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[57] ABSTRACT 

An automotive air tempering apparatus for use in an 
automotive vehicle having a duct through which air is 
directed into a passenger compartment. The apparatus 
comprises an air chilling unit including an evaporator 
provided in the duct and a compressor having a dis- 
placement variable for supplying a controlled amount 
of refrigerant to the evaporator for chilling the air in the 
duc'. A control unit controls the displacement of the 
compressor to bring the refrigerant temperature to a 
target value when air is introduced into the duct from 
the atmosphere. The control unit controls the displace- 
ment of the compressor to bring the chilled air tempera- 
ture to a target value when air is introduced into the 
duct from the passenger compartment. 
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AUTOMOTIVE AIR TEMPERING APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to an air tempering apparatus 
for use in an automotive vehicle having a duct through 
which air is directed into a passenger compartment. 

Air tempering apparatus have sometimes utilized an 
air cooling heat exchanger for chilling air directed into 
a passenger compartment. The air cooling heat ex- 
changer includes an evaporator having a variable refrig- 
eration capacity. The evaporator is associated with a 
variable displacement compressor for supplying a re- 
frigerant under pressure to the evaporator to adjust the 
refrigeration capacity of the evaporator. The compres- 
sor is controlled based upon ambient temperature and 
compartment temperature in such a manner as to have 
an increased displacement to increase the refrigeration 
capacity of the evaporator when the ambient tempera- 
ture and/or the compartment temperature increases. 

For example, U. S. Pat. application Ser. No. 388, 444, 
filed Aug. 2, 1989, and entitled "Automotive Automatic 
Air Conditioning System with Variable Displacement 
Compressor" discloses an automotive air tempering 
apparatus operable in a low-temperature demist mode 
where the displacement or capacity of the compressor is 
controlled based upon a difference of an actual refriger- 
ant temperature from a target refrigerant temperature 
changed at predetermined intervals of time between 
high and low values determined based upon the existing 
ambient temperature so as to dehumidity the passenger 
compartment to a sufficient degree even at low ambient 
temperatures. 

The low-temperature demist mode continues until the 
ambient temperature decreases below a certain value. If 
the low-temperature demist mode continues for a long 
period of time, the evaporator would freeze. In addi- 
tion, a refrigerant temperature sensor is provided at a 
position near the refrigerant inlet port of the evaporator 
to sense the actual refrigerant temperature. Thus, the 
refrigerant temperature sensor would be influenced by 
the warm air introduced into the duct from the passen- 
ger compartment to indicate an actual refrigerant tem- 
perature somewhat higher than the correct value. This 
results in a greater difference between the actual and 
target refrigerant temperatures, causing an unnecessary 
compressor displacement increase to freeze the evapo- 
rator. 

SUMMARY OF THE INVENTION 

It is, therefore, a main object of the invention to pro- 
vide an improved air tempering apparatus which can 
provide a sufficient dehumidifying capacity even at low 
ambient temperatures without the possibility'of the 
evaporator from freezing. 

There is provided, in accordance with the invention, 
an air tempering apparatus for use in an automotive 
vehicle having a duct through which air is directed into 
a passenger compartment. The apparatus comprises 
means for introducing air into the duct selectively from 
one of the atmosphere and the passenger compartment, 
air chilling means including an evaporator provided in 
the duct and a compressor having a displacement vari- 
able for supplying a controlled amount of refrigerant to 
the evaporator for chilling the air in the duct, first sen- 
sor means provided in the duct downstream of the evap- 
orator for sensing chilled air temperature, second sensor 
tneans for sensing refrigerant temperature, third sensor 

5 

10 

means for producing a first signal when air is introduced 
into the duct from the atmosphere and a second signal 
when air is introduced into the duct from the passenger 
compartment, and a control unit coupled to the first, 
second and third sensor means. The control unit in- 
cludes means responsive to the first signal for control- 
ling the displacement of the compressor to bring the 
refrigerant temperature to a target value, and means 
responsive to the second signal for controlling the dis- 
placement of the compressor to bring the chilled air 
temperature to a target value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be described in greater detail by 
15 reference to the following description taken in connec- 

tion with the accompanying drawings, in which: 
FIG. 1 is a schematic diagram of an air, tempering 

apparatus embodying the invention; 
FIG. 2 is a sectional view of the variable displace- 

ment compressor used in the air tempering apparatus of 
FIG. 1; 

FIGS. 3 and 4 are enlarged fragmentary sectional 
views used in explaining the operation of the control 

25 valve used in the variable displacement compressor; 
FIG. 5 is an enlarged fragmentary sectional view 

showing the control valve; 
FIG. 6 is a schematic block diagram showing a con- 

trol unit used with the air tempering apparatus of FIG. 
30 1; 

FIG. 7 is an overall flow diagram of the program- 
ming of the digital computer used in the control unit; 

FIG. 8 is a flow diagram of the programming of the 
digital computer as it is used to calculate a required 

35 value for air mixing door position; 
FIG. 9 is a flow diagram of the programming of the 

digital computer as it is used to select one of various 
modes of operation of the compressor; 

FIG. 10 is a flow diagram of the programming of the 
40 digital computer as it is used to operate the compressor 

in a rapid cooling mode; 
FIG. 11 is a flow diagram of the programming of the 

digital computer as it is used to calculate a required 
value for solenoid current; 

FIGS. 12 and 13 are graphs showing relationships 
used in calculating the required solenoid current value; 

FIG. 14 is a graph of time versus chilled air tempera- 
ture; 

FIG. 15 is a fiow diagram of the programming of the 
digital computer as it is used to operate the compressor 
in a destroke mode; 

FIG. 16 is a flow diagram of the programming of the 
digital computer as it is used to operate the compressor 

55 in a fuel and power saving mode; 
FIG. 17 is a graph showing relationships used in 

calculating a target value for chilled air temperature; 
FIG. 18 is a flow diagram of the programming of the 

digital computer as it is used to operate the compressor 
60 in a maximum dehumidification mode; 

FIGS. 19A and 19B are flow diagrams of the pro- 
gramming of the digital computer as it is used to operate 
the compressor in a low-temperature demist mode; 

FIG. 20 is a graph showing a relationship used in 
65 calculating reference values for refrigerant tempera- 

ture; 
FIG. 21 is a graph showing the degree of clearness of 

windshield glass with respect to ambient temperature; 
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FIG. 22 is a flow diagram of the programming of the 
digital computer as it is used to calculate a required 
value for solenoid current; 

FIGS. 23 and 24 are graphs showing relationships 
used in calculating the required solenoid current value; 
and 

FIG. 25 is a graph used in explaining the operation of 
the compressor during the low-temperature demist 
mode. 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to the drawings, and in particular to 
FIG. 1, there is shown a schematic diagram of an air 
tempering system for use with an automotive vehicle 
vehicle. The air tempering system, generally designated 
by the numeral 10, includes an air duct 11 through 
which air is directed into the passenger compartment. 
The duct 11 has a first inlet port 12a opening to the 
atmosphere and a second inlet port 12b opening to the 
passenger compartment. An air intake door 13 is pro- 
vided for movement between two positions. At the first 
position, shown by the solid lines, the air intake door 13 
opens the first inlet port 12a and closes the second inlet 
port 12b. When the air intake door 13 is at the second 
position, shown by the two-dotted lines, it closes the 
first inlet port 12a and opens the second inlet port 12b. 
An air intake door actuator 111 (FIG. 6) is provided 
which operates on command from a control unit 100 
(FIG. 6) to move the air intake door 13 between the first 
and second positions. The duct 11 contains a blower 
unit 14 having a blower 14a and a blower motor 14b 
which operates on command from a blower motor con- 
trol circuit 117 (FIG. 6) for driving the blower motor 
14b to produce a force flow of air through the duct 11. 

The air tempering system 10 also includes an air chill- 
ing heat exchanger in the form of an evaporator 21 
disposed in the duct 11, and an air heating heat ex- 
changer in the form of a heater core 15 disposed in the 
duct 11. Air flowing through the duct 11 is chilled by 
the evaporator 21 after which the air may be reheated to 
a desired degree as it passes through the heater core 15 
which carries a controlled amount of engine coolant 
from the engine cooling system. An air mixing door 16 
is provided on the upstream side of the heater core 15 
for controlling the air flow to the heater core 15. The 
air mixing door 16 is adjustably movable to proportion 
the chilled air to be reheated across the heater core 10 
so as to control the final temperature of the air entering 
the passenger compartment. An air mixing door actua- 
tor 112 (FIG. 6) is provided which operates on com- 
mand from the control unit 100 to move the air mixing 
door 16 at a desired angle. 

The duct 11 has first, second and third outlet ports 
referred respectively to as a ventilator port 17a, a foot 
port 18a and a defroster port 19a. The ventilator port 
17a is connected to a plurality of exit openings formed 
in the vehicle instrument panel facing to the passengers 
seated on the front seats. A vent door 17 is provided for 
movement between two positions. At the first position, 
shown by the solid lines, the vent door 17 closes the 
ventilator port 17a. When the vent door 17 is at the 
second position, shown by the two-dotted lines, it opens 
the ventilator port 17a. A vent door actuator 113 (FIG. 
6) is provided which operates on command from the 
control unit 100 to move the vent door 17'between the 
first and second positions. The foot port 18a opens into 
the passenger compartment to direct the tempered air 
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along the floor of the passenger compartment. A foot 
door 18 is provided for movement between two posi- 
tions. At the first position, shown by the solid lines, the 
foot door 18 opens the foot port 18a. When the foot 
door 18 is at the second position, shown by the two-dot- 
ted lines, it closes the foot port 18a. A foot door actua- 
tor 114 (FIG. 6) is provided which operates on com- 
mand from the control unit 100 to move the foot door 
18 between the first and second positions. The defroster 
port 19a opens to defog the vehicle windshield in the 
presence of a specified condition. A defroster door 19 is 
provided for movement between two positions. At the 
first position, shown by the solid lines, the defroster 
door 19 closes the defroster port 19a. When the de- 
froster door 19 is at the second position, shown by the 
two-dotted lines, it opens the defroster port 19a. A 
defroster door actuator 115 (FIG. 6) is provided which 
operates on command from the control unit 100 to 
move the defroster door 19 between the first and second 
positions. When the air tempering system is operating in 

a bilevel mode, the vent door 17 is in its second position 
opening the ventilator port 17a, the foot door 13 is in its 
first position opening the foot port 18a, and the de- 
froster door 19 is in its first position closing the de- 
froster port 19a. During a heater mode of operation of 
the air tempering system, the vent door 17 is in its first 
position closing the ventilator port 17a, the foot door 13 
is in its first position opening the foot port 18a, and the 
defroster door 19 is in its second position opening the 
defroster port 19a. During a vent mode of operation of 
the air tempering system, the vent door 17 is in its sec- 
ond position opening the ventilator port 17a, the foot 
door 13 is in its second position closing the foot port 
18a, and the defroster door 19 is in its first position 
closing the defroster port 19a. 

The evaporator 21 forms a part of a compressor-con- 
denser-evaporator refrigeration system 20 including a 
variable displacement refrigerant compressor 22, a con- 
denser 23, a refrigerant tank 24 and an expansion valve 
25 arranged in this order between the discharge and 
suction sides of the evaporator 21. The variable dis- 
placement refrigerant compressor 22 is of the variable 
angle wobble plate type responsive to compressor suc- 
tion and discharge pressures Ps and Pd for controlling 
the compressor discharge flow rate. The compressor 
discharge flow rate increases to provide an increasing 
refrigerant capacity when the compressor suction pres- 
sure Ps exceeds a predetermined value Pr. This prede- 
termined value Pr is determined by a solenoid current Is 
applied to the compressor 22 from the control unit 100. 

Referring to FIG. 2, the variable displacement refrig- 
erant compressor 22 comprises a cylinder block 30 hav- 
ing an end cover 31 and a casing 32 sealingly clamped to 
opposite ends thereof. The end cover 31 defines a suc- 
tion chamber 31S connected to the evaporator 21 (FIG. 
1) and a discharge chamber 31D connected to the con- 
denser 23 (FIG. 1). The casing 32 defines a control 
chamber 32C and contains a drive shaft 33 mounted for 
rotation within the control chamber 32C. The drive 
shaft 33 extends through the control chamber 32C for 
connection to the engine E (FIG. 1) through a belt 34 
looped around a pulley 35 mounted on an electroma- 
gentic clutch 36. The drive shaft 33 has a rotary drive 
plate 38 pivoted thereon for rotation in unison there- 
with. The rotary drive plate 38 is inclined at an angle 
with respect to the axis of rotation of the drive shaft 33. 
The rotary drive plate 38 has a journal 39 with which a 
non-rotary ring-shaped wobble plate 40 engages. 



The cylinder block 30 has a plurality of cylinders 30A 
equally angularly spaced about and equally radially 
spaced from the axis of rotation of the drive shaft 33. A 
piston 42 is mounted for reciprocal motion within each 
of the cylinders 30A. A connecting rod 43 is pivotally 
connected to the piston 42 and the wobble plate 40 for 
producing reciprocation of the piston 42 within the 
cylinder 30A to suck refrigerant into the control cham- 
ber 32C from the suction chamber 31S and discharge 
the refrigerant from the control chamber 32C into the 
discharge chamber 31D in response to rotation of the 
rotary drive plate 38. The arrangement for angulation 
of the drive plate 38 and the wobble plate 40 are like 
that disclosed in greater detail in U. S. Pat. No. 
4, 428, 718, in the name of Timothy J. Skinner and enti- 
tled "Variable Displacement Compressor Control 
Valve Arrangement" and which is hereby incorporated 
by reference. 

The angle of inclination of the wobble plate 40 is 
varied with respect to the axis of rotation of the drive 
shaft 33 to thereby vary the stroke of the piston 42 and 
thus the displacement or the capacity of the compressor 
22. The wobble plate angle is determined by the refrig- 
erant pressure differential across the pistons 42; that is, 
the refrigerant pressure differential between the control 
chamber 32C behind the pistons 42 and the cylinders 
30A before the pistons 42. 

A control valve 50 is provided for selectively intro- 
ducing the suction and discharge pressures Ps and Pd 
into the control chamber 32C to control the the wobble 
plate angle and thus the compressor displacement. The 
wobble plate angle increases to increase the displace- 
ment or the capacity of the compressor 22 when the 
control valve 50 is in a first position shown in FIG. 3 
where the suction pressure Ps is introduced into the 
control chamber 32C. Alternatively, the wobble plate 
angle decreases to decrease the displacement or the 
capacity of the compressor 22 when the control valve 
50 is in a second position shown in FIG. 4 where the 
discharge pressure Pd is introduced into the control 
chamber 32C. 

Referring to FIG. 5, the control valve 50 comprises a 
valve housing 51 which is formed integrally in the end 
casing 31 and has a stepped valve bore 52 having a 
closed external end 53 and a closed internal end 54. An 
end cap 56 is sealingly inserted in the closed external 
end 53 of the valve bore 52. An electromagnetic actua- 
tor 60 is placed in the end cap 56. The electromagentic 
actuator 60 includes a solenoid 61 and an operating 
plunger 62 movable into and out of the solenoid 61. The 
operating plunger 62 terminates in a disc plate 63. A 
compression coil spring 64 is placed around the solenoid 
61 to urge the disc plate 63 toward the solenoid 61. The 
solenoid 61 extrudes the disc plate 63 against the resil- 
ient force of the compression coil spring 64 when it is 
energized. 

A cup-shaped bellows 70 is concentrically located in 
the end cap 53 and is seated against the disc plate 63. 
The bellows 70 receives a spring seat member 71 at its 
closed and seated end. The other end of the beHows 70 
is sealingly closed by an end member 72 through which 
an output rod 73 centrally extends and is sealingly fixed 
thereto. A compression coil spring 74 is located in the 
bellows 70 between the seat member 71 and the end 
member 72 to maintain the bellows 70 in an extended 
position producing an outward force on the output rod 
73. The compression coil spring 74 is selected to have a 
resilient force much smaller than that of the compres- 

sion coil spring 64 provided in the electromagnetic 
actuator 60. The output rod 73 is tapered at its inner end 
for guided movement in a bore formed in the seat mem- 
ber 71. The opposite end of the output rod 73 engages in 

5 a coupling pocket formed in a conical valve element 76 
of a valve pin member 75. The valve pin member 75 is 
sealingly slidably supported for reciprocal movement in 
a central axial bore formed in a valve body 77 mounted 
in the valve housing bore 52 inward of the bellows 70. 

10 The valve body 77 is formed with a a cylindrical land 78 
which is press-fitted in the open end of the end cap 56. 
The valve body 77 is also formed with a radial passage- 
way 79 and a valve seat 80 associated with the conical 
valve element 76. A suction pressure connected cham- 

15 ber 82, which is defined between the end cap 56 and the 
bellows 70, is exposed to the suction chamber 31S 
through a radial port 83 formed in the end cap 56 and a 
radial port 84 formed in the valve body 51. When the 
conical valve element 76 is unseated from the valve seat 

20 80, the suction pressure connected chamber 82 is con- 
nected through'an annular passage defined between the 
conical valve element 76 and the valve seat 80 to the 
radial passageway 79 which in turn is connected to the 
control chamber 32C. 

25 A valve body member 85 is sealingly received in the 
outer open end of the valve body 77 to form chambers 
86 and 87 on the opposite sides of the valve body mem- 
ber 85. The chamber 86 is exposed to the discharge 
chamber 31D through a radial port 96 formed in the 

30 valve body 51. The chamber 87 is open to the control 
chamber 32C through a radial port 97 formed in the 
valve body 77 and a radial port 98 formed in the valve 
body Sl. The valve body member 85 is formed with a 
valve cavity 88 exposed through an open end 89 to the 

35 discharge pressure connected chamber 86 and also 
through a valve port 90 to the chamber 87. The valve 
cavity 88 contains a large ball segment 91 and a small 
ball segment 92 which are welded together. A conical 
coil compression spring 93 is placed in the valve cavity 

40 88 to urge the large ball segment 91 to a position, illus- 
trated in FIG. 5, so that the large ball segment 91 is held 
against the end of the valve pin member 75 and seats on 
the complementary shaped portion 94 of the valve cav- 
ity 88 to close the valve port 90. At this position of the 

45 large ball segment 91, the communication between the 
discharge chamber 31D and the control chamber 32C is 
interrupted. The numeral 99 designates a screen for 
filtering out foreign matter. 

The operation of the control valve 50 is as follows. 
50 When the compressor suction pressure Ps is less than a 

predetermined value Pr determined by the control unit 
100, the output rod 73 pushes the valve pin member 75 
inwardly under the resilient force of the compression 
coil spring 74 so that the conical valve element 76 is 

55 seated on the valve seat 80 to interrupt communication 
between the suction pressure connected chamber 82 
and the radial passageway 79 and the large ball segment 
91 is unseated from the complementary shaped portion 
94 to open the valve port 90. This control valve position 

60 is shown schematically in FIG. 4 where the discharge 
pressure Pd is introduced through the discharge pres- 
sure connected chamber 86 into the control chamber 
32C to decrease the angle of inclination of the wobble 
plate 40 so as to decrease the displacement or the capac- 

65 ity of the compressor 22. 
When the compressor suction pressure Ps exceeds the 

predetermined value Pr, the bellows 70 contracts to 
move the end member 72 along with the output rod 73 



outwardly against the resilient force of the compression 
coil spring 74. This permits outward movement of the 
valve pin member 75 under the resilient force of the 
conical compression spring 93 so that the. large ball 
segment 91 seats on the complementary shaped portion 5 

94 to close the valve port 90 and the conical valve 
element 76 is unseated from the valve seat 80 to provide 
communication between the suction pressure connected 
chamber 82 and the radial passageway 79. This control 
valve position is shown schematically in FIG. 3 where 10 
the suction pressure Ps is introduced through the suc- 
tion pressure connected chamber 82 into the control 
chamber 32C to increase the wobble plate angle so as to 
increase the displacement or the capacity of the com- 
pressor 2Z. 15 

The predetermined suction pressure value Pr varies 
in direct proportion to the magnitude of the current 
applied to the solenoid 61 of the electromagnetic actua- 
tor 60. When the solenoid 61 is de-energized, the disc 
plate 63 is at a position where the resilient forces of the 20 
compression coil springs 64 and 74 are balanced. As the 
solenoid current Is to the solenoid 61 increases, the disc 
plate 63 moves inwardly from the balanced position to 
increase the resilient force of the compression coil 
spring 74 and thus the predetermined suction pressure 25 
value Pr in direct proportion to the solenoid current Is. 

Referring to FIG. 6, there is illustrated a schematic 
block diagram of a control unit used for controlling the 
air tempering system of the invention. The control unit, 
generally designated by the numeral 100, controls the 30 
air intake door actuator 111, the air mixing door actua- 
tor 112, the vent door actuator 113, the foot door actua- 
tor 114, the defroster door actuator 115, the relay 116 
connected to the solenoid 61 of the electromagnetic 
actuator 60, and the blower control circuit 117 based 35 
upon various conditions that are sensed during the oper- 
ation of the air tempering system. These sensed condi- 
tions includes ambient temperature, compartment tem- 
perature, insolation intensity, intake (chilled) air tem- 
perature, refrigerant temperature, engine coolant tern- 40 
perature, engine intake manifold pressure, engine speed, 
air mixing door position, and air intake door position. 
Thus, an ambient temperature sensor 121, a compart- 
ment temperature sensor 122, an insolation intensity 
sensor 123, an intake air temperature sensor 124, a re- 45 
frigerant temperature sensor 125, an engine coolant 
temperature sensor 126, an engine intake manifold pres- 
sure sensor 127, an engine speed sensor 128, an air mix- 
ing door position sensor 129, and an air intake door 
position sensor 130 are connected to the control unit 50 
100. The ambient temperature sensor 1Z1 is positioned 
sense ambient temperature and it produces an ambient 
temperature signal indicative of a sensed ambient tem- 
perature Ta. The compartment temperature sensor 122 
is positioned to sense compartment temperature and it 55 
produces a compartment temperature signal indicative 
of a sensed compartment temperature Tc. The insola- 
tion intensity sensor 123 is provided to sense insolation 
intensity and it produces an insolation intensity signal 
indicative of a sensed insolation intensity Qs. The intake 60 
air temperature sensor 124 is positioned to sense intake 
(chilled) air temperature and it produces an intake air 
temperature signal indicative of a sensed intake air tem- 
perature Ti. A preferred location for this intake air 
temperature sensor 124 is in the duct 11 somewhere 65 
downstream of the evaporator 21 and upstream of the 
air mixing door 16. The refrigerant temperature sensor 
125 is positioned to sense refrigerant temperature and it 

produces a refrigerant temperature signal indicative of a 
sensed refrigerant temperature Tr. A preferred location 
for this refrigerant temperature sensor 125 is in the 
refrigeration system 20 somewhere downstream of the 
expansion valve 25. The engine coolant temperature 
sensor 126 is positioned to sense engine coolant temper- 
ature and it produces an engine coolant temperature 
signal indicative of a sense engine coolant temperature 
Tw. The intake manifold pressure sensor 127 is located 
in the engine's air intake system somewhere down- 
stream of the throttle valve and it produces an engine 
intake manifold pressure signal indicative of a sensed 
engine intake manifold pressure Pm. The engine speed 
sensor 128 is positioned to sense engine speed and it 
produces an engine speed signal indicative of a sensed 
engine speed N. The air mixing door position sensor 129 
is provided to sense air mixing door position and it 
produces an air mixing door position signal indicative of 
a sensed angle X of opening of the air mixing door 11. 
The air intake door position sensor 130 is provided to 
sense air intake door position and it produces an air 
intake door position signal indicative of a sensed air 
intake door position Y. A compartment temperature 
setting device 131 is also connected to the control unit 
100. The compartment temperature setting device 131 is 
mounted on the vehicle instrument panel at a conve- 
nient position for the passenger to set a desired value Ts 
for compartment temperature. The control unit 100 also 
receives signals indicative of the states of various 
switches including an air conditioner switch 141, a 
blower switch 142, an engine ignition switch 143, and a 
defroster switch 144. 

The control unit 100 employs a digital computer 
which shall be regard as including a central processing 
unit (CPU) 101, a read only memory (ROM) 102, a 
random access memory (RAM) 103, an input control 
unit 104, and an output control unit 105. The central 
processing unit 101 communicates with the rest of the 
computer via data bus 106. The input control unit 104 
receives the signals from the sensors and the switches. 
The input control unit 104 includes an analog-to-digital 
converter which converts the received analog signals 
from the sensors into corresponding digital signals for 
application to the central processing unit 101. The read 
only memory 102 contains the program for operating 
the central processing unit 101 and further contains 
appropriate data in look-up tables used in calculating 
appropriate values for controlling the actuators 
111-115, an appropriate value for the solenoid current 
Is applied through the relay 116 to the electromagnetic 
actuator 60 and an appropriate value for the voltage 
applied through the blower control circuit 117 to the 
blower motor 14b. Control words specifying calculated 
values are periodically transferred by the central pro- 
cessing unit 101 to the output control unit 105 which 
converts the transferred information into analog form 
for application to the circuits 111-117. 

FIG. 7 is an overall flow diagram of the program- 
ming of the digital computer used in the control unit 100 
for controlling the air tempering system of the inven- 
tion. The computer program is entered at the point 202 
when the engine ignition switch 143 is turned on. At the 
point 204 in the program, the various inputs to the input 
control unit 104 are, one by one, converted by the ana- 
log-to-digital converter into digital form and read into 
the random access memory 10Z via the data bus 106. 
Thus, the ambient temperature signal fed from the ambi- 
ent temperature sensor 121, the compartment tempera- 
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ture signal fed from the compartment temperature sen- 
sor 122, the insolation intensity signal fed from the inso- 
lation intensity sensor 123, the intake air temperature 
signal fed from the intake air temperature sensor 124, 
the refrigerant temperature signal fed from the refriger- 
ant temperature sensor 125, the engine coolant tempera- 
ture signal fed from the engine coolant temperature 
sensor 126, the intake manifold pressure signal fed from 
the intake manifold pressure sensor 127, the engine 
speed signal fed from the engine speed sensor 128, the 
air mixing door position signal fed from the air mixing 
door position sensor 129, and the air intake door posi- 
tion signal fed from the air intake door position sensor 
130 are converted to digital form and read into the 
random access memory 103. At the point 205 in the 
program, a desired value Ts, which is set by the setting 
device 131 for compartment temperature, is converted 
to digital form and read into the random access memory 
103. 

At the point 208 in the program, the read ambient 
temperature value Ta is corrected to eliminate thermal 
disturbances introduced from heat sources including the 
condenser, the radiator, etc. The corrected ambient 
temperature value Ta» is stored in the random access 
memory 103. At the point 210 in the program, the read 
insolation intensity value Qs is converted into a corre- 
sponding heat value Qs» for the convenience of the 
following processes. The heat value Qs» is stored in the 
random access memory 103. At the point 212 in the 
program, the desired compartment temperature value 
Ts is corrected for the corrected ambient temperature 
value Ta». The corrected value Ts' is stored in the 
random access memory 103. 

At the point 214 in the program, the central process- 
ing unit 101 calculates a target value To for tempered 
air temperature based on the corrected ambient temper- 
ature value Ts*, the read compartment temperature Tc, 
the corrected ambient temperature value Ta* and the 
heat value Qs' and it calculates a required value Xo for 
air mixture door position based on a difference between 
the calculated tempered air temperature value To and 
the read intake air temperature value Ti. At the point 
216 in the program, the central processing unit 101 
calculates a required value Iso for the solenoid current 
applied to the electromagnetic actuator 60. 

At the point 218 in the program, the central process- 
ing unit 101 calculates required values for vent, foot and 
defroster door positions. At the point 220 in the pro- 
gram, the central processing unit 101 calculates a re- 
quired value for air intake door position. At the point 
222 in the program, the central processing unit 101 
calculates a required value for blower motor driving 
voltage. At the point 224 in the program, the calculated 
values are transferred through the output contr'ol unit 
10S to the actuators 111-117. Following this, the pro- 
gram proceeds to the point 226 where the computer 
program returns to the entry point 202. 

In the preceding paragraphs, the calculations at the 
points 214 and 216 in the program of FIG. 7 were not 
described in detail. This detail is presented in the fol- 
lowing subsections. 

FIG. 8 is a flow diagram of the programming of the 
digital computer as it is used to calculate a required 
value Xo for the angle of opening of the air mixing door 
16. At the point 302 in FIG. 8, which corresponds to the 
point 214 of FIG. 7, the computer program is entered. 
At the point 304 in the program, various constants A, B, 
C, D, E, F and G are set for use in calculating a tem- 

pered air temperature error S. At the point 306 in the 
program, the air mixing door position signal fed from 
the air mixing door position sensor 129 is converted to 
digital form and read into the random access memory 

5 103. 
At the point 308 in the program, the central process- 

ing unit 101 calculates a tempered air temperature error 
S between the target tempered air temperature value To 
and the actual tempered air temperature value as 

10 S={(A+D)xTs+BxTa»+CxQs» — Dx- 
Tc+E) — ((FxX+G)X(82 — Ti)+Ti) where X is the 
read air mixing door position value. The term 
$(A+ D)x Ts+ Bx Ta*+ CxQs' — Dx Tc+ E) indicates 
the target tempered air temperature value and the term 

15 ((FxX+G)X(82 — Ti)+Ti) indicates the actual tem- 
pered air temperature value. 

At the point 310 in the program, the calculated tem- 
pered air temperature error S is compared with a prede- 
termined value So (for example, 2' C. ). If S( — So, then 

20 the program proceeds to the point 312 where the cen- 
tral processing unit 101 calculates a required value Xo 
for air mixing door position and stores the calculated 
value Xo in the random access memory 103. This stored 
value Xo is transferred at the point 224 of FIG. 7, caus- 

25 ing the air mixing door actuator 112 to move the air 
mixing door 16 in a closing direction to decrease the 
reheating capacity. If S) +So, then the program pro- 
ceeds to the point 314 where the central processing unit 
101 calculates a required value Xo for air mixing door 

30 position and stores the calculated value Xo in the ran- 
dom access memory 103. This stored value Xo is trans- 
ferred at the point 224 of FIG. 7, causing the air mixing 
door actuator 112 to move the air mixing door 16 in an 
opening direction to increase the reheating capacity. 

35 Otherwise, the program proceeds to the point 316 
where the central processing unit 101 calculates a re- 
quired value Xo for air mixing door position and stores 
the calculated value Xo in the random access memory 
103. This stored value Xo is transferred at the point 224 

40 of FIG. 7, causing the air mixing door actuator 112 to 
hold the air mixing door 16 at the existing position. 
Following this, the program proceeds to the end point 
318 which corresponds to the point 214 of FIG. 7. 

FIG. 9 is a flow diagram of the programming of the 
45 digital computer as it is used to select one of various 

modes of operation of the compressor 22. At the point 
402 in FIG. 9, which corresponds to the point 216 of 
FIG, 7, the computer program is entered. At the point 
404, a determination is made as to whether the blower 

50 motor 14b is ON or OFF. This determination is made 
based on the signal fed to the control unit 100 from the 
blower switch 142. If the blower motor 14b is off, then 
the program proceeds to the point 406 where the com- 
pressor 22 is stopped and then to the end point 446. If 

55 the blower motor 14b is operating, then the program 
proceeds from the point 404 to the point 408 where the 
central processing unit 101 determines the range of the 
thermal load of the refrigerant. This determination is 
made by a comparison of the read refrigerant tempera- 

60 ture value Tr hysteretically with a first reference value 
Trl (for example, — 15' C. ) when the refrigerant tem- 
perature is decreasing and with a second, greater refer- 
ence value Tr2 (for example, O' C. ) when the refrigerant 
temperature is increasing. This is effective to eliminate 

65 the tendency toward hunting. It is to be noted that the 
reference value Trl is less than a reference value T21 
used during a low-temperature demist mode to be de- 
scribed later. At the point 410 in the program, a deter- 
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mination is made as to whether or not the thermal load 
of the refrigerant is in a high thermal load range. If 
answer to this question is "yes", then it means that the 
read r'efrigerant temperature Tr is greater than the first 
reference value Trl when the refrigerant temperature is 
decreasing or the read refrigerant temperature Tr is 
greater than the second, greater reference value Tr2 
when the refrigerant temperature is increasing and the 
program proceeds to the point 406 where the compres- 
sor 22 is 'stopped. Otherwise, the refrigerant thermal IP 

load is in a low thermal load range and the program 
proceeds to the point 412. 

At the point 412 in the program, the central process- 
ing unit 101 determines the range of the engine speed. 
This determination is made by a comparison of the read 
engine speed N hysteretically with a first reference 
value Nl (for example, 4500 rpm) when the engine 
speed is decreasing and with a second, greater reference 
value N2 (for example, 5000 rpm) when the engine 
speed is increasing. This is effective to avoid the ten- 
dency toward hunting. At the point 414 in the program, 
a determination is made as to whether or not the engine 
speed is in a high speed range. If the answer to this 
question is "yes", then it means that the read engine 
speed value N is greater than the first reference value 
Nl when the engine speed is decreasing or the read 
engine speed value N is greater than the second, greater 
reference value N2 when the engine speed is increasing 
and the program proceeds to the point 428 where a 30 
destroke mode is selected for the operation of the com- 
pressor 22. Otherwise, the engine speed is in a low speed 
range and the program proceeds to the point 416. 

At the point 416 in the program, the central process- 
ing unit 101 determines the range of the corrected ambi- 35 
ent temperature value Ta*. This determination is made 
by a comparison of the corrected ambient temperature 
value Ta~ hysteretically with a first reference value Tal 
(for example, — 5' C. ) when the ambient temperature is 
decreasing and with a second, greater reference value 4p 
Ta2 (for example, — 2' C. ) greater than the first refer- 
ence value Tal when the ambient temperature is in- 
creasing and a comparison of the corrected ambient 
temperature value Ta~ hysteretically with a third refer- 
ence value Ta3 (for example, 5' C. ) greater than the 45 
second reference value Ta2 when the ambient tempera- 
ture is decreasing and with a fourth reference value Ta4 
(for example, 8' C. ) greater than the third reference 
value Ta3 when the ambient temperature is increasing. 
The ambient temperature is in a low temperature range 50 
when the corrected ambient temperature value Ta* is 
less than the first reference value Tal when the ambient 
temperature is decreasing or when the corrected ambi- 
ent temperature value Ta* is less than the second refer- 
ence value Ta2 when the ambient temperature is in- 55 
creasing. The ambient temperature is in a high tempera- 
ture range when the corrected ambient temperature 
value Ta* is greater than the third reference value Ta3 
when the ambient temperature is decreasing or when 
the corrected ambient temperature Ta~ is greater than 60 
the fourth reference value Ta4 when the ambient tem- 
perature is increasing. The ambient temperature is in an 
intermediate temperature range in the other cases. 

At the point 418 in the program, a determination is 
made as to whether the defroster switch is ON or OFF. 65 
This determination is made based on the signal fed to 
the control unit 100 from the defroster switch 144. If the 
defroster switch 144 is ON, then the program proceeds 

to the point 444. Otherwise, the program proceeds to 
the point 420. 

At the point 420 in the program, a determination is 
made as to whether or not the target tempered air tem- 
perature value To, which is calculated at the point 214 
of FIG. 7, is less than a predetermined value Tol (for 
example, — 10' C. ) below which the air mixing door 16 
is placed at its closed position. If the answer to this 
question is "yes", then the program proceeds to the 
point 422 where the central processing unit 101 selectes 
a rapid cooling mode for the operation of the compres- 
sor 22 and calculates a required solenoid current value 
Iso for the rapid cooling mode of operation of the com- 
pressor 22. This calculation will be described further in 
connection with FIG. 10. Otherwise, the program pro- 
ceeds to another determination step at the point 424. 
This determination is as to whether or not the engine is 
accelerating. This determination is made based on the 
engine intake manifold pressure signal fed to the control 
unit 100 from the engine intake manifold pressure sensor 
127. If the answer to this question is "yes", then the 
program proceeds to the point 426. Otherwise, the pro- 
gram proceeds to the point 430. 

At the point 426 in the p~ogram, a determination is 
made as to whether or not the read intake air tempera- 
ture value Ti is less than a predetermined value Til (for 
example, 5' C. ). If the answer to this question is "yes", 
then the program proceeds to the point 428 where the 
central processing unit 101 selects a destroke mode for 
the operation of the compressor 22 and calculates a 
required solenoid current value Iso for the destroke 
mode of operation of the compressor 22. This calcula- 
tion will be described further in connection with FIG. 
15. Otherwise, the program proceeds to the point 430. 

At the point 430 in the program, a determination is 
made as to whether the air conditioner switch 141 is ON 
or OFF. This determination is made based on the signal 
fed to the control unit 100 from the air conditioner 
switch 141. If the air conditioner switch 141 is ON, then 
the program proceeds to the point 436. Otherwise, the 
program proceeds to another determination step at the 
point 432. This determination is as to whether or not the 
corrected ambient temperature Ta~ is in the high tem- 
perature range. If the answer to this question is "yes", 
then the program proceeds to the point 434 where the 
central processing unit 101 selects a power and fuel 
saving mode for the operation of the compressor 22 and 
calculates a required solenoid current value Iso for the 
power and fuel saving mode of operation of the com- 
pressor 22. This calculation will be described further in 
connection with FIG. 16, Otherwise, the program pro- 
ceeds to the point 406 where the compressor 22 is 
stopped. 

At the point 436 in the program, a determination is 
made where the corrected ambient temperature Ta' is 
in the high temperature range. If the answer to this 
question is "yes", then the program proceeds to the 
point 438 where the central processing unit 101 selects 
a maximum dehumidification mode for the operation of 
the compressor 22 and calculates a required solenoid 
current value Iso for the maximum dehumidification 
mode of operation of the compressor 22. This calcula- 
tion will be described further in connection with FIG. 
18. Otherwise, the program proceeds to another deter- 
mination step at the point 440. This determination is as 
to whether or not the corrected ambient temperature 
Ta~ is in the low temperature range. If the answer to 
this question is "yes", then the program proceeds to the 
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point 444. Otherwise, the program proceeds to the point 
442 where the central processing unit 101 selects a low 
temperature demist mode for the operation of the com- 
pressor 22 and calculates a required solenoid current 
value Iso for the low temperature demist mode of oper- 5 

ation of the compressor 22. This calculation will be 
described further in connection with FIGS. 19 and 20. 
At the point 444 in the program, the compressor 22 is 
stopped. Following this, the program proceeds to the 
end point 446 which corresponds to the point 218 of 10 
FIG. 7. 

FIG. 10 is a fiow diagram of the programming of the 
digital computer as it is used to operate the compressor 
22 in a rapid cooling mode. At the point 502 in FIG. 10, 
which corresponds to the point 422 of FIG. 9, the corn- 15 
puter program is entered. At the point 504 in the pro- 
gram, the central processing unit 101 sets a target value 
Tio for intake air temperature Ti at a predetermined 
value Tl (for example, O' C. ) that is less than a predeter- 
mined temperature T4 (for example, 3' C, ) below which 20 
the evaporator 21 may freeze. When the target intake 
air temperature value Tio is set at such a small value Tl, 
the reference suction pressure Ps can be set at a small 
value. This is effective to provide a greater displace- 
ment or capacity to the compressor 22 at small suction 25 
pressures Ps. The central processing unit 101 also sets a 
first timer TM1 at a first predetermined value tl that is 
less than the time required for the evaporator 21 to 
freeze at the predetermined temperature Tl when the 
ambient temperature is high such as during the day in 30 
summer. 

At the point 506 in the program, the central process- 
ing unit 101 calculates a required value Iso for the sole- 
noid current Is applied to the electromagnetic actuator 
60. This calculation will described further in connection 35 
with FIG. 11. 

At the point 508 in the program, a determination is 
made as to whether or not the read intake air tempera- 
ture value Ti is equal to the predetermined temperature 
T4. If the answer to this question is "yes", then the 40 
program proceeds to the point S10 where the central 
processing unit 101 starts the first timer TM1. Other- 
wise, the program returns to the point 506. 

At the point 512 in the program, the central process- 
ing unit 101 calculates a required value Iso for the sole- 45 
noid current Is applied to the electromagnetic actuator 
60. This calculation is made in the same manner as made 
at the point 506 and will be described further in connec- 
tion with FIG. 11. At the point S14 in the program, a 
determination is made as to whether or not the target 50 
tempered air temperature value To, which is calculated 
at the point 214 of FIG. 7, is less than a predetermined 
value T5 (for example, 8' C. ) below which the air mix- 
ing door 16 opens to introduce air flow to the heater 
core 15. If the answer to this question is "yes", then the 55 
program proceeds to the point 516 where a determina- 
tion is made as to whether or not the first timer TM1 is 
timed out; that is, the set time tl has elapsed. If the 
answer to this question is "yes", then the program pro- 
ceeds to the point 518. Otherwise, the program returns 60 
to the point 512. If the target tempered air temperature 
value To is equal to or greater than the predetermined 
value T5, then the program proceeds from the point 514 
directly to the point 518. At the point 518, the central 
processing unit 101 adds a predetermined amount A to 65 
the target intake air temperature value Tio to increase it 
from the predetermined value Tl at a rate of I' C. per 
second. Following this, the program proceeds to the 

end point 520 where corresponds to the point 218 of 
FIG. 7. 

FIG. 11 is a flow diagram of the programming of the 
digital computer as it is used to calculate a required 
value Iso for the solenoid current Is applied to the elec- 
tromagnetic actuator 60. At the point 532 in FIG. 11, 
which corresponds to the point 506 or 512 of FIG. 10, 
the computer program is entered. At the point 534 in 
the program, the central processing unit 101 calculates 
a difference ETi of the target intake air temperature 
value Tio from the read intake air temperature value Ti. 
At the point 536 in the program, the central processing 
unit 101 calculates a proportional current Ip based on 
the calculated difference ETi. The proportional current 
Ip is determined from a relationship that specifies the 
proportional current Ip as a function of the calculated 
difference ETi, as shown in FIG. 12. In FIG. 12, the 
character T2 indicates a temperature difference (for 
example, 20' C. ) and the character Il indicates a pro- 
portional current (for example, 0. 8 amperes). This rela- 
tionship may be obtained experimentally. The central 
processing unit 101 also calculates an integral current Ii 
by adding an integral current difference Ali to the last 
integral current Ii. The integral current difference Ali is 
determined from'a relationship that specifies this differ- 
ence Eli as a function of the calculated difference r5Ti, 
as shown in FIG. 13. In FIG. 13, the character T3 indi- 
cates a temperature difference (for example, 6' C. ) and 
the character I2 indicates an integral current difference 
(for example, 0. 98 milliamperes). This relationship may 
be obtained experimentally. 

At the point 538 in the program, the central process- 
ing unit 101 calculates a required solenoid current value 
Iso by subtracting the calculated integral current Ii 
from the calculated proportional current Ip. Following 
this, the program proceeds to the end point 540 which 
corresponds to the point 508 or 514 of FIG. 10. 

Accordingly, when the compressor 22 is operating in 
the rapid cooling mode, the solenoid current Is de- 
creases at a high rate until the intake air temperature Ti 
reaches the predetermined temperature Tl. As the sole- 
noid current Is decreases, the disc plate 63 moves out- 
ward toward the solenoid 61 to decrease the reference 
suction pressure Pr below which the conical valve ele- 
ment 76 is unseated from the valve seat 80. As a result, 
the conical valve element 76 is unseated from the valve 
seat 80 to communicate the suction pressure connected 
chamber 82 with the control chamber 32C so as to 
provide an increased displacement or capacity to the 
compressor 22 even at small compressor suction pres- 
sures Ps. The compressor 22 operates in such a rapid 
cooling mode until the time tl, which is set on the first 
timer TM1 when the intake air temperature Ti de- 
creases to the predetermined value T4, has clasped, or 
until the target tempered air temperature To increases 
to the predetermined value T5, as shown in FIG. 14. In 
other words, the compressor 22 operates in a rapid 
cooling mode for a predetermined period of time with 
the intake air temperature being held at the value Tl to 
rapidly cool the passenger compartment. 

Destroke Mode during Acceleration 

The compressor 22 is operated in a destroke mode 
when the intake air temperature Ti is less than a prede- 
termined value Til during acceleration. In this case, the 
evaporator 21 has a sufficient refrigerating capacity. 
Thus, the control unit 100 provides priority to the en- 
gine acceleration performance over the refrigerating 
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performance by increasing the reference value Pr for 
the control valve 50 so that the compressor discharge 
pressure Pd can be introduced into the control chamber 
32C even when the compressor suction pressure Ps 
increases to some extent. This reduces the power con- 5 
sumed in the compressor 22 and improves the engine 
acceleration performance. 

Destroke Mode at High Engine Speed 

At high engine speeds, the compressor 22 operates at 10 
high speeds to provide a required flow rate of refriger- 
ant even at small wobble plate angles. For this reason, it 
is desirable to improve the durability of the compressor 
22 by decreasing the wobble plate angle to decrease the 
speed of reciprocation of the pistons when the engine is 15 
operating at high speeds. 

FIG. 15 is a flow diagram of the programming of the 
digital computer as it is used to operate the compressor 
22 in a destroke mode. At the point 552 in FIG. 15, 
which corresponds to the point 428 of FIG. 9, the corn- 20 
puter program is entered. At the point 554 in the pro- 
gram, a determination is made as to whether the read 
intake air temperature value Ti is greater than the sum 
(Tio+1) of the target intake air temperature value Ti 
and 1' C. If the answer to this question is "no", then it 25 
means that the evaporator 21 is operating to chill the 
intake air to a temperature close to the target intake air 
temperature value Tio and the program proceeds to the 
point 556 where the central processing unit 101 modifies 
the target intake air temperature value Tio by adding a 30 
predetermined small value T10 (for example, 5' C. ) to 
the target intake air temperature value Tio. Otherwise, 
it means that the intake air temperature Ti is apart from 
the target intake air temperature value Tio and the 
program proceeds to the point 558 where the central 35 
processing unit 101 modifies the target intake air tem- 
perature value Tio to a predetermined value Tll (for 
example, 20' C. ) greater than the predetermined small 
value T10. At the point 560 in the program, the central 
processing unit 101 calculates a required value Iso for 40 
the solenoid current Is applied to the electromagnetic 
actuator 60 by subtracting the integral current Ii from 
the proportional current Ip. For this calculation, the 
same program as described in connection with FIG. 11 
is used. Following this, the program proceeds to the end 45 
point S62 which corresponds to the point 218 of FIG. 7. 

When the intake air temperature is close to the target 
intake air temperature value Tio, the target intake air 
temperature value Tio is increased by a predetermined 
small value T10. This increases the required solenoid 50 
current value Iso. As a result, the disc plate 63 moves 
further away from the solenoid 61 to increase the resil- 
ient force of the compression coil spring 74 and thus 
increase the reference suction pressure level Pr. Conse- 
quently, the discharge pressure Pd is introduced into 55 
the control chamber 32C to provide a decreased dis- 
placement or capacity to the compressor 22 even at 
higher compressor suction pressures Ps. In this case, the 
tempered air temperature does not increase even the 
fiow rate of the refrigerant decreases since the read 60 
intake air temperature value Ti increases so that the air 
mixing door 16 is moved in a closing direction when the 
target intake air temperature value Tio increases. 

When the intake air temperature is apart from the 
target intake air temperature value Tio, the target intake 65 
air temperature value Tio is set at the pr'edetermined 
value T11 to increase the required solenoid current 
value Iso to a great extent giving priority to the engine 

acceleration performance over the cooling perfor- 
mance. The predetermined value Tll, which corre- 
sponding to an intake air temperature obtained when 
the compressor 22 has a minimum displacement or ca- 
pacity, may be obtained experimentally. In this case, the 
disc plate 63 moves a distance away from the solenoid 
61. This distance is greater than obtained when the 
intake air temperature value is closed to the target 
value. As a result, the compression coil spring 74 has an 
increased resilient force to increase the reference suc- 
tion pressure level Pr to such an extent as to provide a 
minimum displacement or capacity to the compressor 
22 even when the suction pressure Ps increases to some 
extent. 

FIG. 16 is a flow diagram of the programming of the 
digital computer as it is used to operate the compressor 
22 in a fuel and power saving mode. At the point 572 in 
FIG. 16, which corresponds to the point 434 of FIG. 9, 
the computer program is entered. At the point S74 in 
the program, a determination is made as to whether or 
not the air tempering system is operating in a bilevel 
mode where the vent door actuator 113 places the vent 
door 17 at its second position opening the ventilator 
port 17a, the foot door actuator 114 places the foot door 
18 at its first position opening the foot port 18a, and the 
defroster door actuator 115 places the defroster door 19 
at its first position closing the defroster port 19a. If the 
answer to this question is "yes", then the program pro- 
ceeds to the point S76 where the central processing unit 
101 calcualtes a target intake air temperature value Tio 
based on the target tempered air temperature To. This 
calculation is made with the use of a relationship II 
indicated by the character II in FIG. 17. This relation- 
ship II specifies target intake air temperature value Tio 
as a function of target tempered air temperature To. If 
the answer to the question inputted at the point 574 is 
"no", then it means that the air tempering system is 
operating in a heater or vent mode and the program 
proceeds to the point 578 where the central processing 
unit 101 calculates a target intake air temperature value 
Tio based on the target tempered air temperature To 
from a relationship I indicated by the character I in 
FIG. 17. This relationship I specifies target intake air 
temperature value Tio as a function of target tempered 
air temperature To. In FIG. 17, the character T01 des- 
ignates a first predetermined value (for example, 8' C. ), 
the character T02 designates a second predetermined 
value (for example, 18' C. ), the character T03 desig- 
nates a third predetermined value (for example, 20' C. ), 
and the character T04 designates a fourth predeter- 
mined value (for example, 30' C. ). These predetermined 
values are obtained experimentally for the target tem- 
pered air temperature To. The character T7 designates 
a predetermined value (for example, 15' C. ) obtained 
experimentally for the target intake air temperature Tio. 

At the point 580 in the program, the central process- 
ing unit 101 determines the range of the intake air tem- 
perature Ti. This determination is made by a compari- 
son with the read intake air temperature value Ti hys- 
teretically with a reference value T6 (for example, 1. 5' 
C. ) somewhat lower than the reference value T4 (for 
example, 3' C. ) below which the evaporator 21 may 
freeze when the intake air temperature is decreasing and 
with the reference value T4 when the intake air temper- 
ature is increasing. This is effective to eliminate the 
tendency toward hunting. At the point 582 in the pro- 
gram, a determination is made as to whether or not the 
intake air temperature is in a low temperature range. If 
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the answer to this question is "yes", then it means that 
the read intake air temperature value Ti is less than the 
reference value T6 when the intake air temperature is 
decreasing or the read intake air temperature value Ti is 
less than the reference value T4 when the intake air 
temperature is increasing and the program proceeds to 
the point 584 where the compressor 22 is stopped. Oth- 
erwise, the intake air temperature is in a high tempera- 
ture range and the program proceeds to the point 586 
where the central processing unit 101 calculates a re- 
quired value Iso for the solenoid current Is applied to 
the electromagnetic actuator 60 in the same manner as 
described in connection with FIG. 11. Following this, 
the program proceeds to the end point 5888 which 
corresponds to the point 218 of FIG. 7. 

Prior art air tempering systems have arranged to 
control the tempered air temperature by adjusting the 
angle of opening of the air mixing door 16 based on a 
difference of the existing intake air temperature from 
the target tempered air temperature value. However, 
such prior art air tempering systems have a tendency 
toward undesirable intake air temperature drops be- 
cause of engine speed fluctuations. In order to eliminate 
this tendency, it is the conventional practice to control 
the tempered air temperature to the target value To 
with the air mixing door 16 being open. For this reason, 
the compressor 22 consumes waste power which results 
in an appreciable fuel economy loss. 

In this embodiment of the invention, the tempered air 
temperature is controlled by adjusting the intake air 
temperature corresponding to the compressor displace- 
ment or capacity. The compressor displacement or 
capacity is controlled to avoid such intake air tempera- 
ture drops which may occur in the prior art air temper- 
ing systems. This compressor displacement control is 
made based on a target intake air temperature Tio calcu- 
lated from a selected one of two relationships I and II 
programmed into the computer. The relationships I and 
II, which specify target intake air temperature Tio as a 
function of target tempered air temperature To, are 
obtained experimentally. This means that the compres- 
sor 22 is operated with its minimum displacement or 
capacity. This is effective to provide good power econ- 
omy and thus good fuel economy. 

The fact that the compressor 22 operates at its mini- 
mum displacement or capacity means that the intake air 
temperature Ti is very close to the target tempered air 
temperature To and thus the air mixing door 16 is near 
its closed position. For this reason, the temperature of 
the air discharged through the ventilator port 17a is 
substantially equal to the temperature of the air dis- 
charged through the foot port 18a in the bilevel mode. 
However, it is preferable in view of passenger's com- 
forts that the temperature of the air discharged through 
the ventilator port 17a be somewhat higher than the 
temperature of the air discharged through the foot port 
18a. For this purpose, the invention is intended to give 
priority to the passenger's comforts over the power and 
fuel saving by setting the intake air temperature at a 
value somewhat lower in the bilevel mode than in the 
heater or vent mode for the same target tempered air 
temperature To, as shown in FIG. 17. As a result, the 
solenoid current Iso is set at a value lower in the bilevel 
mode than in the heater or vent mode to decrease the 
intake air temperature Ti. Consequently, the air mixing 
door 16 opens wider in the bilevel mode than in the 
heater or vent mode. 

FIG. 18 is a flow diagram of the programming of the 
digital computer as it is used to operate the compressor 
22 in a maximum dehumidification mode. At the point 
602 in FIG. 18, which corresponds to the point 438 of 

5 FIG. 9, the computer program is entered. At the point 
604 in the program, the target intake air temperature 
Tio is set at the predetermined value T4 (for example, 3' 
C. ) below which the evaporator 21 may freeze. At the 
point 606 in the program, the central processing unit 

10 100 determines the range of the intake air temperature. 
This determination is made by a comparison of the read 
intake air temperature value Ti hysteretically with the 
reference value T6 (for example, 1. 5' C. ) somewhat less 
than the reference value T4 when the intake air temper- 

15 ature is decreasing and with the reference value T4 
when the intake air temperature is increasing. This is 
effective to eliminate the tendency toward hunting. At 
the point 608 in the program, a determination is made as 
to whether or not the intake air temperature is in a low 

20 temperature range. If the answer to this question is 
"yes", then it m'cans that the read intake air temperature 
value Ti is less than the reference value T6 when the 
intake air temperature is decreasing or the read intake 
air temperature value Ti is less than the reference value 

25 T4 when the intake air temperature is increasing and the 
program proceeds to the point 610 where the compres- 
sor 22 is stopped. Otherwise, the intake air temperature 
is in a high temperature range and the program pro- 
ceeds to the point 612 where the central processing unit 

30 101 calculates a required value Iso for the solenoid 
current Is applied to the electromagnetic actuator 60 in 
the same manner as described in connection with FIG. 
11. Following this, the program proceeds to the end 
point 614 which corresponds to the point 218 of FIG. 7. 

35 FIGS. 19A and 19B are flow diagrams of the pro- 
gramming of the digital computer as it is used to operate 
the compressor 22 in a low-temperature demist mode. 
At the point 702 in FIG. 19, which corresponds to the 
point 442 of FIG. 9, the computer program is entered. 

40 At the point 704 in the program, a determination is 
made as to whether or not the air intake door 13 is at its 
first position, indicated by the solid lines of FIG. 1. If 
the answer to this question is "yes", then it means that 
the air tempering system introduces air from the atmo- 

45 sphere and the program proceeds to the point 706. Oth- 
erwise, the program proceeds to the point 710. 

At the point 706 in the program, the central process- 
ing unit 101 calculates reference refrigerant tempera- 
ture values T21 and T22 based upon the corrected ambi- 

50 ent temperature value Ta». This calculation is made 
from a relationship specifying these reference values 
T21 and T22 as a function of corrected ambient temper- 
ature Ta», as shown in FIG. 20. At the point 708 in the 
program, a determination is made as to whether the 

55 refrigerant temperature Tr is in a low or high tempera- 
ture range. This determination is mad by a comparison 
of the read refrigeration temperature Tr hysteretically 
with the calculated reference value T21 when the re- 
frigerant temperature is decreasing and with the calcu- 

60 lated reference value T22 with the refrigerant tempera- 
ture is increasing. This is effective to eliminate the ten- 
dency toward hunting. If the read refrigerant tempera- 
ture value Tr is less than the reference value T21 when 
the refrigerant temperature is decreasing or the read 

65 refrigerant temperature value Tr is less than the refer- 
ence value T22 when the refrigerant temperature is 
increasing, then the refrigerant temperature is in a low 
temperature range and the program proceeds to the 
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point 406 of FIG. 9 where the compressor 22 is stopped. 
If the read refrigerant temperature value Tr exceeds the 
reference value T21 when the refrigerant temperature is 
decreasing or the read refrigerant temperature value Tr 
exceeds the reference value T22 when the refrigerant 
temperature is increasing, then the refrigerant tempera- 
ture is in a high temperature range and the program 
proceeds to the point 728 of FIG. 19B. 

At the point 728 in the program, the central process- 
ing unit 101 sets a first target refrigerant temperature 10 

value Trol at (Ta*+ T8) which indicates the corrected 
ambient temperature Ta* plus a predetermined value 
T8 (for example, 16' C. ) and a second target refrigerant 
temperature value Tro2 at (Ta* — T9) which indicates 
the corrected ambient temperature Ta' minus a prede- 15 

termined value T9 (for example, 4' C. ). The central 
processing unit 101 also sets a second timer TM2 at a 
time t2 (for example, 3 minutes) and sets a third timer 
TM3 at a time t3 (for example, 2 minutes). 

At the point 730 in the program, a determination is 20 

made as to whether or not a first flag FLAG1 is cleared. 
If the answer to this question is "yes", then the program 
proceeds to the point 732. Otherwise, the program pro- 
ceeds to the point 736. At the point 732, a determination 
is made as to whether or' not a second flag FLAG2 is 
cleared. If the answer to this question is "yes", then the 
program proceeds to the point 734. Otherwise, the pro- 
gram proceeds to the point 748. 

At the point 734 in the program, the second timer 30 
TM2 is started. At the point 736 in the program, the 
second value Tro2 is selected for the target refrigerant 
temperature Tro. At the point 738, the central process- 
ing unit 101 calculates a required value Iso for the sole- 
noid current Is applied to the electromagnetic actuator 35 
60 based on a difference of the selected target refriger- 
ant temperature value Tro from the read refrigerant 
temperature Tr. This calculation will be described fur- 
ther in connection with FIG. 22. 

At the point 740 in the program, a determination is 40 
made as to whether or not the second timer TM2 is 
timed out; that is, the set time t2 has elapsed. If the 
answer to this question is "no", then the program pro- 
ceeds to the point 742 where the first flag FLAG1 is set 
and then to the end point 758. If the second timer TM2 45 
is timed out, then the program proceeds from the point 
740 to the point 744 where the first flag FLAG1 is 
cleared. 

At the point 746 in the program, the third timer TM3 
is started. At the point 748 in the program, the first 50 
value Trol is selected for the target refrigerant temper- 
ature Tro. At the point 750, the central processing unit 
101 calculates a required value Iso for the solenoid 
current Is applied to the electromagnetic actuator 60 
based on a difference of the selected target refrigerant 55 
temperature value Tro from the read refrigerant tem- 
perature Tr. This calculation will be described further 
in connection with FIG. 22. 

At the pont 752 in the program, a determination is 
made as to whether or not the third timer TM3 is timed 60 
out; that is, the set time t3 has elapsed. If the answer to 
this question is "no", then the program proceeds to the 
point 7S4 where the second flag FLAG2 is set and then 
to the end point 758. If the third timer TM3 is timed out, 
then the program proceeds from the point 752 to the 65 
point 756 where the second flag FLAG2 is cleared. 
Following this, the program proceeds to the end point 
758 which corresponds to the point 218 of FIG. 7. 

FIG. 22 is a flow diagram of the programming of the 
digital computer as it is used to calculate a required 
value Iso for the solenoid current Is applied to the elec- 
tromagnetic actuator 60. At the point 802 in FIG. 21, 
which corresponds to the point 738 or 750 of FIG. 19B, 
the computer program is entered. At the point 804 in 
the program, the central processing unit. 101 calculates 
a difference ETr of the selected target refrigerant tem- 
perature value Tro from the read refrigerant tempera- 
ture value Tr. At the point 806 in the program, the 
central processing unit 101 calculates a proportional 
current Ip based on the calculated difference ATr. The 
proportional current Ip is determined from a relation- 
ship that specifies the proportional current Ip as a func- 
tion of the calculated difference ATr, as shown in FIG. 
23. In FIG. 23, the character TZ1 indicates a tempera- 
ture difference (for example, — 5' C. ), the character T22 
indicates a temperature difference (for example, 15' C. ), 
and the character I2 indicates a proportional current 
(for example, 0. 8 amperes). This relationship may be 
obtained experimentally. The central processing unit 
101 also calculates an integral current Ii by adding an 
integral current difference b, li to the last integral cur- 
rent Ii. The integral current difference i3 Ii is determined 
from a relationship that specifies this difference b Ii as a 
function of the calculated difference ATr, as shown in 
FIG. 24. In FIG. 24, the character T2 indicates a tem- 
perature difference (for example, 6' C. ) and the charac- 
ter Il indicates an integral current difference (for exam- 
ple, 0. 98 milliamperes). This relationship may be ob- 
tained experimentally. 

At the point 808 in the program, the central process- 
ing unit 101 calculates a required solenoid current value 
Iso by subtracting the calculated integral current Ii 
from the calculated proportional current Ip. Following 
this, the program proceeds to ihe end point 810 which 
corresponds to the point 740 or 752 of FIG. 19B. 

During the low-temperature demist mode of opera- 
tion of the compressor 22 when the computer program 
exceeds through the points 728 to 758, the required 
solenoid current value Iso is calculated based on one of 
the first and second target refrigerant temperature val- 
ues Trol and Tro2 selected alternatively with the lapse 
of time, as shown in FIG. 25 where the time t2 corre- 
sponds to the time required for the computer program 
to proceed from the point 734 to the point 740 and the 
time t3 corresponds to the time required for the com- 
puter program to proceed from the point 746 to the 
point 7S2. As a result, the compressor 22 operates in a 
pulsated fashion during such a low-temperature demist 
mode. This is effective to improve the lubricating abil- 
ity so as to keep the compressor 22 from seizing at small 
refrigerant flow rates. 

At the point 710 of FIG. 19A, it is just after the air 
intake door 13 is changed from its first position to the 
second position. If the answer to this question is "yes", 
then the program proceeds to the point 714. Otherwise, 
the program proceeds to the point 712. 

At the point 714 in the program, a determination is 
made as to whether or not a third flag FLAG3 is 
cleared. If the answer to this question is "yes", then the 
program proceeds to the point 716 where a fourth timer 
TM4 is started and then to the point 718. Otherwise, the 
program jumps the point 716 to the point 718. 

At the point 718 in the program, a determination is 
made as to whether or not the fourth timer TM4 is 
timed out; that is, a time t4 set for the fourth timer TM4 
has elapsed. If the answer to this question is "yes", then 
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the program proceeds to the point 720 where the third 
flag FLAG3 is cleared and then to the point 712. Other- 
wise, the program proceeds to the point 72Z where the 
third flag FLAG3 is set and then to the point 724, 

At the point 712 in the program, a determination is 
made as to whether the read intake air temperature Ti is 
in a low or high temperature range. This determination 
is made by a comparison of the read intake air tempera- 
ture value Ti hysteretically with a reference value T23 
when the. intake air temperature is decreasing and with 
a reference value T24 somewhat greater than the refer- 
ence value T23 when the intake air temperature is in- 
creasing. This is effective to eliminate the tendency 
'. oward hunting, If the read intake air temperature value 
Ti is less than the reference value T23 when the intake 
air temperature is decreasing or the read intake air tem- 
perature value Ti is less than the reference value T24 
when the intake air temperature is increasing, then the 
intake air temperature is in a low temperature range and 
the program proceeds to the point 406 of FIG. 9 where 
the compressor 22 is stopped. Otherwise, the intake air 
temperature is in a high temperature range and the 
program proceeds to the point 724 where a predeter- 
mined value Tree is set for the target intake air tempera- 
ture value Tio. The predetermined value Tree is greater 
than O' C. and less than the reference value T4 (for 
example, 3' C. ) below which the evaporator 21 may 
freeze. 

At the point 726 in the program, the central process- 
ing unit 101 calculates a required value Iso for the sole- 
noid current Is applied to the electromagnetic actuator 
60 based upon a difference of the target intake air tem- 
perature value Tio (in this case Tree) from the read 
intake air temperature value Ti as described in connec- 
tion with FIG. 11. 

The compressor 22 is stopped in order to keep the the 
evaporator 21 from freezing when the refrigerant tem- 
perature Tr decreases below a reference value T21 
during the low-temperature demist mode of operation 
of the compressor 22. The reference value T21, which is 
determined as a function of ambient temperature as 
shown in FIG. 20, is low when the ambient temperature 
is in the low range where the low-temperature demist 
mode is selected. This is effective to avoid an unneces- 
sary compressor stop and provide a sufficient degree of 
humidification. When the ambient temperature is rela- 
tively high, the reference refrigerant temperature value 
T21 is relatively high. This is effective to stop the com- 
pressor Z2 to keep the evaporator 21 from freezing 
before it provides an excessive refrigerant capacity. 

If the compressor 22 is operated based on a difference 
of the target refrigerant temperature value Tro from the 
read refrigerant temperature value Tr when the air 

' intake door 13 is at the second position introducing air 
into the duct 11 from the passenger compartment, the 
refrigerant temperature sensor 125 will indicate a refrig- 
erant temperature higher than its correct value due to 
the worm air in the passenger compartment. As a result, 
the compressor 22 would provide an excessive refriger- 
ating capacity causing the evaporator 21 to freeze. In 
order to avoid this difficulty and suppress the influence 
of the worm air on the dehumidification performance, 
the compressor 22 is controlled based on a difference 
between the read intake air temperature value Ti and 
the target intake air temperature value Tio during the 
low-temperature demist mode with the air intake door 
13 being at the second position introducing air from the 
passenger compartment into the duct 11. 

FIG. 21 shows the degree of clearness of the wind- 
shield glass with respect to ambient temperature. The 

curve a relates to the case where the compressor 22 is 
operating with the air intake door 13 being at the first 
position introducing air from the atmosphere into the 
duct 11. The curve c relates to the case where the com- 
pressor 22 is stopped with the air intake door 13 being at 
the second position introducing air from the passenger 
compartment into the duct 11. As can be seen from 
FIG. 21, the degree of clearness of the windshield glass 
is smaller when the compressor 22 is stopped with the 

tO air intake door 13 being at the second position than 
when the compressor 22 is operating with the air intake 
door 13 being at the first position. This is true particu- 
larly when the ambient temperature is below O' C. 

In this embodiment, the compressor 22 is stopped 

t5 when the intake air temperature Ti decreases below the 
reference value T23 (the point 712 of FIG. 19A) with 
the air intake door 13 being at the second position. If the 
compressor 22 is stopped just after the air intake door 13 
is changed from the first position to the second position, 

20 however, the windshield glass will correct moisture 
rapidly. For this reason, the compressor 22 is operated 
for a predetermined time just after the air intake door 13 
is changed from the first position to the second position 
even when the intake air temperature Ti is less than the 
reference value. This is effective to avoid rapid correc- 
tion of moisture on the windshield glass. 

What is claimed is: 
1. An air tempering apparatus for use in an automo- 

tive vehicle having a duct through which air is directed 
into a passenger compartment, comprising: 

means for introducing air into the duct selectively 
from one of the atmosphere and the passenger 
compartment; 

air chilling means including an evaporator provided 
in the duct and a compressor having a displacement 
variable for supplying a controlled amount of re- 
frigerant to the evaporator for chilling the air in the 
duct; 

first sensor means provided in the duct downstream 
of the evaporator for sensing chilled air tempera- 
ture; 

second sensor means for sensing refrigerant tempera- 
ture; 

third sensor means for producing a first signal when 
air is introduced into the duct from the atmosphere 
and a second signal when air is introduced into the 
duct from the passenger compartment; and 

a control unit coupled to the first, second and third 
sensor means, the control unit including means 
responsive to the first signal for controlling the 
displacement of the compressor to bring the refrig- 
erant temperature to a target value, the control unit 
including means responsive to the second signal for 
controlling the displacement of the compressor to 
bring the chilled air temperature to a target value. 

2. The air tempering apparatus as claimed in claim 1, 
wherein the control unit includes means responsive to 
the second signal for stopping the compressor when the 
sensed chilled air temperature is less than a predeter- 
mined value, and means for operating the compressor 

60 for a predetermined period of time regardless of the 
sensed chilled air temperature just after a change from 
the first signal to the second signal. 

3. The air tempering apparatus as claimed in claim 2, 
wherein the control unit includes means responsive to 

65 the first signal for stopping the compressor when the 
sensed refrigerant temperature is less than a predeter- 
mined value. 

45 
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