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(57) ABSTRACT

A device and a method for a controlling compressor of
vehicles may include a cabin temperature sensor, an outdoor
temperature sensor, an evaporator temperature sensor
detecting a temperature of a cooling medium in an evapo-
rator, an engine speed sensor detecting rotation speed of an
engine, and a throttle position sensor detecting a throttle
opening, an air conditioning system including a condenser
condensing and liquefying the cooling medium, an evapo-
rator, the compressor, a temperature control door controlling
a temperature of an air flowed in a cabin, an intake door
selectively flowing an inner air or an outer air in the cabin,
a blower blowing the air to the intake door, and a controller
determining acceleration mode and an allowable tempera-
ture at each acceleration mode when an acceleration condi-
tion occurs, and decreasing an operation of the compressor
according to a difference between the evaporator tempera-
ture and the allowable temperature.

8 Claims, 7 Drawing Sheets
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1
DEVICE AND METHOD FOR
CONTROLLING COMPRESSOR OF
VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Divisional of U.S. patent application
Ser. No. 12/952,907, filed Nov. 23, 2010, which claims
priority to and the benefit of Korean Patent Application
Number 10-2010-0063133 filed in the Korean Intellectual
Property Office on Jun. 30, 2010, the entire contents of
which applications are incorporated herein for all purposes
by these references.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a device and a method for
controlling a compressor of vehicles, and more particularly,
to a device and a method for a controlling compressor of
vehicles which improves acceleration performance and fuel
efficiency and maintains comfort of a cabin by decreasing an
operation of the compressor when accelerating.

Description of the Related Art

Recently, countries tighten exhaust regulations and fuel
efficiency regulations so as to retard progress of global
warming and to prepare depletion of petroleum resources. In
order to enhance fuel efficiency, improvement of auxiliary
machinery including a powertrain is required. An air con-
ditioning system including an air conditioner is one of such
auxiliary machinery.

Such air conditioning systems include a compressor. The
compressor selectively receives an engine torque transmit-
ted through a pulley by engaging or disengaging operation
of an electric clutch and compresses a cooling medium
flowing in from an evaporator. After that, the compressor
flows the cooling medium out to a condenser. Various types
of compressors exist, and compressors of variable-capacity
type are widely used for vehicles.

According to the compressor of variable-capacity type, a
pressure control valve changes pressure of the cooling
medium based on a load, and thereby, an angle of an inclined
plate can be controlled. If the angle of the inclined plate is
changed, stroke of a piston changes, and accordingly, dis-
charge flux of the cooling medium can also be controlled.

A great amount of driving torque is required for operating
the compressor. Particularly, since the compressor receives
the driving torque by the pulley connected to a crankshaft of
an engine through a belt, the compressor is operated accord-
ing to an engine speed irrelevant to a target cooling perfor-
mance. In addition, since occupants operate the air condi-
tioning system for their comfort, the compressor may
operate excessively and fuel efficiency may be deteriorated.
These problems mainly occur when acceleration or decel-
eration.

The information disclosed in this Background section is
only for enhancement of understanding of the general back-
ground of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to
provide a device and a method for controlling a compressor
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of vehicles having advantages of improving acceleration
performance and fuel efficiency and maintaining comfort of
a cabin by decreasing an operation of the compressor when
accelerating.

Various aspects of the present invention are directed to a
device for controlling a compressor of vehicles that may
include a sensor module including a cabin temperature
sensor detecting a cabin temperature of the vehicle, an
outdoor temperature sensor detecting an outdoor tempera-
ture of the vehicle, an evaporator temperature sensor detect-
ing a temperature of a cooling medium in an evaporator
(evaporator temperature), an engine speed sensor detecting
rotation speed of an engine, and a throttle position sensor
detecting a throttle opening, an air conditioning system
including a condenser condensing and liquefying the cooling
medium, an evaporator evaporating the liquefied cooling
medium, the compressor compressing the cooling medium,
a temperature control door controlling a temperature of an
air flowed in a cabin of the vehicle, an intake door selec-
tively flowing an inner air or an outer air in the cabin of the
vehicle, and a blower blowing the air to the intake door, and
a controller controlling an operation of the air conditioning
system, wherein the controller decides a acceleration mode
and an allowable temperature at each acceleration mode
when an acceleration condition occurs, and decreases an
operation of the compressor according to a difference
between the evaporator temperature and the allowable tem-
perature.

The allowable temperature at each acceleration mode may
be decided according to the outdoor temperature of the
vehicle.

The temperature control door may be controlled to lower
the temperature of the air supplied to the cabin when the
evaporator temperature is higher than a target temperature
during decreasing the operation of the compressor.

Control of the temperature control door by the controller
may include control of the intake door through which the
inner air or the outer air selectively flows in the cabin and
control of blowing speed of the blower.

The controller may increase the operation of the com-
pressor according to a target increasing rate of the operation
of the compressor when a release condition occurs during
decreasing the operation of the compressor or a time spent
decreasing the operation of the compressor is larger than or
equal to a maximum time.

The controller may increase the operation of the com-
pressor until the operation of the compressor reaches to a
target operation of the compressor.

The controller may control the temperature control door
to lower the temperature of the air supplied to the cabin
when the evaporator temperature is higher than a second
target temperature during increasing the operation of the
COMpressor.

The control of the temperature control door by the con-
troller may include the control of the intake door through
which the inner air or the outer air selectively flows in the
cabin and the control of blowing speed of the blower.

Various aspects of the present invention are directed to a
method for controlling a compressor of vehicles that may
include a) determining whether an acceleration condition
occurs, b) determining whether an evaporator temperature is
lower than an allowable temperature in a case that the
acceleration condition occurs, ¢) decreasing the operation of
the compressor based on a difference between the evaporator
temperature and the allowable temperature when the evapo-
rator temperature is lower than the allowable temperature, d)
determining whether the evaporator temperature is higher
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than a target temperature while the operation of the com-
pressor is decreased, and e) controlling the temperature
control door, the intake door, and the blower so as to lower
the temperature of the air supplied to the cabin when the
evaporator temperature is higher than the target temperature.

The allowable temperature may be varied according to an
acceleration mode decided based on a throttle opening and
an engine speed, and the allowable temperature at each
acceleration mode may be decided according to the outdoor
temperature of the vehicle.

The intake door may be controlled based on a difference
between the cabin temperature and the outdoor temperature
or the outdoor temperature, and the blower may be con-
trolled based on an inner air ratio at the step ).

The method for controlling the compressor of the vehicles
may further include g) determining whether a release con-
dition occurs or a time spent decreasing the operation of the
compressor is larger than or equal to a maximum time,
wherein the steps b) to e) are repeated when the release
condition does not occur or the time spent decreasing the
operation of the compressor is smaller than the maximum
time at the step g).

In a case that the evaporator temperature is higher than or
equal to the allowable temperature at the step b) or the
release condition occurs or the time spent decreasing the
operation of the compressor is larger than or equal to the
maximum time at the step g), the method may further
include h) increasing the operation of the compressor
according to a target increasing rate of the operation of the
compressor, 1) determining whether the operation of the
compressor is lower than a target operation of the compres-
sor, j) determining whether the evaporator temperature is
higher than the target temperature when the operation of the
compressor is lower than the target operation of compressor,
and k) controlling the temperature control door, the intake
door, and the blower so as to lower the temperature of the air
supplied to the cabin when the evaporator temperature is
higher than the target temperature.

The steps h) to k) may be repeated when the evaporator
temperature is lower than or equal to the target temperature
at the step j) or the step k) is performed.

The intake door may be controlled based on the difference
between the cabin temperature and the outdoor temperature
or the outdoor temperature, and the blower may be con-
trolled based on the inner air ratio at the step k).

Controlling the compressor may be finished when the
operation of the compressor reaches the target operation of
the compressor at the step 1).

The methods and apparatuses of the present invention
have other features and advantages which will be apparent
from or are set forth in more detail in the accompanying
drawings, which are incorporated herein, and the following
Detailed Description of the Invention, which together serve
to explain certain principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an exemplary device for
controlling a compressor of vehicles according to the present
invention.

FIG. 2 is a graph explaining the spirit of the present
invention.

FIG. 3 is a flowchart of an exemplary method for con-
trolling a compressor of vehicles according to the present
invention.
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FIG. 4 is a map showing a condition of a throttle opening
and an engine speed entering or releasing from each accel-
eration mode.

FIG. 5 is a graph showing an allowable temperature
according to an outdoor temperature at each acceleration
condition.

FIG. 6 is a graph showing a relation between an operation
of' a compressor and a temperature difference.

FIG. 7 is a graph showing an inner air ratio according to
a temperature difference.

FIG. 8 is a graph showing a blower speed respectively at
an outer air mode, a partial inner air mode, and an inner air
mode.

FIG. 9 is a graph showing an operation of a compressor
to time.

DETAILED DESCRIPTION

Reference will now be made in detail to various embodi-
ments of the present invention(s), examples of which are
illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s)
to those exemplary embodiments. On the contrary, the
invention(s) is/are intended to cover not only the exemplary
embodiments, but also various alternatives, modifications,
equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the
appended claims.

As shown in FIG. 1, a device for controlling a compressor
of vehicles according to various embodiments of the present
invention includes a sensor module 10, a control portion 20,
an actuator 30, an air conditioning system 40, and an injector
50.

The sensor module 10 includes a cabin temperature sensor
11, an outdoor temperature sensor 13, an evaporator tem-
perature sensor 15, an engine speed sensor 17, and a throttle
position sensor 19. Additionally, the sensor module 10
further includes sensors for shifting (e.g., a vehicle speed
sensor, a brake sensor, and so on) and/or sensors for con-
trolling an engine (e.g., an exhaust temperature sensor, an
oxygen sensor, and so on).

The cabin temperature sensor 11 detects a cabin tempera-
ture of the vehicle and transmits a signal corresponding
thereto to the control portion 20.

The outdoor temperature sensor 13 detects an outer tem-
perature of the vehicle and transmits a signal corresponding
thereto t/o the control portion 20.

The evaporator temperature sensor 15 detects a tempera-
ture of a cooling medium passing through an evaporator and
transmits a signal corresponding thereto to the control
portion 20.

The engine speed sensor 17 detects a rotation speed of an
engine from a phase change of a crankshaft, and transmits a
signal corresponding thereto to the control portion 20.

The throttle position sensor 19 detects a throttle opening
according to an operation of an accelerator pedal, and
transmits a signal corresponding thereto to the control
portion 20.

The control portion 20 is electrically connected to the
sensor module 10 so as to receive signals corresponding to
values detected by the sensor module 10, and controls the
injector 50 and the air conditioning system 40 based on the
signals. Various control units such as a transmission control
unit controlling a transmission of the vehicle, an engine
control unit controlling the engine, and an air conditioning
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system control unit controlling the air conditioning system
40 may be used in the vehicle, and the control portion 20 in
this specification includes all the control units used in the
vehicle. Particularly, it is to be understood that the control
portion 20 includes all the control portions suitable to
perform a method for controlling a compressor according to
various embodiments of the present invention.

The actuator 30 is electrically connected to the control
portion 20 and operates the air conditioning system 40
and/or the injector 50 according to a control signal trans-
mitted from the control portion 20. A solenoid device may
be used as the actuator 30, and the control signal may be a
duty signal applied to the solenoid device.

The air conditioning system 40 includes all the devices
used for warming, ventilating, and cooling the cabin of the
vehicle. Concretely, the air conditioning system 40 includes
a condenser 41, an evaporator 43, a compressor 45, a
temperature control door 47, an intake door 48, and a blower
49. The air conditioning system 40 may include various
components which are not described in this specification.

The condenser 41 condenses and liquefies the cooling
medium, the evaporator 43 evaporates the liquefied cooling
medium, and the compressor 45 compresses the cooling
medium.

In addition, the temperature control door 47 controls a
temperature of an air supplied to the cabin of the vehicle by
mixing a warm air with a cool air, the intake door 48 controls
an inner air, an outer air or a mixture of the inner and outer
airs to flow in the cabin of the vehicle, the blower 49 blows
the air toward the intake door.

Such an air conditioning system 40 is well known to a
person of an ordinary skill in the art, and a detailed descrip-
tion thereof will be omitted.

The injector 50 injects a fuel so as to drive the vehicle
(particularly, the engine).

A solid line in FIG. 2 represents a cooling performance
and an operation (load) of the compressor according to a
conventional art, and a dotted line represents a cooling
performance and an operation (load) of the compressor
according to various embodiments of the present invention.

If an acceleration condition of the vehicle occurs, the
engine speed increases excessively and the compressor also
operates excessively according to a conventional art. There-
fore, a cooling performance and the operation (load) of the
compressor increases excessively.

If the acceleration condition of the vehicle occurs, the
operation (load) of the compressor is gradually increased to
atarget operation of the compressor after being decreased by
a predetermined value according to the spirit of the present
invention. Accordingly, the cooling performance is
increased to a target cooling performance slowly after being
decreased temporarily. Since an excessive operation of the
compressor is prevented and power spent in operating the
compressor is reduced if the acceleration condition of the
vehicle occurs, acceleration performance and fuel efficiency
may be improved.

A method for controlling a compressor for vehicles real-
izing the spirit of the present invention will be described
with reference to FIG. 3 to FIG. 9.

As shown in FIG. 3, in a state that the vehicle runs, the
control portion 20 controls the cabin temperature of the
vehicle at a step S110. At this state, the control portion 20
determines whether the acceleration condition occurs at a
step S120. The acceleration condition (solid line) and the
release condition (dotted line) at each acceleration mode are
shown in FIG. 4. Such acceleration condition and release
condition according to the engine speed and the throttle
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opening are defined in a map. According to various embodi-
ments of the present invention, the control portion 20
determines the acceleration mode in a case that the accel-
eration condition is satisfied so as to improve accuracy of
control of the compressor. Such the acceleration mode
includes a quick acceleration mode and a slow acceleration
mode. The acceleration mode may further be subdivided, if
necessary.

In addition, as shown in FIG. 4, an entry condition and a
release condition are set differently at each acceleration
mode. Frequent change of control states may be prevented
by differently setting the entry condition and the release
condition at each acceleration mode. That is, if the entry
condition and the release condition are same at each accel-
eration mode, the control state may change frequently in a
case that the engine is operated at a boundary of the
acceleration condition. Thereby, fuel efficiency may be
deteriorated. Therefore, the frequent change of the control
state and deterioration of fuel efficiency may be prevented
by differently setting the entry condition from the release
condition at each acceleration mode.

The step S120 will further be described in detail. The
control portion 20 determines whether a quick acceleration
mode entry condition occurs or a slow acceleration mode
entry condition occurs when the acceleration condition
occurs. The reason why the acceleration modes are decided
as described above is that an allowable temperature which is
the basis of a decrease control of the operation of the
compressor is differently set at each acceleration condition
(referring to FIG. 5).

If the acceleration condition does not occur at the step
S120, the control portion 20 continues to perform a cabin
temperature control at the step S110.

If the acceleration condition occurs at the step S120, the
control portion 20 decides the acceleration mode and the
allowable temperature at each acceleration mode as shown
in FIG. 5.

The allowable temperature means an evaporator tempera-
ture corresponding to the temperature of the air required for
maintaining the comfort of the cabin. If the operation of the
compressor is decreased after the acceleration condition
occurs, the temperature of the air supplied to the cabin
increases. Therefore, the operation of the compressor should
be increased again in order to lower the temperature of the
air supplied to the cabin. This deteriorates fuel efficiency. In
order to solve such problems, the operation of the compres-
sor must be decreased until the evaporator temperature
reaches the allowable temperature.

Such an allowable temperature at each acceleration mode
is decided according to the outdoor temperature of the
vehicle. If the outdoor temperature of the vehicle is low, the
temperature of the air supplied to the cabin can be suffi-
ciently lowered by controlling the temperature control door
47, the intake door 48, and the blower 49 without increasing
the operation of the compressor even if the allowable
temperature of the evaporator is high.

Meanwhile, the allowable temperature at the quick accel-
eration mode is higher than that at the slow acceleration
mode under the same outdoor temperature. Since a large
amount of torque is spent in acceleration at the quick
acceleration mode, the cooling performance is reduced
slightly and the acceleration performance is improved by
setting the allowable temperature to be high at the quick
acceleration mode.

If the allowable temperature is decided as described
above, the control portion 20 determines whether the evapo-
rator temperature is lower than the allowable temperature at




US 9,981,530 B2

7

a step S130. If the evaporator temperature is higher than or
equal to the allowable temperature at the step S130, the
control portion 20 proceeds to a step S180 and does not
decrease the operation of the compressor. If the evaporator
temperature, on the contrary, is lower than the allowable
temperature at the step S130, the control portion 20
decreases the operation of the compressor at a step S140.
The operation of the compressor, as shown in FIG. 6, is
decreased based on a difference between the evaporator
temperature and the allowable temperature. That is, the
decrease of the operation according to the temperature
difference is defined in a map. Herein, it is exemplary shown
that the operation amount is proportional to the temperature
difference, but the spirit of the present invention is not
limited to this.

After that, the control portion 20 determines whether the
evaporator temperature is higher than a target temperature at
a step S150. Generally, if the operation of the compressor
decreases, the evaporator temperature is raised and the
temperature of the air supplied to the cabin is also raised.
Thereby, comfort of the cabin may be deteriorated. There-
fore, if the evaporator temperature is higher than the target
temperature at the step S150, the control portion 20 controls
the temperature control door 47, the intake door 48, and the
blower 49 so as to suppress a rise of the temperature of the
air supplied to the cabin at a step S160. That is, the
temperature control door 47 is controlled based on the
difference between the temperature of the air supplied to the
cabin at the step S110 and the current temperature of the air
supplied to the temperature control door 47. The intake door
48, as shown in FIG. 7, is controlled based on a difference
between the cabin temperature and the outdoor temperature
or the outdoor temperature. A speed of the blower 49, as
shown in FIG. 8, is controlled based on an inner air ratio (a
ratio of the inner air to the air supplied to the cabin).

Explaining concretely, the temperature control door 47 is
controlled to lower the temperature of the air supplied to the
cabin. For this purpose, a ratio of the inner air and the outer
air is controlled through the intake door 48, and speeds of the
inner air and the outer air are controlled through the blower
49.

If the evaporator temperature is lower than the target
temperature at the step S150, the control portion 20 does not
control the temperature control door 47, the intake door 48,
and the blower 49 and proceeds to a step S170.

At the step S170, the control portion 20 determines
whether the release condition occurs or the time spent in
decreasing the operation of the compressor is larger than or
equal to a maximum time. If the release condition does not
occur or the time spent in decreasing the operation of the
compressor is smaller than the maximum time, the control
portion 20 continuously performs the steps S130 to S170,
repeatedly.

Meanwhile, if the release condition occurs at the step
S170, the control portion 20 proceeds to the step S180
because an operation of the evaporator cannot be decreased.
In addition, the time spent in decreasing the operation of the
compressor is larger than or equal to the maximum time at
the step S170, the control portion 20 decides that the
accelerations are continuously performed (e.g., in a case that
the vehicle runs uphill), and proceeds to the step S180 for the
comfort of the cabin.

Steps S180 to S210 are steps for preparing a normal
operation of the compressor 45. If the evaporator tempera-
ture is higher than or equal to the allowable temperature at
the step S130, the temperature of the air supplied to the cabin
is higher than that of the air required for maintaining the

20

25

30

35

40

45

50

55

60

65

8

comfort of the cabin. In this case, the temperature of the air
supplied to the cabin is lowered by raising the operation of
the compressor to a target operation of the compressor and
the cabin temperature control is performed normally. At this
time, if the operation of the compressor is raised quickly, the
injection amount of the fuel increases. Therefore, the opera-
tion of the compressor is gradually increased so as to prevent
the fuel efficiency and the comfort from being deteriorated.

For this purpose, the control portion 20 increases the
operation of the compressor according to a target increasing
rate of the operation of the compressor at the step S180. The
target increasing rate of the operation of the compressor, as
shown in FIG. 9, is calculated according to a target position
of the temperature control door 47 and a reference target
increasing rate of the operation of the compressor. The target
increasing rate of the operation of the compressor A, ,, is
represented as a dotted line in a right graph in FIG. 9. That
is, assuming that a distance from a predetermined position of
the temperature control door when the outdoor temperature
is 0° C. to the target position of the temperature control door
is a and a distance from the predetermined position of the
temperature control door when the outdoor temperature is 0°
C. to a minimum position of the temperature control door is
[, the target increasing rate of the operation of the compres-
sor A,,,.., is calculated from a following equation.

Ararger=Arar™ (O/P) Eq. (a)

The reference target increasing rate of the operation of the
compressor A, represents an increasing rate of the opera-
tion of the compressor used for increasing the operation of
the compressor at a normal state. Since the operation of the
compressor is increased according to the target increasing
rate of the operation of the compressor A,,,.., that is lower
than the reference target increasing rate of the operation of
the compressor in various embodiments of the present
invention, the operation of the compressor may be prevented
from being increased quickly. Therefore, deterioration of the
fuel efficiency may be prevented.

After performing the step S180, the control portion 20
determines whether the operation of the compressor is lower
than the target operation of the compressor at the step S190.
That is, it is determined whether the operation of the
compressor reaches the target operation of the compressor.
If the operation of the compressor reaches the target opera-
tion of the compressor at the step S190, the control portion
20 finishes the method for controlling the compressor
according to various embodiments of the present invention
and returns to the step S110. If the operation of the com-
pressor is lower than the target operation of the compressor
at the step S190, the control portion 20 determines whether
the evaporator temperature is higher than the target tem-
perature at the step S200.

If the evaporator temperature is lower than or equal to the
target temperature at the step S200, the control portion 20
continuously performs the steps S180 to S200, repeatedly.

If the evaporator temperature is higher than the second
target temperature at the step S200, the control portion 20
controls the temperature control door 47, the intake door 48,
and the blower 49 so as to suppress the rise of the tempera-
ture of the air supplied to the cabin at the step S210. Since
the step S210 is the same as the step S160, a detailed
description thereof will be omitted.

According to the present invention, an operation of a
compressor is decreased when accelerating. Therefore,
acceleration performance and fuel efficiency may be
improved.
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In addition, a temperature control door, an intake door,
and a blower are controlled so as to prevent a temperature
rise of an air supplied to a cabin according to a decrease of
an operation of a compressor. Therefore, comfort may be
secured.

The foregoing descriptions of specific exemplary embodi-
ments of the present invention have been presented for
purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
and variations are possible in light of the above teachings.
The exemplary embodiments were chosen and described in
order to explain certain principles of the invention and their
practical application, to thereby enable others skilled in the
art to make and utilize various exemplary embodiments of
the present invention, as well as various alternatives and
modifications thereof. It is intended that the scope of the
invention be defined by the Claims appended hereto and
their equivalents.

What is claimed is:

1. A method for controlling a compressor of a vehicle
provided with an air conditioning system including a con-
denser condensing and liquefying a cooling medium, an
evaporator evaporating the liquefied cooling medium, the
compressor compressing the cooling medium, a temperature
control door controlling a temperature of an air flowed in a
cabin of the vehicle, an intake door selectively flowing an
inner air or an outer air in the cabin of the vehicle, and a
blower blowing the air to the intake door, the method
comprising:

a) determining whether an acceleration condition occurs;

b) determining whether an evaporator temperature is
lower than an allowable temperature in a case that the
acceleration condition occurs;

¢) decreasing operation of the compressor based on a
difference between the evaporator temperature and the
allowable temperature when the evaporator tempera-
ture is lower than the allowable temperature;

d) determining whether the evaporator temperature is
higher than a target temperature while the operation of
the compressor is decreased; and

e) controlling the temperature control door, the intake
door, and the blower so as to lower the temperature of
the air supplied to the cabin when the evaporator
temperature is higher than the target temperature.

2. The method of claim 1, wherein the allowable tem-
perature is varied according to acceleration modes decided
based on a throttle opening and an engine speed, and the
allowable temperature at each of the acceleration modes is
decided according to an outdoor temperature of the vehicle.
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3. The method of claim 1, wherein the intake door is
controlled based on a difference between a cabin tempera-
ture and an outdoor temperature, wherein the intake door is
controlled based on the outdoor temperature when there is
no difference between the cabin temperature and the outdoor
temperature, and the blower is controlled based on an inner
air ratio at the step e), wherein the inner air ratio is a ratio
of the inner air to the outer air.

4. The method of claim 1, further comprising f) deter-
mining whether a release condition occurs or a time spent
decreasing the operation of the compressor is larger than or
equal to a maximum time,

wherein the steps b) to e) are repeated when the release
condition does not occur or the time spent decreasing
the operation of the compressor is smaller than the
maximum time at the step f).

5. The device of claim 4, in a case that the evaporator
temperature is higher than or equal to the allowable tem-
perature at the step b) or the release condition occurs or the
time spent decreasing the operation of the compressor is
larger than or equal to the maximum time at the step ),
further comprising:

g) increasing the operation of the compressor according to

a target increasing rate of the operation of the com-
pressor;

h) determining whether the operation of the compressor is
lower than a target operation of the compressor;

i) determining whether the evaporator temperature is
higher than the target temperature when the operation
of the compressor is lower than the target operation of
compressor; and

j) controlling the temperature control door, the intake
door, and the blower so as to lower the temperature of
the air supplied to the cabin when the evaporator
temperature is higher than the target temperature.

6. The method of claim 5, wherein the steps g) to j) are
repeated when the evaporator temperature is lower than or
equal to the target temperature at the step 1) or the step j) is
performed.

7. The method of claim 5, wherein the intake door is
controlled based on a difference between a cabin tempera-
ture and an outdoor temperature, wherein the intake door is
controlled based on the outdoor temperature when there is
no difference between the cabin temperature and the outdoor
temperature, and the blower is controlled based on an inner
air ratio at the step j), wherein the inner air ratio is a ratio of
the inner air to the outer air.

8. The method of claim 5, wherein controlling the com-
pressor is finished when the operation of the compressor
reaches the target operation of the compressor at the step h).

#* #* #* #* #*
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