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(54) Air conditioning system for vehicles

(57)  Anair conditioning system for vehicles includes a refrigeration cycle having a variable displacement compressor
with a displacement control valve, for controlling a discharge amount of the compressor, so that a pressure difference
(Pd-Ps) between a discharged refrigerant pressure (Pd) and a drawn-refrigerant pressure (Ps) equals a set value, an
acceleration state detecting device, and an engine rotational speed detecting device. The system further includes a
device for determining a condition in which the acceleration state is detected or a condition in which the engine rotational
speed equals or is greater than a set value as an elevated compressor load condition, and during the elevated compressor
load condition, controlling the discharge amount of the compressor, so that the pressure difference (Pd-Ps) equals or
is less than a pressure difference (Pd-Ps) immediately before elevated the compressor load condition. Both superior
acceleration performance of a vehicle and driver comfort due to air conditioning may be achieved.
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Description

[0001] The present invention relates to air conditioning systems for vehicles, and more specifically, to air conditioning
systems for vehicles which improve the acceleration performance of a vehicle by appropriately reducing the displacement
of a compressor during acceleration, without adversely affecting operation of air conditioning or performance of the
vehicle, or both.

[0002] Inaknown technology, arefrigeration cycle has a variable displacement compressor, and the power consumed
by driving the compressor is reduced by reducing the displacement of the compressor during vehicle acceleration. An
amount of power made available to the vehicle by reducing power consumption by the compressor is utilized to improve
the acceleration performance of the vehicle. An example of the known technology is described in Japanese Published
Patent Application No. JP-A-57-175422.

[0003] Nevertheless, there are problems with this known technology for reducing a displacement of a compressor
during acceleration. Because the displacement of the compressor is controlled at a minimum displacement or a clutch
for the compressor is disengaged during acceleration, the cooling ability of the system approaches zero, the temperature
of air blown into the vehicle interior increases. Therefore, the driver's comfort may be adversely affected. On the other
hand, if the above-described compressor control is not performed during acceleration, the power consumption of the
compressor increases along with the increase in engine rotational speed. The acceleration performance of the vehicle
may be degraded, and fuel consumption may increase. Because a variable displacement compressor varies a stroke
of a piston in order to control a control object, such as a drawn-refrigerant pressure (Ps), at a constant value relative to
variations of the engine rotational speed; when the engine rotational speed increases, the piston stroke is controlled, so
that the torque of the compressor is reduced. Nevertheless, if the drawn-refrigerant pressure (Ps) is a control object,
when a thermal load of an evaporator is elevated, i.e., when an actual Ps is larger than a target Ps, even if the engine
rotational speed varies, the compressor is driven at a maximum stroke. Therefore, the power consumption of the com-
pressor increases along with the elevation of the engine rotational speed, and the acceleration performance of the vehicle
may deteriorate significantly.

[0004] Accordingly, a need has arisen to provide air conditioning systems for vehicles, which prevent a compressor
from being driven at a maximum displacement during acceleration, avoid excessive power consumption by the com-
pressor during acceleration, and realize improved acceleration performance of the vehicle and reduced fuel consumption.
[0005] Further, a need has arisen to provide air conditioning systems for vehicles, which appropriately reduce the
displacement of the compressor during acceleration to improve the acceleration performance of the vehicle, and, at the
same time, which prevent the degradation of the driver's comfort, by suppressing the excessive elevation of the tem-
perature of the air blown into a vehicle interior.

[0006] In an embodiment of the present invention, an air conditioning system for vehicles comprises a refrigeration
cycle comprising a variable displacement compressor with a displacement control valve for controlling a discharge
amount of the compressor, so that a pressure difference (Pd-Ps) between a discharged refrigerant pressure (Pd) and
a drawn-refrigerant pressure (Ps) of the compressor equals a set value, means for detecting acceleration of a vehicle,
and means for detecting an engine rotational speed of the vehicle. The air conditioning system further comprises means
for determining a condition in which acceleration is detected or a condition in which the engine rotational speed is greater
than or equal to a set value as an elevated compressor load condition, and during such elevated compressor load
condition, for controlling the discharge amount of the compressor by the displacement control valve, so that the pressure
difference (Pd-Ps) after discharge is less than or equal to a pressure difference (Pd-Ps) immediately before discharge
in the elevated compressor load condition.

[0007] This air conditioning system for vehicles further may comprise means for estimating a present value of the
pressure difference (Pd-Ps), and for estimating the pressure difference (PD-Ps) during the elevated compressor load
condition, the compressor may be driven by setting an estimated value of the pressure difference (Pd-Ps) immediately
before said elevated compressor load condition as a target control value of the displacement control valve.

[0008] In this structure, the air conditioning system further may comprise means for estimating a torque of the com-
pressor, and the means for estimating the pressure difference (Pd-Ps) may estimate the pressure difference (Pd-Ps)
based on an estimated torque of the compressor or an outside air temperature or a physical value having a correlation
with an amount of air flowing into a heat exchanger provided outside of a vehicle interior per a unit time or an engine
rotational speed or a vehicle running speed, or combinations thereof.

[0009] Moreover, in air conditioning systems for vehicles according to the present invention, the pressure difference
(Pd-Ps) during the elevated compressor load condition may be controlled at or less than the pressure difference (Pd-
Ps) immediately before the elevated compressor load condition, by controlling the discharge amount of the compressor,
so that power consumed by driving the compressor is equal to or less than a set value. In this case, the set value of the
power consumed by driving the compressor may be determined with reference to a physical value having a correlation
with an accelerator actuating amount and a vehicle running speed. Further, a sufficient cooling ability may be determined
from a vehicle interior air temperature or an evaporator exit air temperature or an outside air temperature, or combinations
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thereof, and the set value of the power consumed by driving the compressor may be determined in accordance with the
determined sufficient cooling ability.

[0010] In addition, in air conditioning systems for vehicles according to the present invention, the above-described
means for detecting the acceleration state may detect the acceleration state of the vehicle with reference to at least a
physical value having a correlation with an accelerator actuating amount and a vehicle running speed.

[0011] Further, the air conditioning systems for vehicles according to the present invention may be configured as a
heat pump cycle.

[0012] Thus, in air conditioning systems for vehicles according to the present invention, the compressor is not always
driven at a maximum displacement during acceleration, excessive power consumption of the compressor during accel-
eration may be avoided, and improved acceleration performance of the vehicle and reduced fuel consumption may be
achieved.

[0013] Further, because the displacement of the compressor is controlled, so that the pressure difference between
the discharged refrigerant pressure and the drawn-refrigerant pressure is a target value both before acceleration and
during acceleration, the cooling ability is not reduced during acceleration, and the comfort level in the vehicle interior
may be maintained.

[0014] Further objects, features, and advantages of the present invention will be understood from the following detailed
description of preferred embodiments of the present invention with reference to the accompanying figures.

[0015] Embodiments of the invention now are described with reference to the accompanying figures, which are given
by way of example only, and are not intended to limit the present invention.

Fig. 1is a schematic diagram of an air conditioning system for vehicles according to an embodiment of the present
invention.

Fig. 2 is a graph showing an example of a relationship between a displacement control signal and a pressure
difference (Pd-Ps) in the present invention.

Fig. 3 is a graph showing an example of a relationship between a vehicle running speed and a power consumed
by a compressor when a pressure difference (Pd-Ps) is constant in the present invention.

Fig. 4 is atime chart comparing respective properties showing an example of a difference between a case in which
the control method according to the present invention is performed and a case in which the control method according
to the present invention is not performed.

Fig. 5is agraph showing an example of determination of an acceleration state due to an accelerator opening degree
according to Example 1.

Fig. 6 is a graph showing an example of a relationship between an accelerator opening degree and a compressor
control method according to Example 1.

Fig. 7 is a flowchart showing an example of a control method according to Example 1.

Fig. 8 is a flowchart showing another example of a control method according to Example 1.

Figs. 9A and 9B are graphs showing examples of a relationship between an accelerator opening degree and a
compressor control method according to Example 2.

Fig. 10 is a flowchart showing an example of a control method according to Example 2.

Fig. 11 is a schematic diagram of an air conditioning system for vehicles, showing an example in which the air
conditioning system is configured as a heat pump cycle.

[0016] Fig. 1 depicts an air conditioning system for vehicles according to an embodiment of the present invention. In
Fig. 1, in a refrigeration cycle 1, a variable displacement compressor 2 is provided which is capable of changing its
discharge amount. Compressor 2 is driven by an engine for a vehicle (not shown), and the drive force of the engine is
transmitted to compressor 2 via an electromagnetic clutch, or the like. Refrigerant is circulated in the refrigerant tubes
in refrigeration cycle 1, and the high-temperature and high-pressure refrigerant is compressed by compressor 2. The
refrigerant exchanges heat with outside air in a condenser 3, in which the refrigerant is cooled, condensed, and liquefied.
Gas-phase refrigerant and liquid-phase refrigerant are separated by a receiver drier 4, and the liquid refrigerant is
expanded and reduced in pressure by an expansion mechanism 5 (e.g., an expansion valve). The refrigerant, after being
reduced in pressure, flows into an evaporator 6, and the refrigerant exchanges heat in evaporator 6 with air delivered
by a blower 11. The refrigerant evaporated in evaporator 6 is drawn again into compressor 2 and compressed therein.
[0017] Blower 11 is disposed in an air duct 10 through which air for air conditioning of an interior of a vehicle passes,
and air drawn from a suction port 9 is delivered to evaporator 6 by blower 11. A portion of air having passed through
evaporator 6 is delivered to a heater unit 8 disposed downstream, and the ratio of the amount of air passing through
heater unit 8 to the amount of air bypassing heater unit 8 is adjusted by an air mixing damper 7. Respective air discharge
ports 12, 13, and 14, such as a DEF-mode, air discharge port, a VENT-mode, air discharge port, and a FOOT-mode,
air discharge port, are provided at downstream positions in air duct 10, and these ports are opened and closed selectively
by respective dampers (not shown).
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[0018] Compressor 2 is a variable displacement compressor having a displacement control valve (not shown) which
controls a discharge amount of compressor 2, so that a pressure difference (Pd-Ps) between a discharged refrigerant
pressure (Pd) and a drawn-refrigerant pressure (Ps) of compressor 2 equals a set value. Displacement control signal
16 is sent to the displacement control valve for controlling the discharge amount of compressor 2 and is sent from air
conditioning control unit 15. To air conditioning control unit 15 vehicle signals 17 which are sent from an engine, electronic
control unit (ECU) and include a signal from means for detecting an acceleration state of a vehicle, a signal of a vehicle
running speed, a signal of an engine rotational speed sent from an engine rotational speed detecting means, a signal
of a cooling fan voltage, and the like are input to air conditioning control unit 15. In this embodiment, a signal indicating
an accelerator opening degree is a physical value corresponding to an accelerator actuating amount. Sensor signals
18, which include a signal from a sunshine sensor, a signal from a vehicle interior temperature sensor, a signal from an
outside air temperature sensor, a signal from an evaporator exit air temperature sensor, a signal from a high pressure-
side refrigerant pressure sensor, and the like, also are input to air conditioning control unit 15.

[0019] In such an air conditioning system thus configured, the control method according to the present invention is
accomplished as follows.

[0020] As described above, compressor 2 is a variable displacement compressor, which can control the pressure
difference (Pd-Ps) between discharged refrigerant pressure (Pd) and drawn-refrigerant pressure (Ps) in response to the
displacement control signal. The relationship between the displacement control signal and the pressure difference (Pd-
Ps) may be as depicted in Fig. 2. As shown by the solid line in Fig. 2, when the displacement control signal is increased,
the signal transits from a minimum displacement region into a displacement control region, and when the displacement
control signal is increased further, the signal transits into a maximum displacement region.

[0021] When the above-described displacement control signal varies in the minimum displacement region, regardless
of variation of the displacement control signal, the compressor is driven at a minimum displacement. When the displace-
ment control signal varies in the maximum displacement region, regardless of variation of the displacement control
signal, the compressor is driven at a maximum displacement. When the displacement control signal varies in the dis-
placement control region, the discharge amount of the compressor is controlled so as to satisfy a target value of the
pressure difference (Pd-Ps) determined in accordance with the displacement control signal, and the compressor is driven
at an intermediate displacement. In Fig. 2, a displacement control signal indicated by "a" is a value of the displacement
control signal at a boundary between the displacement control region and the maximum displacement region, and the
value of "a" varies depending on the thermal load condition, the compressor rotational speed, and the like.

[0022] Inthe maximum displacement region, as shown in Fig. 2, because the target value of the pressure difference
(Pd-Ps) is elevated, an actual pressure difference (Pd-Ps) does not reach the target value, and the compressor is driven
at the maximum displacement. When the engine rotational speed elevates during acceleration, because the compressor
rotational speed elevates as the compressor is in the maximum displacement condition, the power consumption of the
compressor increases significantly.

[0023] Inthe displacement control region, the displacement of the compressor is controlled so as to satisfy the target
pressure difference (Pd-Ps). When the engine rotational speed elevates during acceleration, the displacement of the
compressor is decreased so as not to vary the pressure difference (Pd-Ps), and at the same time, the compressor torque
also decreases. Therefore, although the power consumption for the compressor increases slightly, the power consump-
tion for the compressor does not increase significantly due to acceleration.

[0024] In the present invention, by driving the compressor by the displacement control signal in the displacement
control region during acceleration, an increase in power consumption during acceleration is reduced or avoided, and
improved acceleration performance and fuel consumption are achieved.

[0025] Whenthethermalload is elevated, for example, in midsummer, even if the compressor is driven at the maximum
displacement condition, the evaporator exit air temperature may not decline to a target value. In such a case, a displace-
ment control signal, such as that indicated by "b" in Fig. 2, is set in the maximum displacement region, so that the
compressor is driven in the maximum displacement condition, and the compressor is driven at the maximum discharge
amount. When the vehicle is accelerated in such a condition and the engine rotational speed elevates, the power
consumption for the compressor increases significantly accompanying the elevation of the engine rotational speed, and
the pressure difference (Pd-Ps) also increases. Accordingly, in the control method according to the present invention,
when the displacement control signal in the maximum displacement region is set before acceleration, the compressor
is controlled by setting a value smaller than "a" shown in Fig. 2 as a displacement control signal, so that the pressure
difference (Pd-Ps) does not increase during acceleration. As a result, because the discharge amount of the compressor
is reduced, so that the pressure difference (Pd-Ps) of the compressor does not increase along with elevation of the
engine rotational speed during acceleration, a significant increase of the power consumption for the compressor may
be avoided.

[0026] Fig. 3 depicts a relationship between the vehicle running speed and the power consumption of the compressor
at a certain pressure difference (Pd-Ps). When the pressure difference (Pd-Ps) is constant and the vehicle running speed
increases, the power consumption of the compressor increases. Because an amount of air passing through a condenser
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increases along with the increase of the vehicle running speed, the ability of the air side of the condenser to radiate heat
increases. When the ability of the air side to radiate heat increases, a balance point of discharged refrigerant pressure
(Pd) decreases, and because the pressure difference (Pd-Ps) tends to decrease, the compressor torque increases in
order to maintain a certain pressure difference (Pd-Ps). Therefore, when the pressure difference (Pd-Ps) is maintained
at constant value, the power consumption of the compressor increases.

[0027] As shown in Fig. 3, if the pressure difference (Pd-Ps) is constant, because the power consumption of the
compressor increases along with an increase of the vehicle running speed, the power consumption during acceleration
is not less than the power consumption before acceleration. Therefore, if the pressure difference (Pd-Ps) is set to be
constant before acceleration and during acceleration, the cooling ability does not lessen as compared with that before
acceleration, and the degree of comfort in the vehicle interior may be maintained.

[0028] Fig. 4 depicts a time chart showing a case in which the control method of the present invention is carried out
(i.e., the solid line) and a case in which the control method of the present invention is not carried out (i.e., the dotted
line). When the control method of the present invention is not carried out, the displacement control signal is set at a
value in the maximum displacement region, and the compressor is driven at the maximum discharge amount. On the
other hand, when the control method of the present invention is carried out, by setting the displacement control signal,
so that the pressure difference (Pd-Ps) does not increase during acceleration, a significant increase of the power con-
sumption of the compressor is avoided. The power consumption of the compressor during acceleration gradually in-
creases because the increase of the power consumption accompanies the increase of the vehicle running speed. Further,
because the evaporator exit air temperature is controlled to be substantially constant, the degree of comfort during
acceleration also is maintained.

[0029] The displacement control signal at the time of acceleration is set as follows.

(1) The method for setting the displacement control signal during acceleration by estimating the pressure difference
(Pd-Ps) before acceleration:

When the compressor is driven by the displacement control signal in the maximum displacement region as shown
by "b" in Fig. 2, because an actual pressure difference (Pd-Ps) is less than a target control value set by the dis-
placement control signal, the present pressure difference (Pd-Ps) cannot be determined from the displacement
control signal. Therefore, when the compressor is driven before acceleration by the displacement control signal in
the maximum displacement region, the present pressure difference (Pd-Ps) is estimated from information other than
the displacement control signal, and the compressor is controlled, so that the pressure difference (Pd-Ps) during
acceleration does not exceed the estimated pressure difference (Pd-Ps).

The pressure difference (Pd-Ps) may be estimated by the following method. Although the pressure difference (Pd-
Ps) has a high degree of correlation with the torque and the rotational speed of the compressor, because the
correlation is influenced by the ability of the air side of a condenser to radiate heat, the pressure difference (Pd-Ps)
may be estimated with a high degree of accuracy by referring to an outside air temperature and a condenser fan
voltage and a vehicle running speed, each of which has a high degree of correlation with the ability of the air side
of the condenser to radiate heat. In particular, the pressure difference (Pd-Ps) may be estimated by the following
equation: pressure difference (Pd-Ps) estimated value=f (compressor torque estimated value, outside air temper-
ature, condenser fan voltage, vehicle running speed, engine rotational speed).

The compressor torque is estimated by the following method. When the compressor is driven at the maximum
displacement, because the compressor torque has a high degree of correlation with a high pressure-side refrigerant
pressure, the torque may be estimated by the following equation: compressor torque estimated value=f (high-
pressure side refrigerant pressure sensor value, engine rotational speed).

From the calculated pressure difference (Pd-Ps) estimated value, the displacement control signal is calculated by
a characteristic equation for the displacement control valve: displacement control signal at the time of acceleration=f
(pressure difference (Pd-Ps) estimated value).

(2) The method for setting the displacement control signal during acceleration from a restriction value of power
consumption for the compressor:

As shown in Fig. 4, when the compressor is driven at the maximum displacement during acceleration, the power
consumption for the compressor increases significantly due to the increase of the engine rotational speed. Conse-
quently, the pressure difference (Pd-Ps) also increases. Therefore, by driving the compressor during acceleration
at a condition which is equal to or less than a predetermined value of power consumption, the increase of the
pressure difference (Pd-Ps) may be reduced or avoided.

[0030] During acceleration, a limiting value of the power consumption of the compressor is determined, and the
compressor is driven, so that the power consumption does not exceed the limiting value. In order to control the displace-
ment of the compressor during acceleration by a displacement control signal which does not adversely affect the degree
of comfort of the vehicle interior, the above-described limiting value is determined as a value considering the degree of
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comfort of the vehicle interior. When the vehicle is accelerated from a stopped state, the power consumption of the
compressor may be 1,000 W, when the compressor is driven at the maximum displacement at an idling condition of the
vehicle. By setting the limiting value of the power consumption of the compressor during acceleration at, for example,
1,500 W, the cooling ability during acceleration is not less than that during idling. Therefore, the evaporator exit air
temperature does not elevate, and the degree of comfort of a driver is not adversely affected.

[0031] Withrespecttoacceleration from arunning state, the power consumption for the compressor before acceleration
is calculated from the torque estimated value and the engine rotational speed before acceleration. The calculated value
is set as the limiting value of the power consumption for the compressor during acceleration.

[0032] The displacement control signal during acceleration is calculated from the limiting value of power consumption
as follows. First, a compressor torque target value is calculated from the limiting value of power consumption and a
present compressor rotational speed calculated from the engine rotational speed: compressor torque target value=f (60
X restriction value of power)/(21tx compressor rotational speed). From the calculated compressor torque target value,
apressure difference (Pd-Ps) target value then is calculated using the aforementioned equation for the pressure difference
(Pd-Ps) estimated value: pressure difference (Pd-Ps) target value=f (compressor torque target value, outside air tem-
perature, condenser fan voltage, vehicle running speed, engine rotational speed).

[0033] Acceleration is recognized, for example, by accelerator opening degree and vehicle running speed. Fig. 5
depicts Example 1 of threshold values for recognizing acceleration. When the accelerator opening degree is greater
than or equal to threshold value 1 and less than threshold value 2, acceleration is occurring, and the pressure difference
(Pd-Ps) is controlled equal to or less than a certain set value. Further, when the accelerator opening degree is greater
than threshold value 2, the compressor is stopped (OFF) or is driven at the minimum displacement in order to preferentially
accelerate the vehicle. The relationship between the accelerator opening degree and the compressor control due to the
threshold values is shown, for example, in Fig. 6.

[0034] Further, a plurality of limiting values of power consumption may be given as depicted in Figs. 9A and 9B as
in Example 2. More appropriate limiting values of power consumption may be set relative to accelerator opening degrees
(e.g., accelerator actuating amounts). Moreover, as depicted in Figs. 9A and 9B, the setting of the limiting values of
power consumption may be changed depending upon requirements for cooling ability. In particular, when the desired
cooling ability is elevated, such as when the temperature of the vehicle interior is high, the setting of Fig. 9A may be
employed. When the desired cooling ability is depressed, such as when the temperature of the vehicle interior is low,
the setting of Fig. 9B for lower limiting values may be employed in order to improve the acceleration performance more
properly. The desired cooling ability may be determined by referring to an air temperature in the vehicle interior, a
temperature of air having passed through the evaporator, and the like. In particular, when these temperatures are greater
than certain set values, limiting values are determined as desired when cooling ability is elevated.

[0035] Although power consumption limiting values differing from each other are set relative to a plurality of threshold
values in Figs. 9A and 9B, a method may be employed whereby a power consumption limiting value is calculated from
the accelerator opening degree, and the power consumption value is varied continuously in response to variations of
the accelerator’'s opening degree.

[0036] The flow of the control method during acceleration of the above-described Example 1 is explained by referring
to Figs. 7 and 8. Fig. 7 depicts a flowchart of the control method of Example 1, whereby the displacement control signal
during acceleration is calculated from the pressure difference (Pd-Ps) before acceleration. Fig. 8 depicts a flowchart of
the control method of Example 1, wherein the displacement control signal during acceleration is calculated from the
limiting value of power consumption (Pcomp).

(1) When an air conditioning switch is turned to be ON by an operator, the compressor is driven, and the displacement
control signal is controlled, so that a detected value of an evaporator exit air temperature sensor becomes a target
value (usual control).

(2) A displacement control signal during of acceleration ACC Duty is calculated at every control cycle by the following
equation. In the control shown in Fig. 7, a compressor torque estimated value (Trq’) is calculated by the following
equation:

Trq’=f(Pd, RPM)

An estimated value (Pd-Ps)’ of pressure difference (Pd-Ps) is calculated by the following equation:

(Pd-Ps)’=f (Trq’, SP, Tamb, CondV, RPM)



10

15

20

25

30

35

40

45

50

55

EP 1700 725 Al

A displacement control signal during acceleration (ACC Duty) is calculated by the following equation:

ACC Duty={ ((Pd-Ps)") : Equation (1)
In the control method shown in Fig. 8, a target compressor torque (TargetTrq) is calculated by the following equation:

TargetTrg=f (Pcomp, RPM)

A displacement control signal during acceleration (ACC Duty) is calculated by the following equation:

ACC Duty=f (TargetTrq, SP, Tamb, CondV, RPM) : Equation (2)

Where,

Pcomp= Target power consumption for compressor;

Tamb= Outside air temperature;

SP= Vehicle running speed;

CondV= Condenser fan voltage; and

RPM= Compressor rotational speed

(3) When the accelerator opening degree is greater than or equal to the threshold value shown in Fig. 5, acceleration
isrecognized. The threshold values shown in Fig. 5 are threshold value 1 and threshold value 2. When the accelerator
opening degree is less than threshold value 1, the compressor is driven, so that the detected value of the evaporator
exit air temperature sensor becomes a target value. When the accelerator opening degree is greater than or equal
to threshold value 1 and less than threshold value 2, the compressor is driven during acceleration, such that the
displacement control signal (ACC Duty) is controlled at the displacement control signal during acceleration. Threshold
value 1’ and threshold value 2’ are less than threshold value | and threshold value 2, respectively, and cessation of
acceleration is determined, for example, as shown in Fig. 6.

[0037] When the displacement control signal (ACC Duty) during acceleration is set, even if the vehicle running speed
varies thereafter, and the calculated value of ACC Duty varies, the compressor is driven at the initially set value of ACC
Duty when the accelerator opening degree is greater than or equal to threshold value 1’ and less than threshold value
2. In particular, the value of ACC Duty set when acceleration control begins, is maintained until acceleration is complete.
[0038] When the accelerator opening degree is greater than or equal to threshold value 2, the displacement control
signal is changed to be zero, and the compressor is driven at a minimum displacement. In this case, although the degree
of comfort in the vehicle interior is slightly degraded, because the vehicle requires a significant drive force, the drive
force is given greater importance. Further, when the calculated ACC Duty is greater than the value of the displacement
control signal before acceleration, the compressor control method for acceleration is not performed. Fig. 4 shows time
chart when the method control of the present invention is performed the solid line) and when the control method of the
present invention is not performed (i.e., the dotted line), as described above.

[0039] The displacement control signal during acceleration may be controlled to be constant from the time at which
acceleration begins until acceleration ends and the power consumption of the compressor may be controlled to increase
gradually, as in the above-described example. Alternatively, ACC Duty may be calculated in response to variation of the
vehicle running speed also during acceleration and the power consumption of the compressor may be controlled to be
constant from the time at which acceleration begins until acceleration ends.

[0040] The flow ofthe control during acceleration in Example 2 is explained referring to the flowchart depicted in Fig. 10.

(1) When an air conditioning switch is turned to be ON by an operator, the compressor is driven, and the displacement
control signal is controlled, so that a detected value of an evaporator exit air temperature sensor becomes a target
value (usual control).

(2) A level of sufficient cooling is determined, and a displacement control signal (ACC Duty) during acceleration is
calculated at every control cycle by the following equations:
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TargetTrgl=f (Pcompl, RPM);

TargetTrq2=t (Pcomp2, RPM);

TargetTrq3=f (Pcomp3, RPM);

ACC Duty 1=f (TargetTrql, Tamb, SP, CondV, RPM};

ACC Duty 2=f (TargetTrq2, Tamb, SP, CondV, RPM);

and

ACC Duty 3=f (TargetTrq3, Tamb, SP, CondV, RPM).

Where,

TargetTrq= Target compressor torque;

Pcomp= Target power for compressor;

Tamb= Outside air temperature’

SP= Vehicle running speed;

CondV= Condenser fan voltage; and

RPM= Compressor rotational speed.

As shown in Figs. 9A and 9B. there exist a plurality of power consumption limiting values, as well as a plurality of
threshold values of the accelerator opening degree. Therefore, respective values of ACC Duty are calculated at
conditions in which respective power consumption limiting values are setto be target powers for compressor. Further,
as shown in Figs. 9A and 9B. the respective power consumption limiting values are changed depending upon the
value of the desired cooling ability.

(3) When the accelerator is actuated, the power restriction values (Pcomp 1-3) are set as shown in Figs. 9A and
9B, and the compressor is driven by the respective values of ACC Duty corresponding to the respective power
consumption limiting values. The values of ACC Duty in the flowchart depicted in Fig. 10 are calculated, for example,
as follows: ACC Duty 1 is calculated as a displacement control signal when the power consumption limiting value
of 2,000 W; ACC Duty 2 is calculated as a displacement control signal when the power consumption limiting value
of 1,500 W; and ACC Duty 3 is calculated as a displacement control signal at a time of power consumption limiting
value of 1,000 W.

[0041] Further, when the desired cooling ability is less than a certain set value, the values of ACC Duty are calculated,
for example, as follows: ACC Duty 1 is calculated as a displacement control signal when the power consumption limiting
value of 1,500 W; ACC Duty 2 is calculated as a displacement control signal when the power consumption limiting value
of 1,000 W; and ACC Duty 3 is calculated as a displacement control signal when the compressor is operating at minimum
displacement (compressor: OFF). Thus, by reducing the power consumption limiting values, the compressor may be
controlled at a condition in which the acceleration performance of the vehicle is preferentially improved.

[0042] The presentinvention may operate within a system configured as a heat pump cycle. Fig. 11 depicts an example
thereof, and at the same time, Fig. 11 shows the flow of heat medium in a cooling mode, in a dehumidification heating
mode, and in a heating mode. In Fig. 11, a variable displacement compressor 21, a fist heat exchanger 22 provided
inside of a vehicle interior side, a second heat exchanger 23 provided inside of a vehicle interior side, a heat exchanger
24 provided outside of a vehicle interior, a gas/liquid separator 25, expansion valves 26 and 27, and electromagnetic
valves 28 and 29 are depicted within the air conditioning system. Other structures are similar to those depicted inFig.
1. The present invention also is suitable for use in such a system.

[0043] Although the control of the compressor during acceleration has been described above, the control method
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according to the present invention may be carried out not only during acceleration, but also for the purpose of protection
of the compressor when the engine rotational speed is greater than a certain set value. For example, when the engine
rotational speed exceeds 5,000 rpm, the displacement control signal during acceleration may be applied. Further, the
control method according to the present invention may be applied not only to an air conditioning system for vehicles
using freon, but also an air conditioning system for vehicles using a natural-system refrigerant, such as CO,. Thus, the
presentinvention may be applied to any air conditioning system for vehicles which aims to achieve both good acceleration
performance of a vehicle and a desired degree of comfort due to air conditioning.

Claims

1. An air conditioning system for vehicles comprising a refrigeration cycle comprising a variable displacement com-
pressor with a displacement control valve for controlling a discharge amount of said compressor, so that a pressure
difference (Pd-Ps) between a discharged refrigerant pressure Pd and a drawn-refrigerant pressure Ps of said com-
pressor equals a set value, means for detecting an acceleration state of a vehicle, and means for detecting an
engine rotational speed of said vehicle, characterized in that said air conditioning system comprises means for
determining a condition in which said acceleration state is detected or a condition in which said engine rotational
speed is greater than or equal to a set value as an elevated compressor load condition, and during said elevated
compressor load condition, controlling said discharge amount of said compressor by said displacement control
valve, so that said pressure difference (Pd-Ps) after discharge is less than or equal to a pressure difference (Pd-
Ps) immediately before discharge in said elevated compressor load condition.

2. The air conditioning system of claim 1, wherein said air conditioning system further comprises a means for estimating
a present value of said pressure difference (Pd-Ps), and for estimating said pressure difference (Pd-PS) during said
elevated compressor load condition, said compressor is driven by setting an estimated value of said pressure
difference (Pd-Ps) immediately before said elevated compressor load condition as a target control value of said
displacement control valve.

3. The air conditioning system of claim 2, wherein said air conditioning system further comprises means for estimating
atorque of said compressor, and said means for estimating the pressure difference (Pd-Ps) estimates said pressure
difference (Pd-Ps) from an estimated torque of said compressor or an outside air temperature or a physical value
having a correlation with an amount of air flowing into a heat exchanger provided outside of a vehicle interior per a
unit time or an engine rotational speed or a vehicle running speed or combinations thereof.

4. The air conditioning system of claim 1. wherein said pressure difference (Pd-Ps) during said elevated compressor
load condition is controlled at or less than said pressure difference (Pd-Ps) immediately before said elevated com-
pressor load condition, by controlling said discharge amount of said compressor, so that a power for driving said
compressor is equal to or less than a set value.

5. The air conditioning system of claim 4, wherein said set value of said power for driving said compressor is determined
with reference to a physical value having a correlation with an accelerator actuating amount and a vehicle running
speed.

6. The air conditioning system of claim 4 or 5, wherein a sufficient cooling ability is determined from a vehicle interior
air temperature or an evaporator exit air temperature or an outside air temperature, or combinations thereof, and
said set value of said power for driving said compressor is determined in accordance with said determined sufficient
cooling ability.

7. The air conditioning system of any preceding claim, wherein said means for detecting the acceleration state detects
said acceleration state of said vehicle with reference to at least a physical value correlated with an accelerator
actuating amount and a vehicle running speed.

8. The air conditioning system of any preceding claim, wherein said air conditioning system is configured as a heat
pump cycle.

9. A method for controlling the displacement of a compressor in a vehicle air conditioning system during vehicle
acceleration, said method comprising the steps of:
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detecting a value of an evaporator exit air temperature at air conditioning system start up and assigning said
value as a target value;

measuring a discharged refrigerant pressure and a drawn-refrigerant pressure;

estimating a pressure difference between said discharged refrigerant pressure and said drawn-refrigerant pres-
sure;

determining a displacement control signal during vehicle acceleration as a function of said estimated pressure
difference; and

controlling said compressor during acceleration by said displacement control signal, so that a detected value
of said evaporator exit air temperature sensor during acceleration equals said target value.

10. The method of claim 9, wherein said air conditioning system further comprises a condenser and a condenser fan,

11.

and further comprising the steps of estimating a compressor torque value; and measuring a vehicle speed, an
outside ambient air temperature, a condenser fan voltage, and a compressor rotational speed and wherein said
pressure difference is a function of said estimated compressor torque, said vehicle speed, said outside ambient air
temperature, said condenser fan voltage, and said compressor rotational speed.

The method of claim 10, wherein said estimated compressor torque is a function of said discharged refrigerant
pressure and said compressor rotational speed.

12. A method for controlling the displacement of a compressor in a vehicle air conditioning system during vehicle

acceleration, wherein said air conditioning system further comprises a condenser and a condenser fan, said method
comprising the steps of:

detecting a value of an evaporator exit air temperature at air conditioning system start up and assigning said
value as a target value;

measuring a vehicle speed, an outside ambient air temperature, a condenser fan voltage, and a compressor
rotational speed;

determining a target compressor torque;

determining a displacement control signal during vehicle acceleration as a function of said target compressor
torque, said vehicle speed, said outside ambient air temperature, said condenser fan voltage, and said com-
pressor rotational speed; and

controlling said compressor during acceleration by said displacement control signal, so that a detected value
of said evaporator exit air temperature sensor during acceleration equals said target value.

13. The method of claim 12, further comprising the steps of determining a target power consumption for said compressor

and determining said target compressor torque as a function of said target power consumption for said compressor
and said compressor rotational speed.

10
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FIG. 2
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FIG. 5
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FIG. 7
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