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(57) ABSTRACT

9 Claims, 5 Drawing Sheets

An automotive air conditioning system comprising: an air
cooling circuit including a compressor, a condenser, an

expansion valve and an evaporator; an air heating circuit,
including a flow rate regulation solenoid valve arranged to
regulate the flow rate of a heat transfer fluid through the
heater; and an electronic control unit. The electronic control
unit is configured to receive a measured evaporator air
temperature and a set cabin air temperature and to switch the
operating condition of the compressor when the measured
evaporator air temperature is higher or lower than at least
one on/ofl' threshold temperature computed based on the set
cabin air temperature.
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1

CONTROL OF AN AUTOMOTIVE AIR
CONDITIONING SYSTEM WITH AIR
REHEATING BASED ON INTERNAL

COMBUSTION ENGINE COOLANT FLOW
CONTROL

which air reheating is based on air mixing and are conse-
quently normally mounted only on high-end motor vehicles,
whilst air conditioning systems in which air reheating is
based on air mixing are normally mounted on economy to
mid-range motor vehicles.

TECHNICAL FIELD OF INVENTION

The present invention relates to the control of an auto-
motive air conditioning system with air reheating based on
internal combustion engine coolant flow control.

STATE OF THE ART

As is known, automotive air conditioning systems can be
grouped into two categories, according to the way in which
a cold airflow, obtained by cooling an external or recycled
airflow, is reheated before being supplied to the cabin of the
motor vehicle, exploiting the heat released by a heat transfer
fluid constituted by the internal combustion engine coolant.

In air conditioning systems belonging to the first category,
which is known as "Air Mixing Reheating", the cold airflow
is reheated by totally or partially mixing it, in a mixer
equipped with a selector flap that can be operated either
manually by a Bowden cable or automatically by an elec-
trical actuator, with a hot airflow from a liquid/air heat
exchanger, in which the internal combustion engine coolant
is caused to flow.

Instead, in air conditioning systems belonging to the
second category, which is known as "Coolant Flow Control
Reheating", the cold airflow is reheated directly by means of
a liquid/air heat exchanger in which the internal combustion
engine coolant is caused to flow, and the flow rate of which
is regulated by means of a proportional flow rate regulating
solenoid valve.

As the internal combustion engine coolant is caused to
flow by a pump driven by the internal combustion engine, in
both of the above-mentioned categories of air conditioning
systems, the internal combustion engine coolant flow is
subject to flow rate variations which are consequent upon
engine speed changes, which consequently cause undesired
cabin air temperature variations, which are detrimental to the
thermal comfort perceived by the occupants.

In the first category of air conditioning systems, the
undesired eflects of the internal combustion engine coolant
flow rate variations on the cabin air temperature are alto-
gether or partly mitigated by automatically controlling the
position of the selector flap of the mixer, if it is automatically
controlled, while in the second category of air conditioning
systems, the undesired eflects of the internal combustion
engine coolant flow rate variations on the cabin air tempera-
ture are altogether or partly mitigated by automatically
controlling the flow rate regulation solenoid valve for the
internal combustion engine coolant.

However, in this second category of air conditioning
systems, efl'ective mitigation of the undesired eflects of the
internal combustion engine coolant flow rate variations on
the cabin air temperature requires the use of flow rate
regulation solenoid valves that must be compliant with
severe technical specifications, above all in terms of
response speed and precision, and that, for this reason, are
relatively expensive and therefore significantly impact on
the final cost of the air conditioning system and, as a
consequence, of the motor vehicle.

For this reason, air conditioning systems in which air
reheating is based on internal combustion engine coolant
flow control are considerably more expensive than those in
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SUBJECT AND ABSTRACT OF THE
INVENTION

For various reasons, the Applicant showed the willingness
to identify solutions that allow costs to be reduced for
automotive air conditioning systems in which air reheating
is based on internal combustion engine coolant flow control,
so as to result in them being also exploitable on economy to
mid-range motor vehicles.

The objective of the present invention is to provide an

automotive air conditioning system in which air reheating is
based on internal combustion engine coolant flow control
and in which manufacturing costs are sufliciently reduced to
justify mounting even on economy to mid-range motor
vehicles.

According to the present invention, an automotive air
conditioning system is provided, as defined in the appended
claims.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a block diagram of an automotive air
conditioning system;

FIG. 2 shows a general functional block diagram of the
operations performed by an electronic control unit of the
automotive air conditioning system shown in FIG. 1;

FIGS. 3 and 4 shows detailed functional block diagrams
of the operations performed by one of the functional blocks
shown in FIG. 2, according to diflerent embodiments; and

FIG. 5 shows time developments of quantities of the
automotive air conditioning system shown in FIG. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

The present invention originates from the idea of check-
ing the possibility of reducing the cost of automotive air
conditioning systems in which air reheating is based on
internal combustion engine coolant flow control by using
flow rate regulating proportional solenoid valves with lower
performance, in terms of response speed and precision, and
consequently less expensive than those used up until now in
the known automotive air conditioning systems.

As it was to be expected, just using lower performance
internal combustion engine coolant flow rate regulation
solenoid valves obviously resulted in a reduction in miti-
gating the undesired eflects of the internal combustion
engine coolant flow rate variations on the cabin air tempera-
ture.

However, in-depth research carried out by the Applicant
has resulted in discovering and experimentally verifying that
the undesired eflects of the internal combustion engine
coolant flow rate variations on the cabin air temperature can
nevertheless be eflectively mitigated, or even completely
cancelled, by using a technical solution specifically devel-
oped and patented by the Applicant for achieving a radically
difl'erent objective in air conditioning systems belonging to
the first category, i.e. air conditioning systems in which the
cold airflow is reheated by mixing it with a hot airflow,
namely reducing energy consumption of these air condition-
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ing systems and, as a consequence, fuel consumption of
motor vehicles equipped with these air conditioning sys-
tems.

Therefore, it has been possible to experimentally establish
that this technical solution enabled efl'ective compensation
of the reduction in mitigating the undesired efl'ects of the
internal combustion engine coolant flow rate variations on
the cabin air temperature consequent upon adoption of flow
rate regulation proportional solenoid valves with lower
performance in terms of response speed and precision.

In particular, this technical solution is the subject of the
European patent EP-Bl-I 996 417 in the name of the
Applicant, which is intended to be incorporated herein by
reference, and essentially provides for switching the oper-
ating state (on/o@ of the compressor of the air cooling
circuit when the air temperature downstream of the evapo-
rator of the air cooling circuit exhibits a predetermined
relation with a threshold temperature that is computed based
on the cabin air temperature set by the occupants of the
motor vehicle by using the traditional temperature setting
devices (knobs and buttons) in the motor vehicle cabin.

In particular, this technical solution contemplates that the
compressor is caused to operate in on/ofl' mode and is
switched on when the evaporator air temperature rises above
the threshold temperature, to avoid condensed water on the
surface of the evaporator from freezing and causing the
blockage of part of the heat exchange surface, and is
switched ofl' when the evaporator air temperature drops
below the threshold temperature. The threshold temperature
can be just one for both switching on and switching ofl' the
compressor or can be difl'erentiated and separated into a
compressor switch-on threshold temperature and a switch-
ofl' threshold temperature, depending on whether or not it is
intended to provide hysteresis between the switching on and
switching ofl' of the compressor.

Moreover, unlike the prior art prior to the above-men-
tioned patent, the threshold temperature is not fixed but
depends on the set cabin air temperature according to laws
that difler depending on whether the air conditioning system
is manually controlled, i.e. equipped with a temperature
regulation knob mechanically connected to selector flap of
the air mixer by a Bowden cable, or is automatically
controlled.

Broadly speaking, in a manually controlled air condition-
ing system, the threshold temperature is increased, conve-
niently linearly, as the set cabin air temperature increases
within a first range of values corresponding to a cabin air
cooling, and then decreased, conveniently linearly, as the set
cabin air temperature increases within a second range of
values corresponding to an cabin air heating.

Instead, in an automatically controlled air conditioning
system, the threshold temperature is varied inversely pro-
portionally to the diflerence between the outlet air tempera-
ture and the set cabin air temperature, such that it increases
as the diflerence decreases.

The present invention will now be described in detail with
reference to the attached figures to enable a skilled person to
embody it and use it. Various modifications to the described
embodiments will be readily appreciated by skilled persons,
and the generic principles described herein can be applied to
other embodiments and applications without departing from
the scope of protection of the present invention, as defined
in the appended claims. Therefore, the present invention is
not be considered as limited to the embodiments described
and illustrated, but be conceded the broadest scope of
protection consistent with the principles and characteristics
described and claimed herein.
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FIG. 1 shows an air conditioning system, referenced as a
whole by reference numeral 1, for a motor vehicle 2 (sche-
matically shown), in particular a road motor vehicle
equipped with an internal combustion engine 3, and in which
air reheating is based on the internal combustion engine
coolant flow control.

In particular, air conditioning system 1 essentially com-
prises an air cooling circuit 4 and an air heating circuit 5
configured to cooperate in conditioning the motor vehicle's
cabin air.

Air cooling circuit 4 comprises, in succession, a com-
pressor 7, a condenser S, an expansion valve 9 and an
evaporator 10 connected by a pipe 11 inside which a coolant
flows such as ammonia, chloromethane or sulphur dioxide,
known halocarbons such as Freon (for example Rll, R12,
R114 or R134a), or other substances such as carbon dioxide
and hydrocarbons such as propane.

Compressor 7 is of an electrically controlled type and can
alternatively be of a fixed displacement type or a variable
displacement type with internal control and equipped with a
clutch; it is arranged in the engine bay 12 and is driven by
the internal combustion engine 3 via a belt (not shown). The
condenser S is also arranged in the engine bay 12, at the front
of the motor vehicle 2, close to the radiator 13 of the motor
vehicle 2, so as to be impinged by the external air that
impinges on the radiator 13 when the motor vehicle 2 is
moving. The evaporator 10 is usually arranged in the cabin
6 of the motor vehicle 2, next to the firewall 14 that separates
the engine bay 12 from the cabin 6 of the motor vehicle 2.

The task of the compressor 7 is to compress the coolant
in a vapour state at the outlet of the evaporator 10, so as to
raise temperature and pressure thereof. The coolant from the
compressor 7 is then caused to flow through the condenser
S, where it yields heat to the air that flows through it, cooling
down and condensing, and consequently passing from the
gaseous state to the liquid state. The coolant is then caused
to flow through the expansion valve 9, where it is further
cooled and partially returns to the vapour phase. At this
point, the coolant is caused to flow through the evaporator
10, where it absorbs heat from the air that flows through it,
which cools down and is blown into the cabin 6 of the motor
vehicle 2 by a blower fan 15 associated with the evaporator
10. In this way, the coolant heats up, passing again to the
vapour state, and again being supplied to the compressor 7,
in this way recommencing the above-described cycle.

Air heating circuit 5 comprises a heater 16 in the form of
a liquid/air heat exchanger, which is arranged inside the
cabin 6 of the motor vehicle 2, next to the evaporator 10 of
the air cooling circuit 4, and in the example shown is
arranged downstream of the evaporator 10 with respect to
the direction of the airflow generated by the blower fan 15
associated with the evaporator 10, and is fluidically con-
nected to the internal combustion engine 3, through a
proportional flow rate regulating solenoid valve 17, to
receive part of the coolant of the internal combustion engine
3, the remaining part of which is caused to flow, through a
thermostatic valve, in the radiator 13 of the motor vehicle 2.
The coolant of the internal combustion engine 3 is caused to
flow in the heater 16 and in the radiator 13 via a pump 19
driven by the internal combustion engine 3 via a belt (not
shown). Finally, the radiator 13 is associated with an elec-
trically operable radiator fan 20 to exchange heat between
the coolant flowing through the radiator 13 and the external
air that impinges on the radiator 13 when the motor vehicle
3 is moving.

The heating circuit further comprises a bypass branch 21
arranged so as to bypass the heater 16 and the flow rate
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regulation solenoid valve 17 and along which the coolant of
the internal combustion engine 3 flows when the flow rate
regulation solenoid valve 17 is closed. In this way, when the
flow rate regulation solenoid valve 17 is opened, the coolant
of the internal combustion engine 3 that consequently starts
to flow through the heater 16 is already at a steady tem-

perature, or rather substantially at the same temperature as
the internal combustion engine 3, thereby avoiding unde-

sired temperature fluctuations inside the heater 16 and so
reducing the response time of the air conditioning system 1.

Finally, with reference to FIG. 2, air conditioning system
1 comprises an electronic control system 22 comprising:

a temperature sensor 23 arranged outside of the motor
vehicle 2, for example, on one of the two external
rear-view mirrors (not shown) of the motor vehicle 2,
to output an electrical signal indicative of a measured
external air temperature T~~T;

a temperature sensor 24 arranged downstream of the
evaporator 10, with respect to the direction of airflow
generated by the associated blower fan 15, to output an
electrical signal indicative of a measured evaporator air
temperature T~~»;

a temperature sensor 25 arranged inside the cabin 6 of the
motor vehicle 2, for example on the internal rear-view
mirror (not shown) of the motor vehicle 2 or under the
roof (not shown) of the motor vehicle 2, in a position
near to the central courtesy light (not shown), to output
an electrical signal indicative of a measured cabin air
temperature T~»;

a temperature sensor 26 arranged inside the cabin 6 of the
motor vehicle 2, close to the air outlets (not shown), to
output an electrical signal indicative of a measured
outlet air temperature T~~T; and

an electronic control unit 27 configured to receive elec-
trical signals from the temperature sensors 21-24 and
an electrical signal indicative of a set cabin air tem-
perature T~~~, which is set by a user via traditional
temperature setting means 2S provided in the cabin 6 of
the motor vehicle 2, and programmed to control, among
other things, operation of the air conditioning system 1,
and in particular the compressor 7 of the air cooling
circuit 4, the flow rate regulation solenoid valve 17 and
the blower fan 15 associated with the evaporator 10 of
the air heating circuit 5, based on the input electrical
signals as described, in detail herein below with refer-
ence to FIGS. 2, 3 and 4, which show functional block
diagrams of the operations carried out by the electronic
control unit 27.

In particular, the functional block diagrams shown in
FIGS. 2, 3 and 4 are shown purely by way of non-limitative
example, and therefore their functional architecture is only
to be considered representative of the implemented opera-
tions, which are the only ones that represent the character-
istics of the present invention. Any other functionally
equivalent architecture to those shown in FIGS. 2, 3 and 4
is therefore to be considered an alternative embodiment
falling within the scope of protection of the present inven-
tion.

In particular, as exemplarily shown in FIG. 2, the elec-
tronic control unit 27 is programmed to implement the
following functional blocks:

a subtractor 29 configured to receive the set cabin air
temperature T~~~ and the measured cabin air tempera-
ture T~» and output a cabin air temperature error
based on the diflerence between the set and measured
cabin air temperatures T~~~ and T~»,
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a proportional-integral-derivative regulator (PID) 30 con-
figured to receive the cabin air temperature error from
the subtractor 29 and output a corresponding control
signal;

a decider 31 configured to receive the control signal from
the PID regulator 30 and output an electrical command,
conveniently pulse width modulated (PWM), for the
blower fan 15 associated with the evaporator 10, and a
target outlet air temperature T~~~, which are generated
in a manner described in greater detail further on; and

an actuator manager 32 configured to receive the set cabin
air temperature T~~~, the target outlet air temperature

T~~~, the measured outlet air temperature T~~~ the
measured external air temperature T~~T and the mea-
sured evaporator air temperature T~~~~, as well as
quantities indicative of the operational status of the
internal combustion engine 3 and of the air condition-
ing system 1, described in greater detail further on, and
output an electrical on/ofl' command signal for the
compressor 7 of the air cooling circuit 4 and an
electrical regulation command for the flow rate regu-
lation solenoid valve 17 of the air heating circuit 5.

With regard to generation of the electrical command for
the blower fan 15 associated with the evaporator 10 and
computation of the target outlet air temperature T~~~, they
are such as to achieve the target cabin air temperature T~~~
using, for example, two types of strategy, the first which
regulates the target outlet air temperature T~~~ after having
maximized utilization of the blower fan 15 associated with
the evaporator 10, and the second which regulates utilization
of the blower fan 15 associated with the evaporator 10 after
having maximized the eflect of the regulation of the target
outlet air temperature T~~~. In particular, the electrical
command for the blower fan 15 associated with the evapo-
rator 10 is conveniently generated based on a stored look-up
table (LUT), which is a database structured so as to associate
with each control signal from the PID regulator 30, an
electrical command for the blower fan 15 associated with the
evaporator 10 that causes optimal airflow inside the cabin 6
to facilitate reaching the target cabin air temperature T~~~.

In addition, by way of example, the target outlet air
temperature T~~~ is conveniently computed based on the
external air temperature T~~~ the set cabin air temperature

T~~~ and a stored look-up table (LUT), which is a database
structured so as to associate a component of the target outlet
air temperature T~~~ with each control signal from the PID
regulator 30, so as to contribute to reaching the target cabin
air temperature T~~~.

A functional block diagram of a possible embodiment of
the actuator manager 32 is shown in FIG. 3 by way of
non-limitative example.

According to what is shown in FIG. 3, the actuator
manager 32 comprises the following functional blocks:

a subtractor 33 configured to receive the set cabin air
temperature T~~~ and the measured external air tem-
perature T~~, and output an air temperature error
based on the difl'erence between the set cabin air
temperature T~~~ and the measured external air tem-
perature T~~T;

a comparator 34 configured to receive the air temperature
error from the subtractor 33 and compare it with two
thresholds, respectively lower TH1 and upper TH2
ones, which define three diflerent air temperature error
ranges A1, A2 and A3, respectively lower, intermediate
and upper ones, to which three difl'erent operating
conditions of the air conditioning system 1 correspond,
which are described in greater detail further on and
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where the lower air temperature error range A1 is
delimited above by the lower threshold TH1, the inter-
mediate air temperature error range A2 is delimited
below by the lower threshold TH1 and above by the
upper threshold TH2, and the upper air temperature
error range A3 is delimited below by the upper thresh-
old TH2. The comparator 34 is further configured to
output a selection command indicative of the air tem-
perature error range to which the input air temperature
error belongs;

three controllers 35, 36 and 37, each one associated with
a corresponding air temperature error ranges A1, A2 or
A3, and each formed by a controller stage dedicated to
generating the electrical regulation command for the
flow rate regulation solenoid valve 17 of the air heating
circuit 5 and a controller stage dedicated to generating
the electrical on/ofl'command signal for the compressor
7 of the air cooling circuit 4, wherein:

the first controller 35 is configured to receive the target
and measured outlet air temperatures T~~p and T~~~
the measured evaporator air temperature Tp~~, as well
as quantities indicative of the operational status of the
air conditioning system 1, such as pressure and tem-
perature of the coolant circulating in the air cooling
circuit 4, upstream from and downstream of the com-
pressor 7, in order to prevent malfunctions in the air
conditioning system 1, and output a pair of electrical
commands, one for the flow rate regulation solenoid
valve 17 and the other for the compressor 7, which are
such as to cause the air conditioning system 1 to operate
in an operating condition corresponding to the afore-
said lower temperature error range A1, where the
electrical regulation command for the flow rate regu-
lation solenoid valve 17 is such as to cause the com-
plete closing of the flow rate regulation solenoid valve
17 and is conveniently generated by implementing a
PID regulator, while the electrical on/ofl' command for
the compressor 7 is such as to minimize the difl'erence

between the target and measured outlet air temperatures

TQgp and T~~z.
the second controller 36 is configured to receive the target

and measured outlet air temperatures T~~p and T~~~
the measured evaporator air temperature Tp~~p, the
aforesaid quantities indicative of the operational status
of the air conditioning system 1, as well as quantities
indicative of the operational status of the internal
combustion engine 3, such as engine speed, engine
coolant temperature and the electrical regulation com-
mand for the flow rate regulation solenoid valve 17,
which are indicative of the variation in the amount of
heat in the coolant that flows through the flow rate
regulation solenoid valve 17, and that, consistent with
the percentage opening of the flow rate regulation
solenoid valve 17, causes a change in the measured
outlet air temperature T~~p. The second controller 36
is further configured to output a pair of electrical
commands, one for the flow rate regulation solenoid
valve 17 and the other for the compressor 7, which are
such as to cause the air conditioning system 1 to operate
in an operating condition corresponding to the afore-
said intermediate temperature error range A2, where
the electrical regulation command for the flow rate
regulation solenoid valve 17 is such as to minimize the
difl'erence between the target and measured outlet air
temperatures T~~p and T~~p and is conveniently gen-
erated by implementing a PID regulator, while the
electrical on/ofl' command signal for the compressor 7
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is such as to minimize the diflerence between the
measured outlet air temperature T~~p and a corrected
target outlet air temperature T~~~p, where the correc-
tion of the target outlet air temperature T~~p is gener-
ated so as to compensate for the change in the measured
outlet air temperature T~~p, induced by the change in
the internal combustion engine speed, causing a drop in
the evaporator air temperature in the case of an increase
in the internal combustion engine speed or a rise in the
evaporator air temperature in the case of an increase in
the internal combustion engine speed, based on a stored
look-up table (LUT), which for example is structured
so as to associate with each combination of the elec-
trical regulation command for the flow rate regulation
solenoid valve 17 and the internal combustion engine
speed and coolant temperature, a corresponding cor-
rection for the target outlet air temperature T~~p and a
corresponding correction application duration, based
on which a corresponding electrical on/ofl' command
signal is generated for the compressor 7; and

the third controller 37 is configured to receive the target
and measured outlet air temperatures T~~p and T~~~
the measured evaporator air temperature Tp~~, as well
as the aforesaid quantities indicative of the operational
status of the air conditioning system 1, and output a pair
of electrical commands, one for the flow rate regulation
solenoid valve 17 and the other for the compressor 7,
which are such as to cause the air conditioning system
1 to operate in an operating condition corresponding to
the aforesaid upper temperature error range A3, where
the electrical regulation command for the flow rate
regulation solenoid valve 17 is generated by imple-
menting a PID regulator and is such as to minimize the
diflerence between the target and measured outlet air
temperatures T~~p and T~~~ while the electrical on/ofl'

command signal for the compressor 7 is such as to
dehumidify the air in the cabin 6 of the motor vehicle
2; and

a selector 3S configured to receive as the selection com-
mand from the comparator 34 and the three pairs of
electrical commands for the compressor 7 and for the
flow rate regulation solenoid valve 17 from the three
PID controllers 35, 36 and 37, and to select and output
one of the three pairs of electrical commands based on
the selection command, in particular the pair of elec-
trical commands that cause the air conditioning system
1 to operate in the operating condition corresponding to
the temperature error ranges A1, A2 or A3 indicated by
the selection command.

In particular, the electrical regulation commands for the
flow rate regulation solenoid valve 17 and the electrical
on/off commands for the compressor 7 are voltage signals
and can be either analogue or digital and, in the latter case,
are conveniently pulse width modulated (PWM).

Furthermore, as described in the above-mentioned patent
in the name of the Applicant, the electrical on/ofl' commands
for the compressor 7 are generated based on the outcome of
a comparison of the measured evaporator air temperature

Tp~~p with a on/ofl' threshold temperature Tp. In particular,
each electrical on/ofl' command is such as to cause the
switching on of the compressor 7 when the measured
evaporator air temperature Tp~~p rises above the on/ofl'

threshold temperature Tp and the switching ofl' when the
measured evaporator air temperature Tp~~p drops below the
on/off threshold temperature Tp.

The on/ofl' threshold temperature Tp can be just one for
both switching on and switching ofl'the compressor 7, or can
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be diflerentiated and separated into an on threshold tem-
perature TT~v and an ofl'threshold temperature TT~~~ for the
compressor 7, depending on whether or not it is intended to
provide hysteresis between the switching on and switching
ofl'of the compressor 7, and is a function of the set cabin air
temperature T~» according to laws that difler depending on
whether the air conditioning system 1 is manually or auto-
matically controlled.

In particular, in a manually controlled air conditioning
system 1 the on/ofl' threshold temperature TT is increased,
conveniently linearly, as the set cabin air temperature T~»
increases within a first range of values corresponding to a
cabin air cooling, and then decreased, conveniently linearly,
as the set cabin air temperature T~» increases within a
second range of values corresponding to a cabin air heating.

Instead, in an automatically controlled air conditioning
system 1, the on/ofl' threshold temperature TT is varied
inversely proportionally with respect to the difl'erence

between the measured outlet air temperature T~~T and the
set cabin air temperature T~», so as to rise as the aforesaid
difl'erence drops. In addition, the on/ofl' threshold tempera-
ture TT is downwardly floored to a constant lower floor
temperature, for example 3' C., so as to prevent the evapo-
rator 10 from freezing, and upwardly floored to an upper
floor temperature conveniently computed based on a stored
look-up table (LUT), which is a database structured so as to
associate with each value of the measured external air
temperature T~~ a corresponding upper floor temperature,
so as to ensure that the air downstream of the evaporator 10
has a humidity degree lower than a threshold degree.

FIG. 4 shows, by way of non-limitative example, a
functional block diagram of a different embodiment of the
actuator manager 32.

According to that shown in FIG. 4, the actuator manager
32 comprises the following functional blocks:

a first controller 40 dedicated to the generation of the
electrical regulation command for the flow rate regu-
lation solenoid valve 17, which controller is configured
to receive the target and measured outlet air tempera-
tures T~» and T~~~ and output an electrical regula-
tion command for the flow rate regulation solenoid
valve 17 by conveniently implementing a PID regulator
and is such as to cause the flow rate regulation solenoid
valve 17 to heat the air downstream of the evaporator
10 to a degree that minimizes the diflerence between
the target and measured outlet air temperatures T~»
and T~~T

a first subtractor 41 configured to receive the set cabin air
temperature T~» and the measured external air tem-
perature T~~, and output an air temperature error
based on the difl'erence between the set cabin air
temperature T~» and the measured external air tem-
perature T~~T;

a second subtractor 42 configured to receive the target and
measured outlet air temperatures T~» and T~~T and
output an outlet air temperature error based on the
difl'erence between the target and measured outlet air
temperatures T~» and T~~T;

a comparator 43 configured to receive the air temperature
error from the first subtractor 41 and compare it with
two thresholds, respectively lower TH1 and upper TH2
ones, which define three diflerent air temperature error
ranges, respectively lower, intermediate and upper
ones, to which three diflerent operating conditions of
the air conditioning system 1 correspond, which are
described in greater detail further on and where the
lower air temperature error range A1 is delimited above
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by the lower threshold TH1, the intermediate air tem-
perature error range A2 is delimited below by the lower
threshold TH1 and above by the upper threshold TH2,
and the upper air temperature error range A3 is delim-
ited below by the upper threshold TH2. The comparator
43 is further configured to output a selection command
indicative of the air temperature error range to which
the input air temperature error belongs;

a stored look-up table 44 (LUT), which is configured to
receive the outlet air temperature error from the second
subtractor 42, the above-mentioned quantities indica-
tive of the operational status of the internal combustion
engine 3, the electrical regulation command for the
flow rate regulation solenoid valve 17 from the first
controller 40 and the selection command from the
comparator 43, and output a corresponding correction
for the target outlet air temperature T~» and an asso-
ciated correction application duration;

a third subtractor 45 configured to receive the target outlet
air temperature T~» and the correction for the target
outlet air temperature T~», and output a corrected
target outlet air temperature T~~»; and

a second controller 46 dedicated to the generation of the
electrical on/off command signal for the compressor 7,
which controller is configured to receive the corrected
target outlet air temperature T~~» and the measured
outlet air temperature T~~~ as well as the measured
evaporator air temperature T~~~~, the measured exter-
nal air temperature T~~ and the above-mentioned
quantities indicative of the operational status of the air
conditioning system 1, and output an electrical on/ofl'

command signal for the compressor 7 such as to
minimize the diflerence between the target and mea-
sured outlet air temperatures T~» and T~~T and appro-
priately compensate for the variation in the measured
outlet air temperature T~~T induced by the change in
the internal combustion engine speed, for example by
causing the measured evaporator air temperature T~~~
either to decrease in the case of an increase in the
internal combustion engine speed or to increase in case
of a drop in the internal combustion engine speed.

FIG. 5 shows two sets of graphs that represent the time
developments of some quantities of the air conditioning
system 1, in particular the internal combustion engine speed
and coolant temperature T~~~z, the measured evaporator air
temperature T~~~~, the measured outlet air temperature

T~~T and the electrical regulation command for the flow rate
regulation solenoid valve 17, the comparison of which
allows the evident benefits that implementation of the pres-
ent invention renders achievable (graphs on the right) to be
appreciated with respect to the case where the present
invention is not applied (graphs on the left).

In particular, with reference to the functional block dia-
grams in FIGS. 2 and 4, in the case where the present
invention is not applied, subsequent to an increase in the
internal combustion engine speed, the internal combustion
engine coolant flow and temperature increase and the flow
rate regulation solenoid valve 17 is open and this results in
the measured outlet air temperature T~~T, increasing. Con-
sequent upon this increase, the PID regulator 40 that gen-
erates the electrical regulation command for the flow rate
regulation solenoid valve 17 causes a new set point to be set,
slightly closing the flow rate regulation solenoid valve 17 so
as to again minimize the difference between the target and
measured outlet air temperatures T~» and T~~T. The pre-
viously described process can also aflect the regulation of
the compressor 7 when the change in the internal combus-
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tion engine speed is such as to cause, in addition to the
variation in the measured outlet air temperature T~~~ a
variation in the measured cabin air temperature T~» as well.
In this case, the PID regulator 30 and the decider 31 causes
a lower target outlet air temperature T~~~ to be computed
and, as a consequence, the compressor 7 is controlled to
minimize the diflerence between the target and measured
outlet air temperatures T~~~ and T~~T.

Instead, in the case where the present invention is applied,
subsequent to an increase in the internal combustion engine
speed, the internal combustion engine coolant flow and
temperature increase, the look-up table 44 outputs a corre-
sponding correction for the target outlet air temperature

T~~~ and a corresponding correction application duration, so
as to cause the evaporator air temperature T~~» to decrease
to a value consistent with the estimate of the variation in
outlet air temperature T~~T induced by the change in the
internal combustion engine speed, such that the measured
outlet air temperature T~~T is not aflected by the change in
the internal combustion engine speed. When the internal
combustion engine speed 3 stops changing, correction of the
target outlet air temperature T~~~ tends to die out, returning
the correct target outlet air temperature T~~~~ to the target
outlet air temperature T~~~ output by the decider 31, in a
period of time in which the flow rate regulation solenoid
valve 17 is able to compensate for the variation in the
evaporator air temperature T~~» such that the measured
outlet air temperature T~~T is not altered.

The advantages that can be achieved with the present
invention are immediately appreciable from the previous
description.

In particular, by allowing the undesired eflects of the
internal combustion engine coolant flow rate variations on
the cabin air temperature to be mitigated through opportune
control over operation of the air cooling circuit's compres-
sor, the present invention enables flow rate regulation sole-
noid valves with lower performance, in terms of response
speed and precision, and consequently less expensive, to be
used for the internal combustion engine coolant flow con-
trol, thereby resulting in the costs of the air conditioning
systems being sufficiently reduced to enable their use even
on economy to mid-range motor vehicles.

The invention claimed is:
1. An automotive air conditioning system comprising:
an air cooling circuit including a compressor, a condenser,

an expansion valve and an evaporator, fluidically con-
nected to be flowed through, during operation, by a first
heat transfer fluid, and a blower fan associated with the
evaporator and operable to generate an airflow through
the evaporator;

an air heating circuit including a heater configured to be
flowed through, during operation, by a second heat
trans fer fluid, and arranged close to the evaporator to be
also flowed through by the airflow generated by the
blower fan associated with the evaporator, and a flow
rate regulation solenoid valve arranged to regulate the
flow rate of the second heat transfer fluid through the
heater; and

an electronic control unit configured to receive a mea-
sured evaporator air temperature and a set cabin air
temperature and to switch an operating condition of the
compressor when the measured evaporator air tempera-
ture is higher or lower than at least one on/ofl' threshold
temperature computed based on the set cabin air tem-
perature, wherein the electronic control unit is further
configured to:
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receive a measured cabin air temperature, a measured
external air temperature and a measured outlet air
temperature;

compute a cabin air temperature error based on the set
and measured cabin air temperatures;

generate a control signal based on the cabin air tem-
perature error by implementing a proportional-inte-
gral-derivative regulator;

compute a target outlet air temperature based on the
control signal;

compute a first air temperature error based on the set
cabin air temperature and the measured external air
temperature;

compute a second air temperature error based on the
target and measured outlet air temperatures;

compare the first air temperature error with two thresh-
olds, respectively lower and upper thresholds, which
define three difl'erent air temperature error ranges to
which three difl'erent operating conditions of the air
conditioning system correspond, and generate, based
on the outcome of the comparison, a selection com-
mand indicative of the air temperature error range to
which the first air temperature error belongs;

compute a correction for the target outlet air tempera-
ture based on the second air temperature error,
quantities indicative of the operational status of an
internal combustion engine of a motor vehicle
equipped with the air conditioning system, and the
selection command;

compute a corrected target outlet air temperature based
on the target outlet air temperature and the correction
computed therefor;

generate an on/ofl' command signal for the compressor
of the air cooling circuit and a regulating command
for the flow rate regulation solenoid valve of the air
heating circuit based on the set cabin air temperature,
the corrected target outlet air temperature and the
measured outlet air temperature, the measured exter-
nal air temperature and the measured evaporator air
temperature, so as to minimize the difl'erence

between the target and measured outlet air tempera-
tures.

The automotive air conditioning system of claim 1,
wherein the electronic control unit is further configured to:

generate the regulating command for the flow rate regu-
lation solenoid valve of the air heating circuit based on
the target and measured outlet air temperatures and by
implementing a proportional-integral-derivative regu-
lator so as to heat the air downstream of the evaporator
to such an extent that the difl'erence between the target
and measured outlet air temperatures is minimized.

3. The automotive air conditioning system of claim 1,
wherein the electronic control unit is further configured to:

generate a command for the blower fan associated with
the evaporator of the air cooling circuit based on the
control signal, so as to cause an airflow to be generated
inside a cabin of the motor vehicle such as to allow the
set cabin air temperature to be reached.

4. The automotive air conditioning system of claim 1,
wherein the electronic control unit is further configured to

in a manually-controlled air conditioning system, linearly
increase the on/ofl' threshold temperature, as the set
cabin air temperature increases in a first range of values
corresponding to a cabin air cooling, and linearly
decrease the on/ofl' threshold temperature, as the set
cabin air temperature increases in a second range of
values corresponding to a cabin air heating; and
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in an automatically-controlled air conditioning system,

vary the on/ofl' threshold temperature, inversely and
proportionally to the diflerence between the measured
outlet air temperature and the set cabin air temperature,
so as to increase as the diflerence decreases. 5

5. The automotive air conditioning system of claim 4,
wherein the electronic control unit is further configured to:

downwardly limit the on/ofl' threshold temperature to a
constant lower temperature limit, so as to prevent the
evaporator from freezing; and

upwardly limit the on/ofl' threshold temperature to an
upper temperature ceiling computed based on the mea-
sured external air temperature, so as to cause the air
downstream of the evaporator to have a humidity
degree lower than a predetermined threshold. t5

6. The automotive air conditioning system of claim 1,
further comprising an electronic control system comprising:

a temperature sensor to provide an electrical signal indica-
tive of the measured external air temperature;

a temperature sensor to provide an electrical signal indica- 20

tive of the measured evaporator air temperature;
a temperature sensor to provide an electrical signal indica-

tive of the measured cabin air temperature;
a temperature sensor to provide an electrical signal indica-

tive of the measured outlet air temperature; and 25

the electronic control unit.
7.A motor vehicle comprising an air conditioning system,

the air conditioning system comprising:
an air cooling circuit including a compressor, a condenser,

an expansion valve and an evaporator, fluidically con- 30

nected to be flowed through, during operation, by a first
heat transfer fluid, and a blower fan associated with the
evaporator and operable to generate an airflow through
the evaporator;

an air heating circuit including a heater configured to be 35

flowed through, during operation, by a second heat
trans fer fluid, and arranged close to the evaporator to be
also flowed through by the airflow generated by the
blower fan associated with the evaporator, and a flow
rate regulation solenoid valve arranged to regulate the 40

flow rate of the second heat transfer fluid through the
heater; and

an electronic control unit configured to receive a mea-
sured evaporator air temperature and a set cabin air
temperature and to switch an operating condition of the 45

compressor when the measured evaporator air tempera-
ture is higher or lower than at least one on/ofl' threshold
temperature computed based on the set cabin air tem-
perature, wherein the electronic control unit is further
configured to: 50

receive a measured cabin air temperature, a measured
external air temperature and a measured outlet air
temperature;

compute a cabin air temperature error based on the set
and measured cabin air temperatures; 55

generate a control signal based on the cabin air tem-
perature error by implementing a proportional-inte-
gral-derivative regulator;

compute a target outlet air temperature based on the
control signal;

compute a first air temperature error based on the set
cabin air temperature and the measured external air
temperature;

compute a second air temperature error based on the
target and measured outlet air temperatures;

compare the first air temperature error with two thresh-

olds, respectively lower and upper thresholds, which
define three difl'erent air temperature error ranges to
which three difl'erent operating conditions of the air
conditioning system correspond, and generate, based
on the outcome of the comparison, a selection com-
mand indicative of the air temperature error range to
which the first air temperature error belongs;

compute a correction for the target outlet air tempera-
ture based on the second air temperature error,
quantities indicative of the operational status of an

internal combustion engine of a motor vehicle
equipped with the air conditioning system, and the
selection command;

compute a corrected target outlet air temperature based
on the target outlet air temperature and the correction
computed therefor;

generate an on/ofl' command signal for the compressor
of the air cooling circuit and a regulating command
for the flow rate regulation solenoid valve of the air
heating circuit based on the set cabin air temperature,
the corrected target outlet air temperature and the
measured outlet air temperature, the measured exter-
nal air temperature and the measured evaporator air
temperature, so as to minimize the difl'erence

between the target and measured outlet air tempera-
tures.

S. An automotive electronic control system for an auto-
motive air conditioning system according to claim 1, com-
prising:

a temperature sensor to provide an electrical signal indica-
tive of the measured external air temperature;

a temperature sensor to provide an electrical signal indica-
tive of the measured evaporator air temperature;

a temperature sensor to provide an electrical signal indica-
tive of the measured cabin air temperature;

a temperature sensor to provide an electrical signal indica-
tive of the measured outlet air temperature; and

the electronic control unit.

9. A non-transitory computer readable medium loadable
in the automotive electronic control unit of the automotive
air conditioning system according to claim 1 and designed to
cause, when executed, the automotive electronic control unit
to become configured to receive the measured evaporator air
temperature and the set cabin air temperature and to switch
the operating condition of the compressor when the mea-
sured evaporator air temperature is higher or lower than the
at least one on/ofl' threshold temperature computed, based on
the set cabin air temperature.
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