
United States Patent [19]

Yoshimi et al.

lllllllllllllllllllllHIIIIIIIIIHllllllllllllllllIIIIIIIIIIIIIIIIIIIIIIII
US005775415A

[ii] Patent Number: 5,775s415
[45] Date of Patent: Jul. 7, 1998

[54] AIR CONDITIONING SYSTEM

[75] Inventors: Tomohisa Yoshimi. Gamagoori;
Tnknyosbi Kawai. Hoi-gun; Yuji Ito.
Ichinomiya: Masafumi Kawasbima.
Kariya; Yuji Honda. Okazaki;
Katsubiko Samukawa. Oobu. all of
Japan

4,476.919 10/1984 Akimoto et al
4540,040 9/1985 Fukumoto et sl.
4,651,812 3/1987 Biber et sl
4,766,950 8/1988 Yamads et al......

FOREIGN PATENT DOCL/MENTS

5939333 9/1984 Japan
6117682 5/1986 Japan .

1136809 5/1989 Japan .

165/30
165/30
165/43
165/30

[73] Assignee: Nippondenso Co., Ltd., Kariya. Japan

[56] References Cited

U.S. PATENT DOCUMENTS

3,670,808
4,323,111
4,365,663
4,448,035
4,456,055
4,466,480

6/1972
4/1982

12/1982
5/1984
6/1984
8/1984

wait, Jr
Iijima
Inoue et al.
Monyama et al...
Yosbimi et sl.
ito et al

165/42
165/30

165/43
165/43
165/30

[21] Appl. Nos 271465

[22] Filed: JuL 7, 1994

[30] Foreign Application Priority Data

Jul 7. 1993 [JP] Japua .................................... 5-168173
Sep. 16, 1993 [JP] Japan .................................... 5-230182
Nov. 15, 1993 [JP] Japan .................................... 5-285078

Mar 2. 1994 [JP] Japan ................................... 6-032675

[51] Int. Ci ...................................................... F25B 29/00
[52] U.S. Cl........... 165/202; 165/243; 165/263;

165/42; 165/43: 165/291; 165/254; 62/229;
62/1 80

[58] Field of Search .................................. 165/42, 43, 30,
165/202. 243. 254, 263, 291; 62/180

Primary Erami acr—John K. Ford
Arromeg Agent, or Firm—Cushman. Darby /I Cushruan Ip
Group of Pilisbury Madison /I Sutro LLP

[5/] ABSTRACT

The target air temperature is not corrected if it is determined
that the system is in a heating mode.

10 Claims, 28 Drawing Sheets

An air conditioning system for an automobile having an
evaporator. in a rebigerating circuit. and a heater core which
is located downstream from the evaporator in a duct having
an inlet for introduction of air and an outlet for discharging
the air into a cabin. and an air mix damper for controlling the
ratio of the amount of air into the heater core and the amount
of air by-passing the heater core. The degree of the opening
of the air mix damper is conuoged in accordance with the
cooling capacity at the evaporator sensed by an after-
evaporator temperature sensor so that a target value of the
temperature of the air discharged into the cabin is obtained.
A correction of the degree of opening of the air mix damper
is done by estimating an actual temperature at the after-
evaporator sensor during a transient state of the system
between the ON and OFF conditions of a compressor. so that
a desired setting of the air conditioning state is maintained.
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1

AIR CONDITIONING SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invennon relates to an air conditioning sys-

tem for an automobile.
2. Description of Related Art
Known in the prior art is an air conditioning system for an

automobile having a duct for introduction of air into a cabin, Io

which includes an evaporator located in a refrigerating
system. an air mix damper downstream from the evaporator.
and a heater core downstream from the air mix damper. The
air mix damper controls the ratio of the amount of the air
introduced into the heater core to the total amount of air Is

from the evaporator so as to control the temperature of the
air issued from the duct into the cabin.

A temperature sensor is arranged at a location at the outlet
of the evaporator for detecting the temperature of the air at
the outlet of the evaporator. A control system is provided for
switching olf a compressor in the refrigerating circuit when
the detected outJet temperature of the evaporator is lower
than a predetermined value. thereby preventing the evapo-
rator from frosting-up. However. due to a delay in the
response of the temperature sensor. such an on-ofl'ontrol
causes the temperature at the outlet of the evaporator to vary.
which causes the temperature of the air introduced into the
cabin to vary.

Thus. a technique has heretofore been proposed wherein.
in order to reduce the temperature variation caused by the
on-off control of the compression. a correction to a target
value of the degree of opening of the air mix damper is made
in accordance with the temperature of the air at the outlet of
the evaporator sensed by the after-evaporator sensor. Note,
Ibis prior art is referred as a prior art A.

As other prior art for example Japanese Un-Examined
Patent Publication No. 57-209412 or Japanese
Un-Examined Patent Publication No. 59-167313. it has been
proposed that the degree of the opening of the air mix ~
damper is varied between the energized (ON) condition and
the de-energized (OFF) condition, of the compressor. Note.
this prior art is referred as a prior art B.

In the prior art A, the after-evaporator temperature sensor
is usually constructed from a thermistor, which has some 4s
heat capacity. which causes the response to a detected
temperature to be delayed when the system is under a
transient state, which makes the detected temperature dif-
ferent from an actual after-evaporator temperature for a
period of several seconds just after a chaage of the condition so
of the compressor between ON and OFF conditions. thereby
causing the discharged air temperature fluctuate, The solu-
tion of reducing the heat capacity of the sensor to improve
a response is not practical. This is because the durability of
the sensor is inevitably reduced. which is not suitable for an ss
after-evaporator sensor. which is arranged at a location
downstream of the evaporator in a relatively severe envi-
ronment or the sensor is subjected to large temperature
differences and splashes of condensed water. Namely. in
Order tO inCreaSe a durability. it iS unaVOidable that Ihe ao
sensor has a substantial degree of deiay in response to a
change in the temperature.

In prior art B. rhe characteristics of the degree of opening
of the air mix damper for ON and OFF conditions are
determined when the after-evaporator temperature is stable. as
Thus. a desired correction cannot be done during the tran-
sient state during a period of about several tens of seconds

after the compressor is switched ON or OFF. which is not
efl'ective for reducing the temperature fluctuation of air
discharged into the cabin.

During the transient state just after switching ON or OFF
the compressor by meaas of depressing the manual air
condifloning switch. an undesired change in air conditioning
condition is also generated during heating the automatic air
conditioning system. Namely. in such an automatic air
conditioning system, when the air conditioning switch is
turned OFF. a target value of the temperature is reduced by
an amount to compensate for a temperature increase felt by
a passenger due to an increase in humidity caused by the
stopping of the evaporator. thereby maintaining an apparent
constant temperature. However, such a reduction of the
target temperature causes the passenger to feel that the
heating operation is insulflcient.

SUMMARY OF THE INVFNTION

An object of the present invention is to provide an air
conditioning system capable of reducing a temperature
variation to as small a variation as possible during a Iransient
state which is generated when a cooling capacity is changed.

According to a first aspect of the preset invention. a
system for air conditioning of a cabin to be air conditioned
is provided, comprising:

(a) a duct for introducing a flow of the air into the cabin;

(b) a cooling means arranged in the duct to contact the air
liow for cooling;

(c) a heating means arranged in the duct to contact the air
flow to heat the cooled air:

(d) means for detecting the cooling capacity of the cooling
means;

(e) means. responsive to the detected cooling capacity. for
controfling the heating capacity to obtain a desired setting of
an air conditioning condition at the cabin. and;

(f) means, in accordance with a change of the state of the
cooling means. for correcting the heating capacity, thereby
maintaining a desired air conditioning effect.

According to a another aspect of the present invention. a
system for air conditioning of a cabin to be air conditioned
is provided. comprising:

(a) a duct for introducing a flow of the air into the cabin:
(b) a cooling means arranged in the duct in contact with

the air flow to cool the air;

(c) a heating means arranged in the duct to contact the air
flow to heat Ihe cooled air;

(d) means for detecting. with a delay, the cooling capacity
of the cooiing means;

(e) means. responsive to the detected cooling capacity, for
controlling the heating capacity to obtain a desired air
conditioning condition in the cabin;

(f) means for obtaining an estimation of the actual cooling
capacity of the cooling means so that the effect of the delay
is canceled.

(g) means. in accordance the estimated actual cooling
capacity, for correcting the heating capacity, thereby main-
taining a desired air conditioning effect.

According to still another aspeN of the invention. a
system for air conditioning a cabin of a vehicle to be air
conditioned is provided. comprising:

(a) a duct for introducing a flow of the air into the cabin;
(b) a refrigerating circuit for a refrigerant having a com-

pressor and an evaporator which is arranged in the duct to
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contact the air flow in the duct. so that a heat exchaage
occurs between the refrigerant in the evaporator and the air
in the duct;

(c) a heating means arranged in the duct in contact with
the air flow to heat the cooled air from the evaporator;

(d) means, responsive to manipulation by a passenger. for
issuing a first signal for energiziag the compressor;

(e) means, responsive to manipulation by a passenger, for
issuing a second signal for de-energizing the compressor;

(f) means for detecting at least one enviroamental param-
eter;

(g) means for setting a cabin temperature which is desired
by a passenger:

(h) means. based on the detected environmental parameter
and the sating of the temperature. for calculating a heating
amount for the air discharged into the cabin from the duct;

(i) means for calculating a corrected amount so that the
heating amount is reduced for a predetermined value. when
the comixessor is de-energized by the second signaL when
compared with the heating amount whee the compressor is
energized by the first signal;

(j) means for controlling the heating means so that a
heating amount corrected by the correcting means is
obtained when the calculated heating amount is smaller than
a predetermined value, and;

()s) means for coanolling the heating means so that a
calculated heating amount is obtained when the calculated
heating amount is higher than a predetermined value.

BRIEF EXPLANATION OF THE DRAWINGS

FIGS. 1A to IC are time charts illustrating changes in
discharge air temperature. after-evaporator temperature, and
an operation of a compressor. respectively as obtained using
a prior art construction.

FIGS. 2A to 2D are time charts illustratiag an operation
of an air conditioning switch. a discharged air temperature.
after-evaporator temperature, and a degree of opening of an
air mix damper. respectively as obtained by a prior art
construction.

FIG. 3 is a schematic view of a construction of an
automatic type air conditioning system for an automobile.

FIG. 4 is a schematic view of an arrangement of a control
panel of the air conditioning device in FIG. 3 in a cabin.

FIG. 5 is an operating characteristic of a compressor
during a de-frost mode.

FIG. 6 shows a relationship between a setting of a target
discharged air temperature and a voltage level at an blower
motor.

FIG. 7 is a general flow chart illustrating how the system
in FIG. 3 operates.

FIG. 8 is a flowchart illustrating a detail for correct(on of
the degree of opening of the air mix damper in FIG. 7.

FIGS. 9A to 9D are nme charts illustratiag an operation
of compressor. a discharged air temperature. an affer-
evaporator temperature and a degree of opening of the air
mix damper. respectively. in the present invention shown in
FIG. 3.

FIGS. 10A to 10D are time charts illustrating an operation
of compressor. an affer-evaporator temperature, a correction
amount of the degree of the opening of the air mix damper
at a first phase. and a correction amount of the degree of the
opening of the air mix damper at a second phase,
respectively, during a transient state after the switching ON
of the compressor.

FIG. 11 is a flow chart of a sub-routine A in FIG. 8.

FIG. 12 is a flow chart of a sub-routine B in FIG. 8.

FIG. 13 is a flow chart of a sub-routine D in FIG. 8.
FIGS. 14A to 14C are timing charts illustrating an opera-

tion of a compressor, an after-evaporator temperature. and a
correction amount for the degree of the opening of the air
mix damper, respectively, during a transient phase after
switching from ON condition to OFF condition.

io HG. 15 is a flow chart of a sub-routine C in FIG. 8.

FIG, 16 illustrates the aon-linear relanonship between the
degree of opening of a air mix damper and discharged air
temperature.

FIG. 17 is similar to FIG. 3, but illustrates a second
is embodiment.

FIG. 18 is also similar to FIG. 3, but illustrates a third
embodiment.

FIG. 19 is a general flowchart illustrating an operation of
the embodiment in FIG. 18.

FIGS. 20A to 20D are time charts iflusirating an operation
of compressor. discharged air temperature, an after-
evaporator temperature. and a correction amount of the
degree of the opening of the air mix damper. respectively. in

zs the embodunents FIG. 1$.

FIG. 21 is a general flowchart illustrating an operation of
fourth embodiment.

FIG. 22 is a schematic view of a air conditioning system
in fifth embodiment.

FIG. 23 is a general flow chart illustratiag an operation of
the embodiment in FIG. 22.

FIG. 24 is similar to FIG. 6 but illustrating a setting of a
target air temperature in the embodiment in FIG. 22.

ss FIG. 25 is a diagram illustrating a setting of a selectioa of
an inlet mode.

FIG. 26 is a diagram illustrating a setting of a selection of
a discharge outlet.

FIG. 27 is a flowchart of a routine for calculation of the
so target air temperature in FIG. 23.

FIG. 28 is similar to FIG. 27, but illustrates another
embodiment.

FIG. 29 is also similar to FIG. 27, but illustrates another

s embodiment.
FIG. 30 is a fiowchart of a routine for calculation of the

target air temperature in another embodiment.
HGS. 31A and 31B are timing charts hlustrating an

operation of an air conditioning switch and a value of the
sc target air temperature. respectively, in the embodiment in

FIG. 29.

DESCRIPTION OF PREFERRED
EMBODIMENTS

ss First. a problem in the prior art. to be solved by the present
invention, will be explained. Namely, FIGS. IA aad IB
show changes in the air temperature discharged into a cabin
and the temperature of the air at the outlet of the evaporator
(after-evaporator temperature) with respect to the changes of

so the condition of the compressor betweea ON and OFF
conditions as shown in FIG. IC. In the prior art, with respect
to the change in the condition of the compressor as shown
in FIG. IC, a certain delay exist for the discharged air
temperature ia FIG. IA and as the after evaporator tempera-

ss turn in FIG. IB. A reason of such an inconsistency between
the state of the compressor and the temperature will now be
explained. Namely, FIG. 2A illustrates a point x, of the



change in the state of the compressor from an OFF state to
an ON state. FIG. 2B illustrates a drop in the discharged air
temperature after the switching on of the compressor. It is
desirable that such a drop xs in the temperature is as small
as possible. In FIG. 2C, curve C, shows a change in the
outlet value of a sensor as a thertuistor for detecting after-
evaporator temperature. Since the thermistor has a certain
amount of a heat capacity. the detected value is delayed with
respect to the ON operation of the compressor. Curve Ci
shows a detected value of the after-evaporator temperature
when an idealized sensor such as a thermo-couple is used
with small delay. Thus, an area of shaded lines ifiustrate a
total effect of a delay of the sensor for detecting the
after-evaporator temperature. Such a delay in the sensor
causes the response of the control of the air mix damper to
be delayed as shown in the curve in FIG. 2D.

FIG. 3 generally illustrates an automated air conditioning
system for an automobile. The system includes. basicafiy, a
duct 2 for introducing air into a cabin 100 of the automobile,
a blower 3 arranged in the duct 2 for generating air flow in
the duct directed to the cabin. an evaporator 4 for cooling the
air from the blower 3, an air mix type temperature control
unit 5 for controlling the temperature of air discharged into
the cabin. and an electrical control unit 6 generating electric
signals for controfling various control units.

The duct 2 is, at its inlet side. provided with a first or
inside air inlet 7 and a second or outside air inlet 8, and a
switching damper 9 which is rotatable about an axis 9-1 for
switching between the inside and outside inlets 7 and 8. The
damper 9 is formed as a plate member and is connected to
a servo motor 10 as a drive motor for obtaining the rotating
movement of the damper 9 about the axis 9-1. The motor 10
rotates the damper 9 between an outside air intake position
as shown by a solid line 9A where the damper 9 closes the
inside air inlet 7. while opening the outside air inlet 8. so that
air outside from the cabin (outside air) is introduced iato the
duct 2, and an inside air intake position as shown by a dotted
line 9B where the damper 9 closes the outside air inlet 8.
while opening the inside air inlet 7, so that air from the cabin
100 {inside air) is introduced or recirculated into the duct 7.
In place of the plate type damper as shown in FIG. 3. a fibn
type damper. which is itself wefi known. can be employed.
Furthermore. in place of the servo motor 10. a stepping
motor or any other kind of drive means for obtaining a
rotatiag movement can be employed.

The duct 2 is. at the outlet side thereof. provided with a
defroster outlet 11 opened to the cabin 100 at a bottom of a
windshield 102. an upper level outlet 12 opened to the cabin
100 at a location corresponding to the position of the face of
a driver or a passenger. and a lower level outlet 13 opened
to the cabin 100 at a location corresponding to the position
of the feet of a driver or a passenger. Arranged adjacent to
the defroster outlet 11. the upper outlet 12 aad the lower
outlet 13. at their inner ends. are a defroster damper 14. an
upper outlet damper 15 and a lower outlet damper 16.
respectively.

The dei'roster damper 14 is formed as a plate member, and
is connected to a servo motor 17, as a driving means. for
rotating the damper between a closed position as shown by
a solid line 14A where the defroster outlet 11 is closed and
an opened position as shown by a dotted line 14B where the
defroster outlet is openecL The upper outlet damper 14 is also
formed as a plate member and is connected to a servo motor
18. as a driving means. for rotanng the damper between a
closed position as shown by a solid line ISA where the upper
outlet 12 is closed and an opened position as shown by a
dotted line 15B where the upper outlet 12 is opened. The

lower outlet damper 16 is also fortned as a plate member and
is connected to a servo motor 19. as a driving means. for
rotating the damper between an opened position as shown by
a solid line 16A where the lower outlet 13 is opened and a
closed position as shown by a dotted line 16B where the
lower outlet 13 is closed.

The air conditioning system has various modes of
operation. such as an upper outlet mode (face mode). a
bi-level mode. a lower outlet mode (foot mode) and a

ip foot defroster mode. At the upper outlet mode. a cooled air
flow is discharged from the upper outlet 12 to the cabin
toward an upper part of the passenger. At the bi-level mode.
a cooled air flow is discharged from the upper outlet 12 to
the cabin toward an upper part of the passenger while a hot

,s flow is discharged from the lower outlet 13 toward a lower
part of the passenger. so as to obtain so called "head is cool
and feet are wartn" state. At the lower outlet mode, a hot air
flow is discharged from the lower outlet 13 toward a lower
part of the passenger. At the foot-defroster mode. a hot air

zp flow is mainly discharged from the defroster outlet 11
toward the bottom inner surface of the wind shield. and from
the lower outlet 13 toward the lower part of the passenger.
Finally. at the defioster mode, a hot air fiow is discharged
from the defroster outlet 11 toward the bottom inner surface

zs of the wind shield. In place of the dampers 14 to 16. film
dampers may be used, and. in place of the servo-motors 17
to 19, other kinds of rotating means. such as stepping
motors. can be employed,

A blower operating circuit 20 is provided for controlling
so the voltage of the electric power applied to the blower motor

21 for rotating the blower 3 and thus controlling the air flow
directed to the cabin in the duct 2.

The evaporator 4 is arranged in the duct 2 so that it
extends across the entire width of the passageway in the duct

ss 2 so that a heat exchange takes place betweea the flow of the
refrigerant in the evaporator and the air flow in the duct 2.
thereby cooling the air flow. The evaporator 4 constructs.
together with a compressor 23. a condenser 24. a receiver 25
and an expansion valve 26. a refiigeratiag system Namely.

4o he gaseous refrigerant at a high pressure from the compres-
sor 23 is condensed to a liquid state at the condenser 24. a
separation of the liquid state refrigerant takes place at the
receiver 25, the separated refrigerant is directed to the
expansion valve 26. where the pressure of the liquid refrig-

4s erant is reduced. and the refrigerant at a reduced pressure is.
at the evaporator 4. evaporated and directed to the compres-
sor 23 for the following cycle. The compressor 23 is capable
of obtaining a varied amount of the recirculated refrigerant.
The compressor is provided with a rotaflng shaft 23-1

so having a pulley 23-2 with a clutch (not shown) connected to
a crankshaft (aot shown) of an internal combustion engine
via a belt (not shown). so that a rotational movement of the
crankshaft is transmitted to the compressor 23 when the
clutch is engaged. In other words, an engaged condition of

ss the clutch causes the compressor 23 to be operated. which
allows the refrigerating system to be operated, so that the air
contacting with the evaporator 4 is cooled. Contrary to this,
a disengaged condition of the clutch causes the compressor
23 to be stopped, which puts the refrigerating system out of

so operation. so that the cooling of the air contacting with the
evaporator is stopped.

The discharged air temperature controlling device 5 is.
according to this embodiment. constructed by a heater core
27 and an air mix damper 28 located between the evaporator

m 4 and the heater core 27. The heater core 27 is for exchang-
ing heat between air flowing in the duct 2 and engine cooling
water fiowing in the heater core 27. The haste. core 27 has



an inlet 27-1 for receiving the cooling water at a high
temperature from an engine cooling water jacket (not
shown) of the internal combustion engine, and an outlet 27-2
for returning the engine cooling water to the water jacket
after heat is exchanged with the air flow in the duct 2.

An air mix damper 28. which is arranged between the
evaporator 4 and the heater core 27 via a by-pass passage-
way 30, is made as a plate member capable of rotating about
an axis. The shaft is connected to a servo-motor 29. as a
rotating drive means. so that the air mix damper 28 is moved
between a first position 28A. where the heater core 27 is
closed. and so that all of the air from the evaporator
by-passes the heater core 27. and a second position 28B.
where the heater core 27 is opeaed, so that aU of the air from
the evaporator passes the heater core 27. Furthermore. the
air mix damper 28 can take a desired position between the
first and second extreme positions 2$A and 28B. As a result.
the amount of the air passed through the heater core 27. i.e..
the ratio of the amount of the cool air by-passing the heater
core 27 to the amount of hot air passed through the heater
core 27, is continuaUy controlled in accordance with the
degree of the opening of the air mix danaper. Thus. a
connnuous control of the temperature of the air as a mixture
of the cool air and the hot air is obtaine&L In place of the plate
damper. the air mix damper may be consautxed as a film
damper. Furthermore. in place of the servo motor 29. any
kind of rotating means such as a stepping motor can be
employed.

The coatrol unit 6 is constructed as a microcomputer unit.
which. basicaUy. indudes a central processing unit (CPU)
31, a read only memory (ROM) 32 and a random access
memory (RAM) 33. Programs and data are stored in the
memories for executing the various control operations
according to the present invention. The CPU 31 is provided
with a timer for counting the lapse time Torr after the

compressor 23 is switched off.
The control unit 6 is provided with ternunals A, B. C. D.

and E connected to the servo motors 10. 29. 17. 1$ and 19.
respectively for issuing signals for operating the dampers 9.
28. 14, 15 and 16. respectively. The control unit 6 is further
provided with a terminal F conaected to the blower drive
circuit 20 for operating the blower motor 21 and a terminal
G connected to a sensor 34 for detecting the degree of the
opening 8 of the air mix damper 28. The sensor 34 is. for
example. consaucted as a potentiometer. the value of the
electric resistance of which is varied in accordance with the
degree 8 of the opening of the air mix damper 28. The
control unit 6 is further provided with a terminal H con-
nected to a compressor drive circuit 35 which is connected
to the compressor 23 for selectively operating the clutch (not
shown). and a~ I connected to a sensor (not shown)
for detecting an electric current in the elecaomagnetio clutch
of the compressor 23. The controller unit 6 is further
provided with terminals I, K and L. which are connected to
an air inlet selection switch 36, a temperature setting switch
37 and a mode selection switch 38. respectively.
Furthermore. the conaol unit 6 is provided with teindnats
M. N. O. P and Q, which are connected to a sensor 39 for
detecting the inside air temperature, a sensor 40 for detecting
the outside air temperature. a sensor 41 for detecting an
engine cooling water temperature. a sensor 42 for detecting
an sun radiation amount to the cabin, and a sensor (after-
evaporator temperature sensor) 43 for detecting the tem-
perature of the air in the duct 2 at a location downstream
from the evaporator 4.

FIG. 4 illustrates an arrangement of a instrument panel 70
inside the cabin. The selection switch 36 is for selecting

between the outer air intake mode where the damper 9 is
positioned as shown by the line 9A in FIG. 3 for introducing
outside air from the inlet 8 and the inner air intake mode
where the damper 9 is positioned as shown by the line 9B in
FIG. 3 for introducing the inside air f'rom the inlet 7. The
temperature set switch 37 is for obtaining a setting of the
temperature of the air discharged to the cabin 100. A
indicator 37-1 is provided for obtaining an indication of the
set temperature. A defroster switch 38 is for obtaining the

io defroster mode where the damper 14 is moved to the opened
position 14B ia FIG. 3. In addition to these switches.
switches not shown in FIG. 3. but connected similarly to the
control unit 6 are also provided. Namely. a mode selection
unit 71 is constructed by. in addition to the defroster switch

is 38. a upper mode swirch 72. a bi-level mode switch 73. and
a lower owlet mode switch 74. A selection of a desired one
from the switches in the mode selection section 71 afiows
the system to be switched to the designated mode, as is wefi
known. Aa air amount selection section 75 includes a low

2c amount switch 76, a medium amount switch 77 and a high
amount switch. A selection of a switch from the switches 76.
77 and 7$ allows the blower 3 to be controlled to the desired
speed for obtaining the designated air flow amount in the
duct 2. An A/C switch 80 is for commencing an air condi-

25 tioning (cooling) operation for the cabin 100. A switch 81 is
for making the air conditioning system to enter into an
automated mode. and a switch 82 is for caaceling the
operation of the air conditioning apparatus.

Again in FIG. 3. the inner air temperature sensor 39 is
so arranged in a suitable location inside the cabin 100 for

detecting an air temperature T in the cabin 100 (inside air
temperature) so as to provide an electric signal indicative
thereof. The outer air temperature sensor 40 is arranged at a
suitable location on the body of the vehicle. capable of

ss contacting with air outside the cabin so as to produce an
electric signal indicating the outside air temperature T
The engine cooling water sensor 41 is arranged on the body
of the internal combustion engine (not shown) so as to
contact with the engine cooling water in a water jacket so as

ao to provide electric signal indicative of a temperature T„of
an engine cooling water. The sun radiation sensor 42 is
formed as a photo-diode. the value of the electric resistance
of which varies upon a receipt of sun radiatioa. and issues
an elecalc signal indicative of a sun radiation amount Ts

as introduced into the cabin. Finally. the after-evaporator tem-
perature sensor 43 is arranged at a locatioa 43-1 immedi-
ately downsaeam form the evaporator 4 so as to provide an
electric signal indicative of the temperature Te of the air at
the outlet of the evaporator 4. The above-mentioned tem-

so perature sensors. the inside air temperature 39, the outside
air temperature sensor 40. the engine cooling water tem-
perature sensor 41 and the after-evaporator sensor 43. are
constructed as theinustors. and the values of electric resis-
tance of the thernustors vary in accordance with the tem-

ss peratures.
Now, a calculation of a target value 8o of the degree of

opening of the air mix damper 28 is explained. When an
automatic air condifioning mode is selected by pushing the
switch 81 on the iastrument panel 70 in Fi. 4. the CPU 31
first calculates, the target value T of the temperature of the
air discharged to the cabin 100. This valve is calculated from
the set temperature T ~ the inside air temperature T„, the
outside air temperature T and the sun radiation amount T,
using the following equation.
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where K, is a gain for the setting temperature T, obtained
fiom the temperature set switch 37 on the instrument panel
70. K, is a constant for the inside air temperature T, sensed
by the inside air temperature sensor 49. K is a constant for
the outside air temperature T sensed by the outside air
temperature sensor 40, K is a constant for the solar radiation
T, sensed by the radiation sensor 42. and C is a correction
cons(sat.

Next. during the automatic air conditioning mode, CPU
31 calculates from the target discharged air temperature T
the engine cooling water temperature T„. and the after-
evaporator temperature T . the target value Bo of the degree
of the opening air mix damper 28 using the following
equation.

2 ~ — r.
x too(%&

(2&

The use of the engine cooling water temperature T and the
after-evaporator temperature T, in the calculation of the
target value Bo of the degree of the opening of the air mix
damper 28 are effective for preventing the temperature of the
discharged air discharged from being varied even when the
engine cooling water temperature T„as the after-evaporator
temperature T, are changed while maintaining the fixed
target value Bo of the degree of the opening of the air mix
damper 28. However. it should be noted that the water
temperature sensor 41 and the after-evaporator sensor 43
have a certain a heat capacity, which causes the response to
be delayed, thereby causing the detected temperature to be
di(ierent from the actual temperature. which should,
desirably. be compensated.

Now. the control of the capacity of the compressor for
vmying the amount of the recirculated refrigerant for obtain-
ing a frost cut operation will be explained, Namely. a
diagram in FIG. 5 illustrates how CPU 31 operates the
compressor 23 in the refrigerating circuit for preventing the
evaporator 4 from being frosted-up during an automatic air
conditioning mode. This diagram is stored in the ROM 32 so
that the control of the compressor 23 according to the
diagram is obtained. Namely. during the automatic air
conditioning mode, entered by the depression of the AUTO
switch 81 in FIG. 4. a reduction (an arrow f, in FIG. 5) of
the after-evaporator temperature T, as detected by the sensor
43 lower than a predetermined value T~ of, for example. a
value 3'. causes the electromagnetic clutch in the corn-
pressor 23 to be disengaged. thereby stopping the latter. As
a result. a recirculation of the refrigerant in the refrigerating
circuit is stopped, thereby reducing the cooling capacity of
the evaporator 4. Such a reduction of the cooling capacity
causes the after-evaporator temperature T, to increase. The
increase (an arrow f, in FIG. 5& of the after-evaporator
temperature T larger than a predetermined value T of. for
example. a value 4'. causes the electromagnetic clutch in
the compressor 23 to be engaged. thereby the latter to be
op:ratecL As a result. a recirculation of the refrigerant in the
ref'rigerating circuit is again commenced. thereby increasing
the cooling capacity at the evaporator 4. Such an increase in
the cooling capacity causes the after-evaporator temperature
T, to be reduced.

Now. control of the degree of the opening of the air mix
damper 28 for correcting the target opening Bo executed by
the CPU 31 will be explained. Namely. CPU 31 determines
from the signal from the drive circuit 35 (FIG. 3) that the
compressor 23 is switched from an operated condition to a
non-operated condition or that from the non-operated con-
dition to the operated condition. Furthermore. a change in
the after-evaporator air temperature T is acquired by the

CPU 31. Then. an estimation of an actual cooling capacity
at the evaporator 4 is carried out from various input data.
induding the ON or OFF condition of the compressor 23,
the target temperature T, when the compressor is made
ON. the temperature T of the air at the outlet of the
evaporator 4 by the sensor 43. a change in the value of the
detected value of the temperature T, per unit of time, f
(=Tgsec), and a temperature T„„of the air at the inlet of the
evaporator 4. which caa be detected directly by a sensor

to arranged at the location immediately upstream from the
evaporator 4 or detected indirectly using a temperature
sensor located at a dilferent place. Furthermore. the CPU 31
determines values in percent of correction amount AB„,
based on a difference in behavior between the detected

ts after-evaporator temperature Te and the estimated after-
evaporator temperature. Finally. a target value Bo(%) of the
degree of the opening of the air mix damper after the
consideration of the determined correction amount AB is
calculated by the following equation.

20

f4=0,+aa is&

In the above embodiment, at a sub-routine C. explained
later. for executing the correction of the degree of the

2s opening. the value of the evaporator inlet temperature T
the value of the outside air temperature T from the outside
air temperature sensor 40 during the outside air inlet mode
obtained from the position 9A of the damper 9 in FIG. 3. and
the value of the inside air temperature T, from the inside air

20 temperature sensor 39 during the inside air inlet mode
obtained by the doued position 9B of the damper 9 in FIG.
3 can be. respectively. used. In order to obtain the value of
T„„, it is, of course, possible to actually provide a sensor for
detecting the temperature at the inlet of the evaporator 4.

ss The CPU 31 issues to the servo-motor 29 a signal indica-
tive of the corrected value of the target degree of the opening
Bo of the air mix damper 28. so that the actual degree of the
opening of the air mix damper 28 is controlled to the target
value Bo including correction amount AB. When the air

m conditioning system is of a type provided with independent
ducts for the driver and the passenger seats, a temperature
dltference in the discharged air to the cabin can be created
between the left aad right ducts in accordance with various
environmental factors including the sun radiation amount.

Control of the blower 3 by the CPU 31 will. now. be
explained. FIG. 6 illustrates. with respect to a target value
T„, of the discharged air temperature. a setting of a voltage
in the blower motor 21. The target value T~ of the dis-
charged air temperature becomes low during a summer

so season where the outside air temperature is high. and
becomes high during a winter season where the outside air
temperature is low. The voltage level applied to the blower
motor 21 is controlled to the setting stored in the memory
and as shown in FIG. 6. when a condition is obtained that the

ss temperature of the engine cooling water T detected by the
sensor 41 is higher than the predetermined value of. for
example. 75'. In the characteristic shown in FIG. 6, the
voltage setting is such that it attains the maximum value H,
in a high or low temperature range where the target tem-

00 perature of the discharged air is low or high. and attains the
minimum value in a medium range where the temperature is
medium. Furthermore. in the transient range from the low
temperature range to the medium temperature range or fi om
the medium temperature range to the high temperature

as range, the voltage level changes along a straight line from
the maximum value H, to the minimum value H, or from the
minimum value Ho to the maximum value He The CPU 31
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controls the blower drive circuit 20 to obtain the voltage
setting as shown in FIG. 6. When an air amount selecting
switch 76. 77 or 78 is operated during the automatic air
conditioning mode. the voltage corresponding to the
selected switch 76. 77 or 78 overrides the automatic setting
in FIG. 6. Thus. the CPU 31 issues an instruction for causing
the blower motor 21 to be supplied with (he fixed electric
voltage at the level corresponding the selected switch 76. 77
or 78. It should be noted that the setting of the voltage V, of
the blower can be varied in accordance with the mode
selected from various modes such as the upper outlet mode.
the bi-level mode and the lower outlet mode.

Operation of First Embodiment
Now. an operation of the control circuit 6 realized by

programs stored in the memory (ROM 32) will be explained
with reference to flow charts. When an ignition switch (not
shown) of the internal combustion engine is made ON. a

program as shown in HG. 7 is commenced. At step SI,
various flags including a condition flag SBR. a correction
control flag FLG. various tuners. and other variables are
initialized At step S2, a set temperature T, by the tem-
perature set switch 37 on the instrument panel 70 is read out
and stored in the designated area of the memory (RAM 33).
At step S3. various environmental parameters of the vehicle
are read out from the respective sensors. Namely. the inside
air temperature T, detected by the sensor 39. the outside air
temperature T detected by the sensor 40, the engine
cooling waterT„detected by the sensor 41. the sun radiation
amount T, detected by the sensor 42 and the after-evaporator
temperature T, detected by the sensor 43 are input and stored
to the designated areas of the memory (RAM 33).

At step S4. based on the data K „T~ K» K, aad C. the
target value T of the temperature of the air discharged to
the cabin 100 is calculated using the above mentioned
equation (I).

At step S5. based on the target value T of the tempera-
ture of the air discharged to the cabin calculated at the step
S4. a value of the voltage V of the blower operating signal
is calculated using the diagram shown in FIG. 6 stored in the
memory. Namely. the memory (ROM 32) includes a data
map between the values of the T and the value of the V
corresponding the curve ia FIG. 6. An interpolation is done
to obtain a value of the voltage V„corresponding to the
calculated value of T»»

At step S6. based on the calculated target value T of the
discharged air temperature. and the detected values of the
cooling water temperature T detected by the sensor 41 and
of the after-evaporator temperature T detected by the sensor
43. a target value of the degree of the opening flo of the air
nux damper 28 is caiculated using the above-mentioned
equation (2).

At step S7. a selection of a mode from the outside air inlet
mode and the inside air inlet mode is generally illustrated,
which is doae based on the calculated value of the dis-
charged air temperature T calculated at the step S4. After
the selection is done. a signal is issued to the servo motor 10
so that a desired position of the switching damper 9 matched
to the selection is obtained between the position 9A for the
outside air introduction via the outside air inlet 8 and the
position 9B for the inside air introduction via the inside air
inlet 7.

At the following step Sg. a routine for operating the
compressor 23 is generally illustrated, which is done in
accordance with the characteristic as shown in HG. 5 or the
condition (ON or OFF condition) of the air conditioning
switch 80 on the instrument panel 70 in FIG. 4. so that a
desired connol (ON or OFF control) of the elecn.o-magnetic

clutch {not shown) for connecting the crankshaft of the
internal combustion engine with the compressor is obtaineL

At the following step S9. a routine is generafly illustrated
for executing a control of the degree of the opening of the

s air mix damper 28 just after the compressor 23 is eaergized
or de-eaergized.

At the following step S10. sigaals obtained at steps S5 to
S9 are issued to the blower drive circuit 20, the servo motors
10 and 29, and the compressor drive circuit 35. etc.. so that

to desired control of the blower 3, the air inlet switching
damper 9. the air mix damper 28 and the compressor is
obtaiaeti

At the final step SII. it is determinated. if a predeterrniaed
cycle time z of a value of. for example. 1 to 4 seconds has

ts elapsed since the preceding execution of the step S 10. When
it is determined that the predetermined time (a cycle tune r)
has not yet lapsed. the routine enters into a waiting loop.
When the predetermined time has lapsed {yes result at the
step Sll). the routine goes to step S2 to repeat the steps Sl

zo to S10. thereby obtaining an automated control of the air
conditioning system for the automobile.

Now, a detail of the routine S9 for execuflng a control of
the degree of the opening of the air mix damper 28 just after
the energizing or de-energizing of the compressor 23 will be

zs explained with reference to a flowchart in FIG. 8. At step
S21. a determination is made if a switching of the compres-
sor from the non-operating or OFF condiflon to an operating
condition or ON condition exists between the preceding
cycle and this cyde. Namely. a determination is made that

so the state of the detection signal at the compressor drive
circuit 35 is switched from the state corresponding to the
OFF condition of the clutch to the ON condition of the
clutch. A negative determination of an occurrence of a
switching of the compressor Rom the non-operated condi-

ss tion to the op:rated condition at the uep S21 causes the
routine directly to flow into a step S25. Contrary to this. a
positive determination of an occurrence of a switching of the
compressor f'rom the non-operating condition to the operat-
ing condition at the step S21 causes the routine to flow into

so a step S22. where it is determined that the duration T~
measured by a timer TIMER is larger than a predetermined
value T„. This determination at the step S22 is for discrimi-
nation between a state which is obtained by an ON condition
of the compressor caused by a manual depression of the A/C

ss switch 80 on the panel 70 for entering into the air condi-
tioning operation and a state which is obtained by an
automatic ON operation of the compressor 23 during the
defrosting operation as explained with reference to FIG. 5.
When it is determined that T~T . i.e.. a time longer than

sc the predetermined value has elapsed since the previously
OFF condition, the means that the ON condition was
obtained by the manual depressioa of the A/C switch 80. In
this case, the routine goes to step S23. where a conditional
flag SBR is set to 1. and the TIMER is cleared to 0, and the

ss coatrol flow goes to step S25. When it is determined that
T~ . ke.. a time longer than the predetermined value has
not yet elapsed. this means that the ON condition of the
compressor was obtained by automatic ON signal T „(FIG.
5) of the compressor 23 during the defrosting operation. In

so this case. the routine goes to step S24, where a conditional
flag SBR is set to 4, and the TIMER is cleared to 0, and the
control flow goes to step S25.

At step S25. it is determined if the compressor has
switched from the operating or ON condition between the

as preceding cycle and this cyde. Namely. it is determined if
the state of the detection signal at the compressor drive
circuit 35 has switched from the state correspoadiag to the
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ON condition of the clutch to the OFF condition of the
dutch. A negative determination of an occurrence of a
switching of the compressor from the operating condition to
the non-operating condition at ihe step S25 causes the
routine to go directly to step S29. Contrary to this. a positive
determination of an occurrence of a switching of the com-
pressor from the operating condition to the non-operating
condition at the step S25 causes the routine to go to step S26.
where it is determined if the switching OFF of the compres-
sor 23 at the step 25 is caused by the manual depression of
the OFF switch on the panel 70. In other words, at the step
26. it is determined if the switching ofl of the comlxessor 23
is not caused by the automatic off signal T~ during the
defrosting operation. When it is determined that a switching
from the ON condition to the OFF condition occurs due to
the manual depression of the switch by the passenger, the
routine goes to step S27, where a conditional flag SBR is set
to 3. When it is detertuined that the switching from the ON
condition to the OFF condition did not occur due to the
manual depression of the switch by the passenger. this
means that the switching off of the compressor 23 is caused
by the defrosting operation as illustrated with reference to
FIG. 5 for preventing the evaporator from being frosted. In
this case. the routine goes to step S28. where a conditional
flag SER is set to 2.

In short., as a result of the execution of the steps S21 to
S24 in FIG. 8. the setting of the conditional flag SBR is
varied in accordance with the duration time T~ of OFF
condition of the compressor 23. The reason for such a setting
of the conditional flag SBR is as follows. Namely, FIG. 9A
fllustrates that the compressor 23 is. after a sufficiently
prolonged OFF condition. made ON. and then repeatedly
made ON and OFF due to the execution of the defrosting
operation (FIG. 5). FIGS. 9B. 9C and 9D illustrate how. in
response to the change in the condition of the compressor in
FIG. 9A. the discharge air temperature. the after-evaporator
temperature and an aaual value Tp of the degree of the
opening of the air mix damper 28 vary, In FIG. 9C, a solid
curve shows an actual value of the temperature TE at the
outlet of the evaporator 4. corresponding to an actual value
of the cooling capacity of the evaporatar 4. while a dotted
curve shows the detected value Te of the after-evaporator
sensor 43. con esponding to the detected cooling capacity of
the evaporator 4. The switching of the compressor 23 from
the prolonged OFF condition to the ON condition at time t,
causes the actual temperature TE at the outlet of the evapo-
rator 4 to be reduced as shown by the solid curve in FIG. 9C
with a short delay of about 2 to 3 seconds. However, as to
the detected temperature T, at the after-evaporator sensor
43. a reduction of its value daes not occur for a few tens of
seconds due to a delay in the response of the sensor 43 (ar
time coastant). which is inevitably mused by the thermal
capacity of the thermistor constructing the sensor 43. A test
conducted by the inventors has affltmed that a similar
tendency in the actual after-evaporator temperature TE and
the detected after-evaporator temperature T is obtained in
different environmeatal conditions.

Namely, upon switching on of the compressor 23 from a
prolonged and suflicient OFF condition at time tl. a change
in the detected after-evaporator temperature T just after the
switching ON is delayed with respect to the change in the
actual after-evaporator temperature TE. so that a change in
the actual degree Tp of the opening of the air mix damper 28
is correspondingly delayed. as shown in a curve x in FIG.
9D. As a result, the behavior obtained is that. irrespective of
a constant target value Tao of the discharged air temperature.
just after the switching. the temperature of the discharged air

into the cabin is reduced as shown by a curve y in FIG. 9B.
and an increase y'n the temperature of the discharge air in
FIG. 9B commences when the degree Tp of the opening of
the air mix damper 28 reaches the desired value as shown in

s a line x'. It can. thus. be predicted that a correction of the
actual degree Tp of the opening of the air mix damper 28 in
the direction HOT for increasiag the discharged air tem-
perature should be done by considering not the target value
t)a of the opeaing but the delay in the response of the

ia after-evaporator sensor 43. Contrary to this. when the com-
pressor 23 is switched to the OFF condition after prolonged
ON condition at time t2 due to a commencement of the
defrosting operation, it can also be predicted that a correc-
tion of the actuaL degree Tp of the opening of the air mix

is damper 2$ in the direction COOL for reducing the dis-
charged air temperature should be doae by considering not
the target value Qa of the opening but the delay in the
response of the after-evaporator sensor 43.

Furthermore. when the ON and OFF conditions of a short
za duration are repeated at times t3 to t6 as a result of the

execution of the defrosting operation. the actual evaporator
outlet temperature TE continues its increase for a short time,
and then. is reduced. Furthennore, the change in the detected
value of the after-evaporator temperature T, by the sensor 43

2s is further delayed with respect to the actual evaporator outlet
temperature TE. A test conducted by the inventors has also
confirmed that a similar tendency in the actual after-
evaporator temperature TE and the detected after-evaporator
temperature T, is oixained in different environmental con-

an ditions. Namely. when ON and OFF conditions of a short
duration are repeated during the execution of the defrosting
operation, a phase difference of the evaporator outlet tern-
perature T, detected by the sensor 43 occurs with the
detected signal of the switching of the compressor 23 by the

ss compressor driving circuit 35. Thus, according to the present
invention. in order to obtain a desired control. an estimation
of the actual temperature at the outlet of the evaporator is.
first. done based on the result of the determination of the
operating condition of the coinpressor 23 and a result of a

sc phase diiference between the detected evaporator outlet
temperature T, by the sensor. and. then. a correction to the
target value Qa of the air mix dansper 2$ is done based on the
estimated evaporator outlet temperature.

Next. subroutines executed in accordance with the value
ss of the conditional flag SBR will be explained. Again in FIG.

8. at step S29, it is determined if the value of the flag SBR
is Q. The determination that SBRW means that a change in
the condition of the compressor between the ON and OFF
states did not occur. so that any correction of the target

sa degree Qa of the opening of the air mix damper 28 is not
necessary. Thus, the routine flows into step S30, where a
correction value AQ of the degree Qe of the opening of the air
mix damper 2$ becomes zero.

When it is determined that the flag SBR is nat zero at step
ss S29. i.e., the correction routine of the air mix damper

opening after the switching of the compressor. the routine
goes to step S31, where it is determined that SBR=I. The
result of the determination that SBR=l means that the
switching-on of the compressor 23 is done affer a sui(iciently

sa long duration of the OFF state by the manual operation of
the A/C ON switch 80. and the routine goes to a subroutine
S32 for executing a correction of the degree of the opening
of the air mix damper 28. A detail in the subroutine A will
now be explained with reference to a timing chart in FIGS.

ss 10A to 10D and a flow chart in FIG. 11.
In FIG. 10A, at time t,. the compressor 23 is turned OFF.

and, after this OFF condition is prolonged for a sufficiently
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long time, at tune tz. the compressor 23 is turned ON by the
A/C ON switch $0. A reduction in the actual evaporator
outiet temperature TE is commenced immediately at time t„
while a reduction of the detected evaporator outlet tempera-
ture T by the sensor is commenced at a time t,. Namely. the
period between times t, and ts is a dead time. since the
sensor detected value T, is unchanged irrespective of the
switching ON of the compressor. At t'uue t4, the compressor
23 is turned OFF due to the commencement of the defrosting
operation (FIG. 5). In the period between times ts and t4. a
change in the detected temperature T follows the change in
the actual temperature TE irrespective of an existence of the
delay time therebetween.

la view of the above. a behavior of the detected tempera-
ture T with respect to the actual temperature TE is different
between the dead period (t to td and the tracking period (ts
to t4). In this case. the curve of the change in the actual
after-evaporator temperature TE is determined by the dif-
ference of the value of TE just before the switching ON of
the compressor 23 with respect to the target value T of the
after-evaporator temperature whea the compressor is
switched ON. of a value. for example. between 3'o 4* C.
as explained with reference to FIG. 5. In other words, during
the dead period in the response of the sensor value T,
betweea times g and ts. a correction while estimating an
actual temperature can be done from the difference between
the detected value just before switching ON and the target
value as obtained at the switching ON. Namely. during the
period between times t and t,. the target degree of the
opening Bp of the air mix damper 28 is corrected in the
direction HOT for increasing the discharged air temperature
for an amount (IBB as shown by FIG. 10C, which amount is
determined ia accordance with the diifereace between the
detected after-evaporator temperature T, just before the
switching ON of the compressor 23 and the target value T
of the after-evaporator temperature upon the switching ON
of the compressor 23. In other words. the correction amount
AB, is considered as an estimated after-evaporator tempera-
ture estimated I'rom the diflerence of the detected after-
evaporator temperature T„just before the switching ON of
the compressor 23 from the target value T of the after-
evaporator temperature upon the switching ON of the com-
pressor 23. It should be noted that. as shown in FIG. 10B. the
value of the actual after-evaporator temperature TE is equal
to the detected after-evaporator temperature T. before
switching on of the compressor 23. Thus, the value T, may
be used for the estimation purpose.

At the period between times ts and t4. the detected value
T, tracks the actual value TE with a delay. Thus. a correction
while estimating actual temperature TE can be done by a
change of the value of the detected value T . Namely. a
correctioa of the target value of the degree of the opening Bo

of the air mix damper 2$ in the direction HOT for increasing
the discharged air temperature is done for an amount AB, as
shown in FIG. 10C. which amount is determined in accor-
dance with a change in the detected after-evapcaator tem-
perature T, by the after-evaporator sens(a 43 per unit of
time, which corresponds. for example. to a control cycle v of
the CPU 31 which is a value in a range between I to 4
seconds. In other words. the correction amount ABs is
considered as an estimated after-evaporator temperature
estimated from the change in the value of the detected
after-evaporator temperature by the after-evaporator sensor
43 per unit of time.

In short. according to the present invention. even if the
cooling capacity of the evaporator is rapidly changed due to
switching the compressor ON from a prolonged OFF con-

((B,~T„—T (4)

where the equation (4) means that the AB, is determined as
a function f of the difference T,-T „. Namely. the memory
is provided with a map of values of the correction amount
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AB, with respect to values of the ditfereace T.,-T . and a
map interpolation is carried out for obtaining a value of AB,
corresponding to a value of the T,-T . 1Iten. the routine
goes into step S114. where flag FLG is set to Ai.

When it is determined, at step Sill, that the after-
evaporator temperature T, sensed by the sensor 43 is chang-
ing in a direction for reducing its value. i.e.. the system is
now in the tracking period (ts to t4 in FIG. 10B), the routiae
goes to step 115 where the correction amount ABs is calcu-
lated by the following equation.
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aaz--f(Tyscc) (sx

where the equation (5) means that the ABz is determined as
a function f of the change of the detected after-compressor

so temperature T per unit of tune (slope of the change of T,).
Then. the routine goes into step S116. where flag FLG is set
to A2.

When it is determined. at step S110, that the flag FLG is
A2, i.e.. the correction values AB, as well as (IBs are already

ss set. the routine goes to step S117. where it is determined that
a reduction in the value of the detected after-evaporator
temperature T is contiauing, i.e.. an absolute value of the
ddference between the value of this cycle T,(i) and the value
of the preceding cycle Tgi-I) larger than a predetermined

SB Value a. A yes result at step S117 means that the reduction
of the detected after-evaporator temperature is continuing.
i.e.. the SyStem iS under the traCking periOd (ts tO t4 in FIG.
10). Thus, the routine flows into step S118. which is the
same as the step S115. so that the calculation of the

ss correction amount 803 by the above equation (5) oontiaues.
When it is determined, at step S117. that the change in the

after-evaporator temperature is not larger than the predeter-

16
dition by entering into the air conditioning operation. the
temperature of the air discharged into the cabin can be
prevented from varying.

Now. the operation of the control system according to the
3 present invention for executing the control in FIGS. 10A to

10D will be explained with reference to the flowchart in
FIG. 11. At step S110. it is det(amined that if a flag FLG is
set to A2. If the FLG is not A2. the routine goes to step S 111,
where it is determined if the after-evaporator temperature

to sensed by the seasor 43 is changing in a direction for
reduction of its value. i.e.. the value of this cycle (T,(i)) is
smaller than the value of the preceding cycle (T (i— I)). A no
determination at step Sill means that the after-evaporator
temperature sensed by the sensor 43 is not changing in a

(s direction for reduction of its value irrespective of the fact
that the compressor 23 is turned ON to increase the evapo-
rating capacity. Namely. the system is in the dead period t
to ts in FI. 10B. In this case. the routine goes to a step
S112. where it is determined that the flag FLG is set to Al.

to i.e.. the correction control of the target degree of the opening
Bo of the air mix damper 28 for the dead period (ts to ts in
FIG. 10B) is execute(L When it is determined that FLG is
AI. the following steps S113 and S114 are by-passed. When
it is detertuined that FLG=O. i.e., the correction control of Bo

ts for the dead period (ts to ts in FIG. 9) is not yet commenced.
the routine flows into step S113, where the correction
amount AB, is calcuiated by the following equation.
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mined value. i.e.. the tracking phase between t3 to t4 is
ended. the routine goes to step S119, where the correction
amount A6 is made zero. and. then. to step S120. where the
conditional flag FLG is. from the value of Al or A2. cleared
to 0. and the flag SBR is aiso cleared to 0.

Now. returning to the flowchart in FIG. S. if the result of
the determination at the step S31 is that the SBR is not I, the
routiae goes to step S33, where it is determined that SBR=2.
i.e.. the OFF condition of the compressor 23 is obtained by
the automatic defrosting operation (FIG. 5) provided in the
air conditioning system In this case, the OFF condition of
the compressor 23 is obtained after a short ON condition. A
yes determination at the step S33 causes the routine to go to
step S34. where a sub-routine B for correcting the degree of
opening of the air mix damper 28 is done.

Now. the operation of the sub-routine B will be explained
with reference to the flow chart in FIG. 12 and the timing
charts in FIGS. 10A to 10D. As shown in FIG. 10A. when
the compressor 23 is switched from the OFF condition, after
a short time, to ON condition at time tv or t,s. the actual
after-evaporator temperature TE continues to fall for a while
irrespective of the OFF condition of the compressor and then
begins to increase. The detected after-evaporator tempera-
ture T, tracks the actual evaporator-after temperature TE as
shown in a paiod between times t to t,l. although the
detected temperature T is slightly delayed with respect to
the actual temperature TE. Although the actual value TE
cannot. of course, be known directly, the particular change
in the detected value T makes it possible to estunate a
necessary correction in accordance with the actual value TK
For example. the time tro where an increase in the detected
temperature T, commences can be known and is in the
period where the correction is necessary. Namely. in the
embodiment. in the case where. after the compressor 23 has
been on for a short duration, the compressor 23 is again
turned OFF. the degree of the opening of the air mix damper
28 is corrected in the direction COOL to reduce the tem-
perature of the discharged air for an amount 503 (=-A) far
a period which starts when the detected after-evaporator
temperature T commences its increase at time t,a and which
ends when the detected after-evaporator temperature T, is
increased by a predetermined value T at time tie Namely.
the correction amount A6 „ is an estimated correcuon arnouat
which is estimated from a change in the operating condition,
i.e.. the cooling capacity of the evaporator 4. of the com-
pressor 23 aad a change in the detected after-evaporator
temperature T, by the after-evaporator sensor 43.

FIG. 12 is a flowchart illustrating a detail of the subrou-
tine B. Namely, at step S121. it is determined if the value of
the detected after-evaporator temperature T, is changing.
This detertnination is done when an absolute value of a
difference between the value of this cycle T,(i) aad the value
at the preceding cycle T,(i-l) is smaller than a predeter-
mined value. When it is determined that the detected value
of the after-evaporator temperature is not varied. i.e.. the
system is at a point corresponding to time t,o in FIG. 10B.
ihe routine goes to a step 5126. where it is determined that
a flag FLG is set to BI. A determination that the FLG is not
Bl means that this is the first cycle for the conunencement
of the correction for this period. The routine flaws to step
S127. where the correction 03 of the degree of the opening
of the air mix damper 28 is set in the direction COOL for
reducing the discharged air temperature for the amount -A.
Then the flag FLG is set ta BI.

A yes detamination at the step S121 means that the
detected after-evaporatar temperature T, is changing. Then.
the routine goes to step S122. where it is determined that a

correction flag FLG is set to Bl. i.e.. the correction is done.
When it is determined that the correction is not done. i. e.. the
FLG is not Bl. the steps below the step S123 are bypassed.

When it is determined that the correction is done, i.e.. the
3 FLG is Bl. the routine goes to step S123. where it is

determined that a difference ATe of a value in the direction
of the increase larger than a predetermined value T p of ihe
detected after-evaporator temperature T is obtainetI The
ATe is an amount of change in the value from the time (t10

ia in FIG. 10) where the value of the change in the detected
after-evaporator temperature T becomes zero or is a value
of the change in the detected after-evaporator temperature T,
per unit of the time. When it is determined that the desired
amount change in the T, is stiU not obtained. the steps below

is S124 are by-passed. i.e.. the correction control is continued.
The continuation of the control of the correction amount

causes the increase in the detected after-evaporator tempera-
ture T, to exceed the predetertnined value T . as shown in
FIG. 10B at time Tpa In this case. the routine gaea t'rom the

za step S123 to step Sl?4. where the correction amount 0 is
made zero. so that the correction is completed, and to a step
S125. where the carrection FLG and the conditional flag
SBR are both cleared to zero.

Returning to the flowchart in FIG. S. a determination that
zs SBR is not 3 at the step 35 means that the flag SBR=4. i.e..

the switching on of the compressor 23 is obtained from the
preceding short OFF condition of the compressor, during the
defl osting operation in FIG. 5. This causes the routine to go
to step S37, where sub-routine D for conecting the degree

3a of ihe opening of the alf-Illlx damper 28 ls conlnlellcerL The
details of the sub-routine D will be explained with reference
to the timing chart in FIGS. 10A to 10D and the flow chart
in FIG. 13.

As shown in FIG. IOB, in the period between times t,l
35 and t,s. upon the switching oa of the corapressor 23 from the

preceding short OFF condition of the compressor. the actual
after-evaporatar temperature TE is increased for a while. and
is then reduced. Contrary to this. the detected after-
evaporator temperature T, tracks the change of the actual

sa after-evaporator temperature TE while being delayed. In this
case. the actual temperature TE cannot be known. However.
the particular change in the detected value T, makes it
possible to estimate the correction. For example. a time t,l.
where a decrease in the detected temperature T, is

ss cortunenced. caa be known and is in the period where the
correction is necessary. Namely. according to this
embodiment. in the case where the compressor 23 is. after an
OFF condition of a short duration during the defmsting
operation, made ON. a correction of the degree of the

so opening of the air ndx damper 28 is done in a directioa HOT
for increasing the discharged air temperature for the value
Afll during a period which starts upon the commencement of
the reduction of the detected after-evaporator temperature
T3 by the sensor 43 and which ends when a reduction of the

ss detected after-evaporator temperature larger than a prede-
termined value T, is obtained. The correction amount f04
is a correction value based on an estimated after-evaporator
temperature estimated from the change in the operating
condition of the corapressor 23 (cooling capacity of the

iia evaporator) and a change in the after-evaporator teraperature
detected by the sensor 43.

FIG. 13 is a detail of the sub-routine for correcting the
degree of the opening of the air mix damper 28. At step
S141. it is determined that the value of the detected after-

ss evaporator temperature is changing. When it is determined
at step S141 that the detected after-evaporator temperature
T is not changing. i.e.. the system is at the point corre-
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sponding to the tune t,s. the routine goes to step S146. where
it is determined if the flag FLG is set to Dl. i.e.. the routine
is the first routine after the point of no change in the detected
after-evaporator temperature. When it is determined that the
flag FLG is already set to Dl. the routine below the step
S147 is by-passed. When the tlag FLG is not yet set to Dl.
the routine goes to step S147. where the correction amount
Aflz is set to the predetermined value +A. Ia other words. the
degree of opening of the air mix daraper 28 is corrected in
the direction HOT for increasiog the discharged air tem-
perature. Then. the routine flows into step S148. where the
flag FLG is set to Dl.

When a determination is obtained at the step S 141 that the
detected after-evaporator temperature is changing. the rou-
tine goes to step S142. where it is determined if FLG is Dl.
i.e., the correction control is done. When it is determined
that FLG is not DI. i.e.. the correction control is not done.
the routiae below the step S143 is by-passed. When it is
determined that the FLG is Dl, i.e.. the correction control is
done. the routine goes to step S143. where a reduction in the
detected after-evaparator temperature T is reduced by a
value larger than the predetermined value T . The prede-
termined value is the value of the change of the detected
after-evaporator temperature T, from the point (t») where
the change in the value of the detected after-evaporator
teraperature T is zero. or a change in the T per unit of time.
When it is determined that a reduction of the T, larger than
the predetermined value is not yet obtained, i.e., the point
corresponding to the time t,4 has not yet arrived, the routine
below step S143 is by-passed.

When it is determined that the reduction of the detected
after-evaporator temperature T larger thaa the predeter-
mined value T, . i.e.. the point corresponding to the time t t4
is reached. the routine goes to step S144. where the correc-
tion amount A6 is cleared. an to step S145. where the flags
FLG and SBR are both cleared.

In FIG. 8. at step S35, a yes determination (SBR=3)
means that the compressor 23 is made OFF not by the
dei'rosting operation but by the manual switching off of the
A/C switch on the panel 70 by the passenger. In this case. the
compressor is, after a continuation of ON condition for a
long time. switched to the OFF condition. In this case. the
routine goes to step S36. where a sub-routine C is corned
out. Now, details of the sub-routine C will be explained with
reference to timing chart in FIG. 14A to 14C and flow chart
in FIG. 15. As shown in the timing chart in FIGS. 14A to
14C. upon the switching from the ON condition ta the OFF
condition of the compressar by switching ofl'he air corn-
pressor switch, the behaviors of the actual after-evaporator
temperature TE aad the detected after-evaporator tempera-
ture T are different between a period t, and tz. and a period
t and ts Namely. during the short Period just after the
switching OFF. referred to below as an opposite phase
period, the actual after-evaporator temperature TE falls
rapidly. while the detected after-evaporator temperature T is
substantially unchanged. so that the TE is lower than T . At
the period fo)lowed (t to t,), the opposite phase period. the
actual after-evaporator temperature TE changes more
quickly than the detected after-evaporator temperature T,
does. while T, gradually approaches the TE.

In view of this. according to this ernbodimeat. during the
period t, to tz. the degree of the opening 6a of the air mix
damper 28 is corrected in the direction COOL for reducing
the discharged air temperature for an amount of 66». based
on the difference between the detected after-evaporator
temperature T„by the sensor 43 just before switch off of the
rom(nestor and the temperature of the air sucked into the

evaporator T„„just when the compressor is made OFF.
Namely, the A6s is an estimated correction amount esti-
mated from the difference betweea the detected after-
evaporator temperature T z by the sensor 43 just before the

s compressor is switched off and the temperature of the air
sucked into the evaporator T „just when the compressor is
turned OFF. Between the period tz to t3. the degree of the
opening 68 of the air mix damper 28 is corrected in the
direction COOL for reducing the discharged air temperature

io by an amount of dflw based on the change in the value of the
detected after-evaporator temperature T, by the sensor 43
per unit of thne corresponding, for example. to the cycle
time of the CPU z, which is a value in a range benveen I to
4 seconds. As a result of such a controL a variation of the

» temperature of the air discharged into the cabin is reduced
due to a rapid change in the cooling capacity of the evapo-
rator caused by a switching atf of the compressor from a
relatively long duration of the precediag ON condition.

FIG. 15 is a flowchart of the correction sub-routine C. At
za step S 130. it is determined if the correction control flag FLG

is set to C2. i.e.. the correction routine during the OFF
condition of the compressor after a preceding long duration
ON condition. When it is determined that the FLG is not C2.
i.e.. the correction is not being executed. the routine goes to

zs step S131. where it is determined that the value of the
detected after-evatuntttor temperature T is varying in the
increasing direction. A result of the determination that the
value of the detected after-evaporator temperature T is nat
increasing means that. irrespective of the switching to the

zo OFF condition. the value of the T is maintained. i.e., the
system in under the above-mentioned opposite phase just
after the switching. Then. the routine goes to step S132.
where it is determined that the correction flag FLG is set to
Cl. When the flag is not yet set, i.e., the correction routine

zs for the opposite phase between times t, to t in FIG. 14. the
routine goes to step S133, where the correction amouat Afls
is calculated by the following equation (6).

aas+7 -Ta) (61

aa;-/ (Tl~),

where this equation means that the value of 68 is determined
as a function h'f a change in the values of T, per unit of
tune. At a following step S136, the flag FLG is set to C2.

At the following cycle, a Yes determination is, thus.
obtained at the step 130. and the routine goes to step S137
where it is determined that a change in the value of the
detected after-evaporator temperature T, by the sensor 43,
larger than a predetermined value, is obtained. When it is

as determined that a change larger than the predetermined
value is obtained. i.e.. the system is now in the phase
between times t2 and t3. the routine goes to a step 138.

where this equation means that the value of 6s is determined
as a function h ofT, —T z. Namely. the memory is provided
with a map of data of the value of the 6s with respect to
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values of T -Tau A map interpolation calculation is done
to obtain a value of A6s corresponding to a value of
T -T,. At a following step S134. the flag FLG is set to CI,
which. at the step S132 at the following cyde. causes the
routine below the step S133 to be bypassed.

At step S131. when it is determined that the value of the
detected after-evaporator temperature is increasing. the rou-
tine goes to step S135, where the correction amount A68 is
calculated by the following equation (7).
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where the calculation of the correction value 664 by means
of the equation 7 is continued.

A continuation of such a control finally causes the change
in the value of the detected temperature T, to become
smaller than the predetermined value. so that a result of the
judgment at step S137 becomes negative. In this case. the
routine goes ta step S139. where the correction value 416 is
made zero. and to step S 140, where the both of the flags FLG
and SBR are cleared.

Returuing to FIG. 8. after the calculation of the correction
value ABO of the target value Ba of the degree of the opening
of the air mix daraper 2$ by the execution of the desired
sub-routine S32. S34, S36 or S37, the routine goes to step
S40. where the corrected target value Ba is calculated using
the equation (3). and to step S40'. where an actual value
directed to the actuator 29 for controlling the degree of
opening of the air-mix damper is calculated as a function m
of the corrected target value Ba. Namely. in FIG. 16. the
relationship between the actual degree of opening of the air
mix damper 28 and the temperature of the air discharged into
the cabin is shown. This relationship is non-linear. Namely,
the same range of eagles of Ba at difi'erent as degrees of
opening of the air-mix damper can provide different ranges
T and Ts of values of the discharged air temperature. Thus,
if the air-mix damper 28 were controlled in accardance with
a linear relationship with respect to the calculated target
value Ba. a precise correction of the discharged air tempera-
ture becomes impossible. In view of this, the function m is
stored in the memory for transforming the calculated target
value Ba into the actual degree of the opening of the air-mix
damper 2$ . so that the non-linear relationship between the
degree of the opining of the air-mix damper 28 and the
discharged air temperature is canceled.

Returning to HG. 7. the finally obtained sigaal for oper-
ating the actuator 29 of the air-mix damper 28 at the step
S40's used at the step SIB.

The above explanation of the first embodiment is focused
oa a frost cut operation. where the compressor 23 is turned
ON or OFF to prevent the evaporator 4 from being frosted-
up. i.e.. the corapressor is made OFF when the temperature
of the air at the evaporator becomes lower than a predeter-
mined value and is made ON when the temperature of the air
at the evaporator becomes higher than a predeterruined
value. while the target temperature of the air discharged into
the cabin is maintained unchanged. However. the idea of the
present invention can be applied when the switch 80 is
maaually operated. the rotational speed of the compressor
23 is varied. or the capacity of the comlnessor 23 is varied
Namely. in such case, the preseat i avention can prevent the
temperature of the air discharged to the cabin from varying.

In the above first embodiment, in the automatic air
conditioning mode. during a period of repeated ON and OFF
operations of the compressor 23. an estimated after-
evaporator temperature is calculated based on various fac-
tors such as a target after-evaporator temperature upon
switching on of the compressor 23. a change of the detected
after-evaporator temperature T, per unit of time, and the
temperature T„„of the air introduced iato the evaporator.
and the estimated values are used for correcting the target
value Ba of the air nux damper 23. As a result. even in a
situation of a switching of the condition of the corapressar
between the ON and OFF conditions, which causes the
cooling capacity at the evaporator to be varied. a correction
of the target value 6O of the air mix damper 23 is done in
accordance with the actual after-evaporator temperature TE
to obtain a desired heating operation of the air at the heater
core 27 irrespective of the existence of a delay in the

response in the temperature signal from the after-evaporator
temperature sensor 43. As a result, a reduction in the
variation of the temperature of the air discharged into the
cabin is obtained. thereby stabilizing the temperature of the

3 atr in the cabm.
In the first embodiment. the correction of the target degree

of the opening of the air mix damper during a repetition of
ON and OFF conditions of the compressor 23 is commenced
by detecting a point (t,, t,a and t,s in FIG. 9). at step S121

ia or S141. at which the detected after-evaporator temperature
T, by the sensor 43 become unchanged. However, the
present invention is not limited to this control. Namely. the
correction of the target degree of the opening of the air mix
damper can be commenced in synchronism with the ON or

is OFF condition of the compressor 23.
Furthermore. in the first embadhtmnt. the correction for

the dead time upon switching on of the corupressor from a
prolonged OFF state at sub-routine A (step S32 in FIG. 8) is
carried out based on the duration of the preceding OFF

za condition. T~ is larger than the predetermined value T . In
place of this. the correction between the dead time can be
commenced by detecting the difference between the detected
after-evaporator temperature T, and the target temperature.
Namely. the target temperature at the anti-frost operation is

is about 3'., and. duriag an operation other than aati-irost
control. the difference with respect to the target value is
larger thea several degrees centigrade.

Second Embodiment
FIG. 17 shows a automatic air conditioning system for an

30 automobile in a second embadunent. which is similar to that
shown in FIG. 3. except that a sensor 44 is added for
detection of the temperature at a location 44-1 in the duct 2
adjacent to and upstream from the inlet of the evaporator 4.
The sensor 44 has an output connected to a terminal R of the

33 control unit 6, and this signal is used to compensate for the
eflect of the temperature of the air at the inlet of the
evaporator on the behavior or response of the after-
evaporator temperature.

The operation of the second embodiment is sinular ta that
4a of the first embodiment. However. the detected value T„„of

the sensor 44 can be used in the equation (6) for calculating
the correction amount ABs. which is used for correcfing the
target value of the degree of the opening of the air-mix
damper during the reversing phase between tl and t2 in FIG.

43 14. Furthermore, the equation (4) far calculating the correc-
tion amount AB,. which is used for correcting the target
value of the degree of the opening of the air-mix damper
during the dead time between t2 and t3 in FIG. 10C can be
modified to the following style. which is etfective for further

sa reducing a variation in the discharged air temperature.

aa Q(T( T T )

Furthermore, as to the desired value A in FIG. IBD, a
ss similar kind of a modification. taldng the detected value Tain

into the consideration. can be usesL
Third Embodiment
The behavior or response of the after-evaporator tempera-

ture is also varied in accordance with the humidity of the air
sa sucked into the inlet of the evaporator 4. FIG. 1$ shows an

automatic air conditioning system for an automobile in a
third embodiment. which is similar to that shown in FIG. 3.
except that a sensor 45 is added for detection of the
temperature at a location 45-1 in the duct 2 adjacent

ss upstream from the inlet of the evaporator 4. The sensor 45
has an output connected ta a ternunal R of the control unit
6, and this signal is used to compensate for the effect of the
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humidity RH,„of the air at the inlet of the evaporator on the
behavior or response of the after-evaporator temperature.

The operation of the third embodiment is similar to that of
the first embodiment. However. the equations (4) and (5) are
modified to the following equations (9) and (10).
respectively. so that a further reduciion in the variation of the
temperature of the air discharged to the cabin is produced.

ae,-/(r.;T,, an„&

ae,+(r -T„, an ) (io).

Furthermore. as to the desired value A in FIG. 10D, a
similar kind of a modification taking the detected value T,„
into the consideration can be ustxi.

Fourth Embodiment
FIGS. 19 and 20A to 20D show a fourth embodiment of

the present invention. Construction of the air conditioning
system is the same as that in FIG. 3 of the first embodiment.
The control of the degree of the opening of the air mix
damper 28 according to this embodiment will be explained.

In this embodiment. the CPU 31 determines a change in
the after-evaporator temperature T detected by the after-
evaporator temperature sensor 43. Next. the CPU 31
calculates. based on the value of detected after-evaporator
temperature T . an estimated actual after-evaporator tem-
perature Sf,(i) by using the following equation (11).

ST,(0=4, (T,(e-T'ai-t))+Tgi— i)

where K, is a gain which is varied in accordance with the
thertnal capacity of the after-evaporator temperature sensor
43. and suffix i indicates that the detected temperature is the
value obtained in this cycle. while sutfix i-I indicates that
the detected temperature is the value obtained in the pre-
ceding cycle. According to this equation (11), the estimated
after-evaporator temperature Si'i) is calculated as a
weighted average value between the detected temperature ia
this cycle T,(i) of a value of weight of K, and the detected
temperature in the preceding cycle of a value of weight of
I-K,. lbe weighing is such that ST (i) changes more
quickly than T so that the ST {i) corresponds to the actual
after-evaporator temperature.

Next. the CPU 31 calculates, based on the calculated
estimated temperature STe(i). obtained using the equation
(ll). the target degree of the air mix damper 28 by the
following equation {12).

(12)T — STAB
Bs = x 100(%),

where T„ is the engine cooling water temperature detected
by the sensor 41.

The CPU 31, thea. issues a signal corresponding to the
target degree Bo of the air mix damper 28 to the servo motor
29. so that the degree of the opening of the air mix damper
28 is changed to the target value Bo. Note: in case where the
air conditioning system is of a type with separate ducts for
the driver's seat and the passenger's seat. the discharged air
temperature can be independently controlled between the
right and left seats.

Now. the operation of fourth embodbnent wiff be
explained with reference to the fiowchart in FIG. 19. This
fiowchart is similar to that of FIG. 7 for the first embodi-
rnent. Thus. the explanation of the fiowchart of FIG. 20 will
be focused to points (steps S12 and SI3) which are different
8om the fiowchart in FIG. 7. while using the same reference
aumbers for blocks showing the same functioas.

After the compressor coatrol at the step Sg. the routine
goes to a step S12, where, based on the equation (11) stored
in the memory (ROM 32), an estimated value of the actual
after-evaporator temperature ST (i) is calculated. Note: at
the first routine just after the switching ON of the ignition
switch. the value of Tg1) and T,(0) are both equal to the
value of the detected after-evaporator temperature stored to
the memory (RAM 33) at the preceding step S3. Then, at
step S13. based on the equation (12) while using the stored

io
value of the engine cooling water T . the target discharge air
temperature and the estimated actual after-evaporator tem-
perature ST (i), the target value of degree of the air mix
damper 28 is calculated.

FIG. 20C shows, when the compressor 23 is made ON
after a sufficiently long duration in the OFF condition, i.e.,

(S by a depression of A/C switch, which is followed by a
repetition of ON and OFF conditions of a relatively short
duration in the defrosting operation, an actual after-
evaporator temperature TE. a detected after-evaporator tem-
perature T, by the after-evaporator temperature sensor 43.

zo and an estimated after-evaporator temperature ST,(i). FIG.
20B shows a discharged air temperature. and FIG. 20D
shows a target degree Bo of the opening of the air mix
damper 28.

The behavior of the detected after-evaporator temperature
zs by the sensor 43 differs between a period (dead time). where

the sensor signai is substantially unchanged, and a period
(tracking period), where the sensor signal T tracks the
actual temperature TE with a certain delay time. The curve
of the actual after-evaporator temperature TE is determined

)0 by the differenc between the value of TE just before the
compressor 23 is turned ON and the target after-evaporator
temperature value just as the compressor 23 is turned ON.
which is a value between 3'. to 4'.

In this embodiment, as the detected affer-evaporator tem-
ss perature T, commences its reduction. the estimated after-

evalxsrator temperature calculated by the above equation
(11) fails more quickly, so that the change in STe substan-
tially imitates the change in the actual after-evaporator
temperature TE. As a result, the target degree of the opening

ec Bo of the air mix dmnper 28 calculated using the STe as
shown by a solid curve n, is moved to the direction HOT to
increase the degree of the opening as compared with the
curve n, obtained by the prior att. As a result. as shown in
FIG. 20B. a curve p, of the discharged air tenaperature to the

4s cabin of the present invention is moved quickly closer to the
target temperature as compared with the prior art shown by
a curve pw

In short. according to the automatic air conditioning
system in the fourth embodiment. when the ignition switch

so is made ON. an estimation value ST, of the after-evaporator
temperature TE is calculated based on a rate of change in the
detected after-evaporator temperature T, per unit of true
(cycle time z) of between I to 4 seconds, i.e.. the difference
of the detected value at this cycle T (i) from the detected

ss value at the preceding cycle T (i-1). as well as the heal
capacity of the after-evaporator temperature sensor 43. As a
result. the ratio of the amount of the air passing through the
heater core 27 to the amount of the air by-passing the heater
core is obtained. As a result. a desired control of the heating

60 amount for the air passing through the heater core 27 is
obtained. thereby reducing the variation in the temperature
air discharged to the cabin, thereby obtaining a stabilized
temperature of the air inside the cabin.

Fifth Embodiment
Bs The fiffh e~nt will now be explained. focusing on

the control of the degree of the openiag of the air mix
damper 28. i.e., a correction of the target value of the degree
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of the opening Oo of the damper 28. Switching of the
compressor between the ON and OFF conditions is detected
by the CPU 31 (FIG. I). Then, the change in the detected
after-evaporator temperature T, is determined. Then, when
the compressor is manually turned on or made off. or when s
the system is in a transient state of the after evaporator
temperature estimation operation. a calculation of an esti-
mated value ST,(i) of the actual after-evaporator tempera-
ture is carried out by using the above mentioned equation
(11). Then. the CPU 31 calculates the target degree of the io
opening Oo of the air mix damper 28 using the above-
mentioned equation (12). The CPU 31 issues a control signal
corresponding to the calculated value of the target degree of
the opening Oo of the air mix damper 28. so that the actual
degree of the opening of the air mix damper 28 is changed
to this value Oo. When the air conditioning system is of a
type provided with independent duets for a driver's seat and
a passengtx's seat, the discharged air temperature is inde-
pendently controlled between the right and left ducts.

The operation of the fifth embodiment will now be zo
explained with reference to a flowchart in FIG. 21. which is
partly similar to FIG. 7 of the first embodiment and FIG. 19
of the fourth embodiment. Thus. the explanation is focused
on points different from the flowchart in FIG. 7 and 19,
while using the same reference number for similar steps. is
Namely, steps Sl to Sg in FIG. 21 are the same as the
corresponding steps in FIG. 7. After the step Sg. the routine
goes to step SIX where it is determined that the air condi-
tioning switch is turned OFF by depressing the OFF switch
82. the routine goes to step S12, where an estimated value sn
of the after-evaporator temperature is calculated as similarly
done in the fourth embodiment by using the equation (I I),
and flows into step S13. When it is determined that the air
conditioning switch is not OFF at step S14. the routine goes
to step S15. where it is determined that the air conditioning ss
switch was turned ON by manually depressing the air
conditioning switch 80 on the panel 70. When it is deter-
mined that the air conditioning switch is ON at step S15, the
routine goes to the step S12 for estimation of the after-
evaporator temperature. When the air conditioning switch is ac
not ON at the step S15. the routine goes to step S 16. where
it is determined that it is in a transient state for carrying out
an estimation of the after-evaporator temperatures. Namely,
it is determined that it is in a predetermined time of. for
example, 2 minutes has elapsed after commencement of the ss
preceding operation for estimation of the after-evaporator
temperature. In place of this determination, it is determined
that a automatic ON and OFF control of the compressor for
frost control. as shown in FIG. 5. has started. When it is
determined that the system is still in the transient state for so
estimation of the after-evaporator temperature. the routine
goes to step S12. When it is determined that the transient
state control is finished. the routine flows into step S17, and
it is considered that the detected after-evaporator tempera-
ture T, con esponds to the estimated after-evaporator tern- ss
perature. Thus. for the value of estimated temperature at this
cycle SI'e(i). the detected after-evaporator temperature of
this cycle T (i) is usesL

In short, in place of always executing the estimation of the
after-evaporator temperature as in the fourth embodiment. sc
the fifth embodiment executes the estimation of the after-
evaporator temperature only when the air conditioning sys-
tem is turned ON by depressing A/C switch 80 on the panel
70 or when the air conditioning system is made OFF by
depressing the switch. thereby reducing the ficquency of the ss
operation of the air mix damper 28. In other words. the
control of the air mix damper is only done upon switching

on or ofl'f the compressor. which otherwise causes the
temperature of the air discharged into the cabin to be
changed. Due to the reduction of the unnecessary operation
of the air mix damper. an increased service life of the
servo-motor for driving the air mix damper 28 can be
obtained.

In the above fifth embodiment. calculation of the esti-
mated after-evaporator temperature is done only when the
compressor is turned on or oif by operating the air condi-
tioning switch 80 on the panel 70 in the cabin. However. the
idea of this embodiment can be applied to a control wherein
the compressor is made off when the outside air temperature
is reduced to a predetermined value of for example O'. The
idea of this embodiment can also be applied when an
operating condition of the refitigerating cycle is highly
changed.

Sixth Embodiment
The above 1st to 5th embodiments are directed to the

correction of the temperature upon switching on or oif of the
compressor. However, such switching on or off also causes
the humidity at the cabin to change. Namely. an air condi-
tioning system can be usually be provided with a system for
maintaining the humidity felt by a passenger as disclosed in
Japanese Un-Exaruined Patent Publication No. 57-139240.
However, this patent requires an expensive means such as a
humidity sensor. Thus. it is usual. in place of a provision of
the humidity sensor. to correct the target discharged air
temperature Tao upon the switch on or oft'f the compressor
while compensating for a variation in a humidity. However.
in case of an automatic air conditioning system where. in
accordance with the target discharged air temperature. the
selection of the outlet for discharging the air as well as the
amount of the air flow are automatically controlled. the
humidity correction of the target air temperature is done only
in accordance with the on or off condition of the air
conditioning connol switch. so that the control is done by
luniting the heating capacity. i.e., by reducing the discharged
air temperature. thereby causing the passenger to feel the
heating operation to be insufficient during a heating opera-
tion. According to this embodiment. in order to obviate this
problem. a selective humidity control is done. Namely. the
correction is not done when a required heat amount is larger
than a predetermined value. i.e.. when the system is in a
heating mode.

The 6th embodiment will now be explained. FIG. 22 is a
schematic view of the air conditioning system, which is
basically the same as FIG. 3. although unnecessary parts are
omitted, and an internal combustion engine(E/G) is shown.
Thus, a detailed explanation is eliminated while using the
same numbers for parts of the same functions. FIG. 23 is a
flowchart which is also similar to the flowchart in FIG. 7.
Therefore, the explanation of the flowchart is simplified to
avoid duplicate explanation. while using the serac numbers
for the similar functions. A detail of the step S4 for deter-
mining the discharged air temperature Tao wifl be explained
later. At step S5, a blower voltage at the blower motor 21 is
determined in acoordance with the calculated target dis-
charged air temperature as shown in Fig. FIG. 24. which is
similar to FIG. 6.

At step S6, a selection of the inlet between the inside air
inlet 7 and outside air inlet 7 is done in accordance with a
diagram in FIG. 25. Namely. an increase of the target
discharged air temperature Tao to a predetermined value T,
causes the damper 9 to take a position as shown by a solid
line so as to open the outside air inlet 8. so that outside air
is introduced into the duct 2. Contrary to this, a reduction of
the target discharged air temperature Tao to a predetermined
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value Ts causes the damper 9 to take a position as shown by
a dotted line so as to open the inside air inlet 7, so that inside
air is introduced iato the duct 2.

At step S6'. a selection of the outlet between the upper
outlet (12) mode. the lower outlet (13) mode and bi-level
mode. as shown in FIG. 26 is done. Namely. an increase of
the target discharged air temperature Tao to a predetenuined
value T, causes the dampers 14 and 16 to open the upper and
lower outlets 12 aad 13 to obtain a bi-level mode wherein
the air is discharged to the cabin from both of the outlets 12
and 13. An increase of the target discharged air temperature
Tao to a predetermined value Ts causes the dampers 14 to
open the upper duct to obtain upper outlet mode wherein the
air is discharged to the cabin fiom the upper outlet. A
reduction of the target discharged air temperature Tao to a
predetermined value T, causes the damper 12 to open the
lower outlet to take the lower outlet mode, Setting of the
operation of the compressor at the step Sg is the same as
explained with reference to FIG. 5 in the first embodiment.

At step S9 in FIG. 23, the degree of the opening of the air
mix damper 28 is calculated in accordance with the above
mentioned equation (2). which is explainal with reference to
the first embodiment. The control signals are issued to
various actuators at step S10. and the step Sll is a wait
routine until a cycle time x has elapsed.

Now. a detail of step S4 for calculating the target dis-
charged air temperatureTao will be explained with reference
to a detailed fiow chart in FIG. 27. Namely. at step S400. a
value of the target discharged air temperature Tao's calcu-
lated using the following equation.

T '=K~T;K,xT,—K xT — K,xr,+C,

which is the same as aiuation (I), explained with reference
to the first emboduuent. and K, is a constant for the setting
temperature T~ T, is a constant for the inside air ternpera-
ture T» T is a constant for the outside air temperature T
K, is a constant for Ihe solar radiation T» and C is a
correction constant. At step S401, it is determined if the
calculated target temperature Tao's larger thaa a predeter-
nuned value A. which is shown in FIG. 24 and which is a
value of the target temperature in a heating mode. When it
is determined that Tao'&A. i.e.. the air conditioning system
is in a heating operation, the routine goes to step S402.
where the calculated value Tao's moved to Tao. Namely, the
target temperature Tao as calculated by the above equation
(1) is used as it is. In other words. a correction of the target
temperature Tao for correcting the humidity is not done
during the heating mode. which is effective for preventing
the heating performance fmm being reduced. When it is
determined that Tao'tgA. Le.. the system is not in the heating
operation. the routine goes to step S403. where a deterini-
nation is done if. the air conditioning OFF switch 82 is made
ON. When it is determined that the air conditioning switch
is not made OFF. the routine goes to the above mentioned
step S402 for maintaining the calculated target value Tao.

When it is determined that the air conditioaing switch is
made ON at step S403. Ihe routine goes to step S404. where
a value of the calculated target discharged air temperature
Tao'inus a correction amount a for correcting a tempera-
ture increase felt by a ptxson in the cabin due to an increase
in the humidity by stopping the compressor 23, i.e., the
evaporation at the refrigerator in the refrigerating cycle. The
correction amount a is obtained by calculating, first. a
difference between an average humidity at the cabin when
the A/C ON switch $0 is made ON. i.e.. the compressor 23
is operated. and an avange humidity at the cabin when the

A/C OFF switch 82 is made ON. i.e.. the coaapressor 23 is
not operated. and a value of a temperature dfiference of. for
example. 5'.. which is converted from the calculated
dltference of the humidity. which is obtained using Ef

s diagranx
In short. in this embodiment. a correctioa to the target

discharged air temperature for compensating for the tem-
perature increase felt by a passenger due to an increase in a
humidity by switching ofi'he compressor is canceled during

to the heating mode. i.e.. the target temperature Tao's larger
than a predetermined value A. which is effective for main-
taining desired feeling during heating mode. which is oth-
erwise reduced due to the reduction of the target discharged
air temperature.

is Seventh Embodiment
FIG. 28 is a fiowchart ffiustrating a seventh embodiment

of the present invention. which is directed to the second
aspect explained with reference to the sixth embodiment.
This embodiment features that the target discharged air

zo temperature Tao is determined in accordance with the
detected after-evaporator temperature T, by means of the
after-evaporator temperature sensor 43 (FIG. I).

This fiowchart in FIG. 28 difiers from the fiowchart in
FI. 27 only in that. at step S411', it is determined if the

ss detected after-evaporator temperature T, is smaller than a
predetermined value B. In other words. checking of a
necessity of the correction of the target discharged air
temperature upon the switching olf the compressor by the
A/C switch 80 is done by the deteanination of the detected

sc after-evaporator temperature larger than the predetermined
value B. Namely. after-evaporator temperature T detected
by the sensor 43 varies in accordance with the temperature
of the air sucked into the evaporator 4 (an outside air
temperature). Namely. smaller the outside air temperature.

ss smaller the after-evaporator temperature T . Contrary to this.
larger the outside air temperature. larger the after-evaporator
temperature T» Thus. the predetermined value B is a value
of the detected after-evaporator temperature T, correspond-
ing to a outside air temperature of. for example. —5'..

xo when the lower outlet mode (heating operation) is selected.
Thus. in the embodiment. when T,»B, i.e., the system is
operating under the heating mode. a correction to the target
air temperature is not done (step S412) even in the case of
switching OFF of the compressor by the A/C switch 80.

4s Thus. a desired heating operation can be obtained. without
making the passenger to feel that the heating is insulficient.

Eighth ~ent
FIG. 29 shows a 8-th embodunent. which is the same as

the embodiments in FIGS. 27 and 2$. except that a deter-
sc mination if a correction of the target value Tao'f the

discharged air temperature is necessary is done in accor-
dance with the outside air temperature Tanx

In FIG. 29, after the calculation of the target air tempera-
ture Tao't step S410. the routine goes to step S411". where

ss it is determined whether an outside air temperature Tam is
smaller than a predetermined value C. When it is determined
that the outside air temperature Tam is smaller than a
predetermined value C. i.e.. the system is under a heating
mode. the routine goes to step S412 where the calculated

so target air temperature Tao's moved to Tao so that a
correction of the target discharged air temperature during the
heating operation is not doae. The lower the outside air
temperature Tam. the lower the absolute temperature. Thus.
the predetermined value C is. for example. of a value of7's

C., which is located in aa area where the lower outlet mode
(heating mode) is selected and the absolute temperature is
smalL where a change in the humidity caused by a change
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of the state of the A/C switch between ON and OFF
positions is small

When it is determined that the Tao's equal to or larger
than C, the routine goes to step S413 to check if the A/C
switch is ON. Upon a determination of the ON condition, the
routine goes to step S412 for preventing the target tempera-
ture Tao from being corrected. Coatrary to this. upon a
detertninatioa of the OFF condition at the step S413. the
routine goes to step S414 for executing the correction of the
target temperature Tao. In short. according to this
embodiment, the correction operation (step S414) is can-
celed when the outside temperature Tam is smaller than the
predetermined value, i.e., during the heating operation,
thereby preventing the passenger from felling that the heat-
ing is insufficient.

As a modificanon. instead of the outside air temperature
Tam. a physical parameter value related to the outside air
temperature Tam. such as the temperature of the air at the
inlet side of the refrigerant evaporator 4. can be used.
Furthermore. an outside air temperature value after subject-
ing the detected value to a particular correction process. such
as an initial value holding or vehicle speed correcting
process for canceling the effect of a hot air &om an internal
combusflon engine which is provided for a vehicle having a
display of an outside air temperature. can also be used.

Nineth Embodiment
A 9-th embodiment is further modification of the second

aspect of the present invention. Namely. the embodiment
features correction amounts that are independently set when
the compressor is operated and when the compressor is not
operated. and that, compared with when the refrigerant
compressor is operated by a energizing signal. when the
compressor is stopped by the stopping signal. the heat
amount of the air discharged into the cabin for a desired
amount is reduced.

A routine for setting the target discharged air temperature
at step S4 will be explained with reference to a detail flow
chart in FIG. 30. At step S500, a calculation of the target
discharged air temperature Tao's done in accordance with
the equation the equation (I). At step S501. it is detertnined
that the Tao's larger than the predetermined value A of. for
example. 50'. as in step S401 in FIG. 27 in 6-th
embodiment. to check if the system is now the heating mode.
When it is determined that T, '&A. i.e.. the system is in the
heating mode. the routine goes to step S502. where the
calculated value of the Tao's moved to Tao. In other words.
the target value as calculate by the equation (I) is used for
the following procedures as it is. so that a correction of the
target air temperature T, is not done.

When it is determined that T '~A. i.e.. the system is not
in the heating mode. the routine goes to step S503. where a
change between ON and OFF conditions of the compressor
23 is tested. When it is determined that a state change
between ON and OFF conditions of the compressor 23
occurred, the routine goes to step S504, where a ramp
control flag FB is set and a correction amount CB is cleared.
Then. the routine goes to step S505. where it is determined
that the air conditioning switch 80 in FIG. 4 is ON. When it
is determined that the air conditioning switch 80 in FIG. 4
is ON. the routine goes to step 506. where it is determining
that the ramp control flag FB is set When it is determined
that the ramp control flag FB is set (F8=I). this meaas that
the system is now in a ramp control period between t, and
t in FIG. 31B. In this case, the routine goes to step S507.
where the correction amount CB is incremented for prede-
tertnined value b. and to step S508. where the corrected
target discharged air temperature Tao=is calculated by

r =T ~+ca,
where a is a correctioa amount for compensating for a

s temperature increase as felt by a passenger due to the
reduction of the cooling effect by switching off of the
refrigerating cycle. as explained with referenix: to 6-th
embodiment (step S404 of FIG. 27). Since the lamp correc-
tion amount CB is added to Tao-a. the target discharged air

io temperature Tao is gradus))y increased toward from T;a
to T as shown by a curve Q, in FIG. 31B as the time is
elapsed from the moment of the switching ON of the
compressor. At step S509. it is checked if the correction
amount a is equal to or smaller than the lamp correction

is amount CB. When it is determined that atgB, i.e.. the
system is still in the lamp correction phase between t, and
tz in FIG. 30B. the step S510 is by-passed to continue the
lamp correction routine. When it is determined that a&B.
i.e.. the system has come to the point t in FIG. 31B. the

20 routine goes to step S510. where the flag FB is cleared. As
a result. at the following cycle after the lapse of r seconds.
a NO determination is obtained at the step S506. which
causes the routine goes to step S502. Thus. in a phase
between ta and t,, the Tao is fixed to the target temperature

zs Tao's calculated by the equation (I).
When it is determined that the air conditioning switch 80

in FIG. 4 is OFF at step S505. the routine goes to step S511.
where it is determining that the ramp control flag FB is set.
When it is determined that the ramp control flag FB is set
(FB=I). this means that the system is now in a ramp control
period between ts and t4 i a FIG. 30B. In this case. the routine
goes to step S513. where the correction amount CB is
incrernented for predetermined value b. and to step S514,
where the corrected target discharged air temperature Tao=is

ss calculated by

Since the lamp correction amount CB is subtracted from
so Tao'. the target discharged air temperature Tao is graduafly

reduced toward Tao-a as shown by a curve Qi in FIG. 31B
as the time is elapsed from the moment of the switching ON
of the compressor. At step S515. it is checked if the
correction amount a is equal to or smaller than the lamp

ss correction amount CB. When it is determined that a5B. i e..
the system is still in the lamp correction phase be(ween t,
and ts in FIG. 31B. the step S510 is by-passed to continue
the lamp correction routine. When it is determined that a&B,
i.e.. the system has come to the point t4 in FIG. 31B. the

so routine goes to step S510. where the flag FB is cleared. As
a result. at the foflowing cycle after the lapse of r seconds.
a NO determination is obtained at the step S511. which
causes the routine goes to step S512. Thus, in a phase after
tune t4, the Tao is fixed to the target temperature Tao'-a.

ss which is suitable for compensating an increase of tempera-
ture felt by the passenger due to an increase in humidity by
the stoppage of the refiigerating cyde.

In short. in this embodiment. a correction of the change in
the temperature felt by a passenger due to a change in

eo humidity caused by state of the change of the air condition-
ing apparatus between ON and OFF condition is gradually
done using the ramp control Q, and Qa. Such a gradual
control is effective to maintain a comfortable air
conditioning, while preventing a passenger from feeling

ss uncomfortable. irrespective of a rapid change in the state of
the operation of the inlet and/or outlet mode. as well as the
amount of the air flow.
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In the 7th to 9th embtuhents. the temperature correction

amount a is made constant. However, the temperature
correction amount a may be variable. so that it becomes
larger at a OFF condition of the A/C switch, where it is
predicted that the humidity at the cabin is high.

In place of correcting the target air temperature by the
amount a when the A/C switch is made OFF. a correction of
the target discharged air temperature Tao can be done in
accordance with any parameter related to the target dis-
charged air temperature Tao. i.e.. variables. in the equation,
induding constants for the setting temperature T~ for the
inside air temperature T for the outside air-temperatureT, and for the solar radiation T,.

In the 7th to 9th embodiments. upon a change of state of
the A/C switch between ON and OFF conditions, a linear or
step-like change in the temperature correction ainount a is
done. However. in place of such a linear change. the amount
ts can be changed non linearly.

In the 7th to 9th embodiments. the refrigerating system is
an ON-OFF type, where the compressor is subjected to an
ON-OFF control by means of a clutch. However. the refrig-
erating circuit can be of a type with EPR (evaporating
pressure regulator). wherein a vapor pressure control valve
is arranged between the evaporator and the compressor. or a
variable capacity type refrigerating circuit. where a com-
pressor with a variable volume unit is employed.

MODIFICATIONS
Throughout the embodiments as explained. the air mix

damper 28 is formed as a plate type damper. However. in
place of the plate type damper. the air mix damper may be
a slide type or a film type. A plurality of air nux dampers
may be provided. Furthermore, in case where a plurality of
heater cores rosy be arranged in a duct, each of the heater
cores ran be provided with oae or more air mix darnpers.

In the illustrated embodiments. the air mix damper 28 is
used as a means for controlling the temperature of the air
discharged to the cabin. However. in place of the air mix
damper, a re-heat type control means for controlling the
temperature of the discharged air can be employed. where s
correction of the amount of the engine cooling water intro-
duced into the heater core 27 is done in accordance with the
present inventioa.

In the iliustrsted embodiments. the heater core 27. as s
means for heating. is employed. However. as for the heating
means. an electric heater or a oondenser of a refrigerant in
a refrigerant circuit can be employed. In case where the
condenser is used. a correction to ihe amount of the refrig-
erant introduced into the condenser can be done for con-
trolling a discharged air temperature. In order to obtain a
correction of the amount of the refrigerant. a correction to a
frequency by means of an inverter or a correction to a
rotational speed of a compressor can be employed.

The illustrated embodiments are directed to aa automatic
air conditioning system for an automobile. However. the
present invention can be applied to various other fields.
including an air conditioning system for other kinds of
vehicles. an air coaditioning system fnr aa airplane, as air
conditioning system for a ship. and a stationary type of air
conditioning system for a house or factory.

In the illustrated embodiments. as for a cooling means. an
evaporator 4 in the refrigerating circuit is used. However. in
place of the cooling means, a cooling element such as a
Peltier element can be used. Furthermore. in place of an
ON-OFF control. a variable-volume-type compressor caa be
used. wherein the cooling capacity of the compressor is
controlled. In this case. in order to determine the change in
the cooling capacity of the compressor. a change in the
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amount of the refrigerant in the refiigerating circuit or a
change in the operating condition (rotational speed) of the
compressor can be detected.

Furthermore. the present invention can be applied to an air
5 conditioning system capable of varying s target value of

temperature for a frost cut operation as is employed in an
economy mode of the air conditioning system.

Furthermore. the behavior of the after-evaporator tem-
perature 43 can also varied in accordance with the amount

io of the air flow caused by the blower 3. Thus, a correction in
accordance with the amount of the air flow caused by the
blower can be also done, Furthenuore. a combination of at
least two features of the various embodiments can be
combined.

is In the embodiment. s cooling capacity of the evaporator
4 is detected by the after-evaporator sensor 43. However. the
cooling capacity can be detected by a sensor for detecting
the temperature of a fin in the evaporator 4. Furthermore. the
cooling capacity of the evaporator 4 can be detected using

io the pressure in a low pressure section of the refrigerating
circuit or the evaporating temperature of the refiigerant in
the refrigerating circuit.

We claim:
1. A system for air conditioning a cabin of a vehicle to be

is air conditioned. the system comprising:
(a) a duct for introducing a fiow of the air into the cabin;
(b) a refrigerating circuit for a refiigerant having s com-

pressor and an evaporator arranged in the duct to
contact the air flow in the duct. so that a heat exchange
occurs between the refrigerant in the evaporator and the
air in the duct;

(c) heating means arranged in the duct for contacting with
the air fiow for heating the cooled air I'rom the evapo-
faton

(d) means. responsive to a manipulation by a passenger.
for issuing. selectively. a first signal for energizing the
compressor and for issuing a second signal for
de-energizing the compressor;

(e) means for detecting at least one envirosmental param-
eter related to a temperature of the cabin;

(f) means for setting a desired cabin temperature;

(g) means. for calculating a calculated target air tempera-
ture of the sir discharged into the cabin from the duct.
said calculating being based on the detected environ-
mental parameter snd on the desired cabin temperature;

(h) means for detecting a physical parameter related to the
temperature of air outside the cabin;

(i) means for calculating a corrected target air temperature
so that the calculated target air temperature is reduced
by a predetermined value when the compressor is
de-energized by the second signal. whereby the value
of the corrected target air temperature when the com-
pressor is de-energized by the second signal is less than
the value of the target air temperature when the com-
pressor is energized by the first signal;

(j) means for cosnolling the heating means so that:
(A) the corrected target air temperature is obtained

when the value of the detected outside air tempera-
ture is not smaller than a predetermined value; and

(B) the calculated target air temperature is obtained
when the value of the detected outside air tempera-
ture is smager than the predetermined value.

2. An air conditioning system for a vehicle having a cabin.
the system comprising:

(a) a blower for generating an air flow;
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(b) an air flow passageway for introducing, into the cabin.
the air flow generated by said blower;

(c) cooling means arranged in said air flow passageway
for cooling air passed through the passageway;

(d) heating means arranged in said air flow passageway at
a location downstream from said cooling means for
heating the cooled air flowing from said cooling means;

(e) temperature adjustment means for adjusting a heated
amount by said heating means for controlling a tem-
perature of the air discharged into the cabin;

(f) signal generating means. responsive to manipulanon
by a passenger, for generating. selectively. an ON
signal for causing the cooling means to be made on and
an OFF signal for causing the cooling means to be
made off;

(g) first target adjusting amount calculating means for
calculating a first target adjusting amount by means of
said temperature adjustment means. so as to obtain a
temperature of the air discharged (o the cabin equal to
a target value;

(h) second target adjusting amount calculating means for
calculating a second target adjusting amount by means
of said temperature adjustment means. so as to obtain
a temperature of the air discharged to the cabin lower
than said target value;

(i) first control means for allowing said ON signal and
said OFF signal to be selectively transmitted into said
cooling means for making the cooling means to be
selectively made on and offi

(j) heating condition determining means for determining
if the cabin is under a condition where a heating is
necessary;

(k) second control means for:
(A) when it is determined that heating is necessary

based upon a determination by the heating condition
deternuning means. controlling said temperature
adjustment means in accordance with said first target
adjusting amount under both of ON and OFF coa-
ditions of said cooling means by means of said first
control means, and

(B) when it is determined that heating is aot necessary
based upon a determination by the heating condition
determining means.
(Bl) controlling said temperature adjustment means

by means of said first control means in accordance
with said first target adjusting amount under ON
condition of said cooling means and

(B2) controlling said tetrquxature adjusting means
by means of said first control means in accordance
with said second target adjusting amount under
OFF condition of the cooling means.

3. A system according to clean 2. wherein said heating
condition determiniag means comprises:

physical amount detecting means for detecting a physical
amount related to an outside air temperature and

means for determining a heating condition af the cabin
based on the detected physical amount.

4. A system according to claim 3. wherein said physical
amount detecting means comprises an outside air tempera-
ture sensor detecting an outside air temperature.

ls

35

S. A system according to claun 3. wherein said physical
amount detecting means comprises a sensor for detecting a
temperature of the air just after being cooled by said cooling
means.

6. A system according to claim 2, wherein said second
control means comprises;

ON condition determining means for. upon a negative
determination of said condition by said heating condi-
tion determining means, determining if said ON signal
is issued fiom said signal generating means. and

meaas for. upon a positive determination by said of said
ON condition determining means, controlling said tem-
perature adjustment means in accordance with said first
target adjusting amaunt. and for. upon a negative
determination by said of said ON condition determin-
ing means, controlling said temperature adjustment
means in accordance with said second target adjusting
alllaulln

V. A system according to claim 2. wherein said second

ip control means comprises
OFF condition determining means for. upon a negative

determination of said condition by said heating condi-
tion determining means. derertnining if said OFF signal
is issued f'rom said signal generating means. and:

means for. upon a positive determination by said of said
OFF condition determining means. controfling said
temperature adjustment means in accordance with said
second target adjusting amount. and for. upon a nega-
tive determination by said of said OFF condition deter-
rnining means. controlling said temperature adjustment
means in accordance with said first target adjusting
allloann

S. A system according to claim 2, further comprising:
a temperature setter for obtaining a setting of a desired

cabin temperatwe;
load detecting means for detecting a thermal load at the

cabin; and
discharged air target temperature calculating means for

calculating said predetermined target value of the tem-
4n perature at least in accordance with the desired cabin

temperature set by said temperature setter and the
temperature load detected by said load detecting
means.

9. A system according to claim 2. wherein said cooling
4s meaas comprises an evaporator located in a refrigerating

system which includes in addition to the evaporator. a
compressor for a refrigerant, a condenser for liquidizing the
refrigerant compressed by the compressor and a pressure
reducer for reducing the pressure of the liquidized refriger-

sc ant as received by the evaporator.
14). A system accarding to claim 9. wherein the system is

used for a vehicle having a driviag source and wherein the
system further comprises:

coanecting means for drivingly connecting said cooling
means with said driving source. wherein said first
control means connois the connecting means so that the
comfvessor is drivingly connected with said driving
source, and wherein said control means controls the
connecting means so that the compressor is drivingly
disconnected fmm said driving source.
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