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COOLING SYSTEM FOR AN INTERNAL COMBUSTION

A method of controlling a variable-displacement

pump (P) of an internal combustion engine refrigeration
system, wherein the flow rate is adjustable by means of a
sliding sleeve (SS) capable of being maintained in a
predetermined position in relation to a target flow rate
by means of an electro-hydraulic actuation comprising a

solenoid valve (SV), the method comprising a step of
acquiring a target position and controlling said solenoid
valve to actuate the sliding sleeve to said target position
only when a change (E) in position exceeds a predeter-
mined percentage threshold (Th).
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Description

Field of the invention

[0001] The present invention relates to the field of
refrigeration systems for internal combustion engines,
particularly Otto cycle engines. More specifically, the
system includes a variable displacement pump.

[0002] The system is intended for implementation in a
heavy-duty vehicle.

State of the art

[0003] Coolant circulation pumps are widely used to
remove excess heat from propulsion systems.

[0004] In heavy-duty vehicles, additional devices that
represent a significant thermal load, such as an intarder
(or a retarder), may be present.

[0005] When sized, the pump and radiator of the ve-
hicle cooling circuit must be able to handle the maximum
possible thermal load under the worst environmental
conditions. For this reason, the pump must be able to
provide a predetermined maximum flow rate.

[0006] In traditional pumps, the pump flow rate de-
pends exclusively on the rotation speed of its impeller.
It is driven by the crankshaft of the internal combustion
engine. Initial attempts to make the coolant flow rate
generated by the pump independent involved the me-
chanical connection of the impeller to the crankshaft of
the internal combustion engine, allowing the transmis-
sion ratio to be varied.

[0007] This solution has been largely abandoned due
to the risks associated with potential failure of the me-
chanical connection.

[0008] With reference to Figure 1 of the prior art, a
variable-displacement pump P is known, comprising an
axially sliding sleeve SS, capable of varying the flow rate
generated by the pump impeller IM. Specifically, advan-
cing the sleeve reduces the flow rate generated by the
impeller; while retracting it increases the flow rate gen-
erated by the impeller.

[0009] This pump is particularly advantageous be-
cause the resistive load applied to the internal combus-
tion engine is directly proportional to the flow rate gen-
erated by the pump. Therefore, at low thermal loads, the
pump absorbs relatively low torque, contributing to a
reduction in the efficiency of the entire propulsion system.
[0010] The sleeve position control mechanism is elec-
tro-hydraulic. The impeller generates a primary flow,
intended for cooling the propulsion system, which passes
through the main conduit MCHO. The impeller also gen-
erates a secondary flow that passes through a first sec-
ondary conduit CH1 and is diverted into a second conduit
CH2 or a third secondary conduit CH3.

[0011] Boththe primary and secondary flow rates are a
function of the pump rotational speed. However, the
sleeve position is controlled in a closed loop using a
controller, such as a PID (proportional, integral, deriva-
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tive). This means that the rotational speed of the prime
mover, to which the impeller is connected, is generally not
relevant, as it is compensated by the feedback control
scheme.

[0012] The third secondary line, CH3, is a secondary
flow release line.

[0013] The second secondary line, CH2, is operation-
ally connected to a reduction chamber RC arranged to
advance the sleeve SS.

[0014] An ON/OFF solenoid valve (SV) is arranged to
selectively direct the secondary flow into the second or
third line to control the expansion of the reduction cham-
ber RC.

[0015] The sliding sleeve SS has a portion communi-
cating with the main conduit MCHO, therefore it interacts
with the main conduit, being affected by the pressure
generated by the impeller in the main conduit. This
means that in the event of a blocked or broken solenoid
valve, the sleeve automatically moves to the maximum
retraction position, thus generating maximum flow.
[0016] Variable flow pumps based on different princi-
ples, more specifically variable geometry pumps with
feedback control, are known.

[0017] Among these, some are intrinsically safe,
meaning that in the event of a failure of the relevant
control system, they automatically return to maximum
flow conditions.

[0018] Evidently, since it is an ON/OFF valve, a pre-
determined sleeve position can be obtained by supplying
the solenoid valve with a modulated signal. This means
that when the sleeve is in a desired intermediate position
between the maximum retraction and maximum ad-
vanced positions, it oscillates, at least virtually, around
the desired intermediate position.

[0019] The electro-hydraulic drive implemented has
relatively slow dynamics; therefore, under stationary
conditions, the sleeve can remain essentially stationary
at the desired intermediate position, although the sole-
noid valve switches at a predetermined frequency to
maintain the sleeve at the same desired intermediate
position.

[0020] Generally, the pump is equipped with a sensor
that detects the current position of the sliding sleeve, from
which the flow rate generated by the pump can be calcu-
lated.

[0021] The pump lifespan depends on the number of
forward and backward actuations of the sliding sleeve.
[0022] The variable displacement pump described
above is known to the applicant, but this does not mean
it is known to those skilled in the art.

[0023] Unless specifically excluded in the detailed de-
scription that follows, the descriptions in this chapter are
to be considered an integral part of the detailed descrip-
tion.

Summary of the invention

[0024] The purpose of this invention is to extend the
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service life of a variable-displacement pump equipped
with a sliding sleeve.

[0025] The basic idea of this invention is to acquire a
current flow rate, calculate a target flow rate, and vary the
position of the sliding sleeve only if the flow rate variation
exceeds a predetermined threshold value, such as 10%.
[0026] Preferably, the present invention does not im-
pact the type of position control scheme implemented,
which, as described above, may be feedback.

[0027] Obviously, the control is performed by a con-
troller comprising suitable electronic circuitry.

[0028] Accordingtoapreferred aspectofthe invention,
the target value, which represents the inputto the position
control scheme, is the maximum value between:

- A first flow rate value to dissipate a thermal load
generated by the internal combustion engine,

- Asecond flow rate value to dissipate a thermal load
generated by a subsystem of the propulsion system,

- A third flow rate value to dissipate a thermal load
generated by a request from a vehicle subsystem
including the propulsion system.

[0029] According to a further preferred aspect of the
invention, the regulation is performed within a predeter-
mined coolant temperature range, while outside of said
range, the solenoid valve is kept deactivated so as to
bring the sliding sleeve to the maximum retracted posi-
tion and therefore to bring the pump to its nominal flow
rate. According to a further preferred aspect of the in-
vention, an actuation delay of the sliding sleeve varies
depending on the type of thermal load and the sign of the
variation in the thermal load.

[0030] Therefore, the present invention relates to a
method of controlling a variable-displacement pump
equipped with a sliding sleeve and a control system for
the pump, which is an integral part of the cooling system
of an internal combustion engine.

[0031] The presentinvention is applicable to any vari-
able-displacement pump with variable geometry.
[0032] The pump is controlled by "feedback control,"
meaning that the pump itself or the hydraulic circuit to
which it is connected is equipped with a sensor, either
measuring the position of the geometry or the generated
flow rate, based on which the position is adjusted.
[0033] It is worth noting that a variable geometry im-
plies two opposite extreme positions; therefore, the geo-
metry can vary between these extreme positions, defin-
ing a stroke, regardless of the characteristics of the pump
geometry.

[0034] In a sliding sleeve pump, as described in the
previous chapter, the geometry stroke coincides with the
stroke of the sliding sleeve. However, the nature of the
variable geometry pump is not essential to the present
invention. Since sliding sleeve pumps are the most de-
licate from a robustness standpoint, it is clear that the
present invention demonstrates the greatest benefits
when combined with a sliding sleeve pump. However,
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an oscillating blade pump can also benefit from the pre-
sent invention. Indeed, if the pump stator were equipped
with oscillating blades, the geometry stroke would coin-
cide with the oscillation stroke of the oscillating blades,
and the present invention would help limit wear on the
oscillating blade supports. The dependent claims de-
scribe preferred variants of the invention and form an
integral part of this specification.

Brief description of the figures

[0035] Further purposes and advantages of the pre-
sent invention will become clear from the following de-
tailed description of an embodiment thereof (and varia-
tions thereof) and the accompanying drawings, provided
purely for explanatory and non-limiting purposes, in
which:

Fig. 1 shows an example of a variable-displacement
pump according to the prior art that is the subject of
the present invention;

Fig. 2 shows an exemplary flow diagram of a first
variation of the present invention;

Fig. 3 shows a diagram representing a flow variation
as a function of a sliding sleeve position.

[0036] The same reference numbers and letters in the
figures identify the same elements or components or
functions.

[0037] It should also be noted that the terms "first,"
"second," "third," "upper," "lower," and the like may be
used here to distinguish various elements. These terms
do notimply a spatial, sequential, or hierarchical order for
the modified elements unless specifically indicated or
inferred from the text.

[0038] The elements and features illustrated in the
various preferred embodiments, including the drawings,
may be combined with each other without departing from
the scope of protection of this application as described
below.

Detailed description of preferred embodiments

[0039] According to the present invention, to limit the
number of actuations of the sliding sleeve, a step is
performed to acquire a target position TP and control
said solenoid valve SV to actuate UP the sliding sleeve to
said target position only when a position variation E,
between the current position CP and the target position
TP, exceeds a predetermined percentage threshold Th.
[0040] The term "control" used here means varying the
target position, but not tracking the target position, as
tracking is achieved by the position control scheme,
which can be any.

[0041] Obviously, the position variation is calculated
with respect to the current position CP of the sliding
sleeve SS.

[0042] The method is executed cyclically. When the
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position of the sliding sleeve is actually changed, this
causes a change in the value relative to the current
position, therefore the flow chart in Figure 2 shows a
connection between the sleeve actuation block UP and
the block CP representing the current position acquisition
step.

[0043] The current position can be acquired using a
position sensor, not shown in Figure 1, such as a Hall
effect sensor, applied to the pump body and/or the sliding
sleeve. Position control can be open-loop or closed-loop.
[0044] This threshold can be set in a range between 5
and 15%, with an optimal value of 10%.

[0045] An excessively high threshold value can lead to
overheating in the refrigeration system; conversely, too
low a threshold can reduce the effectiveness of this
method. According to a preferred aspect of the invention,
a CPU is configured to control the actuation of the sliding
sleeve based on knowledge of the activation of a device
that introduces a thermal load.

[0046] Forexample,the motor itself can be operated at
a motor point that causes an increase or decrease in the
thermal load.

[0047] Similarly, the activation or deactivation of an
intarder can cause a change in the thermal load faced
by the refrigeration system.

[0048] Different heat sources can be identified:

- Theinternal combustion engine and its subsystems,
such as the intercooler, the EGR (Exhaust Gas Re-
circulation) exchanger,

- A propulsion system subsystem, such as the intar-
der, or the transmission,

- A vehicle subsystem, such as the electric heater
and/or the vehicle cabin air conditioning compressor.

[0049] Accordingto apreferred aspectoftheinvention,
the CPU is configured to acquire an operating condition of
each on-board device capable of providing a thermalload
and to calculate the current or future maximum thermal
load and a corresponding position of the sliding sleeve.
[0050] Furthermore, in relation to the device that
causes an increase in the thermal load, the processing
unit is configured to assign a predetermined delay to the
actuation of the sliding sleeve.

[0051] Furthermore, the processing unitcan determine
an actuation delay of the sliding sleeve based on the sign
of a thermal load change.

[0052] Accordingtoa preferred variantoftheinvention,
the actuation delay for the advancement of the sliding
sleeve is approximately 10 times greater than the actua-
tion delay for the retraction of the sliding sleeve.

[0053] Forexample,ifa1-sdelayis appliedtoincrease
the coolant flow rate, a 10-s delay is applied to decrease
the coolant flow rate.

[0054] In other words, according to a preferred variant
of the invention, a sort of symmetric hysteresis is created
in terms of the position change of the sliding sleeve and
an asymmetric delay before the position change is im-
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plemented. Figure 3 helps understanding of the charac-
teristics of the variable displacement pump P shown in
Figure 1.

[0055] The x-axis indicates the percentage position of
the sliding sleeve, meaning that at 0% it is in the fully
retracted position, while at 100% itis in the fully advanced
position.

[0056] The y-axis indicates a percentage value of the
flow generated by pump P. Specifically, at 100% the flow
is nominal, while at 0% the flow is zero.

[0057] Looking at the graph in Figure 3, it is clear that
the minimum flow is different from zero, for safety rea-
sons.

[0058] Itis also noted that the trend is highly nonlinear.
In particular, near the complete retraction of the sleeve,
the flow is not very sensitive to changes in the sleeve
position. Conversely, near the complete advancement of
the sleeve, the flow varies rapidly from approximately
85% to 30% with a change in the sleeve position of just
20%, i.e., between 80% and 100%.

[0059] By exploiting the nonlinear characteristics of
flow regulation, according to the present invention, when
the refrigerant temperature exceeds a predetermined
threshold, the sleeve is brought to complete retraction,
thus limiting the adjustment operations of the sleeve
position.

[0060] The invention also relates to the CPU proces-
sing unit which comprises:

- afirst input arranged to be connected to a position
sensor of a variable displacement pump P of a re-
frigeration system of an internal combustion engine,
wherein the pump comprises a sliding sleeve SS
arranged to be maintained in a predetermined posi-
tion in relation to a target flow rate by an electro-
hydraulic drive comprising a solenoid valve SV,

- asecond input arranged to be connected to a tem-
perature sensor associated with the refrigeration
system to measure the temperature of a correspond-
ing coolant,

- a first output to power said solenoid valve of the
variable displacement pump P.

[0061] The processing unit comprises an interface to a
vehicle data network, wherein the unit is configured to
monitor messages published on the vehicle data network
and detect an operating condition of a user, including

- said internal combustion engine and/or

- asubsystem of a propulsion system other than said
internal combustion engine and/or

- a subsystem of a vehicle other than said internal
combustion engine. Propulsion system,

wherein the processing unit is configured to select the
maximum thermal load caused by said user and calculate
a corresponding pump flow rate P and a corresponding
sliding sleeve position, and to actuate the sliding sleeve
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via the first output.

[0062] Furthermore, the processing unit is preferably
configured to implement a variable delay in the actuation
of the sliding sleeve based on the type of user generating
the thermal load as described above.

[0063] The present invention can advantageously be
implemented using a computer program that includes
coding means for implementing one or more steps of the
method when this program is executed on a computer.
Therefore, it is intended that the scope of protection
extends to said computer program and also to compu-
ter-readable media comprising a recorded message,
said computer-readable media comprising program cod-
ing means for implementing one or more steps of the
method when said program is executed on a computer.
[0064] Implementation variants of the non-limiting ex-
ample described are possible, without departing from the
scope of protection of the present invention, which in-
cludes all embodiments equivalent to the claims for a
person skilled in the art.

[0065] From the above description, a person skilled in
the art is able to implement the object of the invention
without introducing further construction details.

Claims

1. A method for controlling a variable displacement
pump (P) of a refrigeration system for an internal
combustion engine, wherein the flow rate is adjus-
table by varying the pump geometry using an electro-
hydraulic drive comprising a solenoid valve (SV) to
assume a predetermined position corresponding to
a target flow rate, the method comprising a step of
acquiring a current position of the pump geometry
and a target position and controlling said solenoid
valve to actuate said target position only when a
change (E) in position between the target position
and the current position exceeds a predetermined
percentage threshold (Th).

2. A method according to claim 1, wherein said geo-
metry comprises a sliding sleeve (SS) and said
variability of the geometry is achieved by varying
the position of the sliding sleeve.

3. A method according to claim 1 or 2, wherein said
percentage threshold is between 5% and 15%, pre-
ferably 10%.

4. Amethod according to any preceding claim, wherein
said threshold is calculated in terms of geometry
stroke or in terms of variation in the current pump
flow rate.

5. A method according to any of claims 1 - 4, wherein
said target position is calculated as a function of a
maximum value between
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- A first flow rate value to dissipate a first heat
load generated by the internal combustion en-
gine,

- A second flow rate value to dissipate a second
heat load generated by a subsystem of the
propulsion system other than the internal com-
bustion engine,

- A third flow rate value to dissipate a third heat
load generated by a request from a vehicle
subsystem other than the propulsion system.

6. Amethod according to any preceding claim, wherein
said target position is calculated only when a coolant
temperature value is within a predetermined tem-
perature range, while outside said range, the target
position is forced to the fully retracted position cor-
responding to a nominal flow rate value.

7. Amethod according to any of the preceding claims 5
or 6, wherein an actuation delay of the sliding sleeve
varies as a function of a user generating said first
and/or second and/or third thermal load.

8. A method according to any of the preceding claims,
wherein the actuation delay of the sliding sleeve
varies as a function of the sign of a thermal load
change.

9. Amethod according to claim 8, wherein said delay is
relatively greater when said sign of the thermal load
is negative and relatively smaller when said sign is
positive.

10. A method according to any preceding claim, wherein
said pump comprises a position sensor associated
with said sliding sleeve and wherein the method
comprises a preliminary step of acquiring a current
position of the sliding sleeve to calculate said posi-
tion variation (E) between said current position and
said target position.

11. A processing unit (CPU) comprising

- a first input operably connected to a position
sensor of a variable displacement pump (P) of a
refrigeration system for an internal combustion
engine, wherein the pump comprises a variable
geometry (SS) controllable by an electro-hy-
draulic drive comprising a solenoid valve (SV)
to assume a predetermined position corre-
sponding to a target flow rate,

- a second input operably connected to a tem-
perature sensor associated with the refrigera-
tion system to measure the temperature of a
related coolant,

- afirst output to power said solenoid valve of the
variable displacement pump (P),

wherein the processing unit is configured to per-
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form all the steps of claim 1.

A processing unit according to claim 11, further
comprising an interface to a vehicular data network,
wherein the unit is configured to monitor messages
published on the vehicular data network and detect
an operating condition of a user, including

- said internal combustion engine and/or

- a subsystem of a propulsion system other than
said internal combustion engine and/or

- a subsystem of a vehicle other than the propul-
sion system,

wherein the processing unit is configured to
select a maximum thermal load value caused
by said load and calculate a corresponding
pump flow rate value (P) and a corresponding
target pump geometry position, and to actuate
the geometry via said first output.

Processing unit according to claim 12, further con-
figured to implement a variable geometry actuation
delay based on the type of load generating the
thermal load.

A vehicle comprising a propulsion system equipped
with an internal combustion engine and comprising a
refrigeration system for the propulsion system and/or
a vehicle subsystem, wherein the refrigeration sys-
tem comprises a variable displacement pump (P)
with a variable geometry (SS) and a processing unit
(CPU) according to one of claims 10-13, operatively
associated with the pump (P) to feedback control a
flow rate generated by the variable displacement
pump via a solenoid valve (SV).

Avehicle according to claim 14, wherein the variable
displacement pump (P) is intrinsically safe.

A vehicle according to claim 14 or 15, wherein the
variable displacement pump is intrinsically safe.

Vehicle according to claim 16, wherein the variable
geometry of the variable displacement pump is de-
fined by an axially sliding sleeve (SS), wherein an
impeller is operatively connected with a main conduit
(MCHO) and a secondary conduit (CH2, CH3),
wherein said secondary conduit, by means of said
solenoid valve (SV), is connected with a reduction
chamber (RC) arranged to bring the sliding sleeve
(SS) forward towards a flow reduction and wherein
the sliding sleeve (SS) is arranged to interact with the
main conduit (MCHO) so that in the event of block-
age or breakage of the solenoid valve, the sliding
sleeve automatically moves to a maximum retraction
condition.
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