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INVERTER ELECTRIC MOTOR SPEED

the engine idling is stopped while outside air is being intro-
duced, correcting the evaporator outlet temperature to a lower
temperature in correspondence with a temperature of the
outside air and a temperature of engine cooling water.

5 Claims, 4 Drawing Sheets
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1
VEHICULAR AIR-CONDITIONING SYSTEM

FIELD OF THE INVENTION

The present invention relates generally to an air-condition-
ing system and, more particularly, to an air-conditioning sys-
tem for a vehicle carrying an idling-stop system for tempo-
rarily stopping idling of an engine of the vehicle.

BACKGROUND OF THE INVENTION

Conventional vehicular air-conditioning systems typically
use a vapor-compression refrigeration system, which
includes a closed circuit (refrigeration cycle) having a com-
pressor, a condenser, an expansion valve and an evaporator.
Refrigerant circulates through the closed circuit. The refrig-
erant vaporizes as it absorbs heat from air within a passenger
compartment of a vehicle to thereby cool the air.

More specifically, the refrigerant in a liquid state passes
through an expansion valve where the refrigerant undergoes
adiabatic expansion and decreases in pressure and tempera-
ture. Thereafter, the refrigerant in the form of mist enters an
evaporator and vaporizes upon absorbing heat from air within
a passenger compartment. The heated vapor refrigerant is
then fed into a compressor where the vapor refrigerant under-
goes adiabatic compression and turns into a high-tempera-
ture/high-pressure gaseous state. The gaseous refrigerant
then advances to a condenser to release heat outwardly and
condense into a liquid state, which liquid refrigerant is
returned to the expansion valve.

Such a refrigeration cycle is also used in an air-condition-
ing system for a vehicle carrying an idling-stop system. The
idling-stop system is designed to temporarily stop idling of an
engine when a vehicle state satisfies predetermined stop con-
ditions to thereby reduce fuel consumption. In such a vehicle,
the engine cannot drive the compressor during its idling-
stopped state. Thus, the compressor needs to be driven by an
electric motor rather than by the engine. An electric motor
designed for such a purpose is known from, for example,
JP-A-6-323649. Speed of the known electric motor is con-
trolled in correspondence with a temperature at an outlet of
the evaporator.

When outside air is introduced into the air-conditioning
system during the idling-stopped state of the engine, the
introduced air may be influenced by heat from an engine
compartment side. As a result, when the air passes through an
outlet of the evaporator, the air may exhibit a temperature
about 10° C. greater than when it began being introduced into
the air-conditioning system. In this instance, the electric
motor whose speed is controlled in correspondence with a
temperature of the air at the outlet of the evaporator can be
driven under an unnecessary condition or at an unnecessarily
high speed due to the greater air temperature at the outlet of
the evaporator, thus resulting in excessive consumption of
electric power.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
avehicular air-conditioning system which is designed to pre-
vent an electric motor from being driven under an unneces-
sary condition or at an unnecessarily high rotational speed
while outside air is being introduced into the air-conditioning
system with an engine placed in an idling-stopped condition,
to thereby prevent excessive consumption of electric power.

The present inventors have found that the increase in tem-
perature of the air at the outlet of the evaporator derives from
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2

the temperature of outside air and the temperature of engine-
cooling water, and this lead to the present invention.

According to an aspect of the present invention, there is
provided an air-conditioning system for a vehicle having an
engine adapted to stop idling on predetermined stop condi-
tions of the vehicle, the air-conditioning system comprising:
a compressor for compressing a refrigerant circulated in a
refrigeration cycle; a blowing fan for introducing outside air
and producing air-conditioning air; an evaporator for cooling
the air-conditioning air by causing the refrigerant to evapo-
rate; an electric motor for driving the compressor when the
idling of the engine is stopped; an evaporator temperature
sensor for detecting a temperature at an outlet of the evapo-
rator; motor speed control means for controlling a speed of
the electric motor in correspondence with the detected evapo-
rator outlet temperature; and evaporator temperature correc-
tion means for, when the engine idling is stopped and the
blowing fan is introducing the outside air, correcting the
evaporator outlet temperature, detected by the evaporator
temperature sensor, to a lower temperature in correspondence
with a temperature of the outside air and a temperature of
water for cooling the engine.

When idling of the engine is stopped while the outside air
is being introduced into the air-conditioning system, influ-
ences of the temperature of the outside air and the temperature
of the engine-cooling water, which can cause undesirable
increase in temperature at the outlet of the evaporator, can be
removed from the temperature, detected by the evaporator
temperature sensor, to provide appropriately low temperature
for use as the temperature at the outlet of the evaporator. Thus,
it becomes possible to prevent the electric motor from being
driven under the inappropriate condition or at the higher
speed than is necessary when the outside air is introduced into
the air-conditioning system while the engine stops. This can
eliminate concern over excessive consumption of electric
power.

It is preferable that the air-conditioning system further
comprises an outside air temperature sensor and an engine
cooling water temperature sensor, and the evaporator tem-
perature correction means calculates the evaporator outlet
temperature to be used in control by the motor speed control
means, by subtracting, from the evaporator outlet temperature
detected by the evaporator temperature sensor, a value corre-
sponding to an outside air temperature detected by the outside
air temperature sensor and a value corresponding to an engine
cooling water temperature detected by the engine cooling
water temperature sensor.

In a preferred form, the value corresponding to the outside
air temperature detected by the outside air temperature sensor
is characteristic such that it becomes smaller as the outside air
temperature grows larger.

It is preferred that the value corresponding to the engine
cooling water temperature detected by the engine cooling
water temperature sensor is characteristic such that it
becomes larger as the engine cooling water temperature
grows larger.

Desirably, the motor speed control means is designed to
retrieve a value for controlling the motor speed from a map
containing electric motor speeds associated with evaporator
outlet temperatures.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will be
described in detail below, by way of example only, with
reference to the accompanying drawings, in which:
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FIG. 1 is a schematic side elevational view showing a front
half of an automobile employing an air-conditioning system
according to the present invention;

FIG. 2 is a diagrammatical view illustrating the air-condi-
tioning system and a control system of the latter;

FIG. 3 is a flowchart showing how a an electric motor is
controlled during an idling-stopped state of an engine;

FIG. 4 is a view of a map showing a relationship between
outside air temperatures and values to be used for correcting
temperatures detected by an evaporator temperature sensor of
the air-conditioning system;

FIG. 5 is a view of a map showing a relationship between
engine cooling water temperatures and values to be used for
correcting temperatures detected by the evaporator tempera-
ture sensor; and

FIG. 6 is a view of a map showing a relationship between
electric motor speeds and evaporator outlet temperatures.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, there are shown a passenger compart-
ment 12 and an engine compartment 13 of an automobile 11.
A driver 15 sits on a seat 14 within the passenger compart-
ment 12. An engine 16 is disposed within the engine com-
partment 13. The engine 16 outputs motive power to be trans-
mitted by a transmitting mechanism (not shown).

The automobile 11 includes an idling-stop system, not
shown, for temporarily stopping idling of the engine 16 when
the automobile 11 is place in a state which satisfies predeter-
mined stop conditions.

Arrangement of an air conditioning system 17 will be
described now. A condenser 18 and a condenser fan (not
shown) are disposed forwardly of the engine 16. Connected
through refrigerant pipes 23 to the condenser 18 are a com-
pressor 20 and an expansion valve 21. Connected through
refrigerant pipes 23 to the compressor 20 and the expansion
valve 21 is an evaporator 22. The condenser 18, the compres-
sor 20, the expansion valve 21, the evaporator 22 and the
refrigerant pipes 23 jointly form a refrigerant cycle.

The compressor 20 is driven by an electric motor 24. Low-
temperature/low-pressure gaseous refrigerant, which has
been evaporated within the evaporator 22, is sucked into the
compressor 20 through a sucking port of the compressor 20.
The compressor 20 compresses the gaseous refrigerant to
provide high-temperature/high pressure gaseous refrigerant.
The compressor then discharges the high-temperature/high-
pressure gaseous refrigerant out through a discharge port of
the compressor 20 and delivers the refrigerant to the con-
denser 18.

The condenser 18 condenses the high-temperature/high-
pressure gaseous refrigerant delivered from the compressor
20 to provide liquid refrigerant. The condensing of the refrig-
erant is achieved by heat exchange between the refrigerant
and outside air forced by a condenser fan (not shown) through
the condenser 18. The condenser 18 delivers the liquid refrig-
erant to the expansion valve 21.

The expansion valve 21 decreases pressure of the liquid
refrigerant (of high-temperature and high-pressure) and
expands the liquid refrigerant to provide a mist refrigerant (of
low-temperature and low-pressure).

The evaporator 22, disposed within an air-conditioning
duct 25, cools air forced by a fan 26 through the evaporator
22. The cooling of the air is achieved by heat exchange
between the mist refrigerant and the air forced by the fan 26
through the evaporator 22.
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The air-conditioning system 17 includes pipes 27,28 and a
heater core 29 connected to the pipes 27, 28 to provide a flow
path (heating circuit) through which a hot water circulates.
The heater core 29 is a heat exchanger. The pipe 28 is
equipped with a water valve (not shown). The heater core 29
is disposed within the air-conditioning duct 25.

The air-conditioning duct 25 has an outside air inlet 60 and
an inside air inlet 61. The duct 25 is equipped with an intake
door 62 for selectively allowing outside air to be introduced
through the outside air inlet 60 towards the fan 26 or inside air
to be introduced through the inside air inlet 61 towards the fan
26. The fan 26, the evaporator (an indoor heat exchanger) 22,
an air mix door 31 movable between an opened position and
a closed position, and the heater core 29 are disposed within
the duct 25. The air-conditioning duct 25 has discharge ports
33, 34, 35. The intake door 62, the fan 26, the evaporator 22,
the air mix door 31, the heater core 29, and the discharge ports
33, 34, 35 are provided in the named order from an upstream
side on which the engine compartment 13 is formed to a
downstream side on which the passenger compartment 12 is
formed. The evaporator 22 cools the air delivered by the fan
26 thereto.

The discharge port 33 is a vent directed to an upper half
body of the driver 15. The discharge port 34 is a foot opening
directed to a lower half body of the driver 15. The discharge
port 35 is directed to an interior side of a windshield of the
automobile 11. The discharge port 34 is selectively opened
and closed by a heater door 36 disposed within the discharge
port 34. The discharge port 33 is selectively opened and
closed by a vent door 37 disposed within the discharge port
33. The discharge port 35 is selectively opened and closed by
a defroster door 38 disposed within the discharge port 35.

An evaporator temperature sensor 39 (FIG. 2) is disposed
on an outlet side of the evaporator 22 within the air-condi-
tioning duct 25. The evaporator temperature sensor 39 detects
temperature Te at an outlet of the evaporator 22. An output of
the sensor 39 is input to a control unit 41 (FIG. 2).

Air within the air-conditioning duct 25 is separated by the
air mix door 31 into a hot air part 73 passing through the
heater core 29 and a non-hot air part 71 bypassing the heater
core 29.

Provision of the thus arranged duct 25 enables air having its
temperature adjusted to be supplied into the passenger com-
partment 12. The passenger compartment 12 is separated
from the engine compartment 13 by a partition wall 40.

The evaporator 22 in the refrigeration cycle cools air pass-
ing through the evaporator 22. The cooled air can be supplied
to the passenger compartment 12.

Turning now to FIG. 2, the air-conditioning system 17
includes an electric motor 24 for driving the compressor 20,
an inverter 42 for driving the electric motor 24, and a battery
43. The air-conditioning system 17 also includes the evapo-
rator temperature sensor 39, an outside air temperature sensor
44, an engine water temperature sensor 45, and the control
unit 41.

The air-conditioning system 17 provides a variety of dis-
charge modes manually or automatically set for opening/
closing the heater door 36, the vent door 37, or the defroster
door 38. The discharge modes include a defroster mode, a
heater/defroster mode, a vent mode, a bi-level mode, and a
heater mode. Each one of the defroster mode, the heater/
defroster mode, the vent mode, the bi-level mode and the
heater mode can be selected. When any one of the defroster
mode, the heater/defroster mode and the heater mode is
selected, the defroster door 38 is opened. When either the vent
mode or the bi-level mode is selected, the vent door 37 is
opened. When any one of the heater mode, the heater/de-
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froster mode and the bi-level mode is selected, the heater door
36 is opened. The control unit 41 is supplied with a signal
regarding one selected from the above modes.

The outside air temperature sensor 44 detects temperature
Tam of outside air. An output from the sensor 44 is input to the
control unit 41. The engine water temperature sensor 45
detects temperature Tw of engine-cooling water. An output
from the sensor 45 is input to the control unit 41.

The control unit 41 controls the electric motor 24 through
the inverter 42. The control unit 41 includes an electric motor
speed control section 46 and an evaporator temperature cor-
rection section 47. The electric motor speed control section
46 controls a speed of the electric motor 24 in correspondence
to the temperature Te at the outlet of the evaporator 22.

The evaporator temperature correction section 47 corrects
the temperature, detected by the evaporator temperature sen-
sor 39, in correspondence with the temperature Tam of the
outside air and the temperature Tw of the engine-cooling
water as the outside air is introduced into the air-conditioning
system 17 during stop of idling of the engine 16, whereby the
evaporator temperature correction section 47 provides a cor-
rected temperature lower than the temperature detected by the
sensor 39. The evaporator temperature correction section 47
regards the corrected temperature as the temperature Te at the
outlet of the evaporator 22. The control unit 41 can be a
computer mounted on the automobile 11.

Input to the control unit 41 are a signal regarding the
temperature Te at the outlet of the evaporator 22 and output
from the evaporator temperature sensor 39, a signal regarding
the temperature Tam of the outside air and output from the
outside air temperature sensor 44, and a signal regarding the
temperature Tw of the engine-cooling water and output from
the engine water temperature sensor 45.

With the above various signals input to the control unit 41,
the control unit 41 controls the electric motor 24 through the
inverter 42 in accordance with a flow chart shown in FIG. 3.

The flowchart shown in FIG. 3 will be explained with
reference to FIG. 2 to FIG. 5. The flowchart shows how the
control unit 41 operates for controlling the electric motor 24
when the idling of the engine 16 is stopped. It is to be noted
that each step for controlling the electric motor 24 will be
hereinafter referred to as “ST”.

S101: it is determined whether the idling of the engine 16
is stopped. If not, the operation of the control unit 41 returns
to START. When the idling of the engine 16 is stopped, the
control proceeds to ST102.

S102: it is determined whether the outside air is introduced
into the air-conditioning system 17. If not, the operation of the
control unit 41 proceeds to ST107. If the outside air is intro-
duced into the air-conditioning system 17, the operation is
transferred to ST103.

ST103: it is determined whether the temperature Tam is
equal to or lower than a predetermined temperature c.. If the
temperature Tam is higher than the predetermined tempera-
ture o, the operation of the control unit 41 proceeds to ST107.
The predetermined temperature o is set to, for example, 5
degrees Celsius. When the temperature Tam is higher than the
predetermined temperature a., it is less necessary to correct
the temperature Te at the outlet of the evaporator 22. Thus,
provision of such a higher temperature Tam is not considered
a condition under which correction should be made to the
temperature Te. If the temperature Tam is equal to or lower
than the predetermined temperature o, the operation of the
control unit 41 proceeds to ST104.

ST104: it is determined whether a difference (Te-Tam) is
equal to or higher than a predetermined temperature (3. If the
difference (Te-Tam) is lower than the predetermined tem-
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6

perature {3, the operation of the control unit 41 proceeds to
ST107. The predetermined temperature [ is set to, for
example, 5 degrees Celsius. When the difference (Te-Tam) is
lower than the predetermined temperature , it is less neces-
sary to correct the temperature Te at the outlet of the evapo-
rator 22. Thus, provision of such a lower difference (Te-Tam)
is not considered a condition under which correction should
be made to the temperature Te. If the difference (Te-Tam) is
equal to or higher than the predetermined temperature {3, the
operation of the control unit 41 proceeds to ST105.

ST105: it is determined whether either the defroster mode
orthe heater/defroster mode is selected. If so, the operation of
the control unit 41 proceeds to ST107. Selection of either the
defroster mode or the heater/defroster mode is not considered
a condition under which correction should be made to the
temperature Te, because in either the defroster mode or the
heater/defroster mode the evaporator 22 should dehumidify
the passenger compartment 12 for defrosting the interior side
ofthe windshield. If neither the defroster mode nor the heater/
defroster mode is selected, the operation of the control unit 41
proceeds to ST106.

ST106: the temperature Te is corrected to temperature (Te-
A-B). The symbol “A” used herein represents a first correc-
tion value (° C.) to be decided in relation to the outside air
temperature Tm, while the symbol “B”’used herein represents
a second correction value (° C.) to be decided in relation to the
engine cooling water temperature Tw. The values A and B are
retrieved from maps shown in FIG. 4 and FIG. 5.

In the map shown in FIG. 4, a horizontal axis shows the
temperature Tam of the outside air while a vertical axis shows
the value A. A straight line 1.10 is a graph of the value Aversus
the temperature Tam.

In the map shown in FIG. 5, a horizontal axis shows the
temperature Tw of the engine-cooling water while a vertical
axis shows the value B. A straight line 111 is a graph of the
value B versus the temperature Tw.

In ST 106, the value A corresponding to the temperature
Tam indicated by the signal input to the control unit 41 is
retrieved from the map shown in FIG. 4. Similarly, the value
B corresponding to the temperature Tw indicated by the sig-
nal input to the control unit 41 is retrieved from the map of
FIG. 5. The temperature Te is corrected using these retrieved
values A, B.

ST107: the speed of the electric motor 24 is retrieved from
a map of FIG. 6.

FIG. 6 shows a graph, used as the map, of the speed of the
electric motor 24 versus the temperature Te used in ST107. A
horizontal axis shows the temperature Te while a vertical axis
shows the speed of the electric motor 24. A line C12 is a graph
of the speed of the electric motor 24 versus the temperature
Te. When the temperature Te is between 3 degrees Celsius and
4 degrees Celsius at a time of an initial retrieval of the speed
of' the electric motor 24, the speed of the electric motor 24 is
0 (rpm) rather than 1000 (rpm). The speed of the electric
motor 24 varies along a line C10 when the speed of the
electric motor 24 is reduced from a higher speed.

As discussed above, when the outside air is introduced into
the air-conditioning system 17 during the stop of the idling of
the engine 16, influences of the temperature Tam of the out-
side air and the temperature Tw of the engine-cooling water,
which would contribute to increase in temperature Te at the
outlet of the evaporator 22, can be removed from the tempera-
ture Te detected by the evaporator temperature sensor 39 to
provide an appropriate temperature lower than the detected
temperature Te. Such an appropriate lower temperature can
be used as the temperature Te at the outlet of the evaporator
22.
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It thus becomes possible to prevent the electric motor 24
from being driven under an inappropriate condition or at a
higher speed than as actually required when the outside air is
introduced into the air-conditioning system 17 during the
idling-stopped state of the engine 16, with the result that
excessive consumption of electric power is prevented.

In the illustrated embodiment, the compressor 20 is driven
by the electric motor 24 regardless of whether the idling of the
engine 16 is stopped. However, either the engine 16 or the
electric motor 24 may be selected to drive the compressor 20,
except where the electric motor 24 drives the compressor 20
as long as the idling of the engine 16 is stopped.

Alternatively, an engine-driven compressor and an electric
motor-driven compressor may be provided in parallel in the
refrigeration cycle in such a manner that only the electric
motor-driven compressor is actuated when the idling of the
engine 16 is stopped.

The speed of the electric motor 24 may be obtained by
arithmetical operation rather than by retrieval from the maps
as discussed above.

Obviously, various minor changes and modifications of the
present invention are possible in the light of the above teach-
ing. It is therefore to be understood that within the scope of the
appended claims the invention may be practiced otherwise
than as specifically described.

What is claimed is:

1. An air-conditioning system for a vehicle having an
engine adapted to stop idling on predetermined stop condi-
tions of the vehicle, the air-conditioning system comprising:

a compressor for compressing a refrigerant circulated in a

refrigeration cycle;

a blowing fan for introducing outside air and producing

air-conditioning air;

an evaporator for cooling the air-conditioning air by caus-

ing the refrigerant to evaporate;

an electric motor for driving the compressor when the

idling of the engine is stopped;
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an evaporator temperature sensor for detecting a tempera-

ture at an outlet of the evaporator;

motor speed control means for controlling a speed of the

electric motor in correspondence with the detected
evaporator outlet temperature; and

evaporator temperature correction means for, when the

engine idling is stopped and the blowing fan is introduc-
ing the outside air, correcting the evaporator outlet tem-
perature, detected by the evaporator temperature sensor,
to a lower temperature in correspondence with a tem-
perature of the outside air and a temperature of water for
cooling the engine.

2. The air-conditioning system of claim 1, further compris-
ing an outside air temperature sensor and an engine cooling
water temperature sensor, and wherein the evaporator tem-
perature correction means calculates the evaporator outlet
temperature to be used in control by the motor speed control
means, by subtracting, from the evaporator outlet temperature
detected by the evaporator temperature sensor, a value corre-
sponding to an outside air temperature detected by the outside
air temperature sensor and a value corresponding to an engine
cooling water temperature detected by the engine cooling
water temperature sensor.

3. The air-conditioning system of claim 2, wherein the
value corresponding to the outside air temperature detected
by the outside air temperature sensor has a characteristic such
that it becomes smaller as the outside air temperature grows
larger.

4. The air-conditioning system of claim 2, wherein the
value corresponding to the engine cooling water temperature
detected by the engine cooling water temperature sensor has
a characteristic such that it becomes larger as the engine
cooling water temperature grows larger.

5. The air-conditioning system of claim 1, wherein the
motor speed control means is designed to retrieve a value for
controlling the motor speed from a map containing electric
motor speeds associated with evaporator outlet temperatures.
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