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AIR-CONDITIONER FOR VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on Japanese Patent Application
No. 2012-28632 filed on Feb. 13, 2012, Japanese Patent
Application No. 2012-33150 filed on Feb. 17, 2012, and

Japanese Patent Application No. 2012-177359 filed on Aug.
9, 2012, the disclosures of which are incorporated herein by

10

reference in their entirety.

TECHNICAL FIELD

16
The present disclosure relates to an air-conditioner for a

vehicle.

a seat in the passenger compartment. The controller automati-
cally activates the seat temperature control system when the
eco-mode is set.

According to a second example of the present disclosure,
an air-conditioner that conducts an air-conditioning for a
passenger compartment of a vehicle includes an air condi-

tioning unit, a seat conditioning unit and a controller. The air
conditioning unit controls a temperature of air in the passen-
ger compartment. The seat conditioning unit controls a tem-

perature of a seat in the passenger compartment. The control-
ler controls a conditioning degree of the seat conditioning
unit. The controller decreases the conditioning degree of the
seat conditioning unit over time after the controller starts
controlling the conditioning degree of the seat conditioning
unit when the air conditioning unit automatically controls the
temperature of air in the passenger compartment.

BACKGROUND BRIEF DESCRIPTION OF THE DRAWINGS

20
JP-Y2-62-4006 describes a conventional air-conditioner

for a vehicle, and a seat heater which is automatically con-
trolled according to an opening of an air mix door or a target
blow-off temperature. Moreover, it is well-known that energy
is required to be saved in air-conditioning by setting an eco-
mode.

In the case where the seat heater is controlled according to
the opening of the air mix door or the target blow-off tem-

perature, the seat heater may be activated only when a tem-

perature in the passenger compartment is low. An occupant in 30

a passenger compartment may feel cold when the seat heater
is not activated. Especially at the eco-mode time, an occupant
is more likely to feel cold, because the air-conditioning level

(degree) is lowered in the eco-mode time to save energy.
The seat heater of JP-Y2-62-4006 is embedded in a seat of 3~

the vehicle. Electric power supplied to the seat heater is
controlled by a controller. Specifically, the electric power
supplied to the seat heater is increased, as the opening of the
air mix door is increased, or as the target blow-off tempera-
ture is raised. 40

The heat generating amount of the seat heater is automati-
cally controlled according to the load of the air-conditioning
such as the opening of the air mix door or the target blow-off
temperature. When the load is large (for example, at a very
cold time), the heat generating amount of the seat heater is 46

increased to accelerate the warm-up effect of the seat heater.
On the other hand, when the load is small, the heat generating
amount of the seat heater is reduced to avoid wasteful energy
consumption.

However, if outside air temperature is very low at the very 60

cold time, the opening of the air mix door or the target blow-
off temperature is set into a large (high) value. If the large
value is maintained for a long time, the heat generating
amount ofthe seat heater is also maintained as large even after
the temperature in the passenger compartment becomes
stable. In this case, an occupant in the passenger compartment
feels too hot due to the too much heat of the seat heater.
Similarly, if the outside air temperature is very high at a very
hot time such as summer, the occupant may feel too cold.

60

SUMMARY

According to a first example of the present disclosure, an
air-conditioner that conducts an air-conditioning, which has
an eco-mode to save energy, for a passenger compartment of 66

a vehicle includes a seat temperature control system and a
controller. The seat temperature control system heats or cools

The above and other objects, features and advantages ofthe
present disclosure will become more apparent from the fol-
lowing detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a schematic diagram illustrating an air-condi-
tioner according to a first embodiment;

FIG. 2 is a schematic diagram illustrating an electric heater
of the air-conditioner of the first embodiment;

FIG. 3 is a schematic diagram illustrating an electric con-
struction of the air-conditioner of the first embodiment;

FIG. 4 is a flow chart illustrating a fundamental control
process performed by an air-conditioning ECU of the air-
conditioner of the first embodiment;

FIG. 5 is a front view illustrating an operation panel of the
air-conditioner of the first embodiment;

FIG. 6 is a front view illustrating an eco-mode switch ofthe
air-conditioner of the first embodiment;

FIG. 7 is an explanatory view illustrating a mode shift in a
seat conditioning device of the air-conditioner of the first
embodiment;

FIG. 8 is a graph illustrating a relationship between a target
blow-off temperature and a seat mode in the air-conditioner of
the first embodiment;

FIG. 9 is a graph illustrating temperature control of a seat
heater in each operation state in the air-conditioner of the first
embodiment;

FIG. 10 is a flow chart illustrating a process for determining
a blower voltage in the air-conditioner of the first embodi-
ment;

FIG. 11 is a flow chart illustrating a process for determining
an air inlet mode in the air-conditioner of the first embodi-
ment;

FIG. 12 is a flow chart illustrating a process for determining
an air outlet mode in the air-conditioner of the first embodi-
ment;

FIG. 13 is a flow chart illustrating a process for determining
a compressor rotation speed in the air-conditioner of the first
embodiment;

FIG. 14 is a flow chart illustrating a process for determining
a PTC operation number in the air-conditioner of the first
embodiment;

FIG. 15 is a flow chart illustrating a process for determining
a required water temperature in the air-conditioner of the first
embodiment;

FIG. 16 is a flow chart illustrating a process for determining
an operation ofa water pump in the air-conditioner of the first
embodiment;
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FIG. 17 is an explanatory view illustrating a mode shift in
a seat conditioning device according to a second embodi-

ment;
FIG. 1S is an explanatory view illustrating a mode shift in

a seat conditioning device according to a third embodiment;
FIG. 19 is an explanatory view illustrating a mode shift in

a seat conditioning device according to a fourth embodiment;
FIG. 20 is an explanatory view illustrating a mode shift in

a seat conditioning device according to a fifth embodiment;
FIG. 21 is a schematic diagram illustrating an air-condi-

tioner according to a sixth embodiment;
FIG. 22 is a schematic diagram illustrating an electric

heater of the air-conditioner of the sixth embodiment;
FIG. 23 is a schematic diagram illustrating an electric

construction of the air-conditioner of the sixth embodiment;
FIG. 24 is a flow chart illustrating a fundamental control

process performed by an air-conditioning ECU of the air-
conditioner of the sixth embodiment;

FIG. 25 is a flow chart illustrating a process for determining
a blower voltage in the air-conditioner of the sixth embodi-
ment;

FIG. 26 is a flow chart illustrating a process for determining
an air inlet mode in the air-conditioner of the sixth embodi-
ment;

FIG. 27 is a flow chart illustrating a process for determining
an air outlet mode in the air-conditioner of the sixth embodi-
ment;

FIG. 2S is a flow chart illustrating a process for determining
a target after-evaporator temperature in the air-conditioner of
the sixth embodiment;

FIG. 29 is a flow chart illustrating a process for determining
a compressor rotation speed in the air-conditioner of the sixth
embodiment;

FIG. 30 is a flow chart illustrating a process for determining
a PTC operation number in the air-conditioner of the sixth
embodiment;

FIG. 31 is a flow chart illustrating a process for determining
a required water temperature in the air-conditioner of the
sixth embodiment;

FIG. 32 is a flow chart illustrating a process for determining
an operation of a water pump in the air-conditioner of the
sixth embodiment; and

FIG. 33 is a flow chart illustrating temperature control of a
seat heater in the air-conditioner of the sixth embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
hereafter referring to drawings. In the embodiments, a part
that corresponds to a matter described in a preceding embodi-
ment may be assigned with the same reference numeral, and
redundant explanation for the part may be omitted. When
only a part of a configuration is described in an embodiment,
another preceding embodiment may be applied to the other
parts of the configuration. The parts may be combined even if
it is not explicitly described that the parts can be combined.
The embodiments may be partially combined even if it is not
explicitly described that the embodiments can be combined,
provided there is no harm in the combination.

First Embodiment

A first embodiment will be specifically described with
reference to FIGS. 1-16.A driving force driving a driving
wheel of a vehicle is switched to be transmitted from a motor
generator 51 (M/G) or an engine 50 (E/G) by a hybrid elec-
tronic control unit (hybrid ECU, not shown). Further, the

6

10

16

20

26

30

36

40

46

60

66

60

66

hybrid ECU controls charge and discharge of a battery (not
shown) corresponding to an in-vehicle electricity storing
equipment.

The battery has a charging apparatus (not shown) for charg-
ing electric power consumed by air-conditioning and driving
of the vehicle. The charging apparatus has an outlet to be
connected to an electricity supply source such as a power
station or utility power source (home-use power source). The
battery is charged by connecting the electricity supply source
to the outlet.

An engine electronic control unit 61 (E/G ECU) shown in
FIG. 3 and the hybrid ECU conduct the following controls.

(I) The engine 50 is basically stopped while the vehicle is
stopped.

(ii) The driving force generated by the engine 50 is transmit-

ted to the driving wheel while the vehicle is driving except for
a slowdown time. The engine 50 is suspended, at the slow-

down time, and power generated by the motor generator 51
charges the battery.

(iii) The driving forces generated by the motor generator 51
and the engine 50 are transmitted to the driving wheel when
the vehicle has a large load at time of starting, acceleration,
going up a hill or high speed driving.

(iv) The driving force of the engine 50 is transmitted to the
motor generator 51, and the power generated by the motor
generator 51 charges the battery, when the charge amount of
the battery becomes lower than a target value.

(v) If the charge amount of the battery becomes lower than the
target value while the vehicle is stopped, the engine ECU 61
receives a signal which starts the engine 50, and the driving
force ofthe engine 50 is transmitted to the motor generator 51.
(vi) As shown in FIG. 3, a signal controlling a seat cooler 1011
or a seat heater 1012 is provided to a seat air-conditioning
device 101 which corresponds to a seat temperature control
system. The seat air-conditioning device 101heats or cools a
seat 1013on which an occupant of the vehicle is seated. The
seat cooler 1011or the seat heater 1012 is arranged in the seat
1013 in a well-known manner. In addition, a seat air-condi-
tioning controller 1014 is included in the seat air-condition-
ing device 101.A seat air-conditioning panel 1015 having a
seat switch (not shown) is connected to the seat air-condition-
ing controller 1014,and supplies manipulate signals manipu-
lating the seat air-conditioning device 101.

An air-conditioner 100 shown in FIG. 1 will be described.
The air-conditioner 100 is mounted to the vehicle with the
water-cooled engine 50, and has an air-conditioning unit
which air-conditions inside of a passenger compartment of
the vehicle. The air-conditioning unit is controlled by an
air-conditioner electronic control unit 60 (A/C ECU) shown
in FIG. 3.The air-conditioner 100 is used as what is called an
auto air-conditioner. The air-conditioner 100 air-conditions
inside of the passenger compartment by controlling refriger-
ant flow of a refrigerating cycle 1 and start of the engine 50.
Moreover, the air-conditioner ECU 60 may correspond to a
controller together with the seat air-conditioning controller
1014.

The air-conditioning unit is arranged ahead in the passen-
ger compartment, and has an air-conditioning case 10 through
which air passes. The air-conditioning case 10 has air inlets
11, 12 and air outlets on the opposite side opposite from the
air inlets 11, 12. Air goes to the passenger compartment
through the air outlets. The air-conditioning case 10 further
has an air passage 10a through which air passes from the air
inlets 11,12 to the air outlets. A blower unit 14 is arranged in
the case 10, on the upstream side adjacent to the air inlets 11,
12.
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The blower unit 14 (blower used for air-conditioning)
includes an inlet switch mechanism (door) 13 and a blower
16.The door 13 is driven with an actuator such as servo motor,
and may correspond to an air inlet switching portion which
changes opening degree of the air inlets 11, 12.

The air-conditioning unit is placed at the center position in
the left-and-right direction ofthe vehicle, under an instrument
board ahead in the passenger compartment. The blower unit
14 is located on the front side of the air-conditioning unit. The
air inlet 11 of the blower unit 14 draws air inside of the
passenger compartment.

The blower 16 is a centrifugal type fan generating air flow

going toward the passenger compartment in the air-condition-
ing case 10. The blower 16 is driven to rotate by a blower
motor 15 which is controlled by a blower drive circuit (not
shown). The blower 16 changes an amount ofconditioned-air
blown off from the air outlets toward the passenger compart-
ment.

An evaporator 7 and a heater core 34 are arranged in the
air-conditioning case 10, and may correspond to a heat
exchanger for air-conditioning (air-conditioning part) which
heats or cools air sent by the blower unit 14, then the condi-
tioned-air is sent to the air outlets. The evaporator 7 may be a
cooling heat exchanger which controls the temperature of the
conditioned-air passing through the case 10 toward the pas-
senger compartment, using refrigerant.

The heater core 34 is located downstream ofthe evaporator
7 in the air flow direction, and may correspond to a heating
heat exchanger, in which heat is exchanged between the air
passing through the air passage 10a and cooling water of the
engine 50, thereby heating the air. The cooling water circu-
lates in a cooling water circuit 31 due to an electric water
pump 32, and is warmed by a water jacket of the engine 50.A
radiator (not shown), a thermo stat (not shown), and the heater
core 34 are disposed in the circuit 31.

The temperature of the cooling water becomes high after
cooling the engine 50, and the high-temperature cooling
water flows through the heater core 34. The heater core 34
reheats the air cooled by the evaporator 7 using the high-
temperature cooling water as a heat source for heating. The
heater core 34 is placed in the air-conditioning case 10 to
block a part of the air passage 10a, and is located downstream
of the evaporator 7.

An air mix (mixing) door 17 is located upstream of the
heater core 34 in the air flow direction, and is used for con-
trolling the temperature in the passenger compartment. The
air mix door 17 is driven by an actuator such as servo motor.
Moreover, the air mix door 17 changes the blow-off tempera-
ture of the conditioned-air which is blown off from each air
outlet toward the passenger compartment. In other words, the
air mix door 17 is an air mix portion which controls the ratio
of the air passing through the evaporator 7 to the air passing
through the heater core 34.

The evaporator 7 is one of components constructing the
refrigerating cycle 1. The refrigerating cycle 1 includes a
compressor 41 which draws, compresses and discharges
refrigerant. The compressor 41 is driven by an electric motor
43 into which three-phase alternating current is input from an
inverter 42 after converting a direct current of the battery into
the three-phase alternating current with the inverter 42. The
refrigerating cycle 1 further includes a condenser 3, a receiver
5, an expansion valve 6 in addition to the evaporator 7 and the
compressor 41. The condenser 3 condenses refrigerant,
which is discharged from the compressor 41, into liquid state.
The receiver 5 separates the liquid refrigerant flowing from
the condenser 3 into gas state and liquid state. The expansion
valve 6 adiabatically expands the liquid refrigerant flowing
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from the receiver 5. The evaporator 7 evaporates the two-
phase (gas and liquid) refrigerant flowing from the expansion
valve 6.

When the rotation power of the electric motor 43 is trans-
mitted to the compressor 41, the evaporator 7 cools air. When
the rotation of the electric motor 43 is stopped, the discharge
of the refrigerant by the compressor 41 is stopped, and the
cooling of air conducted by the evaporator 7 is suspended.
Moreover, the battery is charged with the electric power ofthe
motor generator 51.Therefore, the compressor 41 driven with
the electric motor 43 constructs a compression portion of an
electrically-driven compressor (41, 42, 43) which obtains
electric power from the motor generator 51.The condenser 3
is placed at a position easy to receive the running wind pro-
duced when the vehicle (hybrid car) runs. The condenser 3
may construct an outdoor heat exchanger in which the refrig-
erant flowing inside exchanges heat with outside air venti-
lated with an outdoor fan 4 and the running wind.

The air outlets are located at the most downstream part in
the air-conditioning case 10.A defroster duct 23 connects a
defroster outlet of the air outlets to a defroster opening 1S,
which is open at the most downstream end of the defroster
duct 23. The defroster opening 1S mainly blows off warm air
toward an inner surface of a front windshield 49 of the
vehicle.

A face duct 24 connects a face outlet of the air outlets to a
face opening 19,which is open at the most downstream end of
the face duct 24. The face opening 19 mainly blows off cool
air toward a face and an upper body of an occupant of the
vehicle. A foot duct 25 connects a foot outlet of the air outlets
to a foot opening 20, which is open at the most downstream
end of the foot duct 25. The foot opening 20 mainly blows off
warm air toward a foot of the occupant.

Two outlet switching doors 21, 22 are rotatably mounted
on inner side of the outlets, and driven by actuator such as
servo motor, so as to change the air outlet mode to any one of
face mode, bilevel mode, foot mode, foot defroster mode, and
defroster mode.

An electric heater 35 is arranged downstream of the heater
core 34 in the air flow direction, and may correspond to an
auxiliary heating equipment which heats the air using a heat
source other than the waste heat of the engine 50.The electric
heater 35 heats the warm air which passed through the heater
core 51.As shown in FIG. 2, the electric heater 35 has heater
wires 351, 352, 353 which are made of PTC or Nichrome
resistor, which are connected in parallel with each other
between a power source Ba and the ground.

Switch elements SW1, SW2, SW3 are provided to the
heater wires 351, 352, 353, respectively. When the switch
element SW1, SW2, SW3 is turned on, electricity is supplied
to the heater wire 351, 352, 353 from the power source Ba.
When the switch element SW1, SW2, SW3 is turned off, the
electricity supply is stopped. The switch element SW1, SW2,
SW3 is turned on or offby the air-conditioner ECU 60 ofFIG.
3.

Electric construction of the air-conditioner 100 will be
described with reference to FIG. 3. The air-conditioner ECU
60 may correspond to a controller together with the seat
air-conditioning controller 1014. Ignition (IG) signal is out-

put when an ignition switch 74 (FIG. 3) is turned on. The
engine 50 (FIG. 1) is started or stopped by the ignition switch
74. When the ignition (IG) signal is output, the battery (in-
vehicle power source, not shown) supplies direct current to
the air-conditioner ECU 60 and the seat air-conditioning con-
troller 1014 so as to start computing and processing.

A communication signal is output from the engine ECU 61
to the air-conditioner ECU 60.A switch signal is output from
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each switch on the operation panel 70 arranged on the front
face of the passenger compartment to the air-conditioner
ECU 60. A sensor signal is output from each sensor to the
air-conditioner ECU 60. The engine ECU 61 may be referred
as fuel-injection ECU.

An operation system including the operation panel 70 is
explained with reference to FIGS. 5 and 6. FIG. 5 is a front
view illustrating the operation panel 70. FIG. 6 is a front view
illustrating an eco-mode switch 710 prepared in the instru-
ment panel of the vehicle. The eco-mode switch 710 is con-
nected to the air-conditioner ECU 60 and is used for setting an
eco-mode to save energy (power), for example, in the opera-
tion of the compressor 41. The eco-mode operation is set
when the eco-mode switch 710 is pushed once. If the eco-
mode switch 710 is pushed once again, non-eco-mode opera-
tion is set (eco-mode-off'. These operations are repeated
whenever the eco-mode switch 710 is pushed.

The operation panel 70 is connected to the air-conditioner
ECU 60 of FIG. 3, and the air-conditioner 100 is operated
through the operation panel 70. As shown in FIG. 5, the
operation panel 70 is disposed in the instrument panel of the
vehicle, and an occupant who is seated on the front seat can
operate the operation panel 70.

The operation panel 70 has a display 701, an A/C switch
702, a temperature setting switch 703, an air inlet setting
switch 704, a blower switch 705, a mode switch 706, an
outside air temperature display switch 707 and the like. The
display 701 displays various kinds of information. The air-
conditioner 100 is activated or stopped by the A/C switch
(operation switch) 702. The temperature setting switch 703 is
used for setting (raising or lowering) a preset temperature.
The air inlet setting switch 704 is used for manually selecting
the air inlet mode between an inside air mode and an outside
air mode. The blower switch 705 is used for setting (increas-
ing or decreasing) the amount of the conditioned air. The
mode switch 706 is used for selecting the air outlet which
blows off the conditioned-air. A temperature ofthe outside air
is displayed when the outside air temperature display switch
707 is turned on. In addition, the blower switch 704 corre-
sponds to a switch starting the air-conditioning. When the
blower switch 704 is turned on, a signal instructing the air-
conditioning is transmitted to the air-conditioner ECU 60.

It becomes possible to start or stop the air-conditioning
operation, to switch the air inlet mode between the inside air
mode and the outside air mode, to set the preset temperature,
the air amount and the air outlet mode, with looking at the
display 701, for the air-conditioner 100. The air-conditioner
ECU 60 enables the air-conditioning operation which is
based on the setting conducted on the operation panel 70.

The operation panel 70 further has an auto (AUTO) switch
70S. When the auto switch 70S is turned on, the air-condi-
tioner ECU 60 automatically sets the target blow off tempera-
ture, the air amount, the air outlet mode, etc. based on the
preset temperature, the temperature in the passenger com-
partment, the outside air temperature, the solar amount, etc. in
a manner that the temperature in the passenger compartment
agrees with the preset temperature. That is, the air-condi-
tioner ECU 60 sets the target blow off temperature based on
the preset temperature, the environmental condition, etc. , and
sets the rotation number of the compressor 41 (rotation speed
of the electric motor 43), the opening of the air mix door 17,
etc. so as to obtain the set target blow off temperature. Further,
the air-conditioner ECU 60 selects the air outlet and sets the
blow-off air amount (blower air amount).

Thus, the temperature in the passenger compartment is
maintained to agree with the preset temperature by perform-
ing the automatic air-conditioning operation based on the
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setting. Moreover, if the outside air temperature display
switch 707 is operated, an outside air temperature Tam
detected by an outside air temperature sensor 72 (FIG. 3) is
displayed on the display 701.

The air-conditioner ECU 60 is connected to the engine
ECU 61 and the hybrid ECU. For example, when an engine-
cooling-water temperature Tw detected by a cooling-water-
temperature sensor has not reached a predetermined tempera-
ture, the air-conditioner ECU 60 requires that the engine 50 is
turned on (engine-on-demand). Therefore, the engine 50 is
driven to raise the engine-cooling-water temperature Tw,
thereby enabling the heater core 34 to conduct the heating
operation sufficiently. Moreover, fuel can be saved by stop-
ping the engine 50.

In the air-conditioner 100, the eco-mode (economy mode,
energy-saving mode) can be set to save the energy. Specifi-
cally, in the air-conditioner 100, operation mode is selected
between the eco-mode which gives priority to the energy-
saving effect and an auto mode which gives priority to the
comfortableness in the passenger compartment.

The eco-mode switch 710 is connected to the air-condi-
tioner ECU 60, and is used for selecting the eco-mode or not
as a selecting portion. As shown in FIG. 6, the eco-mode
switch 710 is located at a specified position of the instrument
panel operatable by an occupant. Moreover, the eco-mode
switch 710 is turned on and off by pressing or touching the
switch 710, so as to switch the mode between the eco-mode
and the non-eco-mode (eco-mode-off'. When the eco-mode
is selected, a light emitting diode ofan eco-mode display part
710a emits light.

The air-conditioner ECU 60 includes a well-known micro-
computer (not shown) with CPU (central processing unit)
which performs computing and processing, memory such as
ROM or RAM, and I/O port (input/output circuit).

A sensor signal output from a sensor has A/D conversion by
the I/O port or A/D conversion circuit, and the converted
signal is input into the microcomputer. The air-conditioner
ECU 60 is connected with an inside air temperature sensor 71,
an outside air temperature sensor 72, a solar amount sensor 73
and the ignition switch 74. The inside air temperature sensor
71 detect an inside air temperature Tr around a driver' s seat of
the vehicle. The outside air temperature sensor 72 detects the
outside air temperature Tam (outdoor air temperature) outside
of the passenger compartment. The solar amount sensor 73
detects the solar amount Ts outside ofthe passenger compart-
ment. The ignition switch 74 (start-up switch) is operated to
start the vehicle. The IG signal is input into the air-conditioner
ECU 60 when the ignition switch 74 is turned on.

Moreover, the air-conditioner ECU 60 is connected with an
after-eva temperature sensor and a humidity sensor (not
shown in FIG. 3). The after-eva temperature sensor detects a
temperature of air immediately after passing through the
evaporator 7 (as an after-eva temperature TE). The humidity
sensor detects a relative humidity in the passenger compart-
ment.

The cooling-water-temperature sensor (not shown) detects
the engine-cooling-water temperature Tw of the vehicle, and
is connected to the engine ECU 61.The air-conditioner ECU
60 acquires the engine-cooling-water temperature Tw
through the engine ECU 61.Moreover, the inside air tempera-
ture sensor 71, the outside air temperature sensor 72, the
after-eva temperature sensor, and the cooling-water-tempera-
ture sensor may be made of thermo element such as a ther-
mistor, for example.

Furthermore, the solar amount sensor 73 has a solar
amount level detector detecting the solar amount level irradi-
ated into the passenger compartment, and may be constructed
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by a photodiode, for example. The humidity sensor and the
inside air temperature sensor 71 are accommodated in a
recess formed in the front face of the instrument panel near
the driver's seat, and are used for determining whether the
defroster mode is set for defrosting the front windshield 49
(FIG. 1).

Operations conducted by the air-conditioner ECU 60 will
be described with reference to FIG. 4. FIG. 4 is a flow chart
illustrating an example of control process performed by the
air-conditioner ECU 60. First, if the ignition switch 74 is
turned on, for example, by the driver to switch the parked state
to the drivable state, a direct current power source is supplied
to the air-conditioner ECU 60, and the control program
beforehand memorized in the memory will be executed.

At S1, the contents of the memory in the microcomputer of
the air-conditioner ECU 60 are initialized, and the air-condi-
tioner ECU 60 moves to S2. At S2, the switch signal is read
from the various operation switches including the eco-mode
switch 710 of FIG. 6.

At S3, the sensor signal is read from the various sensors,
and the air-conditioner ECU 60 moves to S4. In S2 and S3,
various data are read into the memory for processing data.
The sensor signal may be the inside air temperature Tr
detected by the sensor 71, the outside air temperature Tam
detected by the sensor 72, the solar amount Ts detected by the
sensor 73, the after-eva temperature Te detected by the after-
eva temperature sensor, and the engine-cooling-water tem-
perature Tw detected by the cooling-water-temperature sen-
sor.

At S4, the target blow off temperature TAO is calculated by
inputting the data into the following Expression I memorized
in advance, and the air-conditioner ECU 60 moves to S5.

TAO =Ksetx Tset —Krx Tr—Kamx Tam —Ksx Ts+C (Expression ti

Here, Tset represents the preset temperature set with the
temperature setting switch. Tr represents the inside air tem-
perature. Tam represents the outside air temperature. Ts rep-
resents the solar amount. Values of Kset, Kr, Kam and Ks are
gains, and a value of C is a correcting constant for the whole
of Expression I.A control value of the actuator of the air mix
door 17 and a control value of the rotation speed of the water
pump 32 are computed by using the TAO value and the signal
output from the sensor.

At S5, the blower voltage is determined. The blower volt-
age is a voltage applied to the blower motor 15, and the
blow-off air amount is changed according to the blower volt-
age. Details of S5 are mentioned later.

At S6, the air inlet mode is determined based on the target
blow off temperature TAO by executing a process for deter-
mining the air inlet mode. Thus, the air inlet from which air is
drawn into the air-conditioning case 10 is determined, and the
air-conditioner ECU 60 moves to S7. Details of S6 are men-
tioned later.

At S7, the air outlet mode is determined based on the target
blow off temperature TAO by executing a process for deter-
mining the air outlet mode to be described below. Thus, the air
outlet from which the conditioned-air is blown off to the
passenger compartment is determined, and the air-condi-
tioner ECU 60 moves to SS.For example, the air outlet mode
may be set based on a map memorized in the ROM so as to
correspond to the target blow off temperature TAO.

At SS, a process for determining the compressor rotation
speed to be described below is executed, and the air-condi-
tioner ECU 60 moves to S9.

At S9, a process for determining the operation number of
the PTC heater (electric heater) to be described below is
executed.
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At S10,a process for determining the required temperature
of the engine cooling water to be described below is executed
based on the target blow off temperature TAO etc. in order to
use the engine cooling water as heat source for heating and
defrosting, and the air-conditioner ECU 60 moves to S11.
Details of S10 are mentioned later.

At S11, a process for determining the operation of the
water pump is executed based on the engine-cooling-water
temperature Tw etc. so as to turn on or off the electric water
pump 32 (FIG. 1), and the air-conditioner ECU 60 moves to
S12. Details of S11 are mentioned later.

At S12, a control signal is output to the actuator, such that
each control state computed or determined at S4-S11 is
acquired, and the air-conditioner ECU 60 moves to S13.At
S12, the display of the eco-mode and the auto mode is also
controlled.

Moreover, at S12, a signal in connection with the target
blow off temperature TAO computed at S4 is sent to the seat
air-conditioning controller 1014 in the seat air-conditioning
device 101.Moreover, the operation information of the eco-
mode switch read at S2 is transmitted to the seat air-condi-
tioning controller 1014 in the seat air-conditioning device
101, so as to report whether the air-conditioner 100 is oper-
ating with the eco-mode or the non-eco-mode. Moreover, the
state information (ON or OFF) of the ignition switch 74, and
the operation information of the auto switch 70S are also
transmitted to the seat air-conditioning controller 1014 in the
seat air-conditioning device 101 from the air-conditioner
ECU 60, so as to report whether the air-conditioner 100 is
operating with the manual mode or the auto mode.

The following control is performed in the seat air-condi-
tioning controller 1014 of the seat air-conditioning device
101.At the time ofeco-mode, the seat air-conditioning device
101 is automatically operated with a seat auto mode. Specifi-
cally, the seat heater 1012 is turned on immediately after the
eco-mode is set, so an occupant of the vehicle is restricted
from feeling cold even when a target temperature of the
air-conditioner 100 is set lower at the eco-mode.

As shown in FIG. 3, the seat air-conditioning device 101
has the seat heater 1012 and the seat air-conditioning panel
1015.The seat heater 1012 heats the seat 1013using electric
heater. The seat air-conditioning panel 1015has a seat heater
switch (hereinafter referred as seat SW) which controls the
seat heater 1012.Moreover, the seat air-conditioning device
101 operates in a seat manual mode or the seat auto mode. At
the seat manual mode, the temperature of the seat 1013 is
gradually (stepwise) controlled by manually operating the
seat heater switch of the seat air-conditioning panel 1015.

As shown in FIG. 7, the seat manual mode of the seat
air-conditioning device 101has a manual-OFF, a manual-Lo,
a manual-Me, and a manual-Hi, which are set in order of the
temperature from low to high. The seat air-conditioning
device 101receives a signal of the target blow off temperature
TAO from the air-conditioner ECU 60.

When the seat air-conditioning device 101 is set in the seat
auto mode by the seat auto switch of the seat air-conditioning
panel 1015, the temperature of the seat 1013 is changed
according to the target blow off temperature TAO. When the
seat heater 1012 operates with the seat auto mode, the mode
is changed in order of an auto-OFF, an auto-Lo, an auto-Me,
and an auto-Hi, which are set in order of the temperature from
low to high.

In FIG. 7, when the seat air-conditioning device 101 is set
in the seat manual mode, the seat heater 1012 is changed in
order of the manual-OFF, the manual-Lo, the manual-Me,
and the manual-Hi by every operating the seat heater switch
of the seat air-conditioning panel 1015.
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For example, at the time of the manual-OFF, if the eco-
mode switch 710 of FIG. 6 is operated to change the air-

conditioner 100 from the non-eco-mode to the eco-mode, the
control state is shifted as shown in an arrow direction Y7 of
FIG. 7. Thereby, the operation of the seat air-conditioning
device 101 is changed to the seat auto mode, in which the
auto-OFF, the auto-Lo, the auto-Me or the auto-Hi is auto-
matically selected based on the target blow off temperature

TAO, as shown in FIG. S.
While the seat air-conditioning device 101 is operated with

the seat auto mode, if the seat heater switch (seat SW) of the
seat air-conditioning panel 1015 is operated, the mode is
shifted from the auto-OFF to the manual-Lo, from the auto-
Lo to the manual-Me, from the auto-Me to the manual-Hi, or
from the auto-Hi to the manual-OFF.

The shifting state in the seat auto mode is also shown in
FIG. 7. Every time when a signal is received from the air-

conditioner ECU 60, the mode is shifted automatically in
order of the auto-OFF, the auto-Lo, the auto-Me, and the
auto-Hi according to the target blow off temperature TAO, as
shown in FIG. S. The temperature of the seat heater 1012
becomes low in order of Hi, Me and Lo.

Left graph of FIG. 9 illustrates a relationship between the
temperature of the seat heater 1012 (heater temperature) and
ON or OFF ofthe seat heater 1012,at the mode of auto-Hi and
manual-Hi. The heater temperature represents a target tem-
perature (' C.) of the seat heater 1012 at each mode. Thus, at
the time of the manual-Hi and the auto-Hi, when the tempera-
ture of the seat heater 1012 becomes 47' C., the seat heater
1012 is turned on. In contrast, when the temperature of the
seat heater 1012 becomes 47.5' C., the seat heater 1012 is
turned off. The seat heater 1012 is turned on or off with the
hysteresis. The control is started from an operating state indi-
cated by a circle mark in FIG. 9 at the control start time.

Center graph of FIG. 9 illustrates a relationship between
the temperature of the seat heater 1012 (heater temperature)
and ON or OFF of the seat heater 1012, at the mode of
auto-Me and manual-Me.

Right graph ofFIG. 9 illustrates a relationship between the
temperature of the seat heater 1012 (heater temperature) and
ON or OFF ofthe seat heater 1012,at the mode ofauto-Lo and
manual-Lo.

When the air-conditioner 100 is switched from the non-
eco-mode to the eco-mode to reduce the power of the com-
pressor 41 by operating the eco-mode switch 710, the target
temperature in the passenger compartment is set lower. At the
moment setting the eco-mode, as shown in FIG. 7, the seat
air-conditioning device 101 is automatically set into the seat
auto mode. As a result, the temperature of the seat heater 1012
is promptly and optimally controlled according to the target
blow off temperature TAO, as shown in FIG. S.Therefore, the
occupant can be restricted from feeling cold.

The above explanation is conducted as to the operation of
the seat heater 1012 of the seat air-conditioning device 101.
The seat air-conditioning device 101 is further equipped with
the seat cooler 1011made of, for example, Peltier element,
and the same control is possible also for the seat cooler 1011.
The air-conditioner 100 may be switched from the non-eco-
mode to the eco-mode to reduce the power of the compressor
41 by operating the eco-mode switch 710when the seat cooler
1011 is operated in summer. At the moment setting the eco-
mode to increase the target temperature in the passenger
compartment, the seat air-conditioning device 101 is set into
the seat auto mode, similarly to FIG. 7. As a result, the
temperature of the seat cooler 1011is promptly and optimally
controlled according to the target blow off temperature TAO
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to cool the occupant, so the occupant can be restricted from
feeling uncomfortable to the minimum.

At S13 of FIG. 4, when a predetermined time T is elapsed,
S2 is restarted.

Next, each control conducted by the air-conditioner ECU
60 is explained in more detail.

First, the blower voltage determination process (S5) is
explained. Specifically, S5 is performed based on FIG. 10.
The blower voltage is a voltage applied to the blower motor 15
which is driven with power supplied from the battery. As
shown in FIG. 10, it is determined whether the setting of the
air amount is auto (automatic) at S61.When the setting of the
air amount is auto, the air-conditioner ECU 60 moves to S62.
When the setting of the air amount is not auto, the air-condi-
tioner ECU 60 moves to S69.

At S62, a temporary blower level f(TAO), which will serve
as a base, is calculated from a map. The blower level at the
eco-mode is set lower than the blower level at the non-eco-
mode. Thereby, power consumption of the blower is reduced,
and the rise in the temperature of the evaporator 7 becomes
late at a cooling operation time. In contrast, at a heating
operation time, because the decrease in the temperature of the
cooling water of the engine becomes late, energy required by
the air-conditioner 100 can be reduced.

At S63, a warm-up air amount f(Tw) is computed accord-
ing to the water temperature of the heater core 34 and the PTC
operation number of the electric heater 35.

At S64, the air outlet mode is determined as the foot mode
(FOOT), the bilevel mode (B/L), the foot defroster mode
(F/D), or the other.

When the air outlet mode is determined as one of the foot
mode (FOOT), the bilevel mode (B/L), and the foot defroster
(F/D) mode, the air-conditioner ECU 60 progresses to S65.

At S65, it is determined which is larger between the mini-
mum value of the temporary blower level f(TAO) and the
warm-up air amount f(Tw), and the blower level is set by the
larger one. At S66, the blower level selected at S65 is con-
verted into a blower voltage using a map.

When the air outlet mode is determined as the other at S64,
for example when the air outlet mode is set only at the face
mode (FACE), the air-conditioner ECU 60 progresses to S67.
At S67, the temporary blower level f(TAO) is selected as a
blower level. At S6S, the selected blower level f(TAO) is
converted into a blower voltage using a map.

When the setting of the air amount is manual at S61,
voltage (from 4V to 12V) is applied to the blower motor 15
based on a map at S69.

Next, the air inlet mode determination process (S6) is
explained based on FIG. 11.As shown in FIG. 11,at S71, it is
determined whether the air inlet control is auto or not. When
the air inlet control is auto, the air inlet switch control is
performed according to the target blow off temperature TAO
at S73. When the air inlet control is manual, the air inlet
control is performed according to the manual setting at S72.
That is, the outside air introduction rate is set as 0% at the time
of inside air mode (REC), or is set as 100% at the time of
outside air mode (FRS).

Next, the air outlet mode determination process (S7) is
explained based on FIG. 12. As shown in FIG. 12, the air
outlet mode is determined as one of the face mode (FACE),
the bilevel mode (B/L) and the foot mode (FOOT) according
to the target blow off temperature TAO.

Next, the compressor rotation number determination pro-
cess (SS) is explained based on FIG. 13.As shown in FIG. 13,
at S91, a temperature deviation En is calculated, using the
following Expression 2, by subtracting an actual after-eva



13
US 9,371,024 B2

14
temperature TE from a target after-eva temperature TEO
computed using the detection signals of the sensors.

En =TEO—TE (Expression 2i

Then, a deviation variation rate EDOT is calculated, using
the Expression 3, and a rotation number variation Af of the
compressor is calculated from a map example shown in FIG.
13. A value of En-I represents a last time deviation value
before a deviation En, and n is a natural number.

EDOT=En —En —I (Expression 3i

The value of En is updated once per second, therefore the
value of En—I is a value one second ago relative to En.

The example map (example at the time of cooling opera-
tion) representing the relationship among the deviation En,
the deviation variation rate EDOT and the rotation number
variation Af is shown in S91ofFIG. 13.An increase/decrease
rotation number variation Af is calculated relative to the one-
second-before compressor rotation number fn —I based on the
map memorized in the ROM of the air-conditioner ECU 60
using En and EDOT.

Alternatively, the rotation number variation Af calculated
based on the deviation En and the deviation variation rate
EDOT may be calculated through a fuzzy control based on a
predetermined membership function and rule memorized in
the ROM. Thus, the rotation number variation Af is calculated
every second for the compressor.

At S92, it is determined whether the eco-mode is set by
turning on the eco-mode switch 710 of FIG. 6. When the
eco-mode is not set at S92, the maximum rotation number
MAX-f is set as 10000 rpm at S93.Then, at S95, it is deter-
mined whether the sum of the last rotation number LAST-f
and the rotation number variation Af is smaller than the maxi-
mum rotation number MAX-f (10000 rpm). The value of the
smaller one is set as the present time compressor rotation
number PRESENT-f.

When the eco-mode is set at S92, the maximum rotation
number MAX-f is set as 7000 rpm at S96.

Then, at S95, it is determined whether the sum of the last
rotation number LAST-f and the rotation number variation Af
is smaller than the maximum rotation number MAX-f (7000
rpm). The value of the smaller one is set as the present time
compressor rotation number PRESENT-f.

The maximum rotation number MAX-f is set as 7000 rpm
at the eco-mode, which is lower than 10000 rpm set at the
non-eco-mode. In other words, the maximum rotation num-
ber is reduced in the eco-mode, so the power consumption of
the compressor 41, 42, 43 can be reduced at the eco-mode.

Next, the PTC operation number determination process
(S9) is explained based on FIG. 14.As shown in FIG. 14, at
S101, it is determined whether the blower switch 705 (FIG. 5)
is set ON. Specifically, it is determined that the blower switch
705 is ON when AUTO, LO, ME, or HI is set for the air
amount by operating the blower switch 705, other than OFF.
When it is determined that the blower switch 705 is ON at
S101, the operation number of the electric heater 35 is com-
puted based on the engine-cooling-water temperature Tw, at
S102.

Specifically, as shown in the characteristics map of FIG.
14, when the engine-cooling-water temperature Tw is lower
than 71' C., the operation number of the electric heater 35 is
set into three. When the engine-cooling-water temperature
Tw is higher than or equal to 71' C. and is lower than 74' C.,
the operation number of the electric heater 35 is set into two.
When the engine-cooling-water temperature Tw is higher
than or equal to 74' C. and is lower than 77' C., the operation
number of the electric heater 35 is set into one. When the
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Tw 0 =i&(TAO—A Tpet) —(TEx0.2OI0. 8 (Expression 4i

The engine-off water temperature Toff is set into smaller
one between the reference engine-cooling-water temperature
TwO and 70' C., as shown in the Expression 5.

Toff=MIN(Tw0, 70) (Expression 6i

The engine-on water temperature Ton is set by subtracting
a predetermined value such as 5' C. from the engine-off water
temperature Toff, thereby restricting the engine 50 from fre-
quently turning on/off.

In addition, the reference engine-cooling-water tempera-
ture TwO is an engine-cooling-water temperature needed
when it is assumed that the warm air temperature before air
mix becomes to agree with the target blow off temperature
TAO. TE represents the after-eva temperature. ATptc is an
estimation value for an increase in the blow off temperature
due to the electric heater 35, and is calculated on a map
according to the operation number of the electric heater 35.

At S112,it is determined whether the engine-on demand is
needed based on the engine-cooling-water temperature. At
S112,the engine-on demand is determined temporarily. Spe-
cifically, the actual engine-cooling-water temperature Tw is
compared with the engine-off water temperature Toff and the
engine-on water temperature Ton calculated at S111.When
the engine-cooling-water temperature is lower than the
engine-on water temperature Ton, it is temporarily deter-
mined that the engine 50 is turned on as f(Tw)=ON. When the
engine-cooling-water temperature is higher than the engine-
off water temperature Toff, it is temporarily determined that
the engine 50 is turned off as f(Tw)=OFF.

At S113, it is determined whether the seat heater 1012
(FIG. 3) of the seat air-conditioning device 101 is ON, which
warms the seat for an occupant. When the seat heater 1012 is
OFF at S113, f(SA) is calculated according to the solar
amount SA at S114.When the seat heater 1012 is ON at S113,
f(SA) is calculated according to the solar amount SA at S115,
which is lower than f(SA) of S114.

At S116,f(OT) is selected between ON and OFF according
to the value of f(SA) calculated at S114 or S115.OT means
the outside air temperature. At the control start time, f(OT) is
set as OFF at S116.

engine-cooling-water temperature Tw is higher than or equal
to 77' C., the operation number of the electric heater 35 is set
into zero.

When it is determined that the blower switch 705 is OFF at
S101, the electric heater 35 is set OFF (operation number is
zero) at S103. After the operation number of the electric
heater 35 is determined, the switch element SW1, SW2, SW3
ofFIG. 2 is turned on or offbased on the determination. Thus,
the heat amount provided to air passing through the heater
core 34 can be controlled by the operation number of the
electric heater 35.

Next, the required water temperature determination pro-
cess (S10) is explained based on FIG. 15. FIG. 15 is a flow
chart explaining details of the required water temperature
determination process of FIG. 4.

As shown in FIG. 15, at S111, an engine-off water tem-
perature Toff and an engine-on water temperature Ton are
calculated, which are determination threshold value used for
determining an engine-on demand based on the engine-cool-
ing-water temperature. The engine-off water temperature
Toff is a threshold temperature for stopping the engine 50, and
the engine-on water temperature Ton is a threshold tempera-
ture for activating the engine 50.

A reference engine-cooling-water temperature TwO is
computed with the Expression 4.
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At S117,it is determined whether there is a final engine-on

demand output from the air-conditioner ECU 60. When the
eco-mode is set, if the target blow off temperature TAO is
higher than or equal to 20' C., and if f(Tw) =ON, the engine 50
is usually allowed to be ON. However, the engine 50 is not
allowed to be ON if f(OT)=OFF and if the preset temperature
is less than 28' C., in this case.

Moreover, when the seat heater 1012 is ON at S113, the
value of f(SA) is made smaller, because the occupant easily
feels too hot. It is made difficult to allow the engine-on
demand when the seat heater 1012 is ON, thus fuel consump-
tion can be reduced while the minimum heating is achieved.
Furthermore, the noise can be reduced outside of the vehicle,
and the power charged in the battery can be effectively used.
Moreover, as the solar amount is increased, the engine-on
demand is made difficult to be allowed, because the occupant
easily feels too hot. Therefore, the minimum heating, the fuel
saving, the noise reduction and the effective use of the
charged power can be achieved.

Next, the electric water pump operation determination pro-
cess (S11)is explained based on FIG. 16.As shown in FIG.
16, at S121, it is determined whether the engine-cooling-
water temperature Tw (water temperature) detected by the
cooling-water-temperature sensor is higher than the after-eva
temperature TE. When the water temperature Tw is deter-
mined to be lower than or equal to the after-eva temperature
TE, the water pump 32 is determined to be OFF at S122, and
S11 is ended.

While the engine-cooling-water temperature Tw detected
by the cooling-water-temperature sensor is comparatively
low and is lower than or equal to the after-eva temperature TE,
if the engine cooling water is made to flow through the heater
core 34, the blow off temperature will be lowered. Therefore,
the electric water pump 32 is turned off at S122.

In contrast, when the water temperature Tw is determined
to be higher than the after-eva temperature TE at S121, it is
determined whether the blower 16 (FIG. 1) is ON or not at
S123.If the blower 16 is not ON, the water pump 32 is turned
OFF at S122, and S11 is ended. If the blower 16 is ON at
S123, the water pump 32 is turned ON at S124, and S11 is
ended.

That is, when the engine-cooling-water temperature Tw is
comparatively high and when the blower 16 is OFF (stop), the
electric water pump 32 is turned off to save the power. In
contrast, when the blower 16 is ON, the electric water pump
32 is turned on. Thereby, the heat of the engine cooling water
can be used for air-conditioning also when the engine 50 is
off. Therefore, the blow off temperature can be raised to agree
with the target blow off temperature TAO. Thus, the tempera-
ture in the passenger compartment can be restricted from
lowering even when the engine 50 is off.

At S12 of FIG. 4, control signals are output to control the
blower 16, the rotation speed of the compressor 41 through
the inverter 42, the rotation speed of the outdoor fan 4, the air
inlet switching door 13, the air outlet switching doors 21 and
22, the electric water pump 32, and the operation number of
the heater wires (PTC) 351-353 of the electric heater 35.
Moreover, the display operation in connection with the dis-

play 710a of the eco-mode switch 710 and the display 70Sa of
the auto switch 708 are controlled at S12.

The auto switch 708 is provided in the operation panel 70
ofFIG. 5.When the control is performed at the auto mode, the
light emitting diode (LED) of the auto mode display 70Sa in
the auto switch 708 emits light, so as to indicate that the
operation is being performed with the auto mode (namely, an
auto indicator corresponding to the auto mode display 70Sa
lights up).
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The eco-mode switch 710 of FIG. 6 which switches the
mode between the eco-mode and the non-eco-mode is
arranged in the passenger compartment. When the eco-mode
is selected by operating the eco-mode switch 710 by the
occupant, the light emitting diode in the eco-mode switch 710
lights up, so as to indicate that the operation is being per-
formed with the eco-mode (namely, an eco-mode indicator
corresponding to the eco-mode display 710a lights up).

According to the first embodiment, the seat air-condition-
ing device 101 which heats or cools the seat 1013 in the
passenger compartment is operated with the manual mode or
the auto mode. At the manual mode, the heating or cooling is
controlled according to the value which is manually set. At the
auto mode, the heating or cooling is controlled according to
the automatically-set value (target blow off temperature
TAO).

The air-conditioner ECU 60 automatically sets the auto
mode for the seat air-conditioning device 101,when the eco-
mode is set for the compressor 41 with the eco-mode switch
710. Therefore, the seat air-conditioning device 101 auto-
matically operates with the auto mode in response to the
eco-mode, in which the conditioning degree is lowered to
save the power, however, the occupant can be restricted from
feeling the shortage in the air-conditioning due to the opera-
tion of the seat air-conditioning device 101.

The seat air-conditioning device 101 has the seat heater
1012 and the seat cooler 1011.The seat heater 1011controls
the seat temperature in response to the eco-mode in which the
target temperature is set slightly lower, however, the occupant
is restricted from feeling cold due to the working of the seat
heater 1011.Also when the cooling operation is conducted,
the seat cooler 1011 restricts the occupant from feeling too
hot.

The seat air-conditioning device 101which heats or cools
the seat 1013 in the passenger compartment is operated with
the manual mode or the auto mode. When the eco-mode is set,
the seat air-conditioning device 101 is set into the auto mode.
Therefore, the air-conditioning can be backed-up by the seat
air-conditioning device 101 at the eco-mode, more suitably
for the environment of the passenger compartment.

Second Embodiment

A second embodiment will be described with reference to
FIG. 17 in addition to FIGS. 1-16. In each subsequent
embodiment, the same reference number is given to the same
component as the first embodiment, and its explanation is
omitted. Points and features different from the first embodi-
ment will be described in details.

When the target temperature in the passenger compartment
is lowered by setting the eco-mode by operating the eco-mode
switch 710, and when the auto switch 708 of FIG. 5 is turned
on, the seat air-conditioning device 101is automatically oper-
ated with the seat auto mode. Thereby, the seat heater 1012of
the seat air-conditioning device 101 is turned on immediately
at the moment when the auto mode is set. For this reason, the
occupant is restricted from feeling cold.

In FIG. 3, the seat air-conditioning device 101has the seat
heater 1012 which warms the seat 1013 by electric heater.
Further, the seat heater switch (seat SW) is provided in the
seat air-conditioning panel 1015which is operated to control
the seat heater 1012. The seat air-conditioning device 101
operates with the seat manual mode or the seat auto mode. At
the manual mode, the temperature of the seat 1013is stepwise
raised by manually operating the seat heater switch.

As shown in FIG. 17, the seat manual mode of the seat
air-conditioning device 101has the manual-OFF, the manual-
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Lo, the manual-Me, and the manual-Hi, which are set in order
ofthe temperature from low to high. The seat air-conditioning
device 101receives a signal of the target blow off temperature
TAO from the air-conditioner ECU 60.

When the seat air-conditioning device 101 is set in the seat
auto mode by the seat auto switch of the seat air-conditioning
panel 1015, the temperature of the seat 1013 is changed
according to the target blow off temperature TAO. When the
seat heater 1012 operates with the seat auto mode, the mode
is changed in order ofthe auto-OFF, the auto-Lo, the auto-Me,
and the auto-Hi, which are set in order of the temperature
from low to high.

In FIG. 17 illustrating the second embodiment, when the
seat air-conditioning device 101 is set in the seat manual

mode, the seat heater 1012 is changed in order of the manual-

OFF, the manual-Lo, the manual-Me, and the manual-Hi by
every operating the seat heater switch of the seat air-condi-

tioning panel 1015.
For example, at the time of the manual-OFF, while the

eco-mode switch 710 of FIG. 6 is operated to change the
air-conditioner 100 from the non-eco-mode to the eco-mode,
the auto switch 70S ofFIG. 5 may be turned ON. At this time,
as shown in an arrow direction Y17 of FIG. 17, the operation
of the seat air-conditioning device 101 is switched to the seat
auto mode. In the seat auto mode, the control state is auto-
matically shifted among the auto-OFF, the auto-Lo, the auto-
Me, and the auto-Hi based on the target blow off temperature
TAO.

While the seat air-conditioning device 101 is operated with
the seat auto mode, if the seat heater switch (seat SW) is
operated, the mode is shifted from the auto-OFF to the
manual-Lo, from the auto-Lo to the manual-Me, from the
auto-Me to the manual-Hi, or from the auto-Hi to the manual-
OFF.

The shifting state at the seat auto mode is described. Every
time when a signal is received from the air-conditioner ECU
60, the mode is shifted automatically in order of the auto-
OFF, the auto-Lo, the auto-Me, and the auto-Hi according to
the target blow off temperature TAO, similarly to FIG. S.The
temperature of the seat heater 1012 becomes low in order of
Hi, Me and Lo.

Left graph of FIG. 9 illustrates a relationship between the
temperature of the seat heater 1012 (heater temperature) and
ON or OFF ofthe seat heater 1012,at the mode of auto-Hi and
manual-Hi. The heater temperature represents a target tem-
perature (' C.) of the seat heater 1012 at each mode.

Center graph of FIG. 9 illustrates a relationship between
the temperature of the seat heater 1012 (heater temperature)
and ON or OFF of the seat heater 1012, at the mode of
auto-Me and manual-Me.

Right graph ofFIG. 9 illustrates a relationship between the
temperature of the seat heater 1012 (heater temperature) and
ON or OFF ofthe seat heater 1012,at the mode ofauto-Lo and
manual-Lo.

When the air-conditioner 100 is switched from the non-
eco-mode to the eco-mode to reduce the power of the com-
pressor 41 by operating the eco-mode switch 710, and when
the auto mode is set for the operation of the air-conditioner
100 by turning on the auto switch 70S, the target temperature
in the passenger compartment is set lower, and the auto mode
is set for the operation of the air-conditioner 100.

At the moment receiving a signal representing the change
in the control of the air-conditioner 100, as shown in FIG. 17,
the seat air-conditioning device 101 is automatically set into
the seat auto mode. As a result, the temperature of the seat
heater 1012 is promptly and optimally controlled according
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to the target blow off temperature TAO, as shown in FIG. S.
Therefore, the occupant can be restricted from feeling cold.

The above explanation is conducted as to the operation of
the seat heater 1012 of the seat air-conditioning device 101.
The seat air-conditioning device 101 is further equipped with
the seat cooler 1011made of, for example, Peltier element,
and the same control is possible also for the seat cooler 1011.
The air-conditioner 100 may be switched from the non-eco-
mode to the eco-mode to reduce the power of the compressor
41 by operating the eco-mode switch 710when the seat cooler
1011 is operated in summer. At the moment setting the eco-
mode to increase the target temperature in the passenger
compartment, the seat air-conditioning device 101 is set into
the seat auto mode. As a result, the temperature of the seat
cooler 1011 is promptly and optimally controlled according
to the target blow off temperature TAO to cool the occupant,
so the occupant can be restricted from feeling uncomfortable.

According to the second embodiment, the auto mode
switch 70S is provided for setting the auto mode in which the
temperature ofthe conditioned-air is automatically controlled

by the air-conditioner ECU 60. The seat air-conditioning
device 101 is activated when the eco-mode is set and when
there is a signal instructing the automatic control input from
the auto mode switch 70S.

Therefore, the seat air-conditioning device 101 is auto-
matically operated in response to the auto mode of the air-
conditioner 100 even if the air-conditioning degree in the
passenger compartment is lowered by setting the eco-mode.
Thus, the occupant can be restricted from feeling the shortage
in the air-conditioning.

Third Embodiment

A third embodiment will be described with reference to
FIG. 1S in addition to FIGS. 1-16. In each subsequent
embodiment, the same reference number is given to the same
component as the first embodiment, and its explanation is
omitted. Points and features different from the first embodi-
ment will be described in details.

In the third embodiment, when the eco-mode is set for the
air-conditioner 100, and when the ignition switch 74 is turned

on, the seat heater 1012 is turned ON at the moment. Alter-
natively, when the eco-mode is set for the air-conditioner 100,
and when a signal starting the air-conditioning is output from
the blower switch 705 by turning on the blower switch 705,
the seat heater 1012 is turned ON at the moment. Thus, the
occupant is restricted from feeling cold.

In FIG. 3, the seat air-conditioning device 101has the seat
heater 1012which warms the seat 1013by electric heater, and
the seat heater switch (seat SW of FIG. 1S) in the seat air-
conditioning panel 1015which controls the seat heater 1012.
The seat air-conditioning device 101 operates with the seat
manual mode or the seat auto mode. At the manual mode, the
temperature of the seat 1013 is stepwise raised by manually
operating the seat heater switch.

The seat manual mode of the seat air-conditioning device
101has the manual-OFF, the manual-Lo, the manual-Me, and
the manual-Hi, which are set in order of the temperature from
low to high. The seat air-conditioning device 101 receives a
signal of the target blow off temperature TAO from the air-
conditioner ECU 60.

When the seat air-conditioning device 101 is set in the seat
auto mode by the seat auto switch of the seat air-conditioning
panel 1015, the temperature of the seat 1013 is changed
according to the target blow off temperature TAO. When the
seat heater 1012 operates with the seat auto mode, the mode
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is changed in order ofthe auto-OFF, the auto-Lo, the auto-Me,
and the auto-Hi, which are set in order of the temperature
from low to high.

In FIG. 1S illustrating the third embodiment, when the seat
air-conditioning device 101is set in the seat manual mode, the
seat heater 1012 is changed in order of the manual-OFF, the
manual-Lo, the manual-Me, and the manual-Hi by every
operating the seat heater switch.

For example, at the time of the manual-OFF, if the eco-
mode switch 710 of FIG. 6 is operated to change the air-
conditioner 100 from the non-eco-mode to the eco-mode, and
if the ignition switch 74 or the blower switch 705 is turned on,
at the moment, as shown in an arrow direction Y1SofFIG. 1S,
the operation of the seat air-conditioning device 101 is
switched to the seat auto mode. In the seat auto mode, the
control state is automatically shifted among the auto-OFF, the
auto-Lo, the auto-Me, and the auto-Hi based on the target
blow off temperature TAO.

While the seat air-conditioning device 101 is operated with
the seat auto mode, if the seat heater switch (seat SW) is
operated, the mode is shifted from the auto-OFF to the
manual-Lo, from the auto-Lo to the manual-Me, from the
auto-Me to the manual-Hi, or from the auto-Hi to the manual-
OFF.

The shifting state at the seat auto mode is shown in FIG. 1S.
Every time when a signal is received from the air-conditioner
ECU 60, the mode is shifted automatically in order of the
auto-OFF, the auto-Lo, the auto-Me, and the auto-Hi accord-
ing to the target blow off temperature TAO. The temperature
of the seat heater 1012 becomes low in order of Hi, Me and
Lo.

Left graph of FIG. 9 illustrates a relationship between the
temperature ofthe seat heater 1012and ON or OFF of the seat
heater 1012, at the mode of auto-Hi and manual-Hi. The
heater temperature represents a target temperature (' C.) of
the seat heater 1012 at each mode.

Center graph of FIG. 9 illustrates a relationship between
the temperature of the seat heater 1012and ON or OFF of the
seat heater 1012, at the mode of auto-Me and manual-Me.

Right graph ofFIG. 9 illustrates a relationship between the
temperature ofthe seat heater 1012and ON or OFF of the seat
heater 1012, at the mode of auto-Lo and manual-Lo.

When the vehicle is started by turning on the ignition
switch 74, or when the signal starting the air-conditioning is
generated by turning on the blower switch 705, the eco-mode
may be set by operating the eco-mode switch 710 from the
non-eco-mode. When the target temperature in the passenger
compartment is made lower due to the eco-mode, as shown in
FIG. 1S, the seat air-conditioning device 101 is automatically
set into the seat auto mode. As a result, the temperature of the
seat heater 1012 is promptly and optimally controlled accord-
ing to the target blow off temperature TAO, as shown in FIG.
S.Therefore, the occupant can be restricted from feeling cold.

The above explanation is conducted as to the operation of
the seat heater 1012 of the seat air-conditioning device 101.
The seat air-conditioning device 101 is further equipped with
the seat cooler 1011made of, for example, Peltier element,
and the same control is possible also for the seat cooler 1011.

According to the third embodiment, the ignition switch 74
which generates the start signal of the vehicle, or the blower
switch 705 which generates the start signal of the air-condi-
tioning is provided. The seat air-conditioning device 101may
be automatically activated in response to the start signal of the
vehicle or the start signal of the air-conditioning when the
eco-mode is set.

Therefore, the seat air-conditioning device 101 is auto-
matically operated in response to the turning on of the ignition
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switch 74 or the blower switch 705 even if the air-condition-
ing degree in the passenger compartment is lowered due to the
eco-mode. Because the seat air-conditioning device 101 is
automatically operated, the occupant can be restricted from
feeling the shortage in the air-conditioning.

The ignition switch 74 may correspond to an activation
signal generator generating a first signal activating the
vehicle. The blower switch 705 may correspond to an air-
conditioning start signal generator generating a second signal
starting the air-conditioning. The seat temperature control
system is automatically activated in response to the first sig-
nal or the second signal when the eco-mode is set.

Fourth Embodiment

A fourth embodiment will be described with reference to
FIG. 19 in addition to FIGS. 1-16. In each subsequent
embodiment, the same reference number is given to the same
component as the first embodiment, and its explanation is
omitted. Points and features different from the first embodi-
ment will be described in details.

In the fourth embodiment, if the eco-mode is set when the
ignition switch is turned on, the seat air-conditioning is oper-
ated at the seat auto mode. In contrast, if the non-eco-mode is
set when the ignition switch is turned on, the seat air-condi-
tioning is not operated with the manual-OFF mode.

Specifically, in FIG. 19 illustrating the fourth embodiment,
the seat heater is usually shifted stepwise in order of the
manual-OFF, the manual-Lo, the manual-Me, and the
manual-Hi, whenever the seat heater switch is operated.
When the ignition switch 74 is turned ON from OFF at the
eco-mode, the seat heater is shifted to the seat auto mode in
which the mode is automatically changed among the auto-
OFF, the auto-Lo, the auto-Me and the auto-Hi based on the
target blow off temperature TAO. On the other hand, when the
ignition switch is turned ON from OFF at the non-eco-mode,
the seat heater is shifted to the manual-OFF mode.

Therefore, even when the target temperature in the passen-
ger compartment is set lower due to the eco-mode, the occu-
pant can be restricted from feeling cold because the seat
heater is activated. Also at a cooling operation, the occupant
can be restricted from feeling hot, because the seat cooler is
activated.

Moreover, if the non-eco-mode is set when the ignition
switch 74 is turned on, the seat air-conditioning is switched
into the manual-OFF mode. Therefore, the setting of the seat
air-conditioning continues to be the same as the previous
mode (for example, the manual-Hi mode is continued) even
when the ignition switch 74 is turned on, so the power con-
sumption of the seat air-conditioning can be restricted from
increasing.

Fifth Embodiment

A fifth embodiment will be described with reference to
FIG. 20 in addition to FIGS. 1-16. In each subsequent
embodiment, the same reference number is given to the same
component as the first embodiment, and its explanation is
omitted. Points and features different from the first embodi-
ment will be described in details.

In FIG. 20 illustrating the fifth embodiment, the seat heater
is usually shifted stepwise in order of the manual-OFF, the
manual-Lo, the manual-Me, and the manual-Hi, whenever
the seat heater switch is operated. When the ignition switch 74
is turned ON from OFF at the eco-mode, the seat heater is
shifted to the seat auto mode in which the mode is automati-
cally changed among the auto-OFF, the auto-Lo, the auto-Me
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and the auto-Hi based on the target blow off temperature
TAO. On the other hand, when the ignition switch is turned
ON from OFF at the non-eco-mode, the seat heater is shifted
to the manual-OFF mode.

Moreover, an air-conditioning (A/C) load determiner 102
of FIG. 20 determines whether the air-conditioning load of
the air-conditioner is large or small based on the outside air
temperature which is a temperature of air outside of the
vehicle. When it is determined that the outside air temperature
is low (when the air-conditioning load is small), the mode is
shifted to the auto-OFF of the seat auto mode in FIG. 20.

Therefore, even when the target temperature in the passen-
ger compartment is set lower at the eco-mode, the occupant
can be restricted from feeling cold because the seat heater is
activated. Also at a cooling operation, the occupant can be
restricted from feeling hot because the seat cooler is activated.

Moreover, if the non-eco-mode is set when the ignition
switch 74 is turned on, the seat air-conditioning is switched
into the manual-OFF mode. That is, when the ignition switch
74 is turned on, the setting of the seat air-conditioning con-
tinues to be the same as the previous mode (for example, the
manual-Hi mode is continued), so the power consumption of
the seat air-conditioning can be restricted from increasing.

That is, because the last-time manual setting status of the
seat air-conditioning device is reset, the seat air-conditioning
device is restricted from having useless operation, thus more
power saving can be achieved. Furthermore, when it is deter-
mined that the air-conditioning load is small, the seat air-

conditioning device is shifted into the auto-OFF mode of the
seat auto mode. Thus, the seat air-conditioning device is
restricted from having useless operation when the air-condi-

tioning load is small.

Sixth Embodiment

A sixth embodiment will be described with reference to
FIGS. 21-33.As shown in FIGS. 21 and 23, a seat conditioner
2102 is used for a hybrid car which has an engine 2010, a
motor 2011 (motor generator) and an engine electronic con-
trol unit (ECU) 2012. The engine ECU 2012 controls startup
and stop of the engine 2010. The seat conditioner 2102 con-
trols the temperature ofthe seat ofthe hybrid car to agree with
a preset temperature. The hybrid car has an air-conditioner
2101 which air-conditions the inside of the passenger com-
partment.

The air-conditioner 2101 has an air conditioning unit
2100A and an air-conditioner ECU 21SOA.

As shown in FIGS. 21-23, the air conditioning unit 2100A
has an air conditioning duct 2110, a blower 2120, a refriger-
ating cycle 2130, a cooling water circuit 2140, an air mix door
2145, an electric heater 2150, an air-conditioner console (op-
eration) panel 2160 and various sensors 2171, 2172, 2173,
2174, 2175, 2176.

The duct 2110 is arranged at a front side of the passenger
compartment of the hybrid car. The most upstream side of the
air conditioning duct 2110 serves as an inlet box switching to
draw inside air or outside air, and the inlet box has an inside
air inlet 2111 from which air (inside air) in the passenger
compartment is drawn and an outside air inlet 2112 from
which air (outside air) is drawn from outside the passenger
compartment.

An air switching door 2113 is rotatably disposed at inner
sides of the inlets 2111,2112.The door 2113 is driven by an
actuator such as servo motor, and changes the air inlet mode
among an inside air circulation (REC) mode, a combine
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(REC/FRS) mode, and an outside air introduction (FRS)
mode. The actuator of the door 2113 is controlled by the
air-conditioner ECU 21SOA.

The most downstream side of the air conditioning duct
2110 serves as a outlet box switching the outlet to output
conditioned-air, and the outlet box has a defroster (DEF)
opening, a face (FACE) opening, and a foot (FOOT) opening.

A defroster duct 2114 is connected to the DEF opening,
and the most downstream end of the defroster duct 2114 has
a defroster outlet 2114a which blows off conditioned-air
toward an inner surface of a front windshield 2114b of the
hybrid car. A face duct 2115 is connected to the FACE open-
ing, and the most downstream end of the face duct 2115has a
face outlet 2115a which blows off conditioned-air toward an

upper body of an occupant. A foot duct 2116 is connected to
the FOOT opening, and the most downstream end of the foot
duct 2116 has a foot outlet 2116a which blows off condi-
tioned-air toward a foot of an occupant.

A first outlet switching door 2117 is rotatably mounted on
the inner side of the outlets 2114a, 2115a, and a second outlet
switching door 211S is rotatably mounted on the inner side of
the outlet 2116a. The outlet switching door 2117, 211S is
driven by an actuator such as servo motor, so as to change the
air outlet mode among a face mode (FACE), a bilevel mode
(B/L), a foot mode (FOOT), a foot defroster mode (F/D), and
a defroster mode (DEF). The actuator of the outlet switching
door 2117, 211S is controlled by the air-conditioner ECU
21SOA.

The blower 2120 is located at downstream of the inlet box,
and has a centrifugal type fan 2121 and a blower motor 2122
driving to rotate the fan 2121. The fan 2121 is rotatably
accommodated in a scroll case integrated with the air condi-
tioning duct 2110.The blower motor 2122 is controlled by the
air-conditioner ECU 21SOA. A blower air amount (rotating
speed of the fan 2121) is controlled based on a blower voltage
impressed to a terminal of the motor 2122 through a blower
drive circuit.

The refrigerating cycle 2130 has a refrigerant piping con-
necting a compressor 2131, a condenser 2132, a receiver
2133,an expansion valve 2134, and an evaporator 2135 in this
order. The compressor 2131 compresses refrigerant, and the
condenser 2132 condenses the compressed refrigerant. The
receiver (gas liquid separator, liquid receiver) 2133 separates
the condensed refrigerant into gas or liquid, and only liquid
refrigerant can flow downward from the receiver 2133. The
expansion valve 2134 decompresses and expands the liquid
refrigerant. The evaporator 2135 evaporates the decom-
pressed and expanded refrigerant.

The compressor 2131 is an electrically-driven compressor
driven by a motor 2131a.A rotation speed ofthe motor 2131a
is controlled by an inverter 2131b.The condenser 2132 is an
outdoor heat exchanger which causes refrigerant flowing
inside to exchange heat with outside air, for example, sent by
a cooling fan 2132a, and is placed to easily receive the run-

ning wind produced when the hybrid car travels. The evapo-
rator 2135 is an indoor heat exchanger which cools and dehu-
midifies air (to be conditioned) passing inside, and is placed
downstream of the blower 2120 to close the all passage of the
air conditioning duct 2110.The inverter 2131b and the cool-
ing fan 2132a are controlled by the air-conditioner ECU
21SOA.

The cooling water circuit 2140 has a water pump 2142
which circulates the cooling water warmed by the water
jacket of the engine 2010, and has a radiator (not shown), a
thermostat (not shown), and a heater core 2141.

The cooling water (warmed water) of the engine 2010
flows inside of the heater core 2141which is a heat exchanger
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for heating air to be conditioned using the warmed cooling
water as a heat source for heating. The heater core 2141 is
placed downstream of the evaporator 2135 to close a part of
the passage of the air conditioning duct 2110.The heater core
2141 reheats the air cooled by the evaporator 2135. The
maximum heating capacity of the heater core 2141 is propor-
tional to the temperature of the cooling water, and becomes
higher as the temperature of the cooling water becomes
higher. The water pump 2142 is an electric pump driven by a
motor which is controlled by the air-conditioner ECU 21SOA.

The air mix door 2145 is rotatably arranged on the
upstream side of the heater core 2141, and is driven by an
actuator such as servo motor. A ratio between the air amount
which passes the heater core 2141 and the air amount which
bypasses the heater core 2141 is adjusted by a stop position
(opening SW) of the door 2145. Thus, the blow off tempera-
ture of air blown off into the passenger compartment is
adjusted. The opening SW of the door 2145 is controlled by
the air-conditioner ECU 21SOA between 0'zo and 100'zo. The
door 2145 completely closes the front face of the heater core
2141 when the opening SW of the door 2145 is 0'zo. The door
2145 completely closes the bypass passage opposite from the
heater core 2141 when the opening SW of the door 2145 is
100ozo.

The electric heater 2150 is a supplementary heating equip-
ment which heats the warmed air which passed the heater core
2141, and is arranged at the downstream of the heater core
141.The electric heater 2150 may be made of a PTC heater,
for example. As shown in FIG. 22, the electric heater 2150has
heater wires 2151, 2152, 2153 made of nichrome wire, for
example, and the heater wires 2151, 2152, 2153 are con-
nected in parallel with each other between a power source Ba
and the ground. Switch elements SW1, SW2, SW3 are pro-
vided to the heater wires 2151, 2152, 2153, respectively, and
control the electricity supply to the heater wires 2151, 2152,
2153 from the power source Ba by being turned on or off by
the air-conditioner ECU 21SOA.

The air-conditioner console panel 2160 is a panel having
the following switches for operating the air conditioning unit
2100A based on requirements of an occupant. An air-condi-
tioner (A/C) switch is used for starting or stopping the com-
pressor 2131 of the refrigerating cycle 2130.An inlet mode
switch is used for switching the air inlet mode. A temperature
setting switch is used for setting the temperature in the pas-
senger compartment. An air amount switch is used for chang-
ing the air amount (Off, Auto, Lo, Me, Hi) ofthe blower 2120.
An outlet mode switch is used for switching the air outlet
mode. An eco-mode switch is used for choosing an eco-
operation (eco-mode) of the air conditioning unit 2100A. A
switch signal inputted from each switch of the air-conditioner
console panel 2160 is outputted to the air-conditioner ECU
21SOA.

An inside air temperature sensor 2171 outputs an inside air
temperature signal equivalent to the air temperature (inside
air temperature) in the passenger compartment. An outside air
temperature sensor 2172 generates an outside air temperature
signal equivalent to the air temperature (outside air tempera-
ture) outside of the passenger compartment. A solar sensor
2173 generates a solar amount signal equivalent to the solar
amount irradiated to the passenger compartment. A refriger-
ant pressure sensor 2174 generates a pressure signal equiva-
lent to the high pressure side pressure of the refrigerating
cycle 2130. An after-evaporator temperature sensor 2175
generates an after-evaporator temperature signal equivalent
to the air temperature downstream of the evaporator 2135.A
water temperature sensor 2176 generates a cooling-water-
temperature signal equivalent to the temperature of the cool-
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ing water which flows into the heater core 2141.A sensor
signal generated by the sensor 2171-2176 is outputted to the
air-conditioner ECU 21SOA.

The air-conditioner ECU 21SOA is mainly constructed of a
microcomputer having a CPU, a ROM and a RAM (which are
not shown). As shown in FIG. 23, the switch signal outputted
from the air-conditioner console panel 2160, and the sensor
signal outputted from the sensors 2171-2176 are A/D con-
verted by an input circuit (not shown) of the air-conditioner
ECU 21SOA, and are inputted into the microcomputer. The
air-conditioner ECU 21SOA controls the operation of the air
conditioning unit 2100A based on the A/D converted signals,
and outputs an engine-on-demand signal to the engine ECU
2012 of the engine 2010. The air-conditioner ECU 21SOA is
energized by a direct current power supplied from a battery
when the ignition switch of the hybrid car is turned on.

Next, the seat conditioner 2102 will be explained. As
shown in FIG. 1, the seat conditioner 2102 has a seat condi-
tioning unit 2100B and a seat ECU 21SOB.

The seat conditioning unit 2100B is an air-conditioner
which blows off warmed air or cooled air toward an occupant
from plural pores formed on the bottom surface and the back-
rest surface of the seat. The seat conditioning unit 2100B has
a seat blower (not shown), a Peltier element (not shown), and
a seat conditioning switch 2191.The Peltier element heats or
cools air sent from the seat blower. The seat conditioning
switch 2191 is operated by an occupant to switch the opera-
tion of the seat conditioning unit 2100Bbetween heating and

cooling, to change the heating level (Lo, Me, Hi), and to
change the cooling level (Lo, Me, Hi). The seat conditioning
switch 2191 is located in or adjacent to the air-conditioner
console panel 2160.

The seat ECU 21SOB may correspond to a controller, and
has a microcomputer (not shown) with CPU, ROM, RAM,
etc. , similarly to the air-conditioner ECU 21SOA. As shown in

FIG. 23, a seat switch signal outputted from the seat condi-
tioning switch 2191 is A/D converted by an input circuit (not
shown) in the seat ECU 21SOB, and is inputted into the
microcomputer. The seat ECU 21SOB controls the operation
of the seat conditioning unit 2100B based on the A/D con-
verted seat switch signal.

Specifically, the seat ECU 21SOB changes the polarity of
the voltage impressed to the Peltier element of the seat con-
ditioning unit 2100B based on the seat switch signal so as to
switch the operation between heating and cooling. Further-

more, the seat ECU 21SOBadjusts the voltage level impressed
to the Peltier element so as to adjust the heating amount or the
heat-absorbing amount. The seat ECU 21SOB is supplied with
direct current power from a battery when the ignition switch
of the hybrid car is turned on.

The air-conditioner ECU 21SOA and the seat ECU 21SOB
are mutually connected by a communication portion, there-

fore various signals and computed results can be transmitted
between the ECU 21SOA and the ECU 21SOB.

A control process conducted by the ECU 21SOA will be
described with reference to FIGS. 24-33. FIG. 24 is a flow
chart which shows the fundamental control process executed

by the air-conditioner ECU 21SOA, and FIGS. 25-33 show

subroutines illustrating details in each process of FIG. 24.
When the ignition switch is turned on to supply direct

current power to the air-conditioner ECU 21SOA, the routine
of FIG. 24 (FIGS. 25-33) is started, and the air-conditioner
ECU 21SOA performs initialization and initial setting at
S2001.
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At S2002, a switch signal input from each switch of the

consol panel 2160 is read. Then, sensor signals obtained from
the sensors 2171-2176 are read as the A/D converted signals
at S2003.

When the ignition switch is turned on, direct current power
is supplied also to the seat ECU 21SOB, and the control of the
seat conditioning unit 2100B is started based on the seat
switch signal from the seat conditioning switch 2191.

At S2004, a target blow off temperature TAO is calculated

by using the following Expression I memorized in the ROM.
The target temperature TAO is used as a target temperature of
air blown into the passenger compartment.

TAO=Ksetx Tset—Krx Tr—Kamx Tam —Ksx Ts+C (Expression 1)

Here, Tset represents the preset temperature set with the
temperature setting switch. Tr represents the inside air tem-
perature detected by the inside air temperature sensor 2171.
Tam represents the outside air temperature detected by the
outside air temperature sensor 2172. Ts represents the solar
amount detected by the solar sensor 2173.Values of Kset, Kr,
Kam and Ks are gains, and a value of C is a correcting
constant for the whole of Expression 1.

Then, at S2005, the voltage (air amount) of the blower
2120 is determined. The blower voltage determination is car-
ried out based on the subroutine (S2051-S205S) of FIG. 25.

At S2051, it is determined whether the setting of the air
amount is auto (automatic). When the setting of the air
amount is auto, a temporary blower level f(TAO), which will
serve as a base, is calculated from a map memorized in the
ROM at S2052. Here, the blower level f(TAO) is set higher on
a lower side and a higher side in the target blow off tempera-
ture TAO, and is set lower in a middle range ofthe target blow
off temperature TAO. The blower level f(TAO) at the eco-
mode is set lower than the blower level f(TAO) at the non-
eco-mode. Thereby, power consumption of the blower is
reduced, and the rise in the temperature of the evaporator
2135 becomes late at a cooling operation time. In contrast, at
a heating operation time, the decrease in the temperature of
the cooling water of the engine becomes late, so energy
required by the air-conditioner 2101 can be reduced.

At S2053, a warm-up air amount f(TW) is computed
according to the water temperature TW of the heater core
2141, and the PTC operation number of the electric heater
2150 (see S2011 of FIG. 30).

At S2054, the air outlet mode is determined as the foot
mode (FOOT), the bilevel mode (B/L), the foot defroster
mode (F/D) or the other.

When the air outlet mode is determined as one of the foot
mode, the bilevel mode, and the foot defroster mode at S2054,
it is determined which is larger between the minimum value
of the blower level f(TAO) and the warm-up air amount

f(TW), and the larger one is selected as the blower level at
S2055. The blower level selected at S2055 is converted into a
blower voltage using a map at S2056.

When the air outlet mode is determined as the other at
S2054, for example when the air outlet mode is set only at the
face mode (FACE), the blower level f(TAO) is selected as a
blower level at S2057.

At S205S, the selected blower level f(TAO) is converted
into a blower voltage using a map memorized in the ROM.

When the setting of the air amount is manual at S2051,
voltage (from 4V to 12V) is applied to the blower based on a
map at S2059.

Next, at S2006, the air inlet mode is determined based on
the target blow off temperature TAO in an inlet mode deter-
mination with reference to S2061-S2063 of FIG. 26.
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opening St)r=(TAO —TE)/(Tt)r—TE)x100(%) (Expression 2)

Here, the target blow off temperature TAO is computed at
S2004. The after-evaporator temperature TE is obtained from
the after-evaporator temperature sensor 2175. The cooling
water temperature TW is obtained from the water temperature
sensor 2176.

Next, at S2009, the target after-evaporator temperature
TEO is determined, as shown in FIG. 2S, based on the target
blow offtemperature TAO. As the target blow offtemperature
TAO is changed from low (4' C.) to high (12' C.), the target
after-evaporator temperature TEO is raised from low (2' C.)
to high (10' C.).

Next, at S2010, the rotation speed of the compressor 2131
(motor 2131a)is determined based on the subroutine (S2101-
S2105) shown in FIG. 29.

At S2101, a temperature deviation En is calculated, using
the following Expression 3, by subtracting an actual after-
evaporator temperature TE from the target after-evaporator
temperature TEO computed at S2009. A deviation variation
rate EDOT is calculated using the following Expression 4.

En =TEO—TE (Expression 3)

EDOT=En —En—1 (Expression 4)

The value of En is updated once per second, therefore the
value of En—I is a value one second ago relative to En.

The example map (example at the time of cooling opera-
tion) representing the relationship among the deviation En,
the deviation variation rate EDOT and the rotation number
variation Af of the compressor 2131 is shown in S2101 of
FIG. 29. The rotation number variation Af is calculated based
on the map using the temperature deviation En and the devia-
tion variation rate EDOT. One-second-later (present) com-
pressor rotation number f is calculated by adding the rotation
number variation Af to one-second-before compressor rota-
tion number f, (f=f t+Af).

Alternatively, the rotation number variation Af calculated
based on the deviation En and the deviation variation rate
EDOT may be calculated through a fuzzy control based on a
predetermined membership function and rule memorized in
the ROM.

Next, it is determined whether the eco-mode switch is
turned on at S2102 to set the eco-mode. When the eco-mode
is not set at S2102, the maximum rotation number MAX-f is
set as 10000 rpm at S2103. When the eco-mode is set at
S2102, the maximum rotation number MAX-f is set as 7000
rpm at S2104.

At S2061, it is determined whether the air inlet control is
auto or not. When the air inlet control is auto, the air inlet
switch control is performed according to the target blow off
temperature TAO at S2062.As the target blow off temperature
TAO is changed from low to high, the air inlet mode is
switched in order of the REC mode, the REC/FRS mode and
the FRS mode.

When the air inlet control is manual, the air inlet control is
performed according to the manual setting at S2063. That is,
the outside air introduction rate is set as 0% at the time of
inside air mode (REC), or is set as 100%at the time ofoutside
air mode (FRS).

Next, at S2007, the air outlet mode is determined, as shown
in FIG. 27, based on the target blow off temperature TAO. As
the target blow off temperature TAO is changed from low to
high, the air outlet mode is set in order of the face mode, the
bilevel mode, and the foot mode in accordance with the map.

Next, at S200S, the opening SW of the air mixi door 2145
is determined based on the following Expression 2 memo-
rized in the ROM.
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Tw 0=i&(TAO—A Tpet) —(TEx0.2)II&0.8 (Expression 5)

Toff=MIN(Tw0, 70) (Expression 6)

The reference engine-cooling-water temperature TwO is
an engine-cooling-water temperature Tw needed when it is
assumed that the warm air temperature before air mix
becomes to agree with the target blow off temperature TAO.
TE represents the after-evaporator temperature. ATptc is an
estimation value for an increase in the blow off temperature
due to the electric heater 2150, and is calculated on a map
according to the operation number of the electric heater 2150.

The engine-on water temperature Ton is set by subtracting
a predetermined value such as 5' C. from the engine-off water

At S2105, it is determined whether the sum of the last
rotation number LAST-f and the rotation number variation Af
is smaller than the maximum rotation number MAX-f (10000
rpm or 7000 rpm) set at S2103 or S2104. The value of the
smaller one is set as the present time compressor rotation
number PRESENT-f.

The maximum rotation number is set as 7000 rpm at the
eco-mode which is lower than 10000 rpm at the non-eco-
mode. Thus, the maximum rotation number is reduced in the
eco-mode to save the power consumption in the compressor
2131.

Next, at S2011, the operation number of the PTC heater
(heater wires 2151-2153)of the electric heater 2150 is deter-
mined based on the subroutine (S2111-S2113)of FIG. 30.

At S2111,it is determined whether the blower switch is set
ON. Specifically, it is determined that the blower switch 705
is ON when AUTO, LO, ME, or HI is set for the air amount,
other than OFF. When it is determined that the blower switch
is ON at S2111,the operation number of the electric heater
2150 is computed based on the engine-cooling-water tem-
perature Tw detected by the sensor 2176, at S2112, using a
map memorized in the ROM. As the cooling water tempera-
ture Tw is changed from low to high, the operation number of
the electric heater 2150 is decreased (from three to one).

When it is determined that the blower switch is OFF at
S2111,the electric heater 2150 is set OFF (operation number
is zero) at S2113.

After the operation number of the electric heater 2150 is
determined, the switch element SW1, SW2, SW3 of FIG. 22
is turned on or off based on the determination. Thus, the heat
amount provided to air passing through the heater core 2141
can be controlled by the operation number of the electric
heater 2150.

Next, the required water temperature determination pro-
cess (S2012) is explained with reference to the subroutine
(S2121-S2127)of FIG. 31.The required temperature of the
engine cooling water is determined based on the target blow
off temperature TAO etc. in order to use the engine cooling
water as a heat source for heating and defrosting.

At S2121, an engine-off water temperature Toff and an
engine-on water temperature Ton are calculated, which are
determination threshold value used for determining an
engine-on demand based on the engine-cooling-water tem-
perature Tw. The engine-off water temperature Toff is a
threshold temperature for stopping the engine 2010, and the
engine-on water temperature Ton is a threshold temperature
for activating the engine 2010.

A reference engine-cooling-water temperature TwO is
computed with the following Expression 5. The engine-off
water temperature Toff is set into smaller one between the
reference engine-cooling-water temperature TwO and 70' C.,
as shown in the following Expression 6.
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temperature Toff, thereby restricting the engine 2010 from
frequently turning on/off, as shown in the following Expres-
s1on 7.

Ton=Toff-5 (Expression 7)

Next, at S2122, it is determined whether the engine-on
demand is needed based on the engine-cooling-water tem-
perature Tw. At S2122, the engine-on demand is determined
temporarily. Specifically, the actual engine-cooling-water
temperature Tw is compared with the engine-off water tem-
perature Toff and the engine-on water temperature Ton cal-
culated at S2121. When the engine-cooling-water tempera-
ture is lower than the engine-on water temperature Ton, it is
temporarily determined that the engine 2010 is turned on as
f(Tw)=ON. When the engine-cooling-water temperature is
higher than the engine-off water temperature Toff, it is tem-

porarily determined that the engine 2010 is turned off as
f(Tw)=OFF.

At S2123, it is determined whether the seat conditioning
device 2102 is ON, which warms the seat for an occupant.
When the seat conditioning device 2102 is OFF at S2123,
f(SA) is calculated according to the solar amount SA at
S2124. When the seat conditioning device 2102 is ON at
S2123, f(SA) is calculated at S2125, which is lower than

f(SA) at S2124.
At S2126, f(OT) is selected between ON and OFF accord-

ing to the value of f(SA) calculated at S2124 or S2125. OT
means the outside air temperature. At the control start time,
f(OT) is set as OFF at S2126.

At S2127, it is determined whether there is a final engine-
on demand relative to the engine 2010.When the eco-mode is
not set, if the target blow off temperature TAO is higher than
or equal to 20' C., and if f(TW)=ON, the engine 2010 is
usually allowed to be ON. However, the engine 2010 is not
allowed to be ON in the other case.

When the eco-mode is set, if the target blow off tempera-
ture TAO is higher than or equal to 20' C., iff(TW) =ON, if the
preset temperature Tset is less than 28' C., and if f(OT)=ON,
the engine-on demand is output. Further, if the target blow off
temperature TAO is higher than or equal to 20' C., if
f(TW)=ON, and if the preset temperature Tset is higher than
or equal to 28' C., the engine-on demand is output. However,
the engine-on demand is not output in the other case.

When the seat heater 2102 is ON at S2123, the value of
f(SA) is made smaller, because the occupant easily feels too
hot. It is made difficult to allow the engine-on demand when
the seat heater 2102 is ON, thus fuel consumption can be
reduced while the minimum heating is achieved. Further-
more, the noise can be reduced outside of the vehicle, and the
power charged in the battery can be effectively used. More-
over, as the solar amount is increased, the engine-on demand
is made difficult to be allowed, because the occupant easily
feels too hot. Therefore, the minimum heating, the fuel sav-

ing, the noise reduction and the effective use of the charged
power can be achieved.

Next, at S2013, the operation (on or off) of the water pump
2142 is determined based on, for example, the cooling water
temperature Tw, with reference to the subroutine (S2131-
S2134) shown in FIG. 32.

At S2131, it is determined whether the engine-cooling-
water temperature Tw (water temperature) is higher than the
after-evaporator temperature TE. When the water tempera-
ture Tw is determined to be higher than the evaporator tem-
perature TE at S2131,the blower 2120 is determined to be ON
(operating) or not at S2132.If the blower 2120 is determined
to be ON, a pump-on demand is output at S2133.In contrast,
when the water temperature Tw is determined to be lower than
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or equal to the after-evaporator temperature TE at S2131, or
when the blower 2120 is determined to OFF at S2132, a
pump-off demand is output at S2134.

While the engine-cooling-water temperature Tw is com-
paratively low and is lower than or equal to the after-evapo-
rator temperature TE, if the engine cooling water is made to
flow through the heater core 2141, the blow off temperature
will be lowered. Therefore, the electric water pump 2142 is
turned off at S2134.

When the engine-cooling-water temperature Tw is com-
paratively high and when the blower 2120 is OFF, the water

pump 2142 is turned off to save the power. In contrast, when
the blower 2120 is ON, the water pump 2142 is turned on.
Thereby, the heat of the engine cooling water can be used for
air-conditioning also when the engine 2010 is off. Therefore,
the blow off temperature can be raised to agree with the target
blow off temperature TAO. Thus, the temperature in the pas-
senger compartment can be restricted from lowering even
when the engine 2010 is off.

At S2014, control signals are output to obtain the set situ-

ation determined or calculated at S2004-S2013. Then, at
S2015, when a predetermined time T elapses, S2002 is
restarted.

As mentioned above, the air-conditioner ECU 21SOA con-
trols the air conditioning unit 2100A. Meanwhile, the seat
ECU 21SOB conducts the seat conditioning control relative to
the seat conditioning unit 2100B while the automatic tem-
perature control is performed for air in the passenger com-
partment. The control process of the seat conditioning unit
2100B is explained based on the flow chart (S2161-S2163)
shown in FIG. 33.

The seat ECU 21SOB starts the seat conditioning control by
receiving a seat switch signal from the seat conditioning
switch 2191. First, at S2161, a correction value u is deter-
mined (calculated) to correspond to the elapsed time (minute)
from the timing of activating (starting) the seat conditioning
unit 2100B based on the map memorized in the ROM.

The correction value u is set to become larger as the
elapsed time becomes longer. Moreover, the correction value
u is set to become smaller, as an initial inside air temperature
Tr (initial temperature INITIAL-Tr in the passenger compart-
ment at the start timing ofair-conditioning) is lower when the
seat conditioning unit 2100Bis activated. That is, as the inside
air temperature Tr is lower, the elapsed time required for
having the same correction value u is made longer.

For example, as shown in the map of S2161, if the initial
inside air temperature INITIAL-Tr is higher than or equal to
10' C., which is represented by a solid line, the correction
value u is set as 0 in the elapsed time of 0-5 minutes, and is
increased to 20 in the elapsed time of 5-10 minutes. Further,
the correction value u is increased to 40 in the elapsed time of
10-20minutes, and is made constant as 40 in the elapsed time
of 20-35 minutes.

If the initial inside air temperature INITIAL-Tr is lower
than 10' C., which is represented by a dashed line in the map
of S2161,the correction value u is set as 0 in the elapsed time
of 0-10 minutes, and is increased to 20 in the elapsed time of
10-15minutes. Further, the correction value u is increased to
40 in the elapsed time of 15-25 minutes, and is made constant
as 40 in the elapsed time of 25-35 minutes.

Next, at S2162, the seat temperature conditioning degree is
determined among auto-Hi, auto-Me, auto-Lo and auto-OFF
to correspond to a value of the target blow off temperature
TAO which is corrected by adding the correction value u (see
a difference between FIG. S and FIG. 33).The seat tempera-
ture conditioning degree may correspond to OFF, Lo, Me, and

5

10

15

20

25

30

35

40

45

50

55

60

65

Hi in the heating level or OFF, Lo, Me, and Hi in the cooling
level, for example. Here, explanation is provided in the case
of the heating operation.

Basically, the heating level is determined in order of OFF,
Lo, Me, and Hi, as the target blow off temperature TAO
becomes larger. Here, for example, the target blow off tem-
perature TAO is corrected by adding the correction value u for
setting the auto-Me and the auto-Hi in the heating level. That
is, because the correction value u is set larger as the elapsed
time becomes longer, as shown in S2161, the target blow off
temperature TAO corresponding to each heating level (Me,
Hi) becomes larger. Therefore, the characteristics lines in the
map of S2162 is shaped to move rightward substantially with
the elapsed time. In other words, the heating level is set on the
lower level under the situation having the same target blow off
temperature TAO.

Next, the voltage impressed to the Peltier element is con-
trolled so that the Peltier element obtains the heating degree
(temperature) according to the set-up heating level (Hi, Me,
Lo) at S2163.For example, in a case where the heating level
is set at Hi, the voltage is impressed (ON) until the heating
temperature of the Peltier element is raised to 47.5' C. Fur-
ther, the voltage is not impressed (OFF) until the heating
temperature of the Peltier element is lowered to 47' C., so the
heating temperature can be obtained according to the Hi
mode. Also in the Me or Lo mode, similar controlling is
performed as the case of the Hi mode (refer to map in S2163).

According to the sixth embodiment, when the air-condi-
tioner 2101 conducts the automatic temperature control for
the passenger compartment, the seat conditioner 2102 lowers
the conditioning degree (such as heating level in a heating
operation time) of the seat conditioning unit 2100Bwith time
elapsed (over time) from the operation start timing of the seat
conditioner 2102.

Therefore, even when the outside air temperature is very
low or very high, the seat ECU 21SOB restricts the condition-
ing degree of the seat temperature from being maintained for
a long time at the initial-setting value. Thus, too much heating
or cooling can be restricted so as to continuously maintain
comfortableness for an occupant.

Conventionally, when the outside air temperature is very
low (or very high), in the initial stage after the seat conditioner
2102 is activated, the target blow off temperature TAO is set
to very high value (or low value). The target blow off tem-
perature TAO may be maintained as the very high value (or
low value) for a long time. After the air-conditioning becomes
sufficient in the passenger compartment by the air-condi-
tioner 2101, if the conditioning degree of the seat temperature
is maintained, the seat becomes too hot or too cold. In con-
trast, according to the sixth embodiment, the seat can be made
comfortable by reducing the conditioning degree of the seat
temperature over time elapsed after the seat conditioning is
started.

Moreover, the seat ECU 21SOB computes the conditioning
degree of the seat temperature according to the target blow off
temperature TAO which is computed based on the air-condi-
tioning environmental condition. The target blow off tem-
perature TAO is calculated based on the preset temperature
Tset, the inside air temperature Tr, the outside air temperature
Tam, and the solar amount Ts. Therefore, the occupant can
feel comfortable at the time of starting the seat conditioning,
because the conditioning degree of the seat temperature is
computed based on the target blow off temperature TAO.

Moreover, the conditioning degree of the seat temperature
is reduced by using the correction value u. The seat ECU
21SOB delays the reduction in the conditioning degree of the
seat temperature, as the initial inside air temperature INI-
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TIAL- Tr is lower in the heating operation (as the initial inside
air temperature INITIAL-Tr is higher in the cooling opera-
tion).

Therefore, the time period necessary for maintaining the
conditioning degree of the seat temperature is determined
based on the inside air temperature INITIAL-Tr at the early
stage of the air-conditioning. Thus, the timing, at which an
occupant feels that the seat conditioning is enough, can be
accurately controlled.

Other Embodiment

The present disclosure is not limited to the above embodi-
ments. For example, the present disclosure may be applied to
an air-conditioner using a heat pump cycle, instead of the
air-conditioner using the air-conditioner cycle (cooler cycle).

The compressor is not limited to the electrically-driven
compressor, and the vehicle may be a gasoline car, an electric
motorcar (EV), etc. instead of the hybrid car.

The seat conditioner device may be equipped with not both
the seat heater and the seat cooler. The seat heater and the seat
cooler may be provided with a single equipment, or may be
provided with separate equipments, respectively. Further-
more, the seat conditioner device may have only the seat
heater or the seat cooler. Moreover, the seat conditioning
ECU may be incorporated into the air-conditioner ECU.

The seat conditioner device heats or cools the seat itself.
Alternatively, the seat conditioner device may indirectly con-
trol the temperature ofthe seat by blowing off conditioned-air
from the other part of the vehicle adjacent to the seat. The seat
temperature control system may be defined to include such
equipment and the seat conditioner device.

In the above embodiments, the eco-mode is set by operat-
ing the eco-mode switch. Alternatively, the eco-mode may be
automatically set based on the remaining fuel amount or the
state of the battery in which the remaining electric-power is
small for driving the electric car.

The eco-mode is an energy-saving mode in which the air-
conditioning degree is lowered, and is not limited to a mode in
which the power of the compressor is saved. For example, the
blower air amount or the flow rate of water flowing through
the inside of the heater core may be reduced at the eco-mode
instead of the power of the compressor.

The ignition switch may be a start-up switch or a starter
switch starting the electric car which has no ignition device.

The seat conditioner may conduct the seat conditioning
control for a cooling operation instead of the heating opera-
tion.

The air-conditioner is equipped with the air-conditioner
ECU, and the seat conditioner is equipped with the seat ECU.
Alternatively, the air-conditioner ECU and the seat ECU may
be integrated into one ECU. In this case, the flow chart ofFIG.
33 is inserted between S2013 and S2014 of FIG. 24.

The air-conditioner and the seat conditioner are not limited
to be applied to the hybrid car. Alternatively, the air-condi-
tioner and the seat conditioner may be applied to an idle stop
vehicle which is equipped with only an engine to be sus-
pended at an idle stop time.

Such changes and modifications are to be understood as
being within the scope of the present disclosure as defined by
the appended claims.

What is claimed is:
1.An air-conditioner that conducts an air-conditioning for

a passenger compartment of a vehicle, the air-conditioning
having an eco-mode to save energy, the air-conditioner com-
prising:
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a seat temperature control system configured to heat or
cool a seat in the passenger compartment; and

a controller that automatically activates the seat tempera-
ture control system when the eco-mode is set; wherein

the seat temperature control system has
a seat manual mode in which the seat is heated or cooled

based on a manually set value, and
a seat auto mode in which the seat is heated or cooled

based on an automatically set value,
the controller automatically activates the seat temperature

control system with the seat auto mode when the eco-
mode is set;

the controller automatically activates the seat temperature
control system with the seat auto mode when the eco-
mode is set at a timing when the vehicle is activated, and

the controller prohibits the seat temperature control system
from activating when a non-eco-mode other than the
eco-mode is set at the timing when the vehicle is acti-
vated.

2. The air-conditioner according to claim 1, wherein
the seat temperature control system includes

a seat conditioner device heating or cooling the seat in
the passenger compartment, and

an eco-mode switch through which the eco-mode is set,
and

the controller automatically activates the seat conditioner
device when the eco-mode is set by the eco-mode
switch.

3. The air-conditioner according to claim 1, wherein
the air-conditioning further has an auto mode in which a

temperature of conditioned-air is automatically con-
trolled, and

the controller automatically activates the seat temperature
control system when the eco-mode is set and when the
auto mode is set.

4. The air-conditioner according to claim 3, wherein
the seat temperature control system includes an auto mode

switch through which the auto mode is set, and
the controller automatically activates the seat temperature

control system when the eco-mode is set and when the
auto mode is set through the auto mode switch.

5. The air-conditioner according to claim 1, wherein
the seat temperature control system further includes

an activation signal generator generating a first signal
activating the vehicle, and

an air-conditioning start signal generator generating a
second signal starting the air-conditioning, and

the controller automatically activates the seat temperature
control system in response to the first signal or the sec-
ond signal when the eco-mode is set.

6. The air-conditioner according to claim 1, wherein
the seat temperature control system has a seat cooler and a

seat heater.
7.An air-conditioner that conducts an air-conditioning for

a passenger compartment of a vehicle, the air-conditioning
having an eco-mode to save energy, the air-conditioner com-
prising:

a seat temperature control system configured to heat or
cool a seat in the passenger compartment; and

a controller that automatically activates the seat tempera-
ture control system when the eco-mode is set; wherein

the seat temperature control system has
a seat manual mode in which the seat is heated or cooled

based on a manually set value, and
a seat auto mode in which the seat is heated or cooled

based on an automatically set value,
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the controller automatically activates the seat temperature

control system with the seat auto mode when the eco-
mode is set;

the seat temperature control system further has a load
determiner determining a load of the air-conditioning,

the controller automatically activates the seat temperature
control system with the seat auto mode when the eco-
mode is set at a timing when the vehicle is activated, and

the controller prohibits the seat temperature control system
from activating when a non-eco-mode other than the 10

eco-mode is set and when the load is smaller than a
predetermined value at the timing when the vehicle is
activated.

S. The air-conditioner according to claim 7, wherein
the load determiner determines the load of the air-condi-

tioning based on a temperature of air outside of the
vehicle.

9.The air-conditioner according to claim 1 is applied to an
electric car which is driven only by a motor.

10.The air-conditioner according to claim 7, wherein
the seat temperature control system includes

a seat conditioner device heating or cooling the seat in
the passenger compartment, and

an eco-mode switch through which the eco-mode is set,
and 25

the controller automatically activates the seat conditioner
device when the eco-mode is set by the eco-mode
switch.

11.The air-conditioner according to claim 7, wherein
the air-conditioning further has an auto mode in which a

temperature of conditioned-air is automatically con-
trolled, and

the controller automatically activates the seat temperature
control system when the eco-mode is set and when the
auto mode is set.

12. The air-conditioner according to claim 7, wherein
the seat temperature control system includes an auto mode

switch through which the auto mode is set, and
the controller automatically activates the seat temperature

control system when the eco-mode is set and when the
auto mode is set through the auto mode switch.

13.The air-conditioner according to claim 7, wherein
the seat temperature control system further includes

an activation signal generator generating a first signal
activating the vehicle, and

an air-conditioning start signal generator generating a
second signal starting the air-conditioning, and

the controller automatically activates the seat temperature
control system in response to the first signal or the sec-
ond signal when the eco-mode is set.

14. The air-conditioner according to claim 7, wherein
the seat temperature control system has a seat cooler and a

seat heater.
15.The air-conditioner according to claim 7 is applied to an

electric car which is driven only by a motor.
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