
United States Patent [19]

Asou et al.

llllllllllllllllllllllllllllIIIIIIIIIIIIIIIIIIIlllllllllllllllllllllllllll
US005518065A

[1 i] Patent Number: 5,518s065
[45] Date of Patent: May 21, 1996

[54] CONTROL METHOD OF VEHICLE
AIR-CONDITIONING APPARATUS

[75] Inventors: Hiroshi Asou, Himshima; Eiji Ukita;
Yasuhiro Enno, both of
Higashi-Hiroshima; Takashi Tsuchida,
Hatsukaichi; Toshikazu Ishikawa,
Kroshima, all of Japan

4,930,698
5,148,977
5,165,595
5,167,365
5,170,935
5,172,856
5,186,682
5,187,943

6/1990 Takekawa et al
9/1992 Hibiuo et aL ...

11/1992 Horio et al
12/1992 Mitoshi et aL .

12/1992 Federspiel ct al
12/1992 Tanaka et al...
2/1993 iida ................
2/1993 Tauisucbi et al.

......... 236/49.3

......... 236/49.3

......... 236/49.3

......... 236/49.3

.... 236/91 C X

......... 236/49.3
........ 165/43 X
............ 62/180

FOREIGN PATENT DOCUMENTS
[73] Assignees: Mazda Motor Corporation; Naldec

Corporation, both of Hiroshima, Japan

[21] Appl. Nos 254,106

[22] Filed: Jun. 6, 1994

3610962
4119042
4121124

57-77216
62-8327

5-116521

6I1990
12/1991

1/1992
5/1982
2/1987
5/1993

Germany .

Germany .

Germany .

Japan
Japan .

Japan .

Related U.S. Application Data

[56] References Cited

U.S. PATENT DOCUMENTS

[63] Continuation-in-part of Ser. No. 135,621, Oct. 14, 1993, Pat.
No. 5,400,963, which is a coutinuaucn-ia-part of Ser No.
911,743, Jul. 10, 1992, abandoned, and Ser. No 128,284,
Sep. 29, 1993, Pat. No 5,433,266.

[30] Foreign Application Priority Data

Juu. 7, 1993 [JP] Japan .................................... 5-136206

[51] Int. CL ................................,.........,........... B60H L/00

[52] U.S. CL ......................... 165/43; 236/49.3; 236/91 R;
62/180

[58] Field of Search .................................. 165/43, 42, 12,
165/16; 236/49.3, 91 R, 91 C, 91 F, 91 E,

DIG. 9; 62/180, 186, 244

Primary Examiner—Harry B. Tanner
Attorney, Agen/, or Firm—Keck, Mahin /k Cate

[57] ABSTRACT

An air conditioning control method of a vehicle includes the
step of determining a target temperature of a passenger
compartment of the vehicle, calculating a comfort index
provided as a function of at least an outlet air temperature
and outlet air volume i[owing out of a heater-air-conditioner
system in which air is treated to be intmduce to a passenger
compartment, setting a target comfort index, determining an
optimized combination of the output air temperature and the
output air volume which minimizes a deviation of the
comfort index from the target comfort index, compensating
the target temperature to reduce the deviation when the
deviation is greater than a predetermined value. The opti-
mized comfort level can be accomplished quickly through
the control.
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1
CONTROL METHOD OF VEHICLE
AIR-CONDITIONING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

5,518,065

Ks:Conversion Coeflicient for Converting Solar Radia-
tion to Temperature.

In thc above-mentioned formula (1), assuming Qm, Qe to
be C(constant) since Qm and Qe can be considered as being
approximately constant values, the equation (1) can be
rewritten into the following equation:

The present invention is a continuation-in-part of U.S.
patent application Ser. No. 08/135,621 filed on Oct. 14,
1993, U.S. Pat. No. 5,400,963, which is a continuation-in-
part of U.S. patent application Ser. No. 07/911,743 filed on
Jul. 10, 1992 and now abandoned, and U.S. patent applica-
tion Ser. No. 08/128,284 filed on Scp. 29, 1993 now U.S.
Pat. No. 5,433,266. Both of the parent applicatians are
assigned to thc same assignee as the present application. is

Cp%'vo(To—Tr)=K A(Tr— Ta)— Ks*Ts— C (2)

Cp*t *Va(To—TSKT)=K A(TSET—Ta)-Ks Ts-C (2)

If the interior temperature Tr is substantially equal to a
preset temperature TSET which is manually set by the
passenger, this equation can be further rewritten in to the
following equation:

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invenuon generally relates to an air condi-

tioning system and method for a vehicle, and more specifi-
cally, to an air-conditiomng control of a vehicle which can
heat and cool the air to be introduced into a passenger
compartment by means of a temperature conirol unit so as to
accomplish a desired temperature of a passenger compart-
ment of a vehicle.

2. Related Art
Generally, in a vehicle equipped with an automatic tem-

perature control system or a heater-air-conditioner system, a
heat balance between a heat exchange capacity of the
temperature connol system and the heat load thcrcfor is
controlled to maintain a desirable temperature of the pas-
senger compartment.

For example, the heat balance during cooling operation
can be defined by the following equation:

QemQo—Qs—Qm-Qe

Wherein Qa is the heat-exchange capacity of the heater-
air-conditioner system, Qu is a transmission loss due to the
temperature difference between the ambient temperature and
the passenger compartment temperature, Qs is a heat load
caused by the solar radiation, Qm is a heat load dissipated
from the human bodies of passengers, and Qe is a heat load
dissipated from equipments in the vehicle, such as an
internal-combustion engine. Further, Qa, Qu, Qs are given
by the foflowing equations:

Qa=Cp*i Va(To-Tr)

Qs=K A(Tr—To)

os=as*Ts

Wherein
Va:Outlet Air Volume of Blower (Delivery Air Volume of

Blower);
To:Outlet Air Temperature of Heater-Air-Conditioner

System;
Tr'(Interior Temperature of Passenger Compartment
Ta:Ambient Air Temperature (Outdoor Air Temperature)
Ts:Reduced Temperature of Solar Radiation
Cp:Specific Heat of Air at Constant Pressure
I:Specific Gravity of Air
K:Overall Heat Transfer Coeificient

A:Heating Surface Area

Thus, the desired values of the outlet air volume Va and
the outlet air temperature To can be obtained from the
above-mentioned equation (3) and the outlet air volume Va
and the outlet air temperature To of the heatcr-air-condi-

2a tioner system is converged to the desired values, respec-
tively, whereby the interior temperature Tr can be main-
tained substantially at the preset temperature TSET.
However, the above-mentioned equation includes two vari-
ables, that is, the outlet air volume Va and the outlet air

zs tcmpcrature To, and therefore, it is dflficult to obtain the
really desired values of the volume Va and the temperature
To directly or uniformly from the above equation (3).

In a heater-air-conditioner system disclosed in Japanese
Patent Publication No. 62-8327 (Application No. 54-57215),

sa the relationship between thc outlet air volume and an
environmental factor such as the ambient air temperature is
predetermined, and the outlet air volume is determined in
accordance with a detected environmental factor. Then, a
desired outlet air temperature is computed from the deter-

ss mined outlet air volume, and the opening degree of an
air-mixing door or damper is controlled co as to obtain the
outlet air temperature.

Further, Japanese Patent Application Laid-Open Publica-
tion No. 57-77216 (Application No. 55-153718) discloses a

AO heater-air-condiiioner system in which an optimum outlet air
temperature can bc determined in accordance with a preset
desired interior temperature, a detected ambient air tempera-
ture and a detected interior temperature.

In the system disclosed in the abave-mentioned Japanese
AS Publication No. 62-8327, and intended outlet air volume

may be controlled, however the outlet air temperature is
uncontrollable. On the contrary, according to thc system
disclosed in Japanese Laid-Open Publication No. 57-77216,
an intended outlet air temperature may be controlled, but thc

Sa outlet air volume is unconuollable.
In particular, since a passenger in a vehicle tends to take

a position relauvely near to air outlets of a heater-air-
conditioner system, an air flow of an excessively high or low
outlet air temperature and/or an excessively high or low

SS outlet air volume gives a discomfort the passengers, and
therefore, such a system cannot meet passengers'equests
for a comfortable air condition. Further, an effective tem-
perature which a passenger feels relates to both the outlet air
volume and the outlet air temperature. Where one of the

so outlet air volume and temperature is selected to be con-
trolled and the other is left uncontmlled, the effective
temperature would often come off from a desirable zone of
the interior temperature.

The present inventors have already proposed a comfort
ss index as a generic indication incorporating hea(ing-air-

canditioning factors such as the ambient air temperature, the
interior temperature, and the solar radiation, and in Japanese
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Patent Application No. 3-170015, laid open to the public on
May 14, 1993, which corresponds to the pending U.S. patent
application Ser. No. 08/135,621, a vehicle air-conditioning
system in which the operating conditions can be set in
accordance with this comfort. index. In this air-conditioning
system, both of the outlet air temperature and the outlet air
volume are determined so that the comfort index, which is
set totally in consideration with various kinds of heating-
air-conditioning factors, is controlied io a predetermined
value. Then, a blower and a mixing door or damper in the
air-conditioning system are controlled in order to regulate
the outlet air temperature and the outlet air volume.

It, should however be noted that the above proposed air
conditioning system is disadvantageous in the following
points. The target value of the comfort is fixed at a prede-
termined value. On the other hand, an efi'ective comfort
index which a passenger actually fccls varies based on for
example, the difference in individuals, climate and the like.
Thus, the proposed system cannot reach the efl'ective com-
fort which varies depending on the above factors and there
is a need for a sophisticated air conditioning control.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to
provide a vehicle air-condiiioning method in which both the
outlet air temperature and the outlet air volume can be
widely and desirably controlled so as to satisfy a passenger's
comfort.

Another object of the present invention is to provide a
vehicle air conditioning control method which can compen-
sate ihe individual difference in comfort which depends on
the passengers.

It is further object of the present invention to provide a
system for ihe same.

The forgoing and other objects and advantages are accom-
plished, according to the prcscnt invention, by an air con-
ditioning control method of a vehicle comprising, determin-
ing a target temperature of a passenger compartment,
calculating a comfort index provided as a function of at least.
the outlet air temperature and outlet air volume from the
temperature controller, setting a target comfort index, deter-
mining an optimized combination of the output air tempera-
ture and the output air volume which minimizes a deviation
of the comfort index from the target comfort index, com-
pensating the target temperature io reduce the deviation
when ihe deviation is greater than a predetermined value.

Preferably, Ihe target comfort index is changeable as a
function of a set temperature of a passenger compartment.
Further, where the deviation does not reduce irrespective of
the compensation of the target temperature, an airflow mode
of the output air is changed.

In a preferred embodiment of the invention, the comfort
index can be calculated as a function of air conditioning
factor such as the outlet air volume, output air temperature
To, and an environmental factor such as outside temperature
Ta, passenger compartment temperature Tr, solar radiation
value.

The comfort index is calculated by the following formula:

F=ICI "Vo+Ki'orxsrTorK4 Tr+KS*TraK6

wherein Kl through K6 are weighting cociflcients for the
respective variables.

In a prefcrrcd embodiment of the present invention, the
airflow mode which difi'ers between summer (an air cooling
operation) and winter (an air heating operation) is taken into
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account. For this purpose, weight coeiflcients Ki1 —K61 for
summer and K12—K61 for wimer are differentl provided.
Thus, the comfort indexes F2 for summer and F4 for winter
are determined respectively in accordance with the above
formula.

Further, preferably, an overall comfort is determined
taking account of both the comfort indexes F2 and F4 then
air conditioning is performed to control the overall comfort
to ihc target value.

In another preferred embodiment, the target temperature
is increased and reduced stepwise or stcplcssly to a prede-
termined temperature so as to accomplish the target comfort
index.

Preferably, the airflow mode in an air cooling operation of
the heater-air-conditioner system is different from that in an
air heating operation of thc system.

A comfort index F2 in the air cooling operation of the
heater air-conditioner system is provided by the following
formula;

F2=K11 rVo+K21"To+K31"Ta+K41 Tr+KS I rTs+K61

Wherein Kl I —K61 are weight coefficients.
A comfort index F4 in the air heating operation of the

heater air-conditioner system is provided by the, following
formula:

F4=K12*Vo+K22" Toaxs zrya+K42rTr+K52"ToIK62

Wherein K12—K62 are weight coeiflcients.
An overall comfort index F3 is provided as follow;

Fswr *F24(t—0)F4,

wherein 8:weight coefficien.
The airflow mode is selectively established among a vent

mode in which the air fi'om the heater-air-conditioner system
mainly flows out of an upper outlet. of the system, a heat
mode in which the air mainly flows out of a lower outlet and
a B/L mode in which the air flows oui of both the upper
outlet and lower outlet with a predetermined ratio therebe-
tween. Thc airf!ow mode is switched to the vent mode when
either thc deviation of the index F2 or F4 from the target
comfort index is greater than a predetermined value. In a
speciTic condition, the airflow mode is switched to the heat
mode when either the deviation of the index F2 or F4 f'rom
the target comfort index is less than a predetermined value.

If the deviation of thc index F2 from the target comfort
index is not greater than a predetermined value and if thc
deviation of the index F4 from the target comfort index is
not smaller than a predctcrmined value, the vent mode
maintained.

Further, the airflow mode is switched from the vent mode
to the B/L mode in accordance with an opening of a damper
which controls an air flow rate between a heater and an air
conditioner of the system in a case where the deviation of the
comfort index F2 &om the target comfort index is greater
tlmn a predetermined value. In addition, the air flow mode is
switched from the vent mode to the B/L mode in accordance
with an opening of a damper which controls an air flow rate
between a heater and an air conditioner of the system in a
case where the deviation of the comfon index F4 &om the
target comfort index is greater than a predetermined value.
The airflow mode is switched from thc heater mode to the
B/L mode in accordance with an opening of a damper which
controls an air flow rate between a heater and an air
conditioner of the system in a case where the deviation of the
comfort index F2 from the target comfort index is greater
than a predetermined value.
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The airflow mode is switched from the heater mode to the
B/L mode in accordance with an opening of a damper which
controls an air flow rate between a heater and an air
conditioner of the system in a case where the deviation of the
comfort index F4 from the target comfort index is greater
than a predetermined value.

In another aspect of the invention, an air conditioning
control apparatus of a vehicle is provided. The apparatus
comprises a target temperature determining device which
determines a target temperature of a passenger compartment
of the vehicle, a comfort index setting device which calcu-
lates a comfort index provided as a function of at least an
outlet air temperature and outlet air volume flowing out of
a heater-air-conditioner system in which air is treated to be
intmduce to a passenger compartment, a target comfort
index setting device which sets a target value of the comfort
index, an output acting device which determines an opti-
mized combination of the output air temperature and the
output air volume which minimizes a deviation of the
comfort index from the target comfort index, a compensator
which compensates the target temperature to reduce the
deviation when the deviation is greater than a predetermined
value.

The above and other objects, advantages and novel fea-
tures of the present invention will become fully apparent
from the following detailed descriptions taking reference
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. I is a schematic view showing the overall arrange-
ment of the vehicle heater-air-conditioner system of the
embodiment according to the present invention;

FIG. 2 is a diagrammatic view showing the entire arrange-
ment of a control device;

FIG. 3 is a diagrammatic view functionally showing the
arrangement of the control device;

FIG. 4 is a flow-chart showing a basic flow of heating-
air-conditioning control camed out by the control device;

FIG. 5 is a flow chart showing a subroutine for setting a
target comfort index;

FIG. 6 is a chart of a set interior temperature and thc target
comfort index;

FIG. 7 is a flow chart which shows a subroutine for setting
and compensating a target temperature;

FIG. 8 is a flow chart of a subroutine for calculating the
overall comfort index;

FIG. 9 is a flow chart which shows a front part of
subroutine for setting a target outlet air temperature and a
target outlet air volume;

FIG. 10 is a flow chart which shows a latter part of the
subroutine for setting the target outlet air temperature and
the target outlet air volume;

FIG. 11 is a flow chart which shows a subroutine for
automatically setting an air flow mode;

FIGS. 12(A) and 12(B) are charts showing how to deter-
mine the air flow mode;

FIG. 13 is a chart showing how to determine the air flow
mode;

FIGS. 14(A) and 14(B) are charts showing how to deter-
mine thc air flow mode;

FIG. 15 is a flow chart of a subroutine for controlling a
compressor;

FIG. 16 is a chart for obtaining a coefflcient tx which is
used for calculating the overall comfort index.

8,065
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODMENTS

A preferred embodiment according to the present inven-
tion will be described in detail hereinbelow.

FIG. 1 is a schematic view showing the arrangement of
the vehicle heater-air-conditioner system.

Referring to FIG. I, the heater-air-conditioner system
comprises a ventilation duct l„an outside air intake 2 for
introducing outdoor fresh air in an upstream part of the duct
I, an interior air intake 3 for introducing recirculation air the
upstream part of the duct. I, and outside air change-over door
or damper 4 for selectively controlling the opening and
closing of the air intakes 2, 3.

Further, the downstream part of the ventilation duct I is
provided therein with a vent outlet 5, a foot outlet 6 and a
defroster outlet 7, and three mode change-over doors or
dampers 8, 9, 10 for selectively directing conditioned air to
the outlets 5, 6, 7 therethrough.

A blower 11 of variable volume type is disposed in the
upstream part of the ventilation duct I, so that intake air
introduced through the interior air intake 3 and/or the
outside air intake 2 iiows out into the passenger compart-
mem through the duct 1 and the outlets 5, 6, 7 by means of
an action of the blower 11.

The system further includes a cooling heat-exchanger 12
and a heating heat-exchanger 14, which are disposed in
series in the ventilation duct 1. The cooling heat-exchanger
12 is disposed downstream of the blower 11 and the heating
heat-exchanger 14 is disposed downstream of the cooling
heat-exchanger 12. The cooling heat-exchanger 12, which is
a cooling coil or evaporator, is connected to a coolant circuit
X including a compressor 15, a condenser 16 and receiver
17, so that the heat-exchanger 12 is connected or discon-
nected to a rotary element of an internal-combustion engine
18 in accordance with ON/OFF operation of an electromag-
netic clutch. Further, the heating heat-exchanger 14 is
arranged to be a heater core through which coolant or
cooling water from an engine cooling system of the engine
18 is circulated. The flow of the cooling water fed to thc
heating-exchanger 14 is controlled by a flow control valve
(not shown) so as to be regulated in association with an
air-mixing door or damper 13.

The air mixing damper 13 is disposed between the cooling
heat-exchanger 12 and the heating heat-exchanger 14 so that
the air flow through the heating heat-exchanger 14 is con-
trolled by the opening position of the air mixing damper 13,
which can be moved to allow full atr flow (real line), or no
air flow (phantom line), or any position in between (not
shown). Therefore, the mixing ratio of thc air flow to be
heated through the heating heat-exchanger 14 with respect to
the air flow bypassing the heat-exchanger 14 is adjusted. The
opening degree 0 (0-1) of the air mixing damper 13 is
indicated by "I" when the entire air flow passes through the
heating heat-exchanger 14, that is, when thc rate of air flow
passing through the heating heat-exchanger 14 is 100%,
whereas the opening degree 8 is indicated by "0" if the entire
air flow bypasses the heating heat-exchanger 14, that is, if
thc rate of air flow passing through the heating heat-
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determined by the above-mentioned mixing ratio, and there-
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temperature obtained in a case of the opening degree 0=1
and the lowest temperature obtained in the opening degree

The opening degree 8 of the above-mentioned air mixing
damper 13 is defined by the following formula:
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BQ To- Te)/(Kw orw-Te) (5)

wherein
Te:Outlet Air Temperature of Cooling Heat-Exchanger

12;

Tw:Engine Cooling Water Temperature;
Kw:Coefficient for Converting Engine Cooling Water

Temporature into Oufiet Air Tcmpcrature of Heating
Heat-exchanger 14.

The system further comprises motors, which serve as
devices for driving the above dampers, that is, an electric
motor 19 for moving the interior air/outside air change-over
dampers 8, 9, 10, and a servo-motor 21 for moving the air
mixing damper 13. Further, the system includes control
means for controlling the operation of the system, that is, a
controller 22 for controlling the above-mentioned motors
19, 20, 21 and the output air volume of the blower 11, and
a control panel 23 for manually setting air-conditioning
factors. The control panel 23 is provided with various
switches, adjusters and the like which can be manipulated by
the passenger, such as an automatic switch 23a for selecting
either of an automatic air-conditioning control mode or a
manual air-conditioning control mode, an interior tempera-
ture acting adjuster 23h for manually setting the interior
temperature TSET at a desired value, an interior and outside
air adjuster 23c for manually setting the introduction rate of
interior air outside air, and an airflow mode switch 23d for
selecting an airflow mode, and a defroster adjuster 23e for
manually setting the opening degree of the defroster outlet
7. The interior tempcraturc setting adjuster 23h may be a
digital push switch which allows the passenger to stepwise
increase or decrease a desired interior temperature within a
certain range such as from 18 to 32 centigrade, e.g., in the
order of every 0.5 centigrade, or a slide adjuster of variable
resistor type which allows linear setting of a desired interior
temperature.

FIG. 2 is a diagrammatic view showing the arrangement
of the controller 22.

In this embodiment, a microcomputer incorporating CPU,
RAM, ROM(not shown) and thc like is used as the controller
22. The controller 22 has a microprocessor (which will be
hereinbelow denoted as "CPU") 30 is connected to a stabi-
lized power supply (S.P.S) 32, and is adapted to drive the
above-mentioned motors 19, 20, 21 by means of drivers 35
to 37 and to control the engagement and disengagement of
the electromagnetic clutch 31 incorporated between the
compressor 15 and the engine 18 by means of a driver 38.
Under the control of the motors 19, 20, the airflow mode of
the system is changed or maintained, and under the control
of the servo-motor 21, the opening degree 0 of the air mixing
damper 13 is adjusted.

The control device 22 drives a blower motor lln through
a D/A converter 33 and a driver 34, and under thc control of
voltage applied to the blower motor lla, thc delivery air
volume of the blower 11, which substantially corresponds to
the air volume, is controlled so that the output air volume Va
of the system.

Further, thc system comprises various kinds of sensors for
detecting environmental factors, such as an interior tempera-
ture sensor 24 for detecting the temperature of recirculated
air sucked into the ventilation duct I as being thc interior
temperature Tr, and outside temperature sensor 25 for
detecting thc ambient air temperature Ta, a solar radiation
sensor 26 for detecting the solar radiation value, a duct
sensor 27 for detecting the outlet temperature Te of the
cooling heat-exchanger 12, a water temperature sensor 28
for detecting thc temperature of engine cooling water, and a
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potentiometer 29 for detecting the opening degree 0 of the
air nuxing damper 13. These sensors arc connected to
control device 22 and the results sensed by the sensors
24—29 are inputted to the CPU.

FIG. 3 is a diagrammatic view functionally showing the
arrangement of the conuol device 22.

The control device 22 is provided with a first computing
element 40 receiving detection signals dclivercd from the
above-mentioned sensors 24 to 29 and the signals from the
switches or adjusters 23a to 23e on the control panel 23. The
first computing element 40 computes basic parameters (To,
Va) for maintaining the interior temperature Tr at the preset
value TSET, accordingly obtains a correlation between the
outlet air temperature To and the outlet air volume Va. This
correlation between the temperature To and the volume Va
is defined by the above-mentioned thermal balance, cttuation
(3), that is, Cp*l *Va(To—TSET)=KoA(TSET—Ta)—Ks*Ts-
C.

The control device 22 further comprises a second com-
puting element 41 for computing a comfort index E

A comfort which a passenger feels in the vehicle can be
expressed by a comfort index F which can be mathemati-
cally calculated based on heating-air-conditioning factors
(outlet air temperature To and outlet air volume Va) and
circumstantial factors (ambient air temperature Ta, interior
temperature (passenger compartment temperature) Tr and
solar radiation value Ts).

The comfort index F can be calculated by the following
formula which has been obtained by evaluation tests:

F=K)*Va+K2 To Ksoroox4oTroK5 Ts+K6 (4)

wherein Kl through K6 are weighting coefficients for the
respective elements. Thc control device 22 stores two
kinds of weight coeificients. Namely, the weight coef-
ficients Kl I—K61 for summer and K12—K62 for winter
are diflerently stored in the control device 22 as a
predetermined value which is experimentally obtained.
Thus, the comfort indexes F2 for summer (cooling
operation) using the weight coefficients Kl I —K61 and
F4 for winter using the weight coefficients K12—K62
(heating operation) are determined respectively as fol-
lows.

F)=K((*Vo+K21"To+63! "TarK41 TroK51*Ts+K61 (5)

F4=)CIT*Vo+K22 TorK32sTa+K42"Tr+K52"Ts+K62 (6)

The comfort indexes F2 and F4 vary from I to 9 in
accordance with thc air conditioning factor and environmen-
tal factor.

Generally, the comfort index F, in which the passenger
feels relatively cold, is sct to be ol", and the comfort index
F, in which the passenger fccls relatively hot, is set to be "9".
The comfort index F, wherein thc passenger generally feels
comfortable, is set to be an optimum value such as o5". The
above-mentioned factors Kl to K5 arc experimentally deter-
mined so that the comfort index F, with which the passenger
senses the most comfortable condition, results in the opti-
mum value o5". Thus, as the comfort index F increases, for
example, in the comfort index F=7 to 9, an atmosphere is
indicated in which the passenger senses a hotter condition.

On the other hand, as the comfort index decreases, for
example, in the comfort index F=l to 3, and atmosphere is
indicated in which the passenger senses a colder condition.

The summer comfort index F2 weighs the comfort of an
upper body portion of the passcngcr such as a head. In other
word, as the index F2 is reduced, thc passenger feels colder
in his upper body portion such as head. On the other hand,
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as it is increased, the passenger feels hotter in his upper
body. To the contrary, the winter comfort index F4 weighs
the comfort of a lower body portion of the passenger, such
as legs. Namely, as the index F4 is reduced, the passenger
feels colder in his lower body portion, such as his legs. On
the other hand, as the index F4 is increased„ the passenger
feels hotter in his legs.

Further, the control device includes a selecting element 42
which determines the outlet air temperature To, the outlet air
volume Va and the airflow mode so as to control the comfort
indexes F2 and F4 to the target comfort index value FSET,
and an operation control clement 43 for controlling the
opening degree 0 of the air mixing damper 13 and the
delivery volume of the blower 11, and positions of the
switching dampers 8, 9 and 10 in accordance with the
temperature To and the volume Va which are determined by
the selecting element 42.

Explanation will be made in respect of the control mode
of the system in this embodiment with reference to FIGS. 4
and 10.

FIG. 4 is a flow-chart showing a basic flow of the
air-conditioning control canied out by the control device 22.
After initial setting (step STI), the control device 22 reads
values detected by the sensors 24 to 29 (ST2).

Further, thc control device 22 computes a target value
FSET of thc comfort index F, based on the interior tempera-
ture TSET preset by the passenger through the interior
temperature setting adjuster 23b (ST3 and ST4).

The control device 22 calculates a target temperature
TIRG which is a desirable and stable value of the interior
temperature Tr, and further calculates the overall comfon
index F3 which is obtained by totally assessing thc comfort
indexes F2 and F4.

Further, the control device 22 calculates the outlet air
temperature To and the outlet air volume Va so as to control
the overall comfort index F3 to the target value FSET (ST6),
and control thc opening 0 of the damper 13, the delivery of
the blower 11 and the positions of the dampers 8, 9 and 10
(ST8). Further, the control device 22 controls the compres-
sor 15 (ST9).

FIG. 5 is a flow chart showing a subroutine for setting a
target value FSET of the comfort index F and FIG. 6 is a
chart showing a relationship between the set interior tem-
perature TSET and the target comfort index FSET.

Where the set temperature TSET manually set by a
passenger is in a proper range such as from 18 to 32
centigrade, The control device 22 sets the operation mode of
the system at the maximum cooling operation mode (MAX-
.COOL) or the maximum heating operation mode (MAX-
.HEAT) (S10, Sll, S17 and S18). For example, when the
engine starts in winter, the passenger would set the set
interior temperature TSET at the maximum value, such as 32
centigrade. In this case, the system is operated in accordance
with the full automatic heating operation mode without
taking account of the comfort index (S10, Slg). Namely, the
damper 13 is sct at the full opening position (0=1), the flow
rate of the engine coolant is set at the maximum rate, and the
flow rate of thc blower 11 is also maximized.

On the other hand, when the engine starts in summer, the
passenger would set the set interior temperature TSET at the
minimum value, such as 18 centigrade to cool thc interior
temperature Tr as quickly as possible. In this case, the
system is operated in accordance with the full automatic
cooling operation mode without taking account of the com-
fort index (Sll, S17). Namely, the damper 13 is set at the
fully closed position (0=0), all the engine coolant is intro-
duced to the cooling heat-exchanger 12. Further, the com-

prcssor is operated at its full load and the flow rate of the
blower 11 is also maximized.

In another case where the set interior temperature TSET
is sct at a value between minimum value (18 centigrade) and
maximum value (32 centigrade), the target comfort index
FSET is changeably set in accordance with the set interior
temperature TSET (S12-S16). Where thc set interior tem-
perature TSET is set in a first range, for example, a range
between )8 and 23 centigrade, the target comfort index

io
FSET is provided by a formula:FSET=(TEST-17)/2 (S12,
S13 and S15). Where the set interior temperature TSET is set
in a second range, for example, a range between 23 and 27
centigrade, the target comfort index is provided by a for-
mula:FSET=(TSET—20) (S12, S13 and S14). And where the
set interior temperature TSET is set in a third range, foris example, a range between 27 and 32 centigrade, the target
comfort index is provided by a formula:FSET=(TSET—13)/2
(S12 and S16).

The target comfort index obtained through the above
procedure is shown in FIG. 6.

20 As the set interior temperature TSET in the rage between
the 18 and 27 centigrade is increased, the index FSET is
gradually increased within the range of I through 9. For
example, where the temperature TSET is set at 25 centi-
grade, the target comfort index is sct at 5.

FIG. 7 is a flow chart showing a routine for setting and
compensating the iargct temperature TIRG.

The control device 22 sets a heat load Qo at a value Qsat
in a stable or substantially constant condition and sets the
target interior temperature TTRG as the interior temperature
Tr detected by the interior temperature sensor 24 (S20, S21).

The heat load Qsat in the stable condition is a value of
inference and calculated based on the outside temperature Ta
detected by the outside temperature sensor 25, target tem-
perature TIRG and heat load Qs due to the solar radiation
by means of a l'ormula as follows:

Qsa s=ta(ra—2 TRG)+kr sQa+C (7)

Wherein ka, ks, C are coefflcients and constant which are
4o predetermined based on a structure of the vehicle.

Further, thc control device 22 calculates a desirable outlet
air volume Va, outlet air temperature To of the heater-air-
conditioncr system based on the heat load Qsat and the target
temperature TIRG (S21).

4s Where the system is iu an operating condition other than
the FULL.COOL mode and FULL.HEAT mode, the control
device 22 calculates a deviation between the overall comfort
index F3 and the target comfort index FSET (S22—S25).
Where the deviation (F3—FSET) is smaller than —0.1, it is

so considered that the passenger feels cold strongly. In this
case, if the interior temperature Tr is less than the allowable
maximum value (32 degree centigrade), the control device
22 increases the target temperature TIRG by a predeter-
mined increment dT (S24, S30 and S31). On the other hand,

ss where thc deviation (F3—FSET) is greater +0,1, it is con-
sidered that the passenger feels hot strongly. In this case, if
the interior temperature Tr is greater than the allowable
minimum value (18 degree centigrade), the target interior
temperature 'ITRG is decreased by a predetermined dccre-

so ment dT (S25, S32 and S33). Meanwhile, the FULL.COOL
and FULL.HEAT modes are provided for exerting the cool-
ing and heating function of the system at its full capacity.
Under the FULL.COOL mode, the air mix damper 13 is set
at the fully closed position (0=0). The compressor is oper-

as ated at its full load. On the other hand, under the FULL-
.HEAT mode, the air mixing damper 13 is fully opened
(0=i).



Where the deviation (F3—FSET) is in between -0.1 and
+0.1 which means that Thc actual comfort index F3 is close
to thc target comfort index FSET, the control device 22
judges whether the heating operation condition or cooling
operating condition is established with regard to the air
conditioning factor and thc environmental factor based on
the value of the heat load Qo. Namely, when the value of the
heat load Qo is negative, in other words, when the heating
operating condition is established and when the target tem-
perature is lower than the maximum value (32 degree
centigrade), the target temperature TIRG is increased by a
predetermined increment dT (S26, S27 and S28) and then a
calculation of heat load of the system is carried out (S29).
The heat load calculated can be expressed by the following
formula:

0&ass(rs-TTRG}+ks*zs+kr(Tr— )TRG)+ C (3)

Wherein ka, ks, kr are coefficients based on the structure
of the vehicle and C is constant.

When the value of the heat load Qo is positive, in other
words, when the cooling operating condition is established
and when the target temperature is greater than the minimum
value (18 degree centigrade), the target temperature Tl'RG
is decreased by a predetermined decrement dT (S26, S34
and S35) and then a calculation of a heat load of the system
is carried out (S29).

FIG. 8 is a flowchart showing a subroutine for calculating
the overall comfort index F3.

The control device 22 provides a coefficient a with a
value expressed by a formula: (Qsat/400)-0.5 where the heat
load Qsat is in between +200 keel and —200 keel, and
calculates the coellicicnt a(540, S41 and S42). Thereafter,
the control device 22 calculates the comfort indexes F2 and
F4 (S43 and S44) by means of the formulas (5) and (6).

Further, the control device 22 calculates the overall com-
fort index F3 by using the following formula:

F3=sr*F2+(t —ss)F4 (0)

Thus, the overall comfort index F3 is obtained based on
the comfort index F2 mainly focusing the upper body
portion of the passenger and the comfort index F4 mainly
focusing the lower body portion of ie passenger. The coef-
ficient a is a weight coeflicient between the comfort indexes
F2 and F4 .

Where the heat load Qsat is greater than +200 keel, the
coeflicient is set at I (S40 and S47). In this case, the overall
comfort index F2 accords with the comfort index F2 (S45),
on the other hand, where the heat load Qsat is less than —200
keel, the coeflicient is sct at 0 (S41, S46) and thus, thc
overall comfort index F3 accords with the comfort index F4
(545).

FIG. 16 is an illustrative chart for determining a value of
the coefficient a. In thc illustrative embodiment shown in
FIG. 16, the coeflicicnt a is provided as a function expressed
by a formula: Qsat.=ka(Ta—TTRG)+ksvQ34C. Where ihe
heat load Qsat is less than —200 kcal (area A), the coeificient
ct for the comfort index F2 is sct at 0 and the weight value
(I —a) for the comfort index F4 is set at 1. On the other hand,
where the heat load Qsat is greater than +200 keel (area C),
the coefflcient 0( for the comfort index F2 is set at I and the
weight value (I —a) for thc comfort index F4 is set ai 0.
Where the heat load Qsat is in between the +200 keel and
-200 kcal (area B), the weight coeiflcient a is gradually
increased in proportion to the heat load Qsat and thus the
value (I—a) is gradually decreased in inverse proportion to
the heat load Qsat.
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FIGS. 9 and 10 are flow charts of subrouunes for obtain-

ing the outlet air volume Va and outlet air temperature To.
The control device 22 increases the outlet air volume V

stepwise by an increment dVa from the minimum value Val
to maximum value Vah, calculates the overall comfort index
F3 for the cooling operation based on every outlet air
volume V calculated, and determines a target outlet air
volume Va and a target outlet air temperature To which can
provide an optimized overall comfort index F3 which mini-
mizes the deviation fiom the target comfort index FSET.

First., the control dcvicc 22 provides the outlet air volume
V with an allowable minimum delivery of the blower 11
(S50) and set flags FH, FC at an iniual value 0 (S51). The
flag values FH=l, FC=I indicate the FULL. HEAT and
FULL.COOL modes respectively.

The control device 22 calculates ihe oudct air temperature
T (S52). The outlet temperature T can be obtained based on
the heat load Q, outlet air volume V and interior temperature
Tr as follows:

T=-(0/0.2sv)szr (10)

Next, the control device 22 calculates the overall comfor1
index F3 after judging whether or not the outlet air tem-
perature T is within a predetermined range. In detail, when
the outlet air temperature T is lower than ihe minimum
temperature TE which is obtainable by the virtue of the
heating operation of the heat-air-conditioner system, the flag
is set at 0 (S53 and S54). Further, whcrc the outlet air
temperature T is lower than the maximum temperature Two
which is obtainable by virtue of the cooling operation of the
system, the tlag FH is set at 0 (S55, S56 and S57). There-
after, the control device 22 calculates the overall comfort
index F3 (S58). This calculation is made in accordance with
the above formula (9).

Generally, the minimum temperature TE is determined
based on the cooling capacity of the cooling heat-exchanger
12. When the outlet air temperature T is lower than the
minimum temperature TE, the flag FC is set at I and the
FULL.COOL mode is sclccted (S53, S70). The maximum
temperature Two is generally sct at the engine coolant
temperature Tw. When thc outlet air temperature To is higher
than the maximum temperature Two, the flag FH is set at I

and the FULL.HEAT mode is sclcctcd (S56, S71).
The control device further judges whether or not the

deviation between the overall comfort index F3 and the
target comfort index FSET is increased (S59). Where the
deviation is being reduced, in other words when a value of
an absolute value (F3—FSET)(„»—absolute value (F3-
FSET)„ is positive, the control device 22 stores thc value
(F3—FSET) and renews the value (F3—I'SET)(S60). The
control device 22 stores the target outlet air volume Va the
target outlet temperature To in RAM (S61).

Next, the control device 22 increases the outlet air volume
V by a predetermined increment dV and judges whether or
not the increased value V of the outlet air volume is less than
thc maximum delivery volume Vah of the blower 11. If the
target outlet air volume Va is not greater than the maximum
value Vah, the judgment and calculation from step S52 to
S61 is repeated (S63). Consequently, the optimized combi-
nation of thc target outlet air temperature To and target outlet
air volume Va which can minimize the deviation of the
overall comfort index F3 from the target comfort index
FSET within the air conditioning capacity of thc heater-air-
conditioner system.

Thc control device 22 terminates the judgment and the
calculation of the outlet air temperature and volume T and
V in steps S52—S62 and judges the flags FC and FH. When
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the flag FC is I or when the FULL.COOL mode is selected,
the targei air volume To is set at the minimum temperature
TE obtainable by the system and the target outlet air volume
Va is set at the maximum value Vah (S64 and S66). Thus, the
system is operated at its full cooling capacity. When the tlag
FH is I, in other words, when the FULL.HEAT mode is
selected, the target outlet air To is set at the maximum
temperature Two obtainable by the sysiem and the target
outlet air volume Va is set at the maximum value Vah (S65
and S67). Therefore, the heat-air-conditioner system is oper-
ated at its full heating capacity. When the flags FC and FH
are 0, the air flow mode setting routine shown in FIG. 11 is
carried out (S63, S64 and S65).

FIG. 11 is a flow chan of a subroutine for automatically
setting the airflow mode. FIGS. 12 to 14 are charts for
showing how to set the airflow mode.

When the automatic operating mode is selected by means
of the switch 23a (S80), the control device 22 automatically
and selectively sets the airflow mode at a vent mode, B/L
mode or heat mode in accordance with the comfort indexes
F2 and F4. In the vent mode, the outlet air from the system
mainly flows out of the vent outlet 5 by opening only the
mode switching damper 8. Under the B/L mode, the condi-
tioned air flows out of both the vent outlet 5 and foot outlet
6 with a predetermined ratio therebetween. Under the heat
mode, the conditioned air mainly flaws out of the foot outlet
6. In the heat mode, for example, 75% of the total air flows
out of the foot outlei 6 and 25% thereof flows out of the
defroster outlet 7.

The control device 22 calculates the comfort indexes F2
and F4 in the B/L mode and judges the deviation of the
indexes F2 and F4 from the target comfort index FSET (S81,
S82, S83 and S84—S87). When the deviation of the index F4
from the target value FSET is in a range from —0.5 to -i0.5
and when the deviauon of thc index F4 &om the target value
FSET is in a range from —0.5 to +0.5, the B/L mode is
maintained (S84, S85, S86, S87 and S88). On the other
hand, if the deviation of thc index F4 &om the target value
FSET is greater than s0.5, it is considered that the passenger
feels hot in the lower body portion, e g. in his legs. Likewise,
if the deviation of the index F2 from the target value FSET
is greater than+0.5, it is considered that the passenger feels
hot in the upper body portion, e.g in his head. In view of
this, when either the deviation of the index F2 or F4 flom the
target value FSET is greater than -t0.5, the control device 22
switches the airflow mode to the vent mode in which the
conditioned air flows out of the vent outlet 5 (S84, S85 and
$94).

If the deviation of the index F2 &am the target value
FSET is less than —0.5, it is considered that the passenger
feels cold in the upper body portion, e.g. in his head.
Likewise, if the deviation of the index F4 from the target
value FSET is less than —0.5, it is considered that the
passenger feels cold in thc lower body portion, e.g. in his
legs. In view of this, when either the deviation of the index
F2 or F4 from the target value FSET is less than -4).5, the
control device 22 switches the airflow mode to the heat
mode in which the conditioned air mainly flows out of the
foot outlet 6 (S86, S$7 and S104).

FIG. 13 shows how to determine the airflow mode in
accordance with the above mentioned routine. In the draw-
ing, the B/L mode is switched to another airflow mode when
the above mentioned condition falls into a hatched area.

In the vent mode, thc control device 22 judges the opening
8 of the air mixing damper 13 after calculating the comfort
indexes F2 and F4 (S81, S82 and S90). Then, the control
device judges whether or not the deviations of the indexes

F2 and F4 from the target value FSET are greater than +0.5
or less than —0.5 respectively. In detail, if the deviation of the
index F2 from the target value FSET is not greater than +0.5
and if the deviation of the index F4 from the target value

s FSET is not smaller than —0.5, the vent mode is maintained
(S92, S93 and S94). On the other hand, if the opening 8 of
the air mixing damper 13 is greater than 0.2 and if the
deviation of the index F2 from thc target value FSET is
greater than i0.5, or if the deviation of thc index F4 fram the

io target value FSET is less than —0.5, it is considered that the
passenger feels hot in his upper body portion, otherwise, the
passenger feels cold in his lower body portion. In this case,
the control device 22 switches the air-flow mode from the
vent mode to the B/L mode in which the condiuoned air

ts ilows out of both the vent outlet 5 and the foot outlet 6 (S92,
S93 and S8$).

FIG. 12 shows how to determine the airflow mode in
accordance with the above mentioned routine. In FIG.
12(A), the hatched portion shows an area where the vent

za mode is to be switched to the B/L mode in the case where
the opening 8 of the air mixing damper is grcatcr than 0.2
and thus a relatively greater amount of the conditioned air
passes through the heating heat-exchanger 14.

In FIG. 12(B), the hatched portion shows an area where
zs the vent mode is to be switched to the B/L mode in the case

where the opening 8 of the air mixing damper is not greater
than 0.2.

Further, tn the heat mode, the control device 22 judges the
opening 8 of the air mixing damper 13 after calculating the

sa comfort indexes F2 and F4 (Sgl, S$2 and S101). Then, the
control device judges whether or not the deviations of the
indexes F2 and F4 from the target value FSET are greater
than +0.5 or less than —0.5 respectively. In detail, if the
deviation of the index F2 from the target value FSET is not

ss greater than+0.5 and if the deviation of the index F4 from
the target value FSET is not smaller than —0. 5, the heat mode
is maintained (S102, S103 and S104). On the other hand, if
the opening 8 of the air mixing damper 13 is smaller than 0.$
and if the deviation of the index F2 from the target value

za FSET is less than —0.5, or if the deviation of the index F4
from the target value FSET is greater than +0.5, it is
considered that the passenger feels hot in his lower body
portion, otherwise, thc passenger feels cold in his upper
body portion. In this case, the control device 22 switches the

4s airflow mode from the heat mode to the B/L mode in which
the conditioned air flows out ofboth the vent outlet 5 and the
foot outlet 6 (S102, S102, S103 and S88).

FIG. 14 shows how to determine the airflow mode in
accordance with the above mentioned routine. In FIG.

sa 14(A), the hatched portion shows an area where the heat
mode is to be switched to the B/L mode in the case where
the opening 8 of the air mixing damper is smaller than 0.8
and thus a relatively greater amount of the conditioned air
flows by-passing the heating heat-exchanger 14.

ss In FIG. 14(B), the hatched portion shows an area where
thc vent mode is to be switched to the B/L mode in the case
where thc opening 8 of the air mixing damper is greater than
0.8.

FIG. 15 shows a flow chart of a subroutine for contmlling
sa the compressor.

The control device 22 stops the compressor 15 where the
ambient temperature Ta is lower than 0 degree centigrade
and keeps the compressor 15 stopped where the ambient
temperature Ta is lower than —5 degree centigrade (S110,

as Sill, S116 and S115). The control device 22 judges whether
or not the automatic operation mode is selected fmm the
switch 23a and whcthcr or not the compressor is in operation
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(S112). If an automatic operation mode is selected or if thc
compressor 15 is actually being operated at its full capacity,
the compressor 15 is controlled to be operated under ihe full
operation mode (A/C.MAX) (S112, S113 and S117). On the
other hand if the automatic operation mode is noi selected
and if the compressor is not operated at its full capacity, the
control device judges whether or not the compressor is
operated under an economy mode (ECO). If the compressor
15 is operated under the economy mode, the compressor
maintains the economy mode (S114 and S118). To the
contrary, if thc compressor 15 is operated not based on the
economy mode, thc control device 22 stops the compressor
15 (S114 and S115). In this case, the compressor stops when
a magnetic clutch 31 therefor is released. In the full opera-
tion mode (A/C.MAX), the magnetic clutch 31 is released
when thc outlet temperature Te of the cooling heat
exchanger 12 is not greater than a predetermined valueTe'nd

is engaged when the temperature Te is not smaller than
another prcdctcrmined temperature Te" (Te"&Te'). In the
economy mode, the predetermined temperature Te'nd Te"
are changed depending on the outlet air temperature To.

As aforementioned, the control device 22 calculates the
overall comfort index F3 which is a function of the air
conditioning factor (outlet air volume Va, outlet air tem-
perature To) and the environmental factor (outside tempera-
ture Ta, interior temperature Tr, solar radiation Ts), and the
target comfort index FSET to which the overall comfort
index F3 is controlled. The target comfort index FSET is
changeably provided as a function of the set interior tem-
perature TSET which can be manually changed by means of
the sct switch 236. Thus, the value of the mdex FSET is
calculated based on the set interior temperature TSET. The
control device further determines the optimized combinauon
of thc target outlet air volume Va and the target outlet air
temperature To in a manner that the overall comfort index F3
is converged to the target comfort index FSET.

According to the above mentioned control, the target
comfort index FSET can be manually determined based on
the set interior temperature TSET which is set by the
passenger. And ihc target outlet air Va and the target oufiet
temperature is sclccted so that the overall comfort index F3
is converged to thc target comfon index FSET.

Thus, according to the above mentioned air conditioning
control, the comfort. which is actually sensal by the passen-
ger can be efFectively and precisely assessed and the opti-
mized comfort can be accomplished based on the set inteuor
temperature TSET which is manually determined by the
passenger in terms of the comfort he feels.

The control device 22 compensates the target temperature
TTRG stepwise by the increment or decrement dT when the
deviation between the overall comfon index F3 and the
target comfort index FSET is greater than a predetermined
value. Namely, if the deviation is not reduced below the
predetermined value irrespective of ihe air conditioning
control, the target temperature TSET is compensated so that
ihe overall comfort can be quickly controlled to the target
comfort index FSET.

In another aspect of the invention, the control device 22
changes the airllow mode of the heater-air-condinoner sys-
tem where the deviation is not reduced below the predeter-
mined value irrespective of the air conditioning control so
that the airflow pattern is changed to accomphsh 1he target
comfort FSET quickly.

Although 1he present invention has been explained with
reference to a specifi, preferred embodiment, one of ordi-
nary skill in ihe art will recognize that modifications and
improvements can be made while remaining within the
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scope and spirit of the present invention. The scope of the
present invention is determined solely by the appended
claims.

What is claimed is:
1. An air conditioning control method of a vehicle com-

prising:
determining a target temperature of a passenger compart.-

ment of ihe vehicle,
calculating a comfort index provided as a function of at

least an outlet air temperature and outlet air volume
flowing out of a heater-air-conditioner system in which
air is treated io be introduce io a passcngcr compart-
ment,

setting a target comfort index,
determining an optimized combination of the output air

temperature and the output air volume which mini-
mizes a deviation of the comfort index from the target
comfort index,

compensating the target temperature to reduce the devia-
tion when the deviation is greater than a prcdctcrmincd
value.

2. A method as recited in claim I wherein the target
comfort index is changeable as a function of a sct interior
temperature.

3. A method as recited in claim I where an airflow mode
of the output air from the heater-air-conditioner system is
changed where thc deviation is not reduced below the
predetermined value irrespective of the compensation of the
target temperature.

4. A method as recited in claim I wherein the comfort
index is calculated as a function of air conditioning factor
and an environmental factor.

5. A method as recited in claim 1 wherein thc comfort
index F is calculated by the following formula:

F=K1 *Va+K2*To+K3aTasK4rTr+rrs*rssK6

wherein
Va:outlet air volume to a passenger compartment,
To:outlet air temperature to the passenger compartment,
Ta:ambient (outside) air temperature,
Tr:interior temperature of a passenger compartment,
Ts:solar radiation value,
Kl through K6: weighting coeilicicnts for the respective

variables Va, To, Ta, Tr and Ts.
6. A method as recited in claim 3 wherein the airflow

mode in an air cooling operation of the heater-air-condi-
tioner system is dflferent from thai in an air heating opera-
tion of the system.

7. A method as recited in claim 6 wherein a comfort index
F2 in the air cooling operation of the heater air-conditioner
system is provided by the following formula:

F2=K1 1* Va+K21aTo+K31"Ta+K41 *T +Ks 1 *rs+K61

Wherein
Kl1 —K61 are weight coetficients.
8. A method as recited in claim 6 wherein a comfort index

F4 in thc air heating operation of the heater air-conditioner
system is provided by the following formula:

F4=K12 Va+K22*Ta+K32"Ta+1642*Tr+K52rTs+K62

wherein
K12—K62 are weight coetficienis.
9. A method as recited in claim 6 wherein comfort indexes

F2 and F4 in the air cooling operation and air heating
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operation of the heater air-conditioner system are provided
respectively by the following formulas:

F2=KltrVa+K21*To+K31 TaoK41 Tr+K51 Ts+K61,

F4=K12"Va+K22"To+K32"Ta+K42 Tr+K52aTr+K62

wherein Kl 1 —K61 and K12—K62 are weight coe/ffcients,
and wherein an overall comfort index F3 is provided as
follows;

Fs~rF2+(1— u)F4,

Wherein

0;weight cocflicient.
10. A method as recited in claim 3 wherein the airflow

mode is selectively established among a vent mode in which
the air from the heater-air-conditioner system mainly flows
out of an upper outlet of the system, a heat mode in which
the air mainly flows out of a lower outlet and a B/L mode in
which the air flows out of both the upper outlet and lower
outlet with a predetermined ratio therebetween.

11. A method as recited in claim 9 whcrcin the airflow
mode is selectively established among a vent mode in which
the air from the heater-air-conditioner system mainly flows
out of an upper outlet of the system, a heat mode in which
the air mainly flows out of a lower outlet and a B/L mode in
which the air flows out of both the upper outlet and lower
outlet with a predetermined ratio therebetween.

12. A method as recited in claim 10 wherein the airflow
mode is switched to the vent mode when either the deviation
of the index F2 or F4 from the target comfort index is greater
than a predetermined value.

13. A method as recited in claim 10 wherein the airflow
mode is switched to the heat mode when either the deviation
of the index F2 or F4 from the target comfort index is less
than a predetermined value.

14. A method as recited in claim 10 where the vent mode
is maintained, if the deviation of the index F2 from the target
comfort index is not greater than a predetermined value and
if the deviation of the index F4 from the target comfort index
is not smaller than a predetermined value.

15. A method as recited in claim 10 wherein the airflow
mode is switched from the vent mode to the B/L mode in
accordance with an opening of a damper which controls an
air liow rate between a heater and an air conditioner of the
system in a case where the deviation of the comfort index F2
from the target comfort index is greater than a predetermined
value.

16. A method as recited in claim 10 wherein the airflow
mode is switched from the vent mode to the B/L mode in
accordance with an opening of a damper which controls an
air flow rate between a heater and an air conditioner of the
system in a case where the deviation of the comfort index F4
from the target comfort index is greater than a predctcrmined
value.

17. A method as recited in claim 10 wherein the airflow
mode is switched from the heater mode to the B/L mode in
accordance with an opening of a damper which controls an
air flow rate between a heater and an air conditioner of the
system in a case where the deviation of the comfort mdex F2
from the target comfort index is greater than a predetermined
value.

18. A method as recited in claim 10 wherein the airflow
mode is switched from the heater mode to the B/L mode in
accordance with an opening of a damper which controls an
air flow rate between a heater and an air conditioner of the
system in a case where the deviation of thc comfort index F4
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Rom the target comfort index is greater than a predetermined
value.

19. An air conditioning control apparatus of a vehicle
comprising:

a target temperature determining device which determines
a target temperature of a passenger compartment of the
vehicle,

a comfort index setting device which calculates a comfort
index provided as a function of at least an outlet air
temperature and outlet air volume liowing out of a
heater-air-conditioner system in which air is treated to
be introduce to a passenger compartment,

a target comfort index setting device which sets a target
value of the comfort index,

an output setting device which determines an optimized
combination of the output air temperature and the
output air volume which minimizes a deviation of thc
comfort index from the target comfort index,

a compensator which compensates the target temperature
to reduce the deviation when the deviauon is greater
than a predetermined value.

20. An apparatus as recitred in claim 19 wherein the target
comfort index is changeable as a function of a sct interior
temperature.

21. An apparatus as recited in claim 19 where an airflow
mode of the output air from the heater-air-conditioner sys-
tem is changed where the deviation is not reduced below the
predetermined value irrespective of the compensanon of the
target temperature.

22. An apparatus as recited in claim 19 wherein the
comfort index is calculated as a function of an air condi-
tioning factor and an environmental factor.

23. An apparatus as recited in claim 19 wherein the
comfort index F is calculated by the following formula:

F=KtrVo+KzrTo+K3 Ta+K4 Trrxs TsrK6

Wherein
Va:outlet air volume to a passenger compartment,
To:outlet air temperature to the passenger compartment,
Ta:ambient (outside) air temperature,
Tr:interior temperature of a passenger compartment,
Ts:solar radiation value,
Kl through K6: weighting coelffcients for the respective

variables Va, To, Ta, Tr and Ts.
24. An apparatus as recited in claim 23 wherein the

ahtflow mode in an air cooling operation of the heater-air-
conditioner system is difl'erent from that in an air heating
operation of the system.

25. An apparams as recited in claim 24 wherein a comfort
index F2 in the air cooling operation of the heater air-
conditioner system is provided by the following formula:

F2=Kllova+Kzl Tooxst'Ta+K4toTr+KstorsoK61

Wherein
Kl 1 —K61 are weight coeiflcients.
26. An apparatus as recitrxi in claim 24 wherein a comfon

index F4 in the air heating operation of the heater air-
conditioner system is provided by the following formula:

F4=K1 2'Va+K22*To+K32aTaox42'Tooxsz'TsrK62

Wherein
K12—K62 are weight coefficients.
27. An apparatus as recited in claim 24 wherein comfort

indexes F2 and F4 in the sir cooling operation and air
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20
heating operation ol'he hcatcr air-conditioner system are
provided respectively by thc following formulas:

FZ=K11 "Va+K21*TorK31 tbrK41 Tr+xstaTrrKst,

F4=161 2* Va+K22 ?'o. K32"Ta+K42"Tr+K52*Tr+K62

wherein Kl 1 —K61 and K12—K62 are weight cocfflcicnts,
and wherein an overall comfort index F3 is provided as
follows;

F3=a"F2+it-a)F4,

Wherein
fflweight coefflcienu
2g. An apparatus as recited in claim 21 wherein the

airflow mode is selectively established among a vent mode
in which the air from thc heater-air-conditioner system
mainly flows out of an upper outlet of the system, a heat
mode in which the air mainly flows out of a lower outlet and
a B/L mode in which the air flows out of both the upper
outlet and lower outlet with a predetermined ratio therebe-
tween.

29. An apparatus as recited in claim 27 wherein the
airflow mode is selectively established among a vent mode
in which the air from the heater-air-conditioner system
mainly flows out of an upper outlet of the system, a heat
mode in which the air mainly flows out of a lower outlet and
a B/L mode in which the air flows out of both the upper
outlet and lower outlet with a predetermined ratio therebe-
twccn.

30. An apparatus as recited in claim 29 wherein the
airflow mode is switched to the vent mode when either the
deviation of the index F2 or F4 from thc target comfort index
is greater than a predetermined value.

31. An apparatus as recited in claim 29 wherein the
airflow mode is switched to the heat mode when either the
deviation of the index F2 or F4 from the target comfort index
is less than a predetermined value.
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32. An apparatus as recited in claim 29 where the vent
mode is maintained, if the deviation of the index F2 Crom the
target comfort index is not grcatcr than a predetermined
value and if the deviation of the index F4 from the target
comfort index is not smaller than a prcdctcrmined value.

33. An apparatus as recited in claim 29 wherein the
airflow mode is switched from the vent mode to thc B/L
mode in accordance with an opening of a damper which
controls an air flow rate between a heater and an air
conditioner of the system in a case where the deviation of the
comfort index F2 from the target comfort index is greater
than a predetermined value.

34. An apparatus as recited in claim 29 wherein the
airflow mode is switched from the vent mode to the B/L
mode in accordance with an opening of a damper which
controls an air flow rate between a heater and an air
conditioner of thc system in a case where the deviation of the
comfort index F4 fiom the target comfort index is greater
than a predetermined value.

35. An apparatus as recited in claim 29 wherein thc
airflow mode is switched from thc heater mode to the B/L
mode in accordance with an opening of a damper which
controls an air flow rate between a heater and an air
conditioner of the system in a case where the deviation of the
comfort index F2 from the target comfort index is greater
than a predetermined value.

36. An apparatus as recited in claim 29 wherein the
airflow mode is switched from the heater mode to the B/L
mode in accordance with an opening of a damper which
controls an air flow rate between a heater and an air
conditioner of the system in a case where the deviation of the
comfort index F4 from the target comfort index is greater
than a predetermined value.


