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[57] ABSTRACT

An air conditioner system for an automotive vehicle is

particularly adapted to insolation dependent correction
of a discharge rate of the conditioning air in cold
weather, such as in the winter so that an excessive flow
rate of relatively cool air will never be discharged in
response to insolation. The air conditioner system com-
poses a blower driver means for direcung air passing an
air heatmg means and/or cooling means toward a ve-
hicular cabin, an ambient temperature detecting means
for monitoring and detecting ambient air temperature
outside of the vehicular cabin, an insolation detecting
means for detecting the sun beam entering the intenor
space of the vehicular cabin, a warm-up state detecting
means for detecting a warm-up condition in which a
temperature of a conditioning air is to be discharged
into the vehicular cabin, and a short period after initia-
tion of discharging of conditioning air, an a control
means for controlling the blower driver means for ad-
Justing the discharge rate of the conditioning air into the
vehicle cabin, the control means mcreasing the dis-
charge rate according to an increase of intensity of the
insolation and respnsive to the warm-up state detecting
means detecting the warm-up condition, for disabling
an increase of the discharge rate irrespective of an in-
crease of the insolation intensity.

8 Claims, 12 Drawing Sheets
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AIR CONDITIONING SYSTEM FOR VEHICLES

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to an air con-

ditioning system for a vehicle. More specifically, the
invention relates to an automonve air conditiomng sys-
tem for controlling blower speed for adjusting condi-
tioning air discharge rate depending upon a temperature
deviation between a cabin temperature and a set tem-
perature, and ambient temperature and insolation.

2. Description of the Related Art
A typical construction of a blower control system for

an automorive air conditioning system has been dis-
closed in Japanese Examined Patent Publication
(Kokoku) No. 62-41128. The disclosed system is de-
signed so as to increase blower speed when insolation is
increased at an operational range, in which a deviation
between a cabin temperature and a set temperature is
small, for enhancement of feeling of the passengers in a
vehicular cabin.

In such prior art, when the blower speed is limited so
as not to become excessive dunng cooling at an ex-
tremely hot cabin condition, such as that upon entenng
after excessive exposure to msolation, or during cold
conditions in the winter, an air conditioning discharge
rate at a steady state may be insufficient to maintain a
uniforrr. temperature distribution within the cabin and
cause substantial deviation between the cabin tempera-
ture and the set temperature by external disturbance of
the thermal load

In viev; of such a defect in the prior art, there is a
prior invention filed under Japanese Patent Application
No. 1-166629, that has been assigned to the common
assignee of the present invention. The disclosure of the
above-identified Japanese Patent Apphcation is herein
incorporated by reference for the sake of disclosure.
The shown system is intended to suppress a noise level
by lowering the conditioned air discharge rate dunng
the transition state and maintain uniformity of tempera-
ture distribution within the cabin by increasing the con-
ditioned air discharge rate during steady state opera-
tion. The shown air conditioning system includes a
control system. The control system derives a demanded
discharge air temperature on the basis of the set temper-
ature, a cabin temperature, an ambient temperature and
the insolation for a transition period, such as dunng the
coohng down state or warming up state. The control
system further derives a first blower voltage corre-
sponding to the demanded discharge air temperature for
the transition state. The control system also derives a
demanded discharge air temperature for the steady state
on the basis of the input information, i.e., set tempera-
ture, the cabin temperature, the ambient temperature
and the insolation, and a second blower voltage corre-
sponding to the demanded discharge air temperature for
the steady state. The first and second blower voltages
are compared so that a greater value of the blower
voltages is selected and supplied to a blower drive con-
trol system as a blower control voltage.

Although the prior proposed systems as set forth
above provide a certain level of gain in enhancement of
the automotive air conditioning system, they are still
unsatisfactory and can encounter some problems. For
example, considering the operation of the above-men-
tioned air conditioning system in relatively cold
weather, such as in the winter, when insolation is de-

tected, the control system adjusts the demanded dis-
charge air temperature Tao for a lower temperature due
to the presence of insolation. Since the blower voltage
is derived relative to the discharge air temperature Tao,

3 the blower voltage can be accordingly lowered. For
instance, assuming that the discharge air temperature
Tao-blower voltage Vb characteristics is set as shov,n
in FIG. 9 and further assuming that the demanded dis-
charge air temperature is varied from the point A, in

1Q which no insolation is present, to the point B, in which
the insolation is present, the blower voltage becomes
the value corresponding to the demanded discharge air
temperature Tao at the point B. Therefore, the blower
speed is lowered to reduce the discharge rate of the
conditioning air. At the same time, discharge air tem-
perature control is performed in the per se known man-
ner to adjust the air mix door open angle toward the
cooler side for lowering the discharge air temperature
according to the reduction of the demanded discharge
air temperature Tac, as shown in FIG. 11. It is further
assumed that the discharge mode of the conditioning air
is maintained m FOOT (HEATER) mode, the reduced
flow rate of the conditiomng air with the lowered tem-
perature should be discharged.

However, since the conventional control system is
designed so as to increase the discharge rate of the
conditioning air in response to insolation, insolation
dependent correction for the blower speed is performed

3Q
in response to insolation. By this, the discharge rate of
the lowered temperature conditioning air is increased to
be discharged through FOOT vents. This may create a
cool feeling directly subjecting the occupants to the
increased flov'ate of the lowered temperature cond&-

33 tioning air.
Also, in the conventional air conditioning system, in

a relatively warm environment, such as midday in the
winter or spring or fall, insolation may provide a hot
feeling for the passengers directly subjected to the sun

4Q beam. Despite the hot feeling due to insolation, the
control system can maintain FOOT mode operation in
certain environmental conditions with a reduced condi-
tioning air discharge rate by the presence of insolation.
In such occasions, the upper body of the passenger

43 subject to an incoming sum beam, may not be satisfacto-
rily cooled due to insufficient amount of conditioning
air discharged into the cabin, and due to a discharge
mode selected for directing conditioning air toward the
lower body of the passenger. This clearly degrades the

so comfort of the passengers.
Such shortcoming is caused by the presence of the

operational range of the air conditioning system in
which a discharge mode is maintained in the FOOT
mode while the demanded discharge air temperature

33 Tao is lowered due to presence of insolation. Also, an
algorithm for increasing the conditiomng air discharge
rate in a straightforward manner in response to the
presence of insolation cannot optimize the operation of
the air conditioning system over all environmental con-

60 ditions, and serves to cause an uncomfortable feeling in
certain environmental conditions such as that discussed
above.

SUMMARY OF THE INVENTION

63 In viev: of the above-mentioned drawbacks in the
prior art, it is an object of the present invention to pro-
vide an automotive air conditioning system which can
optimally perform an insolation dependent correcnon
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of discharge rate of a conditioning air, particularly in
the cold weather seasons, while maintaining a limited
conditioning air discharge rate during a warming up
state.

Another object of the invention is to provide an auto- 5
motive air conditioning system which can also opti-
mally select a discharge mode for switching between
FOOT mode and Bl-LEVEL mode so that the condi-
tioning air can be discharged not only through FOOT
vents but also through CHEST or FACE vents for 10
effectively conditioning upper parts of a vehicular
cabin, associated with variation of a demanded dis-
charge air temperature, particularly at a relatively
warm environment and during the presence of insola-
tion. 15

In order to accomplish the above-mentioned and
other objects, an air conditioner system for a vehicle
comprises;

a blower driver means for directing air passing an air
heating means and/or cooling means toward a vehicu- 20
lar cabin;

an ambient temperature detectmg means for monitor-
ing for detectmg ambient air temperature outside of the
vehicular cabin;

an insolation detecting means for detecting the sun 25
beam entering into the interior space of the vehicular
cabin;

a warm-up state detecting means for detecting a
warm-up condition in "hich a temperature of a condi-
tioning air to be discharged into the vehicular cabin, 3o
and a short period after the initiation of discharging of
conditioning air; and

a control means for controlling the blower dnver
means for adjusting a discharge rate of the conditioning
air into the vehicular cabin, the control means increas- 35

ing the discharge rate according to the increase of inten-
sity of the insolation and responsive to the warm-up
state detecting means detecting the warm-up condition,
for disabling an increase of the discharge rate irrespec-
tive of an increase in the insolation intensity. 4o

In a more practical construction, an air conditioner
system for a vehicle comprises:

a blower driver means for driving a blower to direct
a conditioning air of a controlled temperature toward a
vehicular cabin, 45

a target temperature setting means for setting a target
cabin temperature (Tact);

a cabin temperature detecting means for detecting a
cabin temperature (Tr) in the interior space of the ve-
hicular cabin; 50

an ambient temperature detecting means for detect-
ing an ambient air temperature outside of the vehicular
cabin;

a control means for deriving a temperature deviation
(Tdi) between the target cabin temperature (Tset) set by 55
the target temperature setting means and the cabin tem-
perature (Tr) detected by the cabin temperature detect-
ing means, deriving a blower control signal for adjust-
ing blower speed and whereby adjusting the discharge
rate of the conditioning air into the vehicular cabin on 50
the basis of the temperature deviation (Tdi), the ambient
temperature (Tam) detected by the ambient tempera-
ture detecting means, and an insolation intensity (Ts)
detected by the insolation detecting means in such a
manner that the value of the blower control signal is 55
increased according to an mcrease of the insolation
intensity, the control means detecting a warm-up state
in which the cabin temperature Tam is lower than a

predetermined temperature (HI) and the magnitude of
the negative temperature deviation (Tdi) is greater than
a predetermined negative deviation value, for limiting
the blower control signal value irrespective of an in-
creasing of the insolation intensity; and

a blower voltage supply means for applying a blower
voltage corresponding to the blower control signal for
the blower driver means.

In the alternative construction, an air conditioner
system for an automotive vehicle comprises:

a blower driver means for driving a blower for dis-
charging a conditioning air with a controlled tempera-
ture and controlled discharge rate into the interior
space of a vehicular cabin;

a target temperature setting means for manually set-
ting a desired target temperature toward which the
temperature of the interior space of the vehicular cabin
is to be controlled;

a cabin temperature detecting means for detecting a
temperature within the interior space of the vehicular
cabin;

an ambient temperature detecting means for detect-
ing an ambient air temperature external to the vehicular
cabin;

an insolation detecting means for detecting insolation
within the vehicular cabin;

a control means for deriving a temperature deviation
between the target temperature and the cabin tempera-
ture, and a charge voltage to be applied to the blower
dnver means on the basis of the temperature deviation,
the ambient temperature detected by the ambient tem-
perature detecting means and the insolation intensity
detected by the insolation detecting means, the control
means increasing the charge voltage according to an
increase of the insolation intensity,

a voltage applying means for applying the charge
voltage for controlling the discharge rate of the condi-
tioning air;

an upper vent for discharging the conditioning air
toward the upper portion of the interior space of the
vehicular cabin;

a lower vent for discharging the conditioning air
toward the lower portion of the interior space of the
vehicular cabin; and

a conditioning air distribution adjusting means for
controlhng a proportion of the conditioning air to be
discharged through the upper vent and through the
lower vent,

the discharge rate of the conditioning air through the
upper vent and the lower vent according to a command
for driving the discharge rate through the upper vent
and the lower vent,

wherein the control means being detective of a prede-
termined condition, in which the ambient temperature
(Tam) is higher than a predetermined temperature (LO)
and the magnitude of the positive value of the tempera-
ture deviation is greater than a predetermined deviation
(NS) for generating a command for the conditioning air
distribution adjusting means to increase the charge volt-
age to be applied to the blower driver means according
to an increase of the insolation intensity, and setting the
increased discharge rate through the upper vent.

With the construction set forth above, the control
means derives a temperature deviation between the
target temperature set by the temperature setting means
and the cabin temperature detected by the cabin tem-
perature detecting means. The control means also de-
rives the charge voltage to be apphed to the blower
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driver means in terms of the temperature deviation, the
insolation intensity detected by the insolation detecting
means. The control means detects the condition, in
which the ambient temperature is lower than the first
predetermined temperature due to cold weather, such
as in the winter, and the magnitude of the negative
temperature deviation is greater than a predetermined
negative deviation value to limit influence of the insola-
tion for the conditionmg air discharge rate.

With this construction, during the warm-up period
immediately after starting operation of the air condi-
tioner system in conjunction with starting up of the
vehicle in the cold season, such as in the winter, an
excess amount of the relatively cool conditioning air
will never be discharged and will maintain the condi-
tioning air discharge rate at a comfortable range.

According to the alternative construction, the air will
never be discharged and will maintain the conditionmg
air discharge rate at a comfortable range.

According to the alternative construction, the air
conditioner system includes a conditioning air distribu-
tion adlusting means for controlling a proportion of the
conditioning air to be discharged through the upper
vents and through the lower vents so that the condition-
ing air discharge rate through the upper vent is in-
creased according to an increase of the intensity of the
conditioning air.

The control means m the air conditioner system ac-
cordmg to the invention detects the a ibient tempera-
ture higher than the second predetermined temperature,
such as midday in the winter. or spring or fall, after a
given penod from initiation of operauon, and when the
temperature deviation is reduced across the negative
predetermined deviation to increase the charge voltage
for the blower dover means according to an increase of
the insolation. At this time, at least the discharge rate of
the conditioning air to be discharged through the upper
vent is increased. By this, the hot feeling due to pres-
ence of the msolation at the upper body of the passenger
can be compensated for assure comfort.

As set forth above. according to the present inven-
tion, for example, if the sun beam enters the vehicular
cabm at start up of the vehicle and thus start up of the
air conditioner system, since the ambient ter perature is
lower than the first predetermined temperature and the
temperature deviation is substantial because of the short
period after initiation of the air conditioner operation, a
correction based on the mtensity of insolation is mini-
mized or, in the alterative effected for reducing the
blower voltage for assuring prevention of an increase of
the discharge of air of a relatively low temperature.

Therefore, even when the sun beam enters the inte-
rior space of the vehicular cabin during the warm-up
period, in which the negative temperature deviation is
substantially large, a cold feeling discomforting the
passenger will never occurr because of the prevention
ofan increase of the discharge rate of the relatively cool
conditioning air.

Furthermore, in the alternative embodiment of the
invention, for example, after a relatively long period
from start up of the vehicle and start up of the air condi-
tioner system, in which the temperature deviation is
smaller than the negative predetermined deviation, and
a relatively low angle sun beam enters the interior space
of the vehicle in the day time in the winder and/or
spring or fall, the charge voltage is increased according
to an increase of the insolation mtensity since the ambi-
ent temperature should be higher than the second pre-

determined temperature and the temperature deviation
is relatively small. Also, according to an mcrease of the
conditioning air discharge rate, a proportion of the
conditioning air to be discharged through the upper

s vent is increased. This is particularly effective for cool-
ing the upper body of the passenger who is subjected to
irradiation of sum beams and thus experiences a feeling.
This can be satisfactorily compensated for by increasing
the discharge rate of the conditioning air through the

10 upper vent.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood
from the detailed description given herebelow and from

IS the accompanying drawings of the preferred embodi-
ments of the invention, which, however, should not
limit the invention to the specific embodiments but are
for the purpose of explanation and illustration only.

In the drawmgs:
20 FIG 1 is a schematic block diagram of an air condi-

tioner control system according to the present inven-
tion;

FIGS. 2A and 2B are a block diagram of the pre-
ferred embodiment of the air conditioner control system

2S according to the invention;
FIG. 3 is a flowchart showmg a main routine of an air

conditioner control program to be executed by the
preferred embodiment of the air conditioner control
system of FIG. 2;

30 FIG. 4 is a flowchart showing a sub-routine to be
executed in a process of a step 130 in the main routme of
FIG. 3;

FIG. 5 is a flowchart showing a sub-routine to per-
form predication according to fuzzy logic in a process

3S of a step 200 in the main routine of FIG. 3;
FIG. 6(a) is a chart showing a membership function

associated with an ambient air temperature;
FIG. 6(b) is a chart showing a membership function

associated with an insolation;
40 FIG. 6(c) is a chart showing a membership function

associated with a temperature deviation between a
cabin temperature and a set temperature;

FIG. 6(d) is a chart showing a membership function
associated with a blower voltage in an environmental

4S condition where no insolation presents,
FIG. 6(e) is a chart showing a membership function

associated with discharge modes of a conditioning air;
FIG. 6(/) is a chart showing a membership function

associated with variation ratio of the blower voltage in
so an environmental condition where insolation present;

FIG. 7 is a chart showing a characteristic function of
an insolation dependent correction value taking an in-
tensity of insolation and an ambient temperature;

FIGS. 8A and 8B are a explanatory illustration show-
ss ing example of fuzzy predication of the blower voltage

in the preferred process of the present invention;
FIG. 9 is a chart showing characteristics of variation

of blower voltage relative to a demanded discharge air
temperature in the prior art;

6o FIG. 10 is a chart showing characteristics for select-
ing discharge mode relative to the demanded discharge
air temperature in the prior art;

FIG. 11 is a chart showing variation of a position of
an air mix door relative to the demandrd discharge air

6S temperature in the prior art; and
FIG. 12 is a flowchart showmg another embodiment

of an air conditioner control to be performed by the air
conditioner control system



DESCRIPTION OF THE PREFERRED
EMBODIMENT

Following discussion will be given for the preferred
embodiment of an air conditioner control system, ac- 5

cording to the invention, in terms of application to
independent control of a conditioning air temperature
and a discharge rate as well as selection of FACE and
FOOT vents to discharge a conditioning air in various
discharge modes. to

Referring now to FIG. 1, the general concept of the
present invention will be discussed m order to establish
an understanding of the outline of the invention so as to
facilitate better understanding of the subsequent de-
tailed discussion for the preferred embodiment. As seen 15

from FIG. 1, an air conditioner control system, accord-
ing to the present invention, includes a control unit CU
which may comprise a microprocessor programmed to
perform various air conditioner controls, such as a
blower speed control, vent door control for switching 20
discharge modes, air mix door control for adjusting a
temperature of a conditioning air to be discharged, and
so forth. In the particular embodiment, the vent door
control is performed for switchtng discharge modes
between FACE (cooler) mode and FOOT (heater) 25

mode across BI-LEVEL mode.
In order to perform control operations, the control

unit CU receives venous air conditioner control param-
eters. For instance, in the particular embodiment, th
control unit CU is connected to an insolation detecting 30

means IDM which monitors intenstty of sun beam and
provides an insolation indtcattve data Ts representattve
thereof, a cabin temperature detecting means CTDM
which monitors a temperature within a vehicular cabin
and provides a cabin temperature indtcative data Tr, 35

and an ambient temperature detecting means ATDM
which monnors an ambient air temperature outside of
the vehicular cabin and provides an ambient tempera-
ture indicative data Tam. The control unit CU is also
connected to a target temperature setting means TTSM 40

which is manually operable for setting a desired target
cabin temperature and provides a set temperature indic-
ative data Tset. The control unit CU processes these
input data for deriving a temperature deviation Tdi
between the cabtn temperature Tr and the set target 45
temperature. Based on the temperature deviation Tdi,
the ambient air temperature Tam and the insolatton
intensity Ts, the control unit performs a control opera-
tion for controlling a blower speed for adjusting dis-
charge air flow rate, the air mix door position for adjust- 50

ing the conditioning air temperature discharged
through vents, and the vent door positions for selec-
tively discharging the conditioning air through the
FACE vents and/or FOOT vents,

The control unit CU is generally responsive to pres- 55

ence of insolation for increasing blower speed and
whereby increasing the discharge rate of the condition-
ing air so as to compensate for an increase of the heat
load due to insolation. The control unit CU also dis-
criminates an operational mode of the air conditioner 6o

system between cooling mode and heating modes by
comparing the ambient air temperature with a cooler/-
heater criterion HI. The control unit CU further com-
pares the temperature deviation Tdi with a preset
warm-up mode criterion NS when a heating mode oper- 65

ation of the air conditioner system is detected, so as to
limit the blower speed irrespective of an increase of the
insolation intensity during a warm-up mode operation.

The control unit CU thus derives a blower speed
optimal at the instantaneous environmental condttion to
provide a blower control signal Cb to a blower control-
ler means BCM. The blower controller means BCM is
responsive to the blower control signal Cb to apply a
blower voltage Vb corresponding to the blower control
signal to a blower driver means BDM for driving the
blower at the revolution speed corresponding to the
blower control signal.

The feature and advantages of the present invention
will become more clear from the detailed description of
the preferred embodiment given herebelow.

FIG. 2 shows the preferred embodkment of the air
conditioner control system according to the present
invention. An air conditioner duct 2 has a ambient-
/recirculation switching damper 3 for selectively com-
municating the duct to an ambient air inlet and a cabin
air inlet. A cooling unit 6 which comprises an evapora-
tor associated forming a part of refrigerant circulation
circuit including a compressor driven by an automotive
internal combustion engine as a prime mover of the
vehicle, is disposed within the air conditioner duct 2 in
the vicinity of the air inlet. A blower 5 is disposed
within the air conditioner duct 2 upstream of the cool-
ing unit 6 for forcing air introduced through the ambi-
ent air inlet and/or the cabin air inlet. A conditioning air
distribution damper 7 is also disposed within the air
conditioner duct 2 downstream of the cooling unit 6 for
adlusting a proportion of the conditioning air to be
discharged through FACE vents 12 and through
FOOT vents 13. A heater core 10, in which an engine
coolant as a heat transfer medium circulates for heating
air flowing therethrough, is disposed downstream of the
conditioning air distribution damper 7. Air mix doors 8
and 9 are provided for the heater core for adjusting a
proportion of the volume of the conditioning air flow-
ing through a FACE branch to the FACE vents 12 and
a FOOT branch to the FOOT vents 13, to be intro-
duced into the heater core 10. Air mixing is thus per-
formed for adjusting the temperature of the condition-
ing air to be discharged through the FACE vents 12 and
the FOOT vents 13 by adjusting a proportion of the
volume of the cool air and hot air.

The ambient/recirculation switching damper 3 is
associated with a ambient/recirculation door actuator
14. The actuator 14 thus adjusts the angular position of
the ambient/recirculation switching damper 3 and
whereby adjusts the proportion of the induction rate of
the ambient air and the cabin air. The blower 5 is associ-
ated with a blower motor 5 to be driven at a controlled
revolution speed for adjusting the air flow rate through
the air conditioner duct 2. The blower motor 5 is con-
nected to a blower driver circuit 15 which supplies a
controlled blower driving voltage for adjusting the
re~olution speed of the blower motor and thus adjusting
the blower speed.

The air mix door 8 is associated with a FACE air mix
door actuator 11 which adjusts the angular position of
the air mix door 8 for adjusting the hot air proportion in
the conditioning air to be discharged through the
FACE vents 12. Similarly, the air mix door 9 is associ-
ated with a FOOT air mix door actuator 1'7 which ad-
justs the angular position of the air mix door 9 for ad-
justing hot air in the conditioning air to be discharged
through the FOOT vents 13. Also, the conditioning air
distribution damper 7 is connected to a discharge mode
control actuator 16 which adjusts the angular position
of the conditioning air distribution damper for selecting
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a proportion of the conditioning air to be discharged
through the FACE vent and the FOOT bent and
whereby switching a discharge mode between FACE
mode, BI-LEVEL mode and FOOT mode.

The ambient/recirculation door actuator 13, the
blower driver circuit 15, the FACE and FOOT air mix
door actuators 11 and 17 and the discharge mode con-
trol actuator 16 are connected to a control unit 1. The
control unit I includes an analog-to-digital (A/D) con-
verter 26 for converting various information input in
analog formats into digital data which can be handled
by an electronic digital processing unit, such as micro-
processor or microcomputer. The control umt 1 also
has a central processing unit (CPU) Iu, a read-only
memory (ROM) 1b, in which various fuzzy rules and
membership functions necessary for use in fuzzy predi-
cation discussed later and other programs and data
necessary for performing various control operations.
The control unit 1 also has an output unit 1c connected
to the above-mentioned actuators and driver circuits as
external control loads for outputting control signals,
and a crystal oscillator Id for generating a reference
clock for enabling the CPU to perform required data
processing operations

Th'e A/D converter 26 is connected to a target tem-
perature setting unit 18 which is operable for entry of a
desired vehicular cabm temperature as a target tempera-
ture Tset and produces a set temperature indicative
signal, a cabin temperature sensor 19 which monitors a
vehicular cabin temperature Tr and produces a cabin
temperature indicative signal„an ambient temperature
sensor 20 which momtors ambient air temperature Tam
and produces an ambient temperature indicative signal,
and an insolation sensor?1 for monitoring intensity of a
sun beam Ts hereafter referred to as amsolatton inten-
sity" and produces an insolation indicative signa) In
order to provide additional control parameters, an
evaporator temperature sensor 2? for monitoring a tem-
perature Te around the evaporator 6 to produce an
evaporator temperature indicative signal, an engine
coolant temperature sensor 23 for monitoring a temper-
ature Tw in a radiator to produce an engine coolant
temperature indicative signal. a FACE duct sensor 24
for momtoring a discharge air temperature of the condi-
tioning air discharged through the FACE vents 12, and
a FOOT duct sensor 25 for monitoring a discharge air
temperature of the conditioning air discharged through
the FOOT vents 13 are connected to the A/D con-
verter 26.

In addition, the A/D converter 26 is connected to a
FACE air mix door potentiometer 27 which monitors
the position of the FACE air mix door actuator 11 to
produce a FACE air mix door position indicative sig-
nal, a FOOT air mix door potentiometer 28 which mon-
itors the position of the FOOT air mix door actuator 17
to produce a FOOT air mix door position indicative
signal, a discharge mode detective potentiometer 29
which monitors the position of the discharge mode
control actuator 16 to produce a discharge mode indica-
tive signal, and an ambient/recirculation switching
door potentiometer 30 which monitors the position of
the ambient/recirculation switching actuator 14 to pro-
duce an inducnon mode indicative signal. The A/D
converter 26, in turn, receives a timing control signal
from the CPU Iu governing reading and writing timing
and multiplexmg so as to provide the digital format data
derived from and representative of the input signals set
forth above.

With the hardware construction set forth above, the
control umt I performs various air conditioner control
operations for optimizing operation of the air condi-
tioner at the environmental condition and operating

5 condition represented by the input signals for the A/D
converters.

FIG. 3 shows the process of blower voltage control
performed by the shown embodiment of the air condi-
tioner control system of FIG. 1. The shown routme

lc forms a part of an air conditioner control program. The
shown routine is inittated in response to turning ON of
a main power switch, such as an ignition switch, to start
execution and is cyclically or penodically executed. At
a step 100, initialization is performed for setting an ini-

)5 tial state of the overall control system.
At a step 110, the set temperature data Tact is input

from the A/D converter 26. The set temperature data
Tact is derived on the basis of the set temperature indic-
ative signal of the target temperature setting unit 18.

20 Therefore, the set temperature data Tset represents the
desired target cabin temperature.

At a step 120, a cabin temperature data Tr, an ambient
temperature data Tam and an insolation intensity data
Ts input from the A/D converter 26 These data are

?5 derived by A/D conversion based on the cabin temper-
ature indicative signal from the cabm temperature sen-
sor 19, the ambient temperature indicative signal from
the ambient temperature sensor 20 and the insolation
indicative .ignal from the insolation sensor 21

)O At a step 130, a temperature deviation Tdi is derived
based on the cabin temperature Tr and the set tempera-
ture Tact. Based on the temperature deviation Tdi and
the ambient temperature Tam, fuzzy predication is per-
formed for derivmg a blower voltage Vb and a distribu-

55 tron Db of discharge rate through the FACE vents 12
and the FOOT vents 13, in the environmental condition
where no insolation is present, and increasing magni-
tude Vup of the blower voltage during the presence of
the insolation.

40 At a step 140, by adding the blower voltage Vb and
the blower voltage increasing magnitude Vup denved
at the step 130, a target blower voltage Va is denved.
The target blower voltage Va is derived by

45 Va= Vb+ Vap 0)

tVb X Db V p) (i)
55 D.p= V

At a step 160, a demanded discharge air temperature
Tao in the condition where no insolation is present, is
derived on the basis of the cabin temperature Tr, the set

60 temperature Tset and the ambient temperature Tam by
the following equation:

Tao=Kserx Tsar — Krx rr— Kamx Tom C &3)

65 wherein Kset, Kr, Kam and C are gain values.
At a step 170, a discharge air temperature Tface for

the conditioning air to be discharged through the
FACE vents 12 and a discharge air temperature Tfoot

The target blower voltage Va thus derived is supplied
to the blower driver circuit 15.

At a step 150, based on the results obtained through
5o the steps 130 and 140, a target conditioning air distribu-

tion damper position Dap is calculated by the following
equation:
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for the conditioning air to be discharged through the
FOOT vents 13 are calculated by the following equa-
tions:

Tfaee=at)ÃITao. Teei) — ae

Tfooe )e/ZX(Tao. 33* C. )

(4)

Here, an insolation dependent correction value bt
can be obtained, the a function taking the insolation
intensity Ts and the ambient temperature Tam as pa-
rameters,

At a step 180, a target FACE air mix door open de-
gree Dface is derived on the basis of the discharge air
temperature Tface obtained from the equation (4). Also
a target FOOT air mix door open degree Dfoot is de- (5

rived on the basis of the discharge air temperature Tfoot
obtained from the equation (5).

At a step 190, respective target values Va, Dap,
Dface, Dfoot are output to the blower motor driver
circuit 15, the discharge mode control actuator 16, the
FACE air mix door actuator 11 and the FOOT air mix
door actuator 17.

The steps 110 through 190 are repeated cyclically or
periodically for continuous control of the operation of
the air conditioner system for optimization of the opera- 35

tion of the air conditioner system in relation to the in-
stantaneous environmental and operational conditions.

The control for the target blower voltage is thus
performed as set forth above. In the shown process,
further discussion will be given for the method for per-
forming predication according to the fuzzy logic, which
is performed in the step 130 of FIG. 3.

At first, discussion will be made for the membership
function stored in the ROM 1b.

FIGS. 6(a) to 6(fj show membership functions to be 35

used in the fuzzy predication. In the respective charts
shown in FIGS. 6(a) to 6(f), the axis of abscissas repre-
sent input and output values and the axis of ordinatei
represent certainty factors (CF) values corresponding
to the relevant input and output values. 40

FIG. 6(a) shows the membership function associated
with the ambient temperature Tam, In the shown exam-
ple, the fuzzy aggregate is classified into three stage
aggregates. i.e. Low: LO, Medium; MD and High: HI.
With the membership functions of respective classes of 45

fuzzy aggregates. membership function for the ambient
temperature Tam is established.

Fuzzy parameters belonging in each fuzzy aggregate
are set relative to the membership function of each
fuzzy aggregate in the domain defined by the fuzzy 50

aggregate as shown m FIG. 6(a) and the CF values
within the domain.

FIG. 6(b) shows a characteristic chart of the member-
ship function associated with the msolation intensity Ts.
The fuzzy aggregate is classified into three classes, i.e. 55

Positive Small: PS, Positive Medium: PM and Positive
Big: PB. Overall membership function of the insolation
intensity Ts is established with the membership func-
tions of respective classes of aggregates.

Fuzzy parameters belonging m each fuzzy aggregate 60

are set relative to the membership function of each
fuzzy aggregate in the domain defined by the fuzzy
aggregate as shown in FIG. 6(b) and the CF values
within the domain.

FIG. 6(c) shows the membership function associated 65

with the temperature deviation Tdi. Fuzzy aggregate of
the temperature deviation Tdi (= Tr — Tact) is classified
into five classes of fuzzy aggregates, i,e. Negative Big

NB, Negative Small: NS, Zero: ZO, Positive Small: PS
and Positive Big: PB. Overall membership function of
the temperature deviation Tdi is established with the
membership functions of respective classes of aggre-
gates.

Fuzzy parameters belonging in each fuzzy aggregate
are set relative to the membership function of each
fuzzy aggregate in the domain defined by the fuzzy
aggregate as shown in FIG. 6(c) and the CF values
within the domain.

FIG. 6(d) shows the membership function associated
with the blower voltage Vb. Fuzzy aggregate of the
blower voltage Vb is classified into five classes of fuzzy
aggregates, i.e. Low: LO, Medium Low: ML, Medium:
MM, Medium High: MH and High: HI. Overall mem-
bership function of the blower voltage Vb is established
with the membership functions of respective classes of
aggregates.

Fuzzy parameters belonging in each furry aggregate
are set relative to the membership function of each
fuzzy aggregate in the domain defined by the fuzzy
aggregate as shown in FIG. 6(d) and the CF values
within the domain.

FIG. 6(e) shows the membership function associated
with the conditioning air distribution Db as derived at
the step 130 as set forth above. Fuzzy aggregate of the
blower voltage Vb is classified into five classes of fuzzy
aggregates, i.e. FACE mode (FACE), FACE side BI-
LEVEL mode (FE), BI-LEVEL mode (B/L), FOOT
side BI-LEVEL mode (FT) and FOOT mode (FOOT).
Overall membership function of the conditioning air
distribution Db is established with the membership
functions of respective classes of aggregates.

Fuzzy parameters belonging in each fuzzy aggregate
are set relative to the membership function of each
fuzzy aggregate in the domain defined by the fuzzy
aggregate as shown in FIG. 6(e) and the CF values
within the domain.

FIG. 6(f) shows the membership function associated
with the blower voltage increasing magnitude Vup
under the presence of the insolation. Fuzzy aggregate of
the blower voltage increasing magnitude Vup is classi-
fied into five classes of fuzzv aggregates, i.e. Low:
eILO, Medium Low: (3ML, ()tedium: 45MM, Medium
High: e3MH and High: ekHI. Overall membership func-
tion of the blower voltage increasing magnitude Vup is

established with the membership functions of respective
classes of aggregates. It should be noted that ()LO rep-
resents substantially no increasing magnitude of the
blower voltage.

Fuzzy parameters belonging in each fuzzy aggregate
are set relative to the membership function of each
fuzzy aggregate in the domain defined by the fuzzy
aggregate as shown in FIG. 6(f) and the CF values
within the domain.

Next, fuzzy rule stored in ROM 1b will be discussed.
According to the shown embodiment, five fuzzy rules
are established as shown in the following tables I to V
on the basis of the foregoing membership functions of
the ambient temperature Tam, the insolation intensity
Ts, temperature deviation Tdi, the blower voltage Vb,
the conditioning air distribution Db and the blower
voltage increasing magnitude Vup.

Table I shows a fuzzy rule for the blower voltage Vb
established in terms of the ambient temperature Tam
and the temperature deviation Tdi. Table II shows a
fuzzy rule for the conditioning air distribution Db estab-
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TABLE IVlished in terms of the ambient temperature Tam and the
temperature deviation Tdi. In the tables I and II, al, a2,
... and bl, b2,... in the parenthesis represents identifi-
cation number of the corresponding predicate.

TABLEI

Tam
Tdi = Tr — Tsei LQ MD HI

Rule Table of Vu u.brie Tam = MD)
Ts

Tdr = Tr — Tsei PS PM PB

&LO
&ML
iiMH
&MH
I)HI

NB
NS
ZO
PS
PB

&LO
&LO
&LO
&LO
&LO

&LO
&ML

&ML(ds)
dMM(69)

&MM(dl 0)
NB
NS
ZO
PS
PB

Hl(a!)
MH(a2)
MM(a3)

ML
LO

MH(as)
ML(a7)
LO(a8)
ML(a9)

MM(a10)

MM
10LO

LO(al3)
ML

Hl(a I 5)

TABLE V
Rule Table of Vu while Tam = Hll

TABLE II

Tam
Tdi = Tr — Tsei LO MD Hl

15
NB
NS
ZO
PS
PB

I LO &ML
&LO dML
&LO &MM
&LO &MM
&LO &MH

&MM
I MH

&MH(e)3)
&HI(el4)
&HI(els)

Ts
Tdi = Tr — Tsei PS PM PB

NB
NS
ZO
PS
PB

FOOT(b I)
FOOT

FOOT(63)
FOOT

FT

FOOT
FT

B/L(bs)
FE(69)

FACE(bic)

B/L
FE

FACE(b I 3)
FACE(i))4)
FACE(515)

20

Here, the fuzzy rule in the foregoing table I can be
generally predicated as follows:

On the other hand, the tables III to V show fuzzy
rules of the blower voltage increasing magnitude Vup
in terms of the insolation intensity Ts, the temperature
deviation Tdi and the ambient temperature Tam. Table
III is the fuzzy rule table to be used for denving the
blower voltage increasing magnitude Vup in cold
weather, such as winter, in which the ambient tempera-
ture Tam becomes LO. The table IV is the fuzzy rule
table to be used for deriving the blower voltage mcreas-
mg magmtude Vup in medium temperature weather,
such as spring or fall, in which the ambient temperature
Tam becomes MD. Finally, the table V is the fuzzy rule
table for use in derivation of the blower voltage mcreas-
ing magnitude Vup in hot weather, such as in the sum-
mer, in which the ambient temperature Tam becomes
HI 40

TABLE III
(Rule Table of Vu u hue T m = Lol

Ts
Tdr = Tr — Tsei PS PM PB

(a I ) IF
(a2) IF
(a3) IF
(a4) IF
(a5) IF
(a6) IF
(a7) IF
(a8) IF
(a9) IF
(a10) IF
(a! I ) IF
(a12) IF
(a!3) IF
(a)4) IF
(a 1 5) IF

(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =
(Tam =

[Fuzz) Rules]

LO & Tdr = NB)
LO (I Tdi = NS)
LO k Tdr = ZO)
LO & Tdi = PS)
LO k Tdr = PB)
MD k. Tdr = NB)
MD & Tdr = NS)
MD k Tdi = ZO)
MD 8: Tdi = PS)
MD k Tdi = PB)
Hl & Tdr = I'B)
Hl & Td) = I')
Hl & Tdr = ZO)
Hl & Tdi = PS)
Hl & Tdi = PB)

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

(Vb = HI)
(Vb = MHl
(Vb = MM)
!Vb = ML)
(Vb = LO)
(Vb = MH)
(Vb = ML)
(Vb = LO)
(Vb = ML)
(Vb = MM)
(Vb = MM)
(Vb = LO)
(Vb = LO)
(Vb = MLl
(Vb = HI)

When the conditiomng air distribution Db of the
foregoing table II is predicated, they will become simi-
lar to those set out above.

On the other hand, the blower voltage increasing
magnitude Vup in the cold weather, as sho vn in the
foregoing table IH, can be predicated as follov,s;

(c I ) IF
(c2) IF
(c3) IF
(c4) IF
(cs) IF
(c6) IF
(c7) IF
(cs) IF
(c9) IF
(c I 0) IF
(c I I) IF
(c I 2) IF
(c I 3) IF
(c14) IF
(c I 5) IF

(Tam = LO & Tdr
(Tam = LO & Tdi
(Tam = LO & Tdr
(Tam = LO &. Tdi
(Tam = LO 8: Tdr
(Tam = LO k Tdi
(Tam = LO & Tdi
(Tam = LO & Tdr
(Tam = LO & Tdi
(Tam = LO Er Tdi
(Tam = LO k Tdi
(Tam = LO & Tdr
(Tam = LO & Tdr
(Tam = LO & Tdi
(Tam = LO &. Tdi

= NB&Ts = PS)
= NS Er Ts = PS)
= ZO & Ts = PS)
= FskTs= PS)
= PB k Ts = PS)
= NB & Ts = FM)
= NS Er Ts = PM)
= ZO k Ts = PM)
= PS E: Ts = PM)
= PB&Ts= PM)
= NnkTs= PB)
= NS E: Ts = PB)
= ZO k. Ts = PB)
= PS k Ts = PB)
= PB Er Ts = PB)

THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN
THEN

(Vup = &LO)
(Vup = dLO)
(Vup = &LO)
(Vup = dLO)
(Vup = &LO)
(Vup = &LO)
(Vup = &LO)
(Vup = &ML)
(Vup = &ML)
(Vup = 4 MM)
(Vup = I LO)
(Vup = &ML)
(Vup = &MM)
(Vup = I MH)
(Vup = I MH)

NB
NS
ZO
PS
PB

&LO(c I)
&LO
&LO
&LQ
&LQ

&LO
&LO

&ML(c8)
&ML
EMM

&LO
&ML
iiMM
&MH
&MH

It should be appreciated that the fuzzy rules for the
blower voltage increasing magnitude Vup in the me-
dium temperature weather, e.g. in the spring or fall, of
the foregoing table IV and in the hot weather, e.g in the

65 summer, of the foregoing table V, can be predicated in
the similar manner as that set out above.

Respective of the fuzzy rules shown above reflect the
following algorithm.



(With respect to Table II)
In the foregoing table II, when the ambient tempera-

ture Tam is MD and thus higher than the second prede-
termined temperature LO, and if the temperature devia-
tion Tdi becomes greater than the predetermined sec-
ond negative deviation (e.g. NS) and thus becomes
Tdi = ZO. the conditioning air distribution Db represen-
tative of the discharge mode becomes Bl-LEVEL
(B/L) to permit discharging of the conditioning air
through both of the FACE and FOOT vents 12 and 13.

As can be normally appreciated, after a warm-up
penod from initiation of operation of the air conditioner
system in response to start up of the vehicle and thus the
cabin temperature is adjusted to be close to the set tem-
perature so that the temperature deviation is negative
but greater than the predetermined negative deviation
closer to zero. If the ambient temperature rises to a
relatively warm temperature, such as that around mid-
day in the winter, and thus becomes MD, the discharge
mode is switched into BI-LEVEL for providing condi-
tioning air through the FACE vents 12 to cool the
upper body of the passengers subjected irradiation of
the sun beams.
(with respect to the Tables III and IV)

In relatively low temperature weather, such as win-
ter, early spring or late fall, the ambient temperature
Tam tends to become lower than the predetermined
first temperature, e.g. HI and rather becomes LO. In a
period immediately after start up of the vehicle, the
cabin temperature should be maintained substantially
lower than the set target temperature. In such a situa-
tion, the temperature deviation Tdi becomes greater in
the negative and thus the negative value of the tempera-
ture deviation Tdi can be smaller than the predeter-
mined negative deviation (e.g. NS) and classified as NB.
In such a case, even when the insolation intensity is
increased in order of PS, PM and PB, the blower volt-
age increasing magnitude Vup in relation to the insola-
tion intensity is maintained at iELO and thus limited.

Similarly, even for environmental conditions, in
which the ambient temperature Tam is lower than the
first predetermined temperature HI and held at MD, the
blower voltage increasing magnitude Vup in relation ta
the insalation intensity Ts is maintained to be )ELO. By
this. since the discharge rate of the conditioning air
should not be increased even at the presence of the
insolatian during a warm-up period, the passenger will
never be subjected to an increased discharge rate of
relatively cool air to thereby give a cold feeling.

Process of fuzzy predication perfomed using the
fuzzy rules of the tables I through V and the member-
ship functions as set forth above, at the step 130 in FIG.
3 will be discussed herebelow.

Fuzzy predication is performed in terms of the
blower voltage Vb and the blower voltage increasing
magnitude Vup and the conditioning air distribution Db
in the step 130. The process is illustrated in FIG. 4. In
the process of FIG. 4, at a step 200, the blower voltage
Vb in the condition where no insolation is present, is
derived by fuzzy predication. At a step 210, the blower
voltage increasing magnitude Vup is derived by fuzzy
predication. At a step 220, the conditioning air distribu-
tion Db under the absence of the insolation is derived by
fuzzy predication.

Process of fuzzy predication performed for deriving
the blower voltage Vb is shown in FIG. 5 in a form of
Aowchart. In FIG. 5, at a step 300, the fuzzy aggregates
in v hich the input parameters (fuzzy parameters) of the

16
ambient temperature Tam and the temperature differ-
ence Tdi belong, are selected on the basis of the set
target temperature Tact input at the step 110 of FIG. 3,
and the vehicular environmental condition, i.e. the am-
bient temperature Tam, the cabin temperature Tr and so
forth input at the step 120 of FIG. 3.

At a step 310, the CF values are derived with respect
to respective fuzzy aggregates selected at the step 300.

At a step 320, the fuzzy rules adapted ta the fuzzy
aggregates in which the input parameters belong, are
identiTied. With respect to each of the fuzzy rules identi-
fied as adapted to the selected fuzzy aggregates, the CF
value of the temperature deviation Tdi and the CF
value of the ambient temperature Tam are compared to

15 set the smaller one as a minimum certainty value
CFMIN.

At a step 330, using the last term of the selected fuzzy
rules, weighing process with the minimum certainty

20
values CFMIN for the membership functions of the
corresponding blower voltage Vb is performed. In
practice, the weighted membership function relating to
the blower voltage Vb is calculated using the minimum
certainty values CFMIN of respective fuzzy aggre-
gates.

At a step 340, new membership function relating to
the blower voltage Vb is established by forming a
summed aggregate overlaying all of the membership
functions weighted with respect to each of the fuzzy

30 rules.
At a step 350, a gravity center value G of the mem-

bership function newly established at the step 340 is
derived. The gravity center value G thus derived is sei
as the blower voltage Vb.

35 It should be appreciated that manner of calculation
used for deriving the gravity center is to equally divide
the blower voltage Vb into 9 points, for example from
13 V to 5 V, and to calculate weighing average values
with respect to each of the divided 9 points, for permit-

40 ting high speed processing and simphcity. Practical
process is performed by the fallowing equation:

E{vs x CFI (4)

45
E{CF)

In the foregoing equation (6), the blower voltage Vb
and the CF values are the blower voltage and CF value
at each of the abave-mentioned points.

The fuzzy predication performed at the steps 210 and
220 for deriving the blower voltage increasing magni-
tude Vup and the conditioning air distribution Db can
be processed in a substantially similar manner as that
discussed abave.

Further details of the fuzzy predication in the process
of FIG. 5 for deriving the blower voltage Vb will be
discussed with an example shown in FIG. 8.

FIG. 8 shows example of the predication (fuzzy pred-
ication) of the target blower voltage Vb in a condition,

60 in which is ambient temperature Tam is Tam 1.4 and the
temperature deviation Tdi is E1.2

When the ambient temperature Tam is Taml.4, the
fuzzy aggregate of the ambient temperature Tam meets
the two aggregates of LO(LOW) and MD(MEDIUM).

65 On the other hand, when the temperature deviation Tdi
is E1,2, the fuzzy aggregate of such temperature devia-
tion meets the two aggregates of NB(Negative Big) and
NS(Negative Small).
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As can be seen from the foregoing table I, the fuzzy
rules commonly including these aggregates LO, MD,
NB and NS are the rules identified by a1, a2, a6 and a7
Therefore, these fuzzy rules al, a2, a6 and a7 are se-
lected. With respect to each of the selected rules, the
following process is performed.

As shown in FIG. 8, in the fuzzy rule al, when the
ambient temperature Tam is Taml.4, the CF value of
the fuzzy aggregate becomes 0.6. On the other hand,
when the temperature deviation Tdi is E1.2, the CF
value of the fuzzy aggregate NB becomes 075. Such
CF values are derived through the process at the step
310 of FIG. 5.

Next, the CF values of the fuzzy aggregates LO and
NB are compared to select smaller ones. Therefore, the
CF value 0.6 of the fuzzy aggregate LO is selected and
multiplied with the membership function HI(High) of
the blower voltage Vb, to derive the weighted member-
ship function HI (shown by thick line). This process
corresponds to the processes done through the steps 320
and 330 of FIG. 5.

The same processes are performed with respect to the
fuzzy rules a2, a6 and a7, to derive the weighted mem-
bership functions MH(Medium High) and ML(Medium
Low) which are respectively shown by the thick lines.

Then, all weighted membership functions HI, MH,
ML for the blower voltage Vb respectively shown by
the thick lines are overlaid to form a summed aggregate.
This summed aggregate forms a new membership func-
tion for the blower voltage Vb. This process corre-
sponds to the process done through the step 340 of FIG.
5.

Finally, with respect to the new membership function
for the blower voltage Vb. the gravity center value G is
calculated by the foregoing equation (6). This process
corresponds to the process done in the step 350 of FIG.
5. Through the process set forth above, the resultant
predicated target value of the blower voltage Vb can be
derived.

Next, manner of control of the discharge air tempera-
ture at respective seasons, i.e. through spring, summer,
fall and wmter. in the shown construction of the auto-
motive air conditioner system will be discussed.

[I] At first, discussion will be given for a cool down
mode operation in a hot environmental condition, such
as in the summer, when the ambient temperature is HI
in which Tam is greater than or equal to Tam3, and the
insolation intensity is greater than or equal to S3 (in
FIG. 6(b) and thus corresponds to PB.

[la] At first, by high intensity of a sun beam in the
summer, the temperature deviation Tdi (= Tr — Tact) is
maintained at a positive and relatively large value. Also,
the demanded discharge temperature Tao calculated
through the foregoing equation (3) represents a substan-
tially low temperature much lower than the set temper-
ature Tact because of high heat load in the summer.

The blower voltage Vb in absence of the insolation is
predicated at the step 200. Since the temperature devia-
tion Tdi is greater than E5 and thus becomes PB ac-
cording to FIG. 6(c). On the other hand, smce Tam is
Hl, the blower voltage Vb becomes HI according to the
fuzzy rule a15 in the table I.

On the other hand, the blower voltage increasing
magnitude Vup in presence of the insolation is predi-
cated by the foregoing fuzzy logic at the step 210. At
this time, since the ambient temperature Tam is Hl, the
insolation intensity Ts is greater than or equal to S3 and
thus is PB, and the temperature deviation Tdi is greater

than E5 and thus is PB, the blower voltage increasing
magnitude Vup becomes AHI according to the fuzzy
rule e15 in the table V.

The conditioning air distribution Db in absence of the
3 insolation is predicated at the step 220. At this cond&-

tion, since the ambient temperature Tam is HI, and the
temperature deviation Tdi is PB, the conditioning air
distribution Db becomes FACE according to the fuzzy
rule (b15) of the table II.

10 Accordingly, at this condition, the target blower
voltage Va, the target conditioning air distribution
damper open degree Dap and the discharge air tempera-
ture in the automotive air conditioner system can be
expressed by the following equations.

)3 From the foregoing equation (I)

Vs=HI+ EHI

Dap= (Hl X FA CE+ aHl)/(Hl+ 4Hl)

20
From the foregoing equation (4)

Tfoce=MIN(Tao, Tees)+ai

[lb] Discussion will be made for the condition where
the temperature deviation Tdi is reduced to be E4 after
operation of the air conditioner system for a certain
period. At this condition, the blov,er voltage Vb in
absence of the insolation is again predicated at the step

3Q
200. At this time since the ambient temperature Tam is
HI, and the temperature deviation Tdi is E4 and thus is
PS. the blower voltage Vb becomes ML according to
the fuzzy rule a14 of the table I.

The blower voltage increasing magnitude Vup in the
33 presence of the insolation is predicated at the step 210.

At this time, since the insolation Ts is S3 and the tem-
perature deviation is PS, the blower voltage increasing
magnitude Vup is derived to be skHI according to the
fuzzy rule e14 of the table V.

The conditioning air distribution Db in absence of the
insolation is predicated at the step 220. At this condi-
tion, since the ambient temperature Tam is HI, and the
temperature deviation Tdi is PS, the conditioning air
distribution Db becomes FACE according to the fuzzy

43 rule b14) of the table II.
Accordingly, at this condition, the target blower

voltage Va. the target conditioning air distribution
damper open degree Dap and the discharge air tempera-
ture in the automotive air conditioner system can be

30 expressed by the following equations:

Va = ML4 aHI

Dap = (XIL X FA CE-e LHI}/(ML+ aHl)

33 Tfoce=MJV(Too, Tses)+as

[lc] Further discussion will be given to the situation
in which the further penod is elapsed and the tempera-
ture deviation becomes E3.

60 At this condition, the blower voltage Vb without
insolation is again predicated at the step 200. At this
time since the ambient temperature Tam is HI, and the
temperature deviation Tdi is E3 and thus is ZO, the
blower voltage Vb becomes LO according to the fuzzy

63 rule a13 of the table I.
The blower voltage increasing magnitude Vup m

presence of the insolation is predicated at the step 210.
At this time, since the insolation Ts is S3 and the tem-
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perature deviation is PB, the blower voltage increasing
magnitude Vup is derived to be (AMH according to the
fuzzy rule e13 of the table V.

The conditioning air distribution Db without insola-
tion is predicated at the step 220 At this condition, since
the ambient temperature Tam is HI, and the tempera-
ture deviation Tdi is ZO, the conditioning air distribu-
tion Db becomes FACE according to the fuzzy rule b13
of the table II.

Accordingly, at this condition, the target blower lp
voltage Va, the target conditioning air distribution
damper open degree Dap and the discharge air tempera-
ture in the automotive air conditioner system can be
expressed by the following equations:

the temperature deviation Tdi is E4, the blower voltage
increasing magnitude Vup is derived to be LsMM ac-
cording to the fuzzy rule d9 of the table IV.

The conditioning air distribution Db in absence of the
insolation is predicated at the step 220. At this condi-
tion, since the temperature deviation Tdi is PS, the
conditioning air distribution Db becomes FE according
to the fuzzy rule b9 of the table II. Therefore, the target
conditioning air distribution damper open degree Dap is

calculated according to the foregoing equation (2) at
the step 150 of FIG. 3.

Dap=(ML X FEN AMM)/(MMt AMSrt

Va=LOeAMN

Dap = (L0x FA CE+

AMID /(I

0+ AMID

Tface=MIN(Tao, Tact)+ At

)5 Accordingly, at this condition, the target blower
voltage Va, the target discharge mode switching door
open degree Dap and the discharge air temperature in
the automotive air conditioner system can be expressed
by the following equations:

Vo = MM+ AMM

Dap = (M tr X Fst CE+ AMM)t(MA( e AMMl

Tface=MIN(Tao, Tset)+At

55

[2b] Discussion will be made for the condition where
the temperature deviation Tdi is reduced to be E4 after
operation of the air conditioner system for a certain 60

period. At this condition, the blower voltage Vb in
absence of insolation is again predicated at the step 200.
At this time since the temperature deviation Tdi is E4
and thus is PS, the blower voltage Vb becomes ML
according to the fuzzy rule a9 of the table I. 65

The blower voltage increasing magnitude Vup in
presence of the insolation is predicated at the step 210.
At this time, since the insolation intensity Ts is SZ and

20

[2] Next, discussion for the operation in intermediate
temperature weather, such as spring or fall, in which the
ambient temperature Tam is Tam2, i.e. MD and the
insolation Ts is S2, i.e. PM.

[2a] The demanded discharge temperature Tao calcu- 25

lated through the foregoing equation (3) represents a
temperature close to the set temperature Tset because
of the intermediate temperature weather.

The blov'er voltage Vb in absence of insolation is
predicated at the step 200. Since the temperature devia- 30
tion Tdi is greater than ES and thus becomes PB. Then,
the blower voltage Vb becomes MM according to the
fuzzy rule a10 in the table I.

On the other hand, the blower voltage increasing
magnitude Vup in presence of the insolation is predi- 35
cated by the foregoing fuzzy logic at the step 210. At
this time, since the msolation intensity Ts is S2 and thus
is PM, and the temperature deviation Tdi is greater than
E5 and thus is PB, the blower voltage mcreasing magni-
tude Vup becomes (sMM according to the fuzzy rule 40
dip in the table IV.

The conditioning air distnbution Db in absence of
insolation is predicated at the step 220. At this condi-
tion, since the temperature deviation Tdi is PB, the
conditioning air distribution Db becomes FACE ac- 45
cording to the fuzzy rule (b10) of the table II.

Accordingly, at this condition, the target blower
voltage Va, the target conditioning air distribution
damper open degree Dap and the discharge air tempera-
ture in the automotive air conditioner system can be Ap
expressed by the following equations:

Va=ML+AMM

Dap = (ML X FE+ AMM) /(ML+ AMM)

Tface=MIN(Tao, Tset)s-At

Tfoot=MXB(Tao, 35' )

[Zc] Further discussion will be given for the occasion
in which the further period is elapsed and the tempera-
ture deviation becomes E3.

At this condition, the blower voltage Vb without
insolation is again predicated at the step 200. At this
time since the temperature deviation Tdi is E3 and thus
is ZO, the blower voltage Vb becomes LO according to
the fuzzy rule ag of the table I.

The blower voltage increasing magnitude Vup in
presence of the insolation is predicated at the step 210.
At this time, since the insolation Ts is S2 and the tem-
perature deviation is PM, the blower voltage increasing
magnitude Vup is derived to be LsML according to the
fuzzy rule d8 of the table IV.

The conditioning air distribution Db without insola-
tion is predicated at the step 220. At this condition, since
the temperature deviation Tdi is ZO, the conditioning
air distribution Db becomes B/L according to the fuzzy
rule bg of the table II. Therefore, the target condition-
ing air distribution damper open degree Dap is calcu-
lated according to the foregoing equation (2) at the step
130 of FIG. 3.

Dap=(LOX B/L+AML)I(LO+AML)

Accordingly, at this condition, the target blower
vohage Va, the target discharge mode switching door
open degree Dap and the discharge air temperature in
the automotive air conditioner system can be expressed
by the following equations:

Va=LO+AML

Dap=(LO XBIL+ AML)I(LO+ AML)

Tface=MIN(Tao, Iset)+At

Tfoot=MAX(Tao. 35'.)

[3] Next, a discussion for the operation in cold
weather, such as wanter, in which the ambient tempera-
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Vo=HI dLO 35

ture Tam is smaller than or equal to Taml. i.e. LO and
the msolat&on intensity Ts is Sl, i.e. PS.

[3a] The demanded d&scharge temperature Tao calcu-
lated through the foregomg equation (3) represents a
temperature much higher than the set temperature Tact 5

because of the cold ambient temperature condition.
The blov'er voltage Vb in without insolation is predi-

cated at the step 200. Since the temperature deviation
Tdi is a negative value and smaller then El and thus
becomes NB. Then, the blower voltage Vb becomes Hl 10
according to the fuzzy rule al in the table I.

On the other hand, the blower voltage increasing
magnitude Vup in the presence of the insolation is pred-
icated by the foregoing fuzzy logic at the step 210. At
this time, since the insolat&on intensity Ts is Sl and thus &5

is PS, and the temperature deviation Tdi is smaller than
El and thus is NB, the blower voltage increasing mag-
mtude Vup becomes dLO according to the fuzzy rule
CI in the table III. Namely, during the warm up period
in cold weather, such as in the winter, the blower volt- 20
age increasing magnitude in the presence of insolat&on is
set at ALO to strictly hmit an increase of the discharge
rate of the conditioning air.

The conditioning air distribution Db without insola-
tion is predicated at the step 220. At this condition, smce 25
the temperature dev&ation Tdi is NB, the conditioning
air distribution Db becomes FOOT accordmg to the
fuzzy rule (bl) of the table II.

Accordingly, at this condition, the target blower
voltage Va. the target conditioning a&r distribution 30
damper open degree Dap and the discharge air tempera-
ture in the automotive air cond&uoner system can be
expressed by the following equations:

open degree Dap and the discharge a&r temperature in
the automotive air cond&tioner system can be expressed
by the following equations.

Va = MMv dML

Dap = (MM X TOO T- 4 sf L) /(MM+ dML)

Tfare=M!V(ioo. Iser)-dr

Tfoor= MAX(Tso, 35* C.)

[3c] Further discussion will be given for the situat&on
in which the further period &s elapsed and the tempera-
ture deviation becomes E4.

At this condition, the blower voltage Vb without
insolation is again predicated at the step 200. At this
time since the temperature deviation Tdi is E4, the
blower voltage Vb becomes ML according to the fuzzy
rule a4 of the table I

The blower voltage increasing magnitude Vup in the
presence of insolation is predicated at the step 210. At
this time, since the insolation Ts is S2 and the tempera-
ture deviation Tdi is FA, the blower voltage increasing
magnitude Vup is derived to be 0ML according to the
fuzzy rule c9 of the table III.

The conditioning air distribution Db without insola-
tion is predicated at the step 220. At th&s condit&on, since
the temperature deviation Tdi is FA, the conditioning
air distribution Db becomes FOOT according to the
fuzzy rule b4 of the table II. Therefore, the target condi-
tioning air distribution damper open degree Dap &s cal-
culated according to the foregoing equat&on (2) at the
step 150 of FIG. 3.

Dap=(HIXFOOT: dLO!(HI= 4LO&

Tfoor = MAXI Tao, 35' )

[3b] Discussion will be made for the cond&t&on where
the temperature deviation Tdi is reduced to E3, i.e. ZO,
and then then insolation intensity is increased from Sl
to S2 and thus vanes from PS to PM. At th&s condit&on,
the blower voltage Vb in absence of the insolation is
predicated at the step 200. At this time since the temper-
ature deviation Tdi is E3 and thus is ZO, the blower
voltage Vb becomes MM according to the fuzzy rule a3
of the table I.

The blower voltage mcreas&ng magnitude Vup in
presence of the insolation is predicated at the step 210.
At this time, since the insolation intensity Ts is S2 and
thus is PM, and the temperature deviation Tdi is E3 and
thus is ZO, the blower voltage increasing magnitude
Vup is derived to be L&ML according to the fuzzy rule
cg of the table III.

The cond&tion&ng air distribution Db without insola-
tion is predicated at the step 220. At this condition, since
the temperature deviation Td& is ZO, the conditioning
air distribution Db becomes FE according to the fuzzy
rule b3 of the table II.

Therefore, the target conditioning air distribution
damper open degree Dap is calculated according to the
foregoing equauon (2) at the step 150 of FIG. 3.

Dap= (MM'/ FOOT- dML)I(MM+ d ML)

Accordingly, at this condit&on, the target blower
voltage Va, the target discharge mode switching door

Dap = (ML X FOOT p 4 ML)/(ML+ 4 ML)

Accordingly, at this condition, the target blower
voltage Va, the target discharge mode switching door

40 open degree Dap and the discharge air temperature in
the automotive air conditioner system can be expressed
by the following equations;

Va=ML+dML
45

Dap=(MLXFOOT dML&I(ML diIL)

Tfare=MLV(Tao. Tsar&-dr

Tfoor = MAX(Tao, 35' )
50

As set forth above, accord&ng to the shown embodi-
ment of the invention, it becomes possible to resolve the
hot feeling of the passengers due to insolation under

55 cold weather, which cannot be solved by the conven-
t&anal control of the demanded discharge air tempera-
ture Tao. Namely, according to the invent&on, a control
algorithm for switching a discharge mode from FOOT
mode to BI-LEVEL mode as needed due to insolation

do despite of relatively low ambient temperature, can be
realized by introducing fuzzy logic in the air condi-
tioner control technology.

Furthermore, according to the present invention,
during the warm-up penod in cold weather, such as in

(&5 winter, the blower voltage increasing magnitude Vup is
limited to the minimum value even in presence of insola-
tion. Namely, according to the algorithm employed in
the shown embodiment, the influence of the insolat&on is



23
5,165,595

24
minimized during the warm-up period under a low
temperature environment.

It should be appreciated, in the fuzzy logic employed
in the shown embodiment, the fuzzy rules for the
blower voltage Vb without insolation, is set so that the 5

blower voltage becomes high when the ambient tem-
perature is low and the negative temperature difference
Tdi shows a large deviation. On the other hand, when
the ambient temperature is low and the temperature
deviation Tdi is small, i.e. ZO, the medium blower volt- lo

age MM is selected. Also, when the ambient tempera-
ture is low and the positive temperature deviation Tdi is
large PB, the low blower voltage LO is selected. Such
characteristics are selected for the cabin temperature
slightly higher than the set temperature since it may
provide greater comfort in cold weather. In addition,
when the ambient temperature Tam is high, such as that
in the summer, if the positive temperature deviation Tdi
is large, the high blower voltage HI is selected. When
the ambient temperature is high and the temperature 20

deviation is small, i.e. ZO, the low blower voltage Vb is
selected.

Also, m the fuzzy rules of the table II for conditioning
air distribution, FOOT mode is selected when the ambi-
ent temperature Tam is low (LO) and the negative
temperature deviation Tdi is large (NB); FACE side
BI-LEVEL (FT) mode is selected when the ambient
temperature Tam is low (LO) and the positive tempera-
ture deviation is large (PB); and FACE mode is selected

30
when the ambient temperature Tam is high (HI) and the
positive temperature deviation Tdi is large (PB). The
characteristics are established since if the cain tempera-
ture becomes excessively higher than the set tempera-
ture in cold weather, discharge of cool air through the 35
FACE vents 12 will provide greater comfort for the
passengers.

In the fuzzy rules for the insolation dependent blower
voltage correction in the table III, while the negative
temperature deviation is large, the blower voltage in- 40
creasing magnitude is maintained at minimum value
tkLO irrespective of the intensity of isolation. This as-
sures to prevent relatively cool conditioning air from
being discharged through the FACE vent, which can
give a cold feeling to the passengers. Therefore, during 45
the period, in which the negative temperature deviation
is large, the in()uence of the insolation dependent
blower voltage correction can be minimized. On the
other hand, when the temperature deviation becomes
small, it may be preferable to discharge relatively cool 50
air in response to the insolation for coohng the upper
body of the passengers subjected to irradiation of the
sun beams. This is realized by the shown embodiment,
by providing a greater blower voltage increasing mag-
nitude in such circumstances. 55

The fuzzy rules of the tables IV and V are established
so that the blow voltage increasing magnitude is in-
creased according to rising of the ambient temperature
for providing a greater increasing magnitude than that
in the cold weather. 60

In addition, in the membership functions set forth
above, the membership function associated with the
ambient temperature of the table I is set at typical values
representing spong, spring, fall and winter, and sum-
mer. 65

The membership function associated with the insola-
tion of FIG. 6(b) is set by equally dividing the insolation
zero and the possible maximum insolation value.

The membership function associated with the tem-
perature deviation in FIG. 6(c) is set through experi-
ments and adapted to desired feelings.

The membership function associated with the blower
voltage in FIG. 6(d), the membership function associ-
ated with the conditioning air distribution in FIG. 6(e),
the membership function associated with the blower
voltage increasing magnitude in presence of the insola-
tion in FIG. 6(f) are respectively set in equal division.

It should be appreciated that membership functions
and fuzzy rules used in the shown embodiment may be
variably adapted to desired control characteristics.
Namely, while the triangular or trapezoidal shape mem-
bership functions are employed in the shown embodi-
ment, it is possible to use any configuration of the mem-
bership function, such as bell shape and so forth, as long
as consistency is maintained.

Discussion will be given hereafter for an alternative
embodiment of the air conditioner control system ac-
cording to the invention. While the former embodiment
initially derives the basic value of the blower voltage
Vb in the environmental condition where no insolation
is present, and makes corrections for the basic value
under the presence of the insolation, the alternative
embodiment of the air conditioner control system de-
rives the blower voltage and the conditioning air distri-
bution by using presence and absence of the insolation
as parameters.

Namely, upon sening of the fuzzy rules, the blower
voltage Vb and the conditioning air distribution Db are
set by taking the insolation dependent correction into
account. This makes it possible to derive the blower
voltage Vb and the conditioning air distribution Db at
respective single arithmetic operations. Therefore, in
the shown embodiment, the blower voltage Vb and the
conditioning air distribution Db directly correspond to
the target blower voltage Va and the target condition-
ing air distribution Dap in the former embodiment.

At first, the fuzzy rules employed in the shown em-
bodiment will be explained.

In the shown embodiment, 6 fuzzy rules as shown in
the following tables VI to XI are set in terms of the
ambient temperature Tam, the insolation intensity Ts
and the temperature deviation Tdi on the basis of the
membership functions respectively associated with the
ambient temperature Tam, the insolation intensity Ts,
the temperature deviation Tdi, the blower voltage Vb
and the conditioning air distribution Db.

Here, the table VI shows the fuzzy rule of the blower
voltage in cold weather, such as in the winter, the table
VH shows the fuzzy rules of the blower speed in the
intermediate season, such as in spring and fall, and the
table VHI shows the fuzzy rule of the blower voltage in
hot weather, such as in the summer.

TABLE VI
(Blower Voltage ta Cold Weather)

Tam = LO
Tt
Tdt ps PM PB

NB Hl Hl MH
NS MM MM MM
ZO ML ML MM
ps LO ML MM
PB LO ML MM
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TABLE VII

(Bio 'er Voltage rn Medrum Weather)
Tam = MD

Ts
Tdr PS PM PB

NB
NS
ZO
PS
PB

MM
ML
LO
LO
LO

ML
LO
ML
ML
ML

ML
ML
MM
Mhi
MM

TABLE VIII
(Blower Voltage m Hoi Wearer)

Tam = Hl
Ts
Tdr PS PM PB

NB
NS
ZO
PS
PB

LO
LO
LO
LO
MM

LO
LO
LO
ML
MH

LO
LO
MM
MH
Hl

Ts
Tdr PS PM PH

NB
l'S
ZO
PS
PB

FOOT
FOOT
FOOT
FOOT

FT

FOOT
FOOT

FT
FT
B/L

FOOT
FT
FT
B/L
B/L

Ts
Tdi

TABLE X

(Condrtrornng Arr Disinhunon
m Med um V'herl

Tam = MD

PS PM PH

'NB

NS
ZO
PS
PB

FOOT
FT
B/L
FE

FACE

FOOT
FT
B/L
FE

FACE

FOOT
B/L
FE

FACE
FACE

TABLE XI
(Condnronmg A r D srnhut on n Hoi Weaih r)

Tam = Hl
Ts
Tdr PS PM PH

NB
NS
ZO
PS
PB

B/L
FE

FACE
FACE
FACE

B/L
FE

FACE
FACE
FACE

FE
FACE
FACE
FACE
FACE

iqezt, the process of operation of the control unit
usmg the fuzzy rules of the tables VI to XI and the
membership functions will be discussed herebelow with
reference to FIG. 12. In the shown routine, the steps
400 to 420 and steps 450 to 480 are respectively the same
as those m the steps 100 to 120 and the steps 160 to 190

On the other hand, the table IX shows the fuzzy rule
of the conditioning air distribution in cold weather, e.g.
in the winter, the table X shows the fuzzy rule of the
conditioning air distribution in temperature weather,
e.g. in spnng and/or fall, and the table XI shows the
fuzzy rule of the conditionmg air distmbution in hot
weather, e.g. m the summer.

TABLE IX
(Condruonrng Arr Drstnhuiron m Cold Weaiherl

Tam = LO

of FIG. 3 in the former embodiment. Therefore, discus-
sion for these steps is omitted to avoid redundant disclo-
sure.

After processes through the steps 400 to 420, at a step
430, the blower voltage Vb which corresponds to the
target blower voltage Va in the former embodiment is
derived through the fuzzy predtcation using the mem-
bership functions of FIGS. 6(a) to 6(d) and the fuzzy
rules of the tables Vl to VIII on the basis of the temper-
ature deviation Tdi, the insolation intensity Ta and the
ambient temperature Tam. The manner of fuzzy predi-
cation is substantially the same as that discussed in the
former embodiment.

ls
At a step 440, the fuzzy predication for deriving the

conditioning air distribution Db which corresponds to
the target conditioning air distribution Dap in the for-
mer embodiment, is performed using the membership
functions of FIGS. 6(d) to 6(c) and 6(e) and the fuzzy

20
rules of the tables IX to XI on the basis of the tempera-
ture deviation Tdi, the insolation intensity Ts and the
ambient temperature Tam. Thereafter, the process of
the steps 450 to 480 is performed and subsequently re-
turn to the step 410 to periodically repeat the shown
routilie.

As can be appreciated herefrom, according to the
shown embodiment, substantially equivalent control
performance can be obtained with reduced process
steps to perform fuzzy predication and arithmetic oper-

30 ation.
It should be noted that in the present invention, limi-

tation for increasing magnitude of the blower voltage
includes not increasing magnitude and also decreasing
the blower voltage.

SS While the present invention has been disclosed m
terms of the preferred embodiments of the invention,
the invention can be embodied in various manners and
arrangements. It should be thus understood that all of
the embodiments and/or modifications that can be im-

40 plemented without departing from the pnnciple of the
mvention set out in the appended claims, should be
regarded as within a scope of the present invention.

We claim:
1. An air conditioner system for a vehicle comprising:
a blower driver means for directing air passing an air

heating means and/or coolmg means toward a
vehicular cabin,

an ambient temperature detecting means for monitor-

Sp
ing and detecting ambient air temperature outside
of the vehicular cabin;

an insolation detecting means for detecting the sun
beam entering the intenor space of the vehicular
cabin;

a warm-up state detecting means for detecting a
warm-up condition in which a temperature of a
conditioning air to be discharged into said vehicu-
lar cabin still being low, and a short period after
initiation of discharging of conditiomng air; and

a control means for controlling said blower dnver
means for ad)usting the discharge rate of the cond&-
tioning air into the vehicular cabin, said control
means increasing the discharge rate according to
an increase of intensity of the insolation and re-

gs sponsive to said warm-up state detectmg means
detecting said warm-up condition, for disabling an
increase of the discharge rate irrespective of an
increase of the insolation intensity.
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2. An air conditioner system as set forth in claim 1,

wherem said warm-up state detecting means monitors a
range of deviation between an actual temperature
withm the vehicular cabin and a target cabin tempera-
ture for detecting the state falling within a predeter- 5

mined warm-up state range.
3. An air conditioner system for a vehicle comprising:
a blower driver means for driving a blower to direct

a conditioning air of a controlled temperature
toward a vehicular cabin; lo

a target temperature setting means for setting a target
cabin temperature (Tact);

a cabin temperature detecting means for detecting a
cabin temperature (Tr) in the interior space of the
vehicular cabin; 35

an ambient temperature detecting means for detect-
ing an ambient atr temperature (Tam) outside of the
vehicular cabin;

an inso!ation detecting means for detecting an amount
of the insolanon (Ts) by the sun beam entering the 20
interior space of the vehicular cabin;

a control means for deriving a temperature deviation
(Tdi) between said target cabin temperature (Tact)
set by said target temperature setting means and
said cabin temperature (Tr) detected by said cabin 25
temperature detecting means, deriving a blower
control signal for adjusting blower speed and
whereby adlusting discharge rate of the condition-
ing ir into the vehicular cabin on the basis of said
temperature deviation (Tdi), the ambient tempera- 30
ture (Tam) detected by said ambient temperature
detecting means, and the insolation intensity (Ts)
detected by said insolation detecting means in such
a manner that the value of said blower control
signal is increased according to an increase of the 35
insolation intensity, said control means detecting a
warm-up state in which said cabin temperature
Tam is lower than a predetermined temperature
(Hl) and the magnitude of the negative tempera-
ture deviation (Tdi) is greater than a predetermined 40
negative deviation value (NS), for limiting said
blower control signal value irrespective of increas-
ing said insolation intensity; and

a blower "oltage supply means for applying a blower
voltage corresponding to said blower control sig- 45
nal for said blower driver means.

4. An air conditioner system as set forth in claim 1,
wherein said control means comprises:

a memory means storing
a first fuzzy rule defining a relationship between a 50

first voltage (Vb) applied to said blower driver
means, said temperature deviation (Tdi) and said
ambient temperature (Tam) when no sun beam
entering into the cabin;

a second fuzzy rule defining a relationship among 55

said temperature deviation, said insolation inten-
sity (Ts), said ambient temperature (Tam) and a
second voltage (Vup) for correcting said first
voltage upon insolation of the interior space of,
said vehicular cabin; and 60

an arithmetic means for performing fuzzy predication
for deriving said first voltage using said first fuzzy
rule stored in said memory means in terms of said
temperature deviation, said ambient temperature
and said insolation intensity, and for performing 65

fuzzy prediction for deriving said second voltage
(Vup) using said second fuzzy rule stored in said
memory means, said arithmetic means deriving a

sum (Va=Vb+Vup) of said first and second volt-
ages (Vb), (Vup) for outputting said blower control
signal.

5. An air conditioner system as set forth in claim 1,
wherein said control means comprises:

a memory means for preliminarily storing a fuzzy rule
for defining a relationship between said tempera-
ture deviation (Tdi), said ambient temperature
(Tam), said insolation mtensity (Ts) and a charge
voltage to be applied to said blower driver means;
and

an arithmetic means for deriving said charge voltage
through a fuzzy predication relative to said charge
voltage using said fuzzy rule stored in said memory
means, on the basis of said temperature deviations,
said ambient temperature and said insolation inten-
sltv.

6. An air conditioner system for an automotive vehi-
cle comprising

a blower driver means for driving a blower for dis-
charging a conditioning air with a controlled tem-
perature and controlled discharge rate into the
interior space of a vehicular cabin;

a target temperature setting means for manually set-
ting a desired target temperature toward which the
temperature of the interior space of said vehicular
cabin is to be controlled;

a cabm temperature detecting means for detecting a
temperature within the interior space of said vehic-
ular cabin;

an ambient temperature detecting means for detect-
ing an ambient air temperature external to said
vehicular cabin;

an insolation detecting means for detecting insolation
within said vehicular cabin;

a control means for deriving a temperature deviation
between said target temperature and said cabin
temperature, and a charge voltage to be applied to
said blower driver means on the basis of said tem-
perature deviation, said ambient temperature de-
tected by said ambient temperature detecting
means and said insolation intensity detected by said
insolation detecting means, said control means in-
creasing said charge voltage according to an in-
crease of said insolation intensity,

a voltage applying means for applying said charge
voltage for controlling said discharge rate of said
conditioning air;

an upper vent for discharging said conditioning air
toward the upper portion of the interior space of
said vehicular cabin;

a lower vent for discharging said conditioning air
toward the lower portion of the interior space of
said vehicular cabin; and

a conditioning air distribution adjusting means for
controlling a proportion of the conditioning air to
be discharged through said upper vent and through
said lower vent,

the discharge rate of the conditioning air through said
upper vent and said lower bent according to a
command for driving the discharge rate through
said upper vent and said lower vent,

wherein said control means being detective of a pre-
determined condition, in which said ambient tem-
perature (Tam) is higher than a predetermined
temperature (LO) and the magnitude of the posi-
tive value of said temperature deviation is greater
than a predetermined deviation (NS) for generating
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a command for said conditioning air distribution
adjusting means to mcrease said charge voltage to
be applied to said blower driver means according
to an increase of said msolation intensity, and set-
ting an increase of the discharge rate through said 5

upper vent.
7. An air conditioner system as set forth in claim 6,

wherein said control means further comprises:
a memory means for storing

a first fuzzy rule defining a relationship between 10

said temperature deviation (Tdi), said ambient
temperature (Tam) and a first voltage (Vb) to be
applied for said blower driver means (15),

a second fuzzy rule defining a relationship between
said temperature difference (Tdi), said insolation 15

intensity (Ts), said ambient temperature (Tam)
and a second voltage (Vup) for correcting said
first voltage (Vb), and

a third fuzzy rule for defining a relationship be-
tween said temperature deviation, said ambient 20
temperature, the discharge rate of the condition-
ing air through said upper vent and the discharge
rate of the conditioning air through said lower
vent;

an arithmetic means for performing fuzzy predication 25

using said first fuzzy rule stored in said memory
means and associated with said first voltage (Vb)
for predicating said first voltage in terms of said
temperature devia'' in (Tdi). said ambient tempera-
ture (Tam), performing second fuzzy predication 30

using said second fuzzy rule stored in said memory
and associated with said second voltage (Vup) for
correcting said first voltage for deuving said sec-
ond voltage in terms of said temperature deviation

35

(Tdi), said insolation intensuy (Ts) and said ambi-
ent temperature (Tam), and denvmg said charge
voltage (Va) by summing said first and second
voltages; and

a distribution setting means for performing fuzzy
predication using said third fuzzy rule stored in said
memory and associated with the conditioning air
distribution for deriving the condition air distribu-
tion through said upper and lower vents.

8. An air conditioner system as set forth in claim 6,
wherem said control means comprises:

a memory means for storing
a first fuzzy rule defimng a relationship between

said temperature deviauon, said ambient temper-
ature, said insolation mtensity and said charge
voltage to be applied to said blower driver
means;

a second fuzzy rule defining a relationship between
said temperature deviation, said ambient temper-
ature and said proportion of the conditioning air
to be discharged through said upper and lower
vents;

an arithmetic means for deuving said charge volt-
age through fuzzy predication using said first
fuzzy rule stored in said memory in terms of said
temperature deviation, said ambient temperature
and said msolation intensity; and

a proportion setting means for deriving a command
signal for controlling a proportion of the condi-
tioning atr to be discharged through said upper
and lower vents through fuzzy predication using
said second fuzzy rule stored m said memory
means.
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