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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a vehicle air
conditioning control apparatus having an air condition-
ing cycle which uses an externally controlled type cool-
ing electric fan.

Description of the Related Art

[0002] A vehicle airconditioning apparatus of this type
is disclosed in JP 06 171 352, which is considered as
the closest prior art.

[0003] An exemplary vehicle air conditioning control
apparatus includes a control device disclosed in, for in-
stance, Japanese Patent Provisional Publication No.
2000-274243.

[0004] The control device disclosed in this publication
has a purpose of decreasing an operative duration of a
cooling fan to an irreducible minimum of a demand over
an entire region of an operating range such that, during
a turned ON condition of an air conditioning cycle, a
cooling electric fan disposed at a rear side of a condens-
er and a radiator is controlled by selecting a control con-
stant from a cooling fan operation map as a parameter
of a vehicle speed, an engine coolant watertemperature
and a compressor discharge pressure.

SUMMARY OF THE INVENTION

[0005] However, since a related art vehicle air condi-
tioning control apparatus has the cooling fan operation
map, available for use in cooling fan control, that is de-
termined as a parameter referring simply to the vehicle
speed, the engine coolant water temperature and the
compressor discharge pressure, an issue arises in that
it is hard to expect an improvement in a sufficient fuel
consumption even when executing the cooling fan con-
trol using the cooling fan operation control map deter-
mined in such a way.

[0006] Accordingly, as described in an object of the
related art technology, in a case where the cooling fan
is operated at the irreducible minimum of demand over
the entire area of the operating range, limiting of an al-
ternator power load is accompanied by an in crease in
a compressor power load. As a result, for instance, dur-
ing a cool-down mode where a high cooling capacity is
demanded, there occurs a tendency of an increase in a
total engine load represented by a total sum of the com-
pressor power load and the alternator power load. Since
the fuel consumption depends on the total engine load,
the fuel consumption becomes deteriorated in such a
case.

[0007] The present invention has been completed in
view of the above issue and has an object to provide a
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vehicle air conditioning apparatus that is able to improve
a fuel consumption through an optimum fan motor con-
trol in consideration of a total engine load resulting from
a compressor and a cooling electric fan.

[0008] Inorderto achieve the above object, according
to an aspect of the present invention, there is provided
avehicle air conditioning apparatus for controlling an air
conditioning cycle having a compressor, a fan motor ac-
tivated by a power source composed of an alternator
driven by an engine, and a fan driven by the fan motor
for cooling a condenser, the apparatus comprising com-
pressor-volume equivalent-value detecting means de-
tecting a compressor-volume equivalent-value corre-
sponding to a volume of the compressor, control map
setting means setting a control map, that determines a
fan motor load for the compressor volume detected by
the compressor-volume equivalent-value detecting
means, in a way to minimize a total engine load torque
formed by a total sum of an engine load torque caused
by the compressor and the engine load torque caused
by the fan motor, and fan motor control means control-
lingthe fan motorload, that forms a load of the fan motor,
in dependence on the compressor-volume equivalent-
value using the compressor-volume equivalent-value
and the control map set by the control map setting
means.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

Fig. 1 is an overall system view of a vehicle air con-
ditioning control apparatus according to an embod-
iment of the present invention.

Fig. 2 is a cross sectional view of an externally con-
trolled type compressor which is applied to the ve-
hicle airconditioning control apparatus according to
the embodiment of the present invention.

Fig. 3 is a view illustrating a variable volume control
function of the externally controlled type compres-
sor which is applied to the vehicle air conditioning
control apparatus according to the embodiment of
the present invention.

Fig. 4 is a flowchart illustrating flow of a fan motor
control procedure to be executed in afan motor con-
trol section of a control unit in the vehicle air condi-
tioning control apparatus according to the embodi-
ment of the present invention.

Fig. 5 is an experimental test result illustrating an
engine load characteristic caused in an alternator,
an engine load characteristic caused in a compres-
sor and a total engine load torque characteristic in-
dicative of a sum of both load torque when meas-
ured while keeping a cooling capacity.

Fig. 6 is a view illustrating a control line for a
traveling mode with a compressor outlet discharge
pressure being plotted on an axis of ordinates while
a PWM duty for a fan motor is plotted on an abscissa
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axis.

Fig. 7 is a view representing a normal control map
and a cool-down control map plotted on the same
coordinate axis for the purpose of describing oper-
ations of the control unit in various vehicle statuses.
Fig. 8 is a view showing a result of a fuel consump-
tion comparison test 1 conducted for confirming an
improved fuel consumption effect obtained by a fan
motor control according to the present invention.
Fig. 9 is a view showing a result of a fuel consump-
tion comparison test 2 conducted for confirming the
improved fuel consumption effect obtained by the
fan motor control according to the present inven-
tion.

DESCRIPTION OF PREFERRED EMBODIMENT

[0010] An embodiment of this invention will be de-
scribed below with reference to the accompanying
drawings.

[0011] Fig. 1 is an overall system view illustrating a
vehicle air conditioning control apparatus 100 of one
embodiment according to the present invention. The
system shown in Fig. 1 is roughly comprised of an en-
gine 1, a radiator 2, an externally controlled type com-
pressor (compressor) 3, a condenser 4, a liquid tank 5,
a temperature type auto-expansion valve 6, an evapo-
rator 7, an alternator 8, a cooling electric fan 9, a fan
motor 10, acontrol valve 11, a blowerfan 12 and a blow-
er fan motor 13.

[0012] The engine 1 and the radiator 2 are connected
to one another through an engine coolant water inlet
conduit 1a and an engine coolant water outlet conduit
1b.

[0013] An air conditioning cycle in a control unit of the
presently filed embodiment is executed by the externally
controlled type compressor 3 and the condenser 4, the
liquid tank 5 and the temperature type auto-expansion
valve 6, and the evaporator 7.

[0014] The externally controlled type compressor 3 is
driven by the engine 1 to deliver refrigerant, delivered
from the evaporator 7 in a gas phase at a low tempera-
ture and fixed pressure, to the condenser 4 in the gas
phase at a high pressure and high temperature. The ex-
ternally controlled type compressor 3 is controlled by an
electronic control system 200 such that a compressor
volume is variably controlled responsive to a duty signal
to be applied to the control valve 11 which is internally
contained. Also, a detail of the externally controlled type
compressor 3 and the electronic control system 200 are
will be described later.

[0015] The condenser 4 is located in front of the radi-
ator 2 and cools refrigerant, prevailing at the high pres-
sure and high temperature, to a condensing point by
traveling wind or wind obtained by the cooling electric
fan 9, thereby forming liquid of refrigerant at high pres-
sure and medium temperature to be delivered to the lig-
uid tank 5.

10

15

20

25

30

35

40

45

50

55

[0016] The liquid tank 5 removes moisture and dusts
contained in refrigerant delivered from the condenser 4
inthe liquid phase atthe high pressure and mediumtem-
perature and accumulates refrigerant therein so as to
allow refrigerant to be smoothly circulated for delivery
to the temperature type auto-expansion valve 6.
[0017] The temperature type auto-expansion valve 6
serves to rapidly expand refrigerant delivered from the
liquid tank 5 in the liquid phase at the high pressure and
medium temperature to form liquid (in a mist form) at a
low temperature and low pressure which is then deliv-
ered to the evaporator 7.

[0018] The evaporator 7 converts refrigerant, deliv-
ered from the temperature type auto-expansion valve 6
in the mist form, to provide gas at the low pressure and
low temperature upon evaporation of the mist-like refrig-
erant by robbing heat from vehicle-inside air delivered
from the blower fan 12, whereupon refrigerant in the gas
phase at the low pressure and low temperature is deliv-
ered to the externally controlled type compressor 3.
[0019] The cooling electric fan 9 is driven by the fan
motor 10 which is operated by a terminal voltage of the
alternator 8 driven by the engine 1. The fan motor 10 is
applied with a motor drive voltage which is controlled in
a PWM mode to variably control a condenser cooling
capacity provided by actuation of the fan motor 10.
[0020] Also, PWM (=Pulse Width Modulation) is
meant by a pulse width modulation system to cause an
amplitude and repetitive frequency in a fixed pulse time
duration to vary in dependence on a waveform of a sig-
nal wave.

[0021] The blower fan 12 is driven by the blower fan
motor 13 to draw an air stream (an inner air stream) from
a vehicle compartment and compress the air stream to
be blown out, for thereby feeding a cold air stream to
the vehicle compartment.

[0022] The electronic control system 200 is described
below. The electronic control system 200 shown in Fig.
1 is comprised of a control unit 14, an air conditioner
switch 15, an engine coolant temperature sensor 16, a
high pressure sensor (a compressor-volume-equiva-
lent-value detection means) 17, an evaporator-outlet
temperature sensor (an evaporator-outlet temperature
detection means) 18, a PWM amplifier 21, an ECV con-
trol section (a compressor control means) 22, an ECV
amplifier 23 and a PWM module 24. In the embodiment,
a pressure of the compressor 3 is detected in order to
obtain the volume of the compressor 3, it may be altered
such that the volume of the compressor 3 is calculated
from other measured values.

[0023] A switch signal of the air conditioner switch 15,
engine coolant temperature information detected by the
engine coolant water temperature sensor 16, a com-
pressor-volume information detected by the high pres-
sure sensor 17 disposed in amidway of an outlet conduit
of the liquid tank 5, evaporator-outlet temperature infor-
mation detected by the evaporator-outlet temperature
sensor 18, and vehicle speed information detected by
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the vehicle speed sensor 19 are transmitted to the con-
trol unit 14.

[0024] The evaporator-outlet temperature sensor 18
is located in the outlet conduit at a position just down-
stream the evaporator 7. A detected value resulting from
the high pressure sensor 17 is used as a value repre-
sentative of a compressor outlet pressure Pd to control
the fan motor 10. Additionally, temperature regulating
dial information, interior air sensor information, outer air
sensor information, solar radiation sensor information,
suction temperature sensor information and mode
switch information are transmitted to the control unit 14.
[0025] The control unit 14 is comprised of a fan motor
control section 20 adapted to calculate a duty ratio of an
output signalto be outputted to the fan motor 10, a PWM
amplifier for outputting a duty signal to the PWM module
24 in response to a calculated result in the fan motor
control section 20, an ECV control section 22 for calcu-
lating a duty ratio of an output signal to be outputted to
the control valve 11, and an ECV amplifier 23 for output-
ting a duty signal to the control valve 11 in response to
the calculated result of the ECV control section 22.
[0026] The PWM module 24 is connected to terminals
of the alternator 8 and generates a drive voltage in a
PWM duty ratio, in response to the duty signal delivered
from the PWM amplifier 21, to be applied to the fan mo-
tor 10.

[0027] Fig. 2 is a cross sectional view illustrating the
externally controlled type compressor 3, and Fig. 3 is a
view illustrating a method of controlling the compressor
volume (outlet pressure) of the compressor 3 by using
the duty signal applied to the control valve 11 of the ex-
ternally controlled type compressor 3.

[0028] The externally controlled type compressor 3 is
of a multi - cylinder - swash - plate type and is comprised
of a compressor case 30, a pulley 31, a drive shaft 32,
a swash plate driving body 33, a swash plate 34, pistons
35, a high pressure ball valve 36, a control valve 11, a
high pressure chamber 37 and a crank chamber 38.
[0029] The externally controlled type compressor 3
performs control of a discharge volume by varying an
inclination of the internally contained swash plate 34.
That is, upon receipt of the duty signal applied to the
control valve 11 incorporated in the externally controlled
type compressor 3, the amount of lift of the high pres-
sure ball valve 36 is varied. This causes the flow rate of
refrigerant, flowing from the high pressure sensor 37 (=
outlet pressure Pd) into the crank chamber 38 through
the high pressure ball valve 36, to be controlled, thereby
varying the pressure (= crank chamber pressure Pc) in
the crank chamber 38 of the compressor 3 to allow the
inclination of the swash plate 34 to be varied.

[0030] Asshownin Fig.3,the amount of lift of the high
pressure ball valve 36 is determined by a balance be-
tween a low pressure (=suction pressure Ps) to be im-
parted to a diaphragm 39 of the control valve 11 and a
spring force of a set spring 40 and a magnetic force cre-
ated in an electromagnetic coil 42.
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[0031] An ON-OFF pulse signal (= duty signal) out-
putted from the ECV amplifier, for instance, 400 Hz, is
applied to the electromagnetic coil 42 of the control
valve11. And variation in the magnetic force resulting
from an effective current caused by the duty ratio allows
the amount of lift of the high pressure ball valve 36 to
be controlled.

[Fan Motor Control Operation]

[0032] Fig. 4 is a flowchart illustrating the flow of fan
motor control operation to be executed by the fan motor
control section 20 of the control unit 14. Hereinafter, var-
ious steps are described.

[0033] In step S1, a differential temperature AT be-
tween an evaporator-outlet temperature Tint and a tar-
get evaporator-outlet temperature T'int (to serve as a
vehicle status detectingmeans and a demanded cooling
capacity predicting means) is calculated. And, in case
of the calculated differential temperature A T is less than
4°C, the fan motor control section 20 is set in a normal
control mode and, if the calculated differential tempera-
ture AT exceeds 4°C, then the fan motor control section
20 is changed over from the normal control mode to a
cool-down control mode.

[0034] And,ifthe magnitude of the differential temper-
ature AT, calculated during the cool-down control mode,
decreases below the value of 2°C, then the fan motor
control section 20 is changed over from the cool-down
control mode to the normal control mode.

[0035] Here, in the ECV control section 22 (a target
evaporator-outlet temperature setting means) of the
control unit 14, operation is executed to perform com-
pressor control to obtain a target compressor volume
that is calculated in response to the atmospheric tem-
perature, the vehicle compartment temperature and the
target blow-out wind temperature. The target evapora-
tor-outlet temperature T'int is obtained by the ECV con-
trol section 22 during the calculating operations. And,
the target evaporator-outlet temperature is applied to
the fan motor control section 20 from the ECV control
section 22 via a two-way communication line.

[0036] In step S2, discrimination is made to see
whether the normal control mode is set in step S1 and,
in the presence of the normal control mode being set,
flow is routed to step S3 whereas, if the cool-down con-
trol mode is set, flow is routed to step S4.

[0037] In step S3, the duty ratio of A DUTY to be ap-
plied to the fan motor 10 is calculated by using a normal
control map and the compressor discharge pressure Pd
described in a frame of Fig.4.

[0038] Here, the normal control map is determined so
as to proportionately vary the duty ratio of ADUTY in a
range between 0 % and 100% with a hysteresis in an
increase and a decrease in a range of 10.5 kg/
ecm2=Pd=19.5 kg/cm? such that A DUTY=0 % is as-
signed for a range of Pd< 10.5 kg/cm2 and A DUTY=100
% is assigned for a range of Pd> 19.5 kg/cm2.
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[0039] Further, a compressor discharge pressure rec-
ognition value, that is corrected so as to cause the pres-
sure sensorvalue to vary on a gradual slope onthe basis
of the pressure sensor value of the high pressure sensor
17, is used as the compressor discharge pressure Pd.
Also, the normal control map is set on the basis of a
control line during a traveling mode shown in Fig. 6
which will be described below.

[0040] In step S4, the duty ratio of A DUTY to be ap-
plied to the fan motor 10 is calculated by using a cool-
down control map and the compressor discharge pres-
sure Pd described in a frame of Fig.4.

[0041] Here, the cool-down control map is determined
such that, in an increasing phase, A DUTY=0 % is as-
signed for a range of Pd<7.0 kg/cm2, A DUTY=30 % is
assigned for a range of 7.0 kg/cm2=Pd=11.0 kg/cm?
and ADUTY=100 % is assigned for a range of Pd>11.0
kg/cm2. In a decreasing phase, A DUTY=100 % is as-
signed for a range of 10.0 kg/lcm2<Pd=11.0 kg/cm2, A
DUTY=80 % is assigned for 4.0 kg/cm2=Pd=10.0 kg/
cm2 and ADUTY=0 % is assigned for a range of 4.0 kg/
cm2 > Pd.

[0042] In step S5, the duty ratio of A DUTY for the
control of the fan motor 10 calculated in the step S3 or
the step S4 is allocated to the fan motor duty ratio of M/
FA (i.e., M/FA=A DUTY), and flow is proceeds to step
S6.

[0043] In step S6, operation is executed to check the
M/F-DUTY OUTPUT FLAG indicative of whether the fan
motor duty ratio of M/FA in operations up to step S5 is
zero. That is, judgment is made to see an ON/OFF state
in value of the M/F-DUTY OUTPUT FLAG and, in case
of OFF state, flow proceeds to step S7 whereas, in case
of the ON state, flow is routed to step S8.

[0044] In step S7, if the M/F-DUTY OUTPUT FLAG
remains OFF, that is, during a zero start, slow-start op-
eration 1 is executed to allow the duty ratio to vary at a
rate of, for instance, 6.5 %/sec.

[0045] In step S8, if the M/F-DUTY OUTPUT FLAG
remains ON, that is, when the duty ratio is already add-
ed, slow-start operation 2 is executed to allow the duty
ratio to vary at a rate of, for instance, 28 %f/sec.

[0046] In step S9, judgment is made to see whether
the duty ratio related to the fan motor 10 is zero and, in
case of the duty ration # 0, flow is routed to step S10
whereas, in case of the duty ratio=0, flow proceeds to
step S11.

[0047] Instep S10, the M/F-DUTY OUTPUT FLAG is
turned ON and flow proceeds to step S12.

[0048] In step S10, the M/F-DUTY OUTPUT FLAG is
turned OFF and flow proceeds to step S12.

[0049] In step S12, the fun duty signal finally deter-
mined by the fan duty signal of the step S5 and deter-
mined in the slow-start operation 1 and the slow-start
operation 2, are outputted from the PWM amplifier 21 to
the PWM module 24.

[0050] In this flowchart, flows in step S1—step
S2—step S4—step S5 corresponds to a fan motor con-
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trol means defined in Claim 3. Also, flows in step S6 to
step S12 corresponds to a slow-start control means de-
fined in Claims 6 and 7.

[Setting of Control Map]

[0051] A method of setting the control map set forth
above.

[0052] In a case where the cooling electric fan 9 is
adopted as the cooling fan of the condenser 4, the load
torque to be exerted to the engine 1 (hereinafter referred
to as a total engine load) is given by a total sum of a
power load torque (hereinafter referred to as a compres-
sor power load) for driving the compressor 3 and a pow-
er load torque (hereinafter referred to as a cooling-fan
electrical load) for driving the alternator for the cooling
electric fan 9. That is, it is expressed as (Total Engine
Load) = (Compressor Power Load) + (Cooling-Fan Elec-
trical Load).

[0053] Then, for the case where the externally con-
trolled type compressor 3 and the externally controlled
type cooling electric fan 9 are adopted in the air condi-
tioning system, various experimental tests were con-
ducted to study about the relationships among the com-
pressor power load, the cooling-fan electrical load and
the total engine load resulting from the total sum of both
loads.

[0054] Fig. 5 shows results of the experimental tests.
[0055] These tests were conducted to measure the
engine load torque (cooling-fan electrical load) resulted
by the alternator 8 under a condition with a cooling ca-
pacity remaining at a fixed rate, and the engine load
torque (compressor power load) resulted by the com-
pressor 3.

[0056] As Fig. 5 indicates, there is a relationship in
that, as the power load resulted by the compressor 3
increases, the cooling-fan electrical load of the alterna-
tor 8 decreases and, in contrast, if the cooling-fan elec-
trical load of the alternator 8 increases, the compressor
power load resulted by the compressor 3 decreases.
[0057] According to the experimental test results
shown in Fig. 5, the total engine load torque varied in
patterns, such as, the total engine load torque = 2.5 kg
f-m when motor fan voltage was 6 volts, the total engine
load torque = 1.96 kg f-m when motor fan voltage was
8 volts, the total engine load torque = 1.99 kg f-m when
motor fan voltage was 10 volts and the total engine load
torque = 2.14 kg f-m when motor fan voltage was 12
volts. Accordingly, it appears that the maximum efficien-
cy point, wherein the total engine load torque takes the
minimum value, results when the motor fan voltage is at
8 volts.

[0058] The experimental tests of Fig. 5 results that
there is the relationship wherein increasing the com-
pressor power load causes the cooling-fan electrical
load to decrease whereas, on the contrary, increasing
the cooling-fan electrical load causes the compressor
power load to decrease and, further, that limiting one of
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the cooling-fan electrical load and the compressor pow-
er load to a lower value does not necessarily cause a
decrease in the total engine load.

[0059] This experimental result reveals that a cooper-
ative relationship exists between the compressor power
load and the cooling-fan electrical load in that controlling
the electrical load of the fan motor 10 causes the power
load of the compressor 3 to vary. Also, this means that,
by optimizing the cooling-fan electrical load, the com-
pressor 3 and the fan motor 10 can be operated at the
maximum efficient point where the total engine load
torque takes the minimum value.

[0060] Next, test was conducted to measure the max-
imum efficiency points (= the maximum fuel consump-
tion points) at various traveling speeds while varying the
PWM duty ratio of the fan motor 10 and the compressor
discharge pressure Pd at the traveling speeds of 40 km/
h, 60 km/h and 80 km/h, respectively.

[0061] As shown in Fig. 6, an inclination of the control
line during the traveling mode and an optimum control
line for the traveling mode were determined in view of
the maximum efficient points obtained in measurements
set forth above and the cooling capacity of the air con-
ditioning system.

[0062] Then, the normal control map shown in the
frame of step S5 in Fig. 4 was determined on the basis
of the control line in the traveling mode shown in Fig. 6.
In addition, on the basis of consideration in that the
PWM duty ratio for the fan motor 10 is assigned to be
100 % at the discharge pressure Pd lower than the com-
pressor discharge pressure Pd in the normal control
map, the cool-down control map shown in a frame of
step S6 in Fig. 4 was determined (to form a control map
setting means).

[Fan Motor Control Action At Departure]

[0063] Upon startup of the engine 1 and under a halt
of a vehicle before a departure thereof, if the air condi-
tioner switch 15 is turned on, the evaporator-outlet tem-
perature Tint is high and, hence, the differential temper-
ature AT between the evaporator-outlet temperature
Tint and the target evaporator-outlet temperature T'int
exceeds a value of 4°C. When this takes place, in the
flowchart shown in Fig. 4, flow proceeds in step
S1-step S2— step S4—step S5 to allow the cool-down
control map, prepared in a manner set forth above, to
be selected for thereby beginning the cool-down control
in accordance with the cool-down control map.

[0064] That is, as shown by a flow( in Fig. 7, if the
discharge pressure Pd of the compressor 3 reaches a
value of 7.0 kg/cm?2, the duty ratio for the fan motor 10
is increased to a level of 30 % which is maintained until
the compressor discharge pressure Pd reaches the val-
ue of 11.0 kg/lem2, and when the compressor discharge
pressure Pd reaches the value of 11.0 kg/cm?, the duty
ratio for the fan motor 10 is increased to a value of 100
% whereupon this duty ratio of 100 5 is maintained.
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[0065] In such a way, during the cool-down mode at
the start of the operation of air conditioning, as the com-
pressor discharge pressure Pd reaches the low value
(= 7.0 kg/cm?), the operation of the fan motor 10 is ini-
tiated and, if the compressor discharge pressure Pd
reaches a normal initiating range (= 11.0 kg/cm?), the
duty ratio for the fan motor 10 is selected to be 100 %
to permit the fan-motor electrical load in an early stage
for thereby restraining an increase in the compressor
power load, resulting in a remarkable improvement in a
fuel consumption.

[0066] As clearly understood from the experimental
tests described above, during the cool-down mode
when initiating the air conditioning, if the fan motor 10
is tentatively actuated in a reduced load, although the
fan-motor electrical load decreases, the compressor
power load increases due to a cooperative action with
a difficulty in expecting a reduced fuel consumption. Ad-
ditionally, unlike the traveling stage described later, dur-
ing the departure stage, cooling of the condenser 4 due
to a traveling wind can not be expected and, in order to
ensure a demanded cooling capacity, a wind from the
cooling electric fan 9 is needed.

[Fan Motor Control Action During Traveling]

[0067] Duringtraveling of the vehicle, the evaporator-
outlet temperature Tint is decreased due to a cooling
effect and, if the differential temperature A T decreases
below 2°C, in the flowchart of Fig. 4, flow is routed in
step S1— step S2—step S3—step S5 whereby the cool-
down control is released while the normal control map
is selected to commence the normal control.

[0068] Thatis, as shown by flow(®) in Fig. 7, suppose
that the operating point, at which the differential temper-
ature AT decreases below the value of 2°C, is P1, the
duty ratio for the fan motor 10 is caused to drop to an
operating point P2 at a breath and, thereafter, operation
is executed to control for varying the duty ratio for the
fan motor 10 along the normal control map in depend-
ence on a decrease or an increase in the compressor
discharge pressure Pd of the compressor 3.

[0069] During the traveling mode, cooling of the con-
denser 4 due to the traveling wind is expected and,
hence, even if the fan-motor electrical load is limited, it
is possible to obtain the demanded cooling capacity.
Further, by limiting the fan-motor electrical load, the total
engine load can be maintained at a low range due to
fan-motor control depending on the normal control map.
As aconsequence, an improvement in fuel consumption
can be achieved in accordance with the normal control
map.

[Cool-down Control Action During Traveling]
[0070] For instance, description is made hereinafter

in connection with a case where, in a midway during the
traveling mode, a window is opened to allow atmospher-
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ic airto flow in a vehicle compartment to cause the evap-
orator-outlet temperature Tint to increase or a case
where, during the traveling mode, a temperature adjust-
ing dial is operated to cause the setting temperature to
be considerably lowered.

[0071] In such a case, if the differential temperature
between the evaporator-outlet temperature Tint and the
target evaporator-outlet temperature T'int exceeds 4°C,
in the flowchart of Fig. 4, flow is routed in step S1—step
S2—step S4— step S5 whereby the cool-down control
is selected to initiate the cool-down control.

[0072] Thatis, as shown by flow®) in Fig. 7, suppose
that the operating point, at which a shift occurs from the
normal control to the cool-down control, is P3, the duty
ratio for the fan motor 10 is caused to drop to an oper-
ating point P4 at a breath to allow the duty ratio for the
fan motor 10 to assume 100 %. Thereafter, operation is
executed to control the duty ratio for the fan motor 10 to
lie in the value of 100 % along the cool-down control
map even in the presence of an increase in the com-
pressor discharge pressure Pd accompanied by an in-
crease in the demanded cooling capacity.

[0073] As set forth above, during the cool-down con-
trol mode during the traveling, the duty ratio for the fan
motor is increased to the value of 100 % at the breath
to alter such that the fan-motor electrical load assumes
the maximum value in a high response, whereby an in-
creased condenser cooling capacity is achieved both by
the cooling electric fan 9 and the traveling wind. Conse-
quently, the presence of an ability of limiting an increase
in the compressor discharge pressure accompanied by
an increased condenser cooling capacity enables the
fuel consumption to be improved in accordance with the
cool-down control map.

[Fuel Consumption Comparison]

[0074] Next, comparison tests for fuel consumption
was conducted using an air conditioning system A hav-
ing a fixed volume compressor interlocked with ON/OFF
operation of the air conditioner and an air conditioning
system B of the embodiment wherein composite control
(cooperative control in consideration of fuel consump-
tion) is implemented for the externally controlled type
fan motor 10 relative to the externally controlled type
variable volume compressor 3.

[0075] In the fuel consumption comparison test re-
sults conducted at 30°C with 50 % in humidity, during
an idling mode at an engine speed of 900 rpm, a mode
A provides a fuel consumption degradation rate of 54.9
% and a mode B provides the fuel consumption degra-
dation rate of 47.8 %, resulting in a 7.1 % drop from A
to B. During the traveling mode at the vehicle speed of
40 km/h, the mode A provides the fuel consumption deg-
radation rate of 27.1 % and the mode B provides the fuel
consumption degradation rate of 26.2 %, resulting in a
0.9 % drop from A to B. During the traveling mode at the
vehicle speed of 80 km/h, the mode A provides the fuel
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consumption degradation rate of 12.6 % and the mode
B provides the fuel consumption degradation rate of 9.2
%, resulting in a 3.4 % drop from A to B. In Fig. 8, the
fuel consumption degradation rate was calculated in a
formula expressed by Fuel Consumption degradation
rate = (Fuel Consumption in Air Conditioning being
Turned OFF - Fuel Consumption in Air Conditioning be-
ing Turned ON) + (Fuel Consumption in Air Conditioning
being Turned OFF).

[0076] In the fuel consumption comparison test re-
sults conducted at 35°C with 50 % in humidity, during
the idling mode at an engine speed of 900 rpm, a mode
A provides a fuel consumption degradation rate of 56.8
% and a mode B provides the fuel consumption degra-
dation rate of 50.9 %, resulting in a 5.9 % drop from A
to B. During the traveling mode at the vehicle speed of
40 km/h, the mode A provides the fuel consumption deg-
radation rate of 36.3 % and the mode B provides the fuel
consumption degradation rate of 32.6 %, resulting in a
3.7 % drop from A to B. During the traveling mode at the
vehicle speed of 80 km/h, the mode A provides the fuel
consumption degradation rate of 17.6 % and the mode
B provides the fuel consumption degradation rate of
14.6 %, resulting in a 3.0 % drop from A to B. Also, in
Fig. 9, the fuel consumption degradation rate was cal-
culated in a formula expressed by Fuel Consumption
Degradation Rate = (Fuel Consumption in Air Condition-
ing being Turned OFF - Fuel Consumption in Air Condi-
tioning being Turned ON) + (Fuel Consumption in Air
Conditioning being Turned OFF).

[0077] Fromthe foregoing description, advantageous
improving effects in fuel consumption provided when
compared between the air conditioning system B of the
embodiment and the related art air conditioning system
A are listed below.

(a) During idling, the fuel consumption degradation
rates were 7.1 % and 5.9 % the modes A and B,
respectively, and it was confirmed that the fuel con-
sumption was improved even by approximately 6 %.
(b) During traveling at a speed of 40 km/h, the fuel
consumption degradation rates were 0.9 % and 3.7
% the modes A and B, respectively, and it was con-
firmed that the fuel consumption was improved
even in a range between 1 % and 4 %.

(c) During traveling at a speed of 80 km/h, the fuel
consumption degradation rates were 3.4 % and 3.0
% the modes A and B, respectively, and it was con-
firmed that the fuel consumption was improved
even by approximately 3 %.

[0078] The vehicle air conditioning apparatus of the
embodiment has features described below.

(1) The control map, by which the duty ratio for the
fan motor 10 is determined in response to the com-
pressor discharge pressure Pd, is set on the basis
of the maximum efficiency point, that permit the total
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engine load torque, indicative of the total sum of the
engine load torque resulted by the externally con-
trolled type compressor 3 and the engine load
torque, to be decreased to the minimum torque to
provide the maximum fuel consumption, and by us-
ing the compressor discharge pressure Pd and the
control map which is settled, the duty voltage to be
applied to the fan motor 10 is controlled. For this
reason, an optimum fan motor control can be per-
formed taking the total engine load caused by the
externally controlled type compressor 3 and the
cooling electric fan 9 into consideration, thereby
achieving a remarkable improvement in fuel con-
sumption.

(2) Duringthe cool-down mode, the respective max-
imum efficiency points depending on the vehicle
statuses such as idling and normal traveling modes
are preliminarily measured, and the control map, by
which the duty ratio for the fan motor 10 responsive
to the compressor discharge pressure Pd, is deter-
mined on the basis of measured results of the max-
imum efficiency points. Forthis reason, itis possible
to achieve a highly improved fuel consumption re-
gardless of the vehicle statuses.

(3) In step S1 in Fig. 4, if it is discriminated that the
magnitude of the differential temperature A be-
tween the evaporator-outlet temperature Tint and
the target evaporator-outlet temperature T'int ex-
ceeds a value of 4°C, operation is executed in flow
of step S1—step S2—step S6—step S7 to perform
the fan motor control using the cool-down control
map determined on the basis of the maximum effi-
ciency point at which the maximum fuel consump-
tion is obtained under the cool-down situation. For
this reason, during the cool-down mode, it is possi-
ble to achieve a highly improved fuel consumption
while ensuring a demanded cooling capacity.

(4) The evaporator-outlet temperature sensor 18
detecting the evaporator-outlet temperature Tint at
the position immediately after the outlet of the evap-
orator 7, and the ECV control section 22, that allows
the target evaporator-outlet temperature Tint at the
position just after the outlet of the evaporator 7, are
provided, thereby enabling the demanded cooling
capacity to be predicted in dependence on the mag-
nitude of the differential temperature A between the
evaporator-outlet temperature Tint and the target
evaporator-outlet temperature T'int. For this rea-
son, by merely detecting the evaporator-outlet tem-
perature Tint, the target evaporator-outlet tempera-
ture T'int calculated in the ECV control section 22
is utilized and the magnitude of the demanded cool-
ing capacity (= the magnitude of the differential tem-
perature A) can be easily predicted at a high preci-
sion.

(5) The externally controlled type compressor 3,
whose compressor volume is variably controlled
from outside, is used as the compressor of the air
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conditioning system, and the externally controlled
type compressor 3 is arranged such that control is
performed by the ECV control section 22 to obtain
the target compressor volume effective for achiev-
ing power saving in terms of a cooling capacity de-
manded for a particular air conditioning cycle. For
this reason, optimization (for the power saving and
the fuel consumption) in the compressor discharge
pressure Pd can be achieved regardless the vehicle
statuses, and the variable volume control of the ex-
ternally controlled type compressor 3 is used with
the PWM control of the fan motor 10, thereby ena-
bling control of improvement in fuel consumption,
that allows the total engine load resulting from the
total sum of the compressor power load and the fan
motor electric load to be minimized, at a high effi-
ciency.

(6) In step S6, when discrimination is made that, in
operations up to step S5, the fan motor duty ratio
M/FA is not zero, flow proceeds to step S8 to exe-
cute the slow-start operation 2 to allow the amount
of variation in the duty ratio to be limited (to a value
of, for example, 28 %/sec). For this reason, for in-
stance, when varying the fan motor duty ratio M/FA,
commanded when shifted from the normal control
mode to the cool-down control mode, at a breath, it
is possible to prevent the fuel consumption from be-
ing deteriorated due to rapid change in load of the
fan motor 10.

Thatis, if the fan motor duty ratio M/FA is rapidly

increased during the normal condition of the engine
1, a remarkable torque variation occurs and, there-
fore, the engine rotational speed must be increased
in order to resist such a torque variation, inviting de-
terioration in fuel consumption.
(7) In step S6, when discrimination is made that, in
operations up to step S5, the fan motor duty ratio of
M/FA is zero, flow proceeds to step S7 to execute
the slow-start operation 1 to allow the duty ratio to
vary along the first inclination (to a value of, for ex-
ample, 6.5 %/sec) at a limited rate, and when dis-
crimination is made that the fan motor duty ratio M/
FA appearing up to the preceding operation is not
zero, flow proceeds to step S8 to execute the slow-
start operation 2 to allow the duty ratio to vary along
the second inclination (to a value of, for example,
28 %/sec) at a limited rate. For this reason, it is pos-
sible to accomplish a compatibility between the op-
eration of the fan motor 10, based on a smooth ro-
tational increase at the zero-start stage, and avoid-
ance in deterioration of the fuel consumption
caused by rapid change in load of the fan motor in
a stage except for the zero-start.

[0079] As set forth above, while the vehicle air condi-
tioning apparatus of invention has been described in
conjunction with the presently filed embodiment, a de-
tailed structure of the present invention is not limited to
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the embodiment and design changes or additions may
be allowed without departing from the spirit and scope
of the invention as defined in appended claims.

[0080] In particular, while the embodiment has been
described with reference to an example where the de-
manded cooling capacity predicting means is provided
as the vehicle statuses detecting means to define the
vehicle statuses being classified in the cool-down mode
andthe normaltraveling mode, it may be altered to allow
the vehicle statuses to be finely divided in small vehicle
ranges between a zero-vehicle speed and the maximum
vehicle speed. Also, the vehicle statuses may be clas-
sified in terms of a value of the engine rotational speed
or a positive or negative value of an absolute value of
the engine-rotational-speed varying rate. In addition,
the vehicle statuses may be classified in terms of avalue
of an accelerator opening degree (throttle-opening de-
gree) or a positive or negative value of an absolute value
of an accelerator-opening-degree varying rate. Thus, a
method of detecting the vehicle statuses by which the
engine load is influenced and classifying the vehicle sta-
tuses in dependence on the degree of influence to be
exerted to the engine load may be included in the
present invention.

[0081] While the embodiment has been described in
connection with an example where the externally con-
trolled type compressor is used as the compressor, the
present invention may also be applied to a fixed volume
type compressor that is controlled to turn ON/OFF de-
pending on the status of the air conditioner remaining in
an operative or inoperative state. Also, the present in-
vention may be applied to a variable volume type elec-
trically powered compressor (that forms, in this case, an
electrical load like the cooling electric fan) driven by a
motor.

[0082] While the embodiment has been described in
connection with an example where the PWM control is
infinitely executed in the fan motor of the cooling electric
fan, the present invention may also be applied to the fan
motor of the type which is controlled in ON/OFF modes
(variable in two stages).

[0083] While the embodiment has been described in
connection with an example where the demanded cool-
ing capacity predicting means predicts in dependence
on the differential temperature between an actual value
of the evaporator-outlet temperature and the target val-
ue, for instance, a demanded cooling capacity may be
predicted responsive to rapid increase in the tempera-
ture of the vehicle compartment regardless of operation
of the air conditioning switch, operation of atemperature
adjustment dial for lowering a preset temperature or an
air-conditioning turned-ON state.

[0084] While the embodiment has been described in
connection with an example where the high pressure
sensor is used as the compressor-capacity-volume
equivalent-value detecting means, for instance, it may
be possible to use a means for detecting the pressure
of the high pressure refrigerant at any position in the air
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conditioning cycle between the discharge side of the
compressor and the expansion valve and a means for
predicting the compressor discharge pressure by calcu-
lation.

[0085] While the embodiment has been described in
connection with an example where the fan motor is con-
trolled in one cool-down control map regardless of the
demanded cooling capacity during the cool-down mode
as the fan motor control means, the fan motor control
may be performed depending on the magnitude of the
demanded cooling capacity by shifting the compressor
discharge pressure at a lower side or by selecting an
optimum map among a plurality of control maps.
[0086] While the embodiment has been described in
connection with an example where the evaporator-out-
let temperature sensor is used as the evaporator-outlet
temperature detecting means, in case of an evaporator-
outlet temperature sensor being provided, it may be ar-
ranged to estimate the evaporator-outlet temperature
from the evaporator inlet temperature.

[0087] In the embodiment, the fan motor control may
be performed depending on the magnitude of the vehi-
cle speed as the fan motor control means such that, dur-
ing the normal traveling mode, for instance, correction
is implemented to alter the inclination of the normal con-
trol map based on the magnitude of the vehicle speed
orto selectthe optimummap among a plurality of normal
control maps. Also, during the normal traveling mode,
the fan motor control may be performed by adding
traveling resistance information such as a road surface
slope or accelerator-opening-degree information in ad-
dition to vehicle speed information.

[0088] Although the present invention has been de-
scribed above by reference to certain embodiments of
the invention, the invention is not limited to the embod-
iments described above and modifications will occur to
those skilled in the art, in light of the teachings. The
scope of the invention is defined with reference to the
following claims.

Claims

1. A vehicle air conditioning apparatus (100) for con-
trolling an air conditioning cycle having a compres-
sor (3), afan motor (10) activated by a power source
composed of an alternator (8) driven by an engine
(1), and a fan (9) driven by the fan motor (10) for
cooling a condenser (4), comprising:

a compressor-volume equivalent-value detec-
tor (17) detecting a compressor-volume equiv-
alent-value corresponding to a volume of the
compressor (3), and

a fan motor controller (20) controlling a fan mo-
tor (10) load,

characterized by a control map setter setting a
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control map, that determines a fan motor load for
the compressor volume detected by the compres-
sor-volume equivalent-value detector (17), in a way
to minimize a total engine load torque formed by a
total sum of an engine load torque caused by the
compressor (3) and the engine load torque caused
by the fan motor (10), wherein the fan motor load is
controlled by the fan motor controlled (20) in de-
pendence on the compressor-volume equivalent-
value using the control map set by the control map
setter.

A vehicle air conditioning apparatus according to
claim 1, characterized by a vehicle status detector
(18) detecting vehicle statuses, wherein the control
map setter measures maximum efficiency points in
dependence on the detected vehicle statuses, re-
spectively, and sets the control map in dependence
on measured results of the maximum efficiency
points.

A vehicle air conditioning apparatus according to
claim 2, characterized in that the vehicle status
detector (18) includes a demanded cooling capacity
predictor predicting a cooling capacity demanded in
an air conditioning cycle, and wherein the control
map setter sets a cool-down control map on the ba-
sis of the maximum efficiency point at which a cool-
ing capacity required in the air conditioning cycle is
high and which provides the maximum fuel con-
sumption under a cool-down situation, and wherein
the fan motor controller (20) controls the fan motor
(10), using the cool-down control map which is set,
during a cool-down mode in which a demanded
cooling capacity is predicted to be greater than a
given preset value.

A vehicle air conditioning apparatus according to
claim 3, characterized in that the fan motor con-
troller (20) comprises an evaporator-outlet temper-
ature detector (18) detecting a temperature (Tint) at
a position just behind an outlet of an evaporator (7),
and a target evaporator-outlet temperature setter
(22) setting a target temperature (T'int) at the posi-
tion just behind the outlet of the evaporator (7),
wherein the demanded cooling capacity predictor
predicts a demanded cooling capacity responsive
to avalue of a differential temperature (AT) between
an evaporator-outlet temperature (Tint) and a target
evaporator-outlet temperature (T'int).

A vehicle air conditioning apparatus according to
claim 3 or 4, characterized in that the compressor
(3) comprises an externally controlled type com-
pressor which is driven by the engine (1) and whose
compressor volume is externally and variably con-
trolled, wherein the externally controlled type com-
pressor is controlled by a compressor controller
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(11,22,23) which controls a target compressor vol-
ume that provides a power saving for the cooling
capacity demanded in the air conditioning cycle.

A vehicle air conditioning apparatus according to
one of the claims 1 to 5, characterized in that the
fan motor controller (20) includes a slow-start con-
troller that, when a shift occurs from a current fan
motor load to the fan motor load determined by the
fan motor controller (20), varies a fan motor load
while limiting an amount of load variation in terms
of a unit time.

A vehicle air conditioning apparatus according to
claim 6, characterized in that the slow-start con-
troller has afirst slope along which a currentfan mo-
tor load shifts from zero to a determined fan motor
load, and a second slope along which the current
fan motor load shifts from a status at a given value
to the determined fan motor load, wherein the sec-
ond slope is higher than the first slope.

Patentanspriiche

1.

Fahrzeugklimatisierungsvorrichtung  (100) zum
Steuern eines Klimatisierungszyklus, die einen
Kompressor (3) hat, einen Luftermotor (10), in Be-
trieb gesetzt durch eine Stromquelle, zusammen-
gesetzt aus einer Wechselstrommaschine (8), an-
getrieben durch einen Motor (1), und einen Lifter
(9), angetrieben durch den Luftermotor (10) zum
Kihlen eines Kiihlers (4), die aufweist:

einen Kompressorvolumen- Aguivalenzwert-
Detektor (17), der einen einem Volumen des
Kompressors (3) entsprechenden Kompres-
sorvolumen- f\quivalenzwert erfasst, und
einer Liftermotorsteuerung (20), die eine Bela-
stung des Luftermotors (10) steuert,

gekennzeichnet durch einen Steuerplanfestleger,
der einen Steuerplan festlegt, der eine Luftermotor-
belastung fur das Kompressorvolumen, erfasst
durch den Kompressorvolumen- Aquivalenzwert-
Detektor (17), in einer Weise bestimmt, um ein ge-
samtes Motorbelastungsdrehmoment, gebildet
durch eine Gesamtsumme des Motorbelastungs-
drehmomentes, verursacht durch den Kompressor
(8), und

das Motorbelastungsdrehmoment,  verursacht
durch den Luftermotor (10), zu minimieren, wobei
die Belastung des Liiftermotors (10) durch die Lif-
termotorsteuerung (20) in Abhangigkeit von dem
Kompressorvolumen- Aquivalenzwert unter Ver-
wendung des Steuerplanes, festgelegt durch den
Steuerplanfestleger, gesteuert wird.
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Fahrzeugklimatisierungsvorrichtung nach  An-
spruch 1, gekennzeichnet durch einen Fahrzeug-
statusdetektor (18), der die Fahrzeugstati erfasst,
wobei der Steuerplanfestleger maximale Effektivi-
téatspunkte jeweils in Abhangigkeit von den erfas-
sten Fahrzeugstati misst, und den Steuerplan in Ab-
hangigkeit von den gemessenen Ergebnissen der
maximalen Effektivitdtspunkte festlegt.

Fahrzeugklimatisierungsvorrichtung nach  An-
spruch 2, dadurch gekennzeichnet, dass der
Fahrzeugstatusdetektor (18) eine geforderte Kiihl-
kapazitat- Vorhersageeinrichtung enthélt, die eine
Kihlkapazitat, gefordert in einem Klimatisierungs-
zyklus, vorhersagt, und wobei der Steuerplanfest-
leger einen Abkuhl- Steuerplan auf der Grundlage
des maximalen Effektivitdtspunktes festlegt, bei
dem eine Kuhlkapazitit, die in dem Klimatisie-
rungszyklus gefordert wird, hoch ist und bei dem
der maximale Kraftstoffverbrauch in einer Abkiihl-
situation aufweist, und wobei die Liiftermotorsteue-
rung (20) den Luftermotor (10) steuert, unter ver-
wendung des Abkiihl- Steuerplanes, der wéahrend
eines Abkiihimodus festgelegt wird, in dem eine ge-
forderte Kihlkapazitat vorhergesagt wird, gréBer
als ein gegebener vorbestimmter Wert zu sein.

Fahrzeugklimatisierungsvorrichtung nach  An-
spruch 3, dadurch gekennzeichnet, dass die Luf-
termotorsteuerung (20) aufweist einen Verdampfer-
auslass- Temperaturdetektor (18), der eine Tempe-
ratur (Tint) an einer Position unmittelbar hinter ei-
nem Auslass eines Verdampfers (7) erfasst, und ei-
nen Ziel- Auslasstemperaturfestieger (22), der eine
Ziel- Temperatur (T'int) an der Position unmittelbar
hinter dem Auslass eines Verdampfers (7) erfasst,
wobei die geforderte Kiihlkapazitat-Vorhersageein-
richtung eine geforderte Kiihlkapazitat in Abhangig-
keit von einem Wert einer Temperaturdifferenz (AT)
zwischen einer Verdampfer- Auslasstemperatur
(Tint) und einer Ziel- Verdampfer- Auslasstempera-
tur (T'int) abschétzt.

Fahrzeugklimatisierungsvorrichtung nach  An-
spruch 3 oder 4, dadurch gekennzeichnet, dass
der Kompressor (3) aufweist einen Kompressor
vom auBengesteuerten Typ, der durch den Motor
(1) angetrieben wird und dessen Kompressorvolu-
men extern und variabel gesteuert wird, wobei der
Kompressor des auBengesteuerten Typs durch ei-
ne Kompressorsteuerung (11, 22, 23) gesteuert
wird, die ein Ziel- Kompressorvolumen steuert, das
eine Energieerspamis flur die in dem Klimatisie-
rungszyklus geforderte Kiihlkapazitét vorsieht.

Fahrzeugklimatisierungsvorrichtung nach einem
der Anspriiche 1 bis 5, dadurch gekennzeichnet,
dass die Liftermotorsteuerung (20) eine Lang-
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samstart- Steuerung enthdlt, die, wenn eine Um-
schaltung von einer momentanen Liftermotorbela-
stung zu der Luftermotorbelastung, bestimmt durch
die LUftermotorsteuerung (20), auftritt, eine Lufter-
motorbelastung verandert, wéhrend sie einen Be-
trag der Belastungsveranderung pro Zeiteinheit be-
grenzt.

Fahrzeugklimatisierungsvorrichtung nach  An-
spruch 6, dadurch gekennzeichnet, dass die
Langsamstart- Steuerung eine erste Schleife hat,
entlang der sich eine momentane Luftermotorbela-
stung von Null auf eine vorbestimmte Llftermotor-
belastung verschiebt, und eine zweite Schleife, ent-
lang der sich die momentane Luftermotorbelastung
von einem Status bei einem gegebenen Wert zu der
bestimmten Luftermotorbelastung verschiebt, wo-
bei die zweite Schleife héher als die erste Schleife
ist.

Revendications

Dispositif de climatisation de véhicule (100) pour
contréler un cycle de climatisation possédant un
compresseur (3), un moteur de ventilateur (10) ac-
tivé par une source d'énergie constituée d'un alter-
nateur (8) entrainé par un moteur (1), et un ventila-
teur (9) entrainé par le moteur de ventilateur (10)
pour refroidir un condenseur (4), comprenant :

un détecteur de valeur équivalente de volume
de compresseur (17) détectant une valeur équi-
valente de volume de compresseur correspon-
dant & un volume de compresseur (3), et

un contrdleur de moteur de ventilateur (20) con-
trélant une charge de moteur de ventilateur
(10),

caractérisé par un élément de détermination
de carte de contréle déterminant une carte de con-
tréle, qui détermine une charge de moteur de ven-
tilateur pour le volume de compresseur détecté par
le détecteur de valeur équivalente de volume de
compresseur (17), afin de minimiser un couple de
charge de moteur totale formé par une somme d'un
couple de charge de moteur provoqué par le com-
presseur (3) et le couple de charge de moteur pro-
voqué par le moteur de ventilateur (10), dans lequel
la charge de moteur de ventilateur est contrdlée par
le contréleur de moteur de ventilateur (20) selon la
valeur équivalente de volume de compresseur uti-
lisant la carte de contréle déterminée par I'élément
de détermination de carte de contrdle.

Dispositif de climatisation de véhicule selon la re-
vendication 1, caractérisé par un détecteur d'état
de véhicule (18) détectant les états de véhicule,
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dans lequel I'é4lément de détermination de carte de
contrble mesure les points d'efficacité maximum se-
lon les états de véhicule détectés, respectivement,
et détermine la carte de contrle selon les résultats
mesurés des points d'efficacité maximum.

Dispositif de climatisation de véhicule selon la re-
vendication 2, caractérisé en ce que le détecteur
d'état de véhicule (18) comprend un élément de
prédiction de capacité de refroidissement requise
prédisant une capacité de refroidissement requise
dans un cycle de climatisation, et dans lequel I'é1é-
ment de détermination de carte de contrble déter-
mine une carte de contrdle de refroidissement en
fonction du point d'efficacité maximum auquel une
capacité de refroidissement requise dans le cycle
de climatisation est élevée et qui délivre la consom-
mation de carburant maximum dans une situation
de refroidissement, et dans lequel le contréleur de
moteur de ventilateur (20) contréle le moteur de
ventilateur (10), en utilisant la carte de contrdle de
refroidissement qui est déterminée, pendant un mo-
de de refroidissement dans lequel une capacité de
refroidissement requise est prédite pour étre supé-
rieure & une valeur prédéterminée donnée.

Dispositif de climatisation de véhicule selon la re-
vendication 3, caractérisé en ce que le contrdleur
de moteur de ventilateur (20) comporte un détec-
teurde température de sortie d'évaporateur (18) dé-
tectant une température (Tint) en une position juste
derriére une sortie d'évaporateur (7), et un élément
de détermination de température de sortie d'évapo-
rateur cible (22) déterminant une température cible
(T'int) en la position juste derriére la sortie de I'éva-
porateur (7), dans lequel I'élément de prédiction de
capacité de refroidissement requise prédit une ca-
pacité de refroidissement requise sensiblement a
une valeur d'une température différentielle (AT) en-
tre une température de sortie d'évaporateur (Tint)
et une température de sortie d'évaporateur cible
(T'int).

Dispositif de climatisation de véhicule selon la re-
vendication 3 ou 4, caractérisé en ce que le com-
presseur (3) comporte un compresseurdu type con-
trélé de I'extérieur qui est entrainé par le moteur (1)
et dont le volume de compresseur est contrélé de
I'extérieur et de fagon variable, dans lequel le com-
presseur du type contrdlé de I'extérieur est contrélé
par un contrdleur de compresseur (11, 22, 23) qui
contréle un volume de compresseur cible qui pré-
voit une économie d'énergie pour la capacité de re-
froidissement requise dans le cycle de climatisa-
tion.

Dispositif de climatisation de véhicule selon l'une
des revendications 1 & 5, caractérisé en ce que le
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contréleur de moteur de ventilateur (20) comporte
un contréleur de démarrage lent qui, lorsqu'un dé-
calage se produit depuis une charge de moteur de
ventilateur courante a une charge de moteur de
ventilateur déterminée par le contréleur de moteur
de ventilateur (20), fait varier une charge du moteur
de ventilateurtout en limitant une quantité de varia-
tion de charge en terme de temps unitaire.

Dispositif de climatisation de véhicule selon la re-
vendication 6, caractérisé en ce que le contréleur
de démarrage lent présente une premiére pente se-
lon laquelle une charge de moteur de ventilateur
courante se décale depuis zéro vers une charge de
moteur de ventilateur déterminée, et une seconde
pente selon lequel la charge de moteur de ventila-
teur courante se décale a partir d'un état a une va-
leur donnée vers la charge de moteur de ventilateur
déterminée, dans lequel la seconde pente est plus
élevée que la premiere pente.
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FIG. 9
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