coolant supplied to
the heater cores 50 and 56, respectively. A display panel
12 is also responsive to outputs of the control unit 10 to
provide various items of operating conditions of the air
conditioner and the control unit 10 on display.

The control unit 10 is energized by a battery 14 when
the ignition key switch 13 of the engine is switched on.
As shown in FIG. 2, the control unit 10 comprises a
microcomputer 100 which is driven by a clock oscilla-
tor 10e, and an analog-to-digital converter unit 10b
which acts as an interface by receiving various analog
signals from the sensors and setting devices mentioned
above and selectively applying the received signals in
digital form to the microcomputer 100 in response to a
command signal therefrom. A digital interface 10c is
connected between the control panel 11 and the mi-
crocomputer 10m The command signals from the mi-
cromputer 100 are amplified by an amplifier unit 10d
and applied to the various actuators mentioned above.
An initializing circuit, not shown, is also included
which becomes effective in response to the turn-on of
the ignition key switch 13 to initialize the operating
conditions of the various internal circuits of the mi-
crocomputer 10rz

According to the control algorithm of the microcom-
puter 100, as illustrated in FIG. 3, the operation of the
microcomputer 100 starts with a subroutine 101 imme-
diately following the initializing operation just men-
tioned. In the subroutine 101 the microcomputer 100
receives all the input signals through the interface 10b in
which the analog signals are converted to correspond-
ing binary coded signals and written into addressible
locations of a read-write memory, or random access
memory and also receives digital signals from the con-
trol panel 11 and stores them into predetermined loca-
tions.

In a subroutine 102, the microcomputer 1022 estimates
outlet air temperatures Tao) and Taoz at the outlets 7a
and 7b, respectively, by computing the following equa-

)0

Tao2 = Kser2 X Tser2 — Kr2 X Tr2 — Kam2.
XT — K IXSII+Cr

where, Kseti, Ksetz, Ksi, Ksz, Ci and Cz are constants.
In a subroutine 103, the microcomputer 100 derives

duty ratios of the refrigerant control valves 330 and 33b

l5
and compressor 35 from the computed values of outlet
temperatures Tao), Taoz and from the outside tempera-
ture Tam.

As shown in FIG. 4, the subroutine 103 comprises a
decision Step 301 in which the microcomputer com-
pares the front-seat outlet temperature value Tao) with
the outside temperature value Tam plus a constant D of
a positive value and if Tao) is greater than Tam+ D, the
program execution exits to a Step 302 to check to see if
the rear-seat outlet temperature value Taoz is greater

25
than Tam+D. If both Taoi and Taoz are greater than
Tam+D, the electromagnetic clutch 31 is decoupled
from the engine output shaft to shut down the compres-
sor 35 operation at Step 303, terminating the subroutine
103, and if not, the program execution advances to a

30 Step 304 to shut off the front-seat valve 33a and open
the rear-seat valve 33b, and then proceeds to a Step 307
to energize the compressor regulator 35A to reduce the
output of the compressor 35 to a 50% value of its maxi-
mum output.

35 If the front-seat outlet temperature Tao) is lower than
Tam+ D, the execution exits from the Step 301 to a Step
305 in which the rear-seat outlet temperature Taoz is
compared with Tam+D as in Step 302 and if Taoz is
greater than Tam+D, a Step 306 is executed by open-

40 ing the front-seat valve 33a and closing the rear-seat
valve 336, followed by the execution of the Step 307. If
Taoz is detected as being lower than Tam+D in the
Step 305, a Step 308 is executed by opening both valves
330 and 33b and a Step 309 is then executed.

In the Step 309, the microcomputer determines the
magnitude of the difference between the front-seat ac-
tual temperature Tri and the front-seat reference tem-
perature Tact) by comparing the temperature difference
with 5'., or determines the magnitude of the differ-

50 ence between the rear-seat actual temperature Trz and
the rear-seat reference temperature Tsetz by comparing
the temperature difference with 5'. If Tri — Tact) is
lower than 5 C. and Trz-Tsetzis also lower than 5'o
the microcomputer advances to the Step 307 to reduce

55 the compressor output to 50% value. If either of the
temperature differences is equal to or higher than 5'.,
the compressor regulator 35A is de-energized at Step
310 to increase the compressor 35 output to the maxi-
mum level.

60 The program execution now goes to a subroutine 104
of FIG. 3 in which the microcomputer computes angu-
lar positions SWi and SWz for driving the air mixing
shutters 622 and 6b, respectively, to obtain the estimated
temperatures Taoi and Taoz at the outlets 70 and 76.

65 This computation involves executing the following
equations:

SWI =(Taol — Tel)/(DI — Tel) X 100%

tions so that the front- and rear-seat temperatures ap-
proach the reference temperature Tact), Tsetz estab-
lished respectively by the front- and rear-seat tempera-
ture setting devices 230 and 2362

5

Tao I = K acr i x Tsar I
— K r i x Tr i

— K am i .

x Tam — Ks I x SI I + C I
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Siui=(Tee — Tei)/(Dt — Te )X 100%

where, Tei and Tez represent the temperatures of the
evaporators 4a and 4b derived from the evaporator
sensors 26a and 26b, respectively, and Di and Di are
constants.

In the next subroutine 105, the execution involves
comparing the computed position data SWi and SW2 of
the shutters respectively with the actual angular posi-
tion data Ari and Ari of the air mixing shutters 4a and
4b derived from the position sensors 24a and 24b and
deriving from the positional differences position control
signals for apphcation to the air mixing shutter actua-
tors 32a and 32b so that each of the positional differ-
ences reduces to an allowable small value.

The control now proceeds to a subroutine 106 to
control the currents supplied to the blower fans 3a and
3b in response to the estimated outlet temperatures
Tao) and Taoi. The blower fans is controlled according
to a characteristic shown m FIG. 5.

As the above process is repeated at high speed, the
temperatures of the front and rear areas of the passenger
compartment 8 approach the temperature setting values
Tact) and Tsetz. Since the refrigerant regulating valves
33a, 33b and the compressor output power are con-
trolled in accordance with the estimated outlet tempera-
tures Taoi and Taoz which give the necessary thermal
energy to the front and rear seat areas, the power avail-
able from the engine is utilized to the fullest efficiency
and the amount of power required can therefore be kept
to a minimum.

The foregoing description shows only preferred em-
bodiments of the present invention. Various modifica-
tions are apparent to those skilled in the art without
departing from the scope of the present invention which
is only limited by the appended claims. Therefore, the
embodiments shown and described are only illustrative,
not restrictive.

What is claimed is:
1. An apparatus for controlling an air conditioner

mounted on an engine driven vehicle having a passen-
ger compartment, comprising;

means for forming first and second air distribution
passageways and directing first and second air
streams respectively therethrough to first and sec-
ond areas of said passenger compartment;

first and second evaporators located in said first and
second passageways respectively;

a refrigerant supply source including a variable ca-

pacity compressor for supplying refrigerant
through said passageways to said evaporators;

temperature sensors for detecting the temperatures in
said first and second areas and outside said passen-
ger compartment;

temperature setting means for establishing reference
temperatures for said first and second areas;

control means for estimating thermal energies of said
first and second air streams, delivered from said
evaporators, from said detected temperatures and
said reference temperatures, evaluating said esti-
mated thermal energies to generate a first control
signal when either one of said first and second areas
requires a cooling demand and a second control
signal when both of said areas require said demand,
and causing said compressor to operate at a lower
or a higher capacity in response to said first and
second control signals, respectively;

solenoid-operated clutch means for coupling said
variable capacity compressor to the vehicle engine
in response to each of said first and second signals
and decoupling the compressor from the engine in

5 response to the absence of said first and second
signals; and

first and second solenoid-operated valve means re-
spectively located in said first and second passage-
ways for controlling the flow rates of said refriger-

)0 ants passing therethrough in response to said first
and second control signals, respectively.

2. An apparatus as claimed in claim 1, further com-
prising first and second blower fans located in said first
and second passageways respectively and wherein said

)5 control means is programmed to generate further sig-
nals representing said estimated thermal energies to
control said first and second blower fans respectively.

3. An apparatus for controlling an air conditioner
mounted on an engine driven vehicle having a passen-

20 ger compartment, comprising;
means for forming first and second air distribution

passageways and directing first and second air
streams respectively therethrough to first and sec-
ond areas of said passenger compartment;

25 first and second evaporators located in said first and
second passageways respectively;

a refrigerant supply source including a variable ca-
pacity compressor for supplying refngerant
through said passageways to said evaporators;

30 temperature sensors for detecting the temperatures in
said first and second areas and outside said passen-
ger compartment;

temperature setting means for establishing reference
temperatures for said iirst and second areas;

35 control means responsive to said detected tempera-
tures and said reference temperatures for estimat-
ing thermal energies of said first and second air
streams to be delivered from said evaporators from
said detected temperatures and said reference tem-
peratures, evaluating said estimated thermal ener-
gies to generate a first control signal when either
one of said first and second areas requires a cooling
demand and a second control signal when both of
said areas require said demand, detecting differ-
ences between said detected temperatures and the
associated reference temperatures when said sec-
ond control signal is generated, detecting when
both of said differences are lower than a preset
temperature or not and causing said compressor to
operate at a lower capacity when both of said dif-
ferences are lower than said preset value or when
said first control signal is generated and causing
said compressor to operate at said higher capacity
when both of said differences are not lower than
said preset value;

solenoid-operated clutch means for coupling said
variable capacity compressor to the vehicle engine
in response to each of said first and second signals
and decoupling the compressor from the engine in
response to the absence of said first and second
signals; and

first and second solenoid-operated valve means re-
spectively located in said first and second passage-
ways for controlling the flow rates of said refriger-

65 ants passing therethrough in response to said first
and second control signals, respectively.

4. An apparatus as claimed in claim 3, further com-
prising first and second blower fans located in said first

40

50

60
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and second passageways respectively and wherein said
control means is programmed to generate further sig-
nals representing said estimated thermal energies to
control said first and second blower fans respectively.

5. An apparatus for controlling an air conditioner
mounted on an engine driven vehicle having a passen-
ger compartment, comprising:

a pair of evaporators located respectively in different
areas of said passenger compartment;

a pair of conduits for supplying refrigerants to said
evaporators respectively;

a refrigerant supply source including a variable ca-
pacity compressor for supplying pressunzed refrig-
erant through said conduits to said evaporators;

a pair of fluid regulating means respectively provided
in said conduits;

a plurality of temperature sensors located respec-
tively in said different areas and outside said pas-
senger compartment; 20

a pair of temperature setting means for respectively
providing first and second temperature settings for
said different areas;

control means for (a) estimating temperatures of air
delivered by said first and second evaporators re-
spectively from said sensed temperatures and said
temperature settings, (b) evaluating said estimated
temperatures to detect a first condition in which
either one of said different areas requires a cooling
demand and a second condition in which both of
said areas require said demand, (c) causing the
regulating means associated with said one different
area to pass the refrigerant and causing said com-
pressor to operate at a lower capacity in response
to said first condition, and (d) causing both of said
first and second regulating means to pass the refrig-
erants and causing said compressor to operate at a
higher capacity in response to said second condi-
tion; and

solenoid-operated clutch means for coupling said
variable capacity compressor to the vehicle engine
in response to each of smd first and second condi-
tions and decoupling the compressor from the en-
gine in response to the absence of said first and
second conditions.
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