wo 2016/059492 A1 |1 I NDF V0 0O O 00O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

21 April 2016 (21.04.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/059492 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
F04C 2/344 (2006.01) F04C 14/22 (2006.01)

International Application Number:
PCT/IB2015/057150

International Filing Date:
17 September 2015 (17.09.2015)

Filing Language: Italian
Publication Language: English
Priority Data:

PR2014A000070 15 October 2014 (15.10.2014) IT

Applicant: VHIT S.P.A. [IT/AT]; Strada Vicinale delle
Sabbione 5, [-26010 Offanengo (cremona) (IT).

Inventor: GALLI, Giancarlo; c/o VHIT S.p.A., Strada
Vicinale delle Sabbione 5, I-26010 Offanengo (cremona)
(7).

Agent: MONELLI, Alberto; BUGNION S.p.A., Largo
Michele Novaro 1/A, [-43121 Parma (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: CONTROL SYSTEM FOR CONTROLLING A POSITIVE DISPLACEMENT PUMP

511 —yi
510 =

9\ E

R

Fig.1

(57) Abstract: A control system comprising: - a variable volume positive displacement rotary pump (2), in turn comprising: i) a
stator (20) that is movable so as to determine a variation in the volume of the pump (2); ii) a first and a second thrust chamber (21,
22) for thrusting the stator (20) and designed to be filled with a fluid processed by the pump so as to regulate the movement of the
stator (20); -a supply line (3) for supplying the fluid processed by the pump (2) to a load. -an element (4) that defines a localized loss
in load, said element (4) being located along said supply line (3); The first and second thrust chambers (21, 22) are supplied up -
stream and downstream of said element (4) that defines a localized loss in load, respectively.



WO 2016/059492 PCT/IB2015/057150

10

15

20

25

DESCRIPTION
Control system for controlling a positive displacement pump
Technical field

The object of the present invention is a control system and method for
controlling a variable volume positive displacement rotary pump.

Background art

There are known variable displacement pumps for circulation of the
lubrication oil in an internal combustion engine and any possible
auxiliaries.

Variable displacement makes it possible to regulate the flow rate of the
lubrication oil, optimizing it based on the operating mode of the engine. In
fact, in the case of a fixed displacement pump, the flow rate should be
such as to ensure adequate lubrication even at low speeds, but this would
determine an excessive flow rate at higher speeds (therefore requiring
greater consumption by the engine to ensure circulation of the lubricant
and imposing higher pressures and thus greater stress on the circuit).

A variable displacement pump for circulation of lubrication oil is known in
the prior art, for example as disclosed in patent US 2013263815.

In this case, two thrust chambers are shown that act in opposition to each
other and move a stator, inside of which a vane rotor rotates. The
movement of the stator determines a variation in the displacement of the
pump. Access to at least one of the two thrust chambers is regulated by a
throttle valve. One of the two thrust chambers acts jointly with the force
exerted by a spring. The spring exerts a force that pushes the stator to a
position of maximum displacement. By balancing the oil pressure in the
two thrust chambers, the displacement of the pump can thus be regulated.
The Applicant has verified that when the variable displacement pump is
utilized on mid-range/high-powered engines for heavy vehicles in which
demanding use of the engine and the engine brake is frequent, there is a
problem consisting of a marked delay in the increase in flow rate/pressure
needed for quickly activating the actuator of the engine brake and for
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protecting the internal members of the engine from stress.
Obiject of the invention

In this context, the technical task underlying the present invention is to
offer a control system and method for controlling a pump that make it
possible to overcome the drawbacks described hereinabove. In particular,
an aim of the present invention is to offer a control system and method for
controlling a pump that make better lubrication of a load possible,
regardless of the operating conditions.

The defined technical task and the specified aims are substantially
achieved by a control system and method for controlling a pump,
comprising the technical characteristics set forth in one or more of the
appended claims.

Brief decription of drawings

Further characteristics and advantages of the present invention will
become more apparent from the approximate and thus non-limiting
description of a preferred, but not exclusive, embodiment of a control
system and method for controlling a pump, as illustrated in Figure 1.

In fact, Figure 1 is a schematic view of a specific application of a control
system for controlling a pump according to the present invention.

Detailed description of preferred embodiments of the invention

In the accompanying figure, a control system for controlling a positive
displacement pump is indicated by the reference number 1.

This system 1 comprises the positive displacement pump 2, which is of the
variable volume rotary type.

As explained above, variable displacement makes it possible to optimize
operation under different conditions.

The pump 2 comprises a stator 20 that is movable so as to determine a
variation in the volume of the pump 2.The stator 20 is conveniently hollow
and a rotor 200, typically a vane rotor, is present inside the stator.
Movement of the position of the stator 20 with respect to the axis of

rotation of the rotor 200 allows for variation in the volume of the pump
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2.Movement of the stator 20 can be of various types, for example it could
be a tilting, rotational, or translational type of movement. In the solution
illustrated in the figure, the movement of the stator 20 is of the rotational
type where the first, the second and the third arc are indicated by
reference numbers 203, 204, 205, with common centres, on which the
stator 20 rotates.

The pump 2 further comprises a first thrust chamber 21 for thrusting the
stator 20.This first thrust chamber 21 is designed to be filled with a fluid
processed by the pump 2.In this manner, it is possible to bring about
movement of the stator 20. As indicated above, a variation in the volume
of the pump 2 is associated with a movement of the stator 20.The fluid
processed by the pump 2 is a liquid, typically oil. Therefore, this fluid is not
compressible.

In the solution illustrated in the accompanying figure, the first chamber 21
is defined by the fluid dynamic seal realized by the first arc 203 and the
gasket 201.

The system 1 comprises a supply line 3 for supplying the fluid processed
by the pump 2 to a load.In Figure 1, this load comprises/consists in a
lubrication system for an internal combustion engine. It is indicated by the
reference letter “C”.

The supply line 3 extends downstream of a delivery side 24 of the pump
2.The supply line 3 starts precisely from the delivery side of the pump 2.
The system 1 conveniently comprises an element 4 that defines a
localized loss in load. This element 4 is located along the supply line 3. It
is located before the load C.

The element 4 that defines a localized loss in load preferably consists
in/comprises a filter 40 for the fluid in transit in said supply line 3. The filter
40 determines a loss in load that can amount to as much as 2-3 bars,
based on temperature, flow rate and blockage.

As an alternative, the element 4 could also consist in another component
that determines an abrupt localized type of pressure loss.
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The first thrust chamber 21 is supplied upstream of said element 4 that
defines a localized loss in load.

The second thrust chamber 22 is supplied downstream of said element 4
that defines a localized loss in load.

Upstream and downstream refer to the direction of the fluid along the
supply line 3.

The first and the second chamber 21, 22 are connected to the load supply
line 3 at two points, one upstream and one downstream of the element 4
(of the filter 40).

The system 1 conveniently comprises a first branch 31 that supplies said
first thrust chamber 21. The first branch 31 extends starting from said
supply line 3 upstream of said element 4 that determines a localized loss
in load.

The system 1 also comprises a second branch 32, which, downstream of
said element 4, connects the load supply line 3 with the second thrust
chamber 22.

In the solution illustrated in the figure, the thrusting action of the fluid
present in the first chamber 21 is opposite the thrusting action of the fluid
present in the second chamber 22.

In the solution illustrated in the figure, the fluid in the first thrust chamber
21 exerts a pressure that thrusts the stator 20 towards a maximum volume
configuration.

The system 1 conveniently comprises regulating means 5 for regulating
the pressure of the fluid in the first thrust chamber 21. This means 5
regulates the filing and emptying of the first chamber 21 with the fluid
processed by the pump. In the solution illustrated, the regulating means 5
comprises a modulating spool valve 510. The regulating means 5
(particularly the modulating spool valve 510) is located along the first
branch 31.

In a first operating mode of the pump 2, the regulating means 5 brings
about a pressure in the first chamber 21 that is capable of balancing the
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remaining forces acting upon the stator 20, keeping it in dynamic
equilibrium.

In a second operating mode of the pump 2, the regulating means 5 brings
about an increase in pressure in the first thrust chamber 21, with respect
to the first operating mode, so as to bring about movement of the stator 2
into the maximum volume configuration of the pump 2.

In a predetermined configuration of the regulating means 5, the
modulating spool valve 510 determines the emptying of the first thrust
chamber 21. In this case, the fluid present in the first thrust chamber 21 is
re-directed into a tank 9 upstream of the suction of the pump 2.

The modulating spool valve 510 comprises a piston that variously sets into
communication three openings afforded on a cylinder along which the
piston moves. As the piston is moved along the cylinder, it is possible, for
example, to pass from the first to the second operating mode.

The pump 2 comprises elastic means 23 that act upon the stator 20.In the
solution illustrated by way of example in the figure, the elastic means 23
exerts an action jointly with the fluid present in the first thrust chamber 21
S0 as to position the stator 20 in the maximum volume configuration.

The elastic means 23 comprises for example a compression spring.
Leaving the condition of maximum volume, the spring is compressed. In
this manner, even in the case where there is a breakdown in the
electronics management of the control system, the pump 2 progresses
towards a situation of maximum volume, minimizing the risk of “seizing”.
With respect to the first operating mode, the second operating mode of the
pump 2 enables a more demanding functioning of the load (for example
such functioning can involve operating conditions in which the engine
brake is activated or mid-range/high-powered engines are operating on
heavy vehicles).

The fact that the first chamber 21 is supplied from a point where there is
higher pressure, with respect to a point supplying the second chamber 22,
makes the response of the system and passage of the stator into the
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maximum volume configuration faster, preventing, among other things,
vibrations or undesired reactions.

The system 1 conveniently comprises an electronic control unit 6 for
commanding the regulating means 5. This electronic control unit 6
determines the switching between the first and second operating mode of
the pump 2.

The first branch 31 is conveniently connected to a maximum pressure
safety valve 511. In the case of excess pressure along the supply line 3,
this valve 511 enables the fluid to be discharged into a collection system
(which is, in turn, operatively connected to the suction of the pump 2 and
advantageously it coincides with the tank 9 mentioned hereinabove).

In the solution illustrated in the accompanying figure, the second chamber
22 is defined by the fluid dynamic sealing realized with the contribution of
the third arc 205, the second arc 204 and the gasket 202.

The object of the present invention is also a method for controlling the
operation of a positive displacement rotary pump 2 comprising a rotor 200
and a stator 20.The pump 2 is a variable displacement pump. A variation
in the volume of the pump is associated with a movement of the stator.
The control method is conveniently implemented by a control system 1
that has one or more of the characteristics described hereinabove.

The method comprises the stage of conveying a fluid exiting from the
delivery side 24 of the pump 2 along a supply line 3 for supplying a load
C.This comprises having the fluid pass through at least one filter 40.

The method further comprises the stage of positioning the stator 20 of the
pump 2 in a position corresponding to an intermediate volume of the pump
between the maximum and the minimum. This stage further comprises the
following sub-stages:

-collecting part of the fluid in transit along the supply line 3 and conveying
it into a first thrust chamber 21 for thrusting the stator 20;

-collecting part of the fluid in transit along said supply line 3, downstream
of the filter 40 and conveying it into a second thrust chamber 22 for
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thrusting a stator 20 of the pump 2.

The stage of conveying the fluid into the second thrust chamber 22 (this
typically takes place through the second branch 32) brings about an
increase in the pressure in this chamber 22. When an opposite force
exerted by the elastic means 23 is surpassed, the stator 20 begins to
move, leaving a position associated with the maximum volume of the
pump 2.

The stage of conveying the fluid into the first chamber 21 makes it
possible to balance the imbalance between the forces and to re-balance
the stator 20 in a different position, with respect to the maximum volume
position.

The position of the stator 20 is conveniently defined by the equilibrium at
least of the following stresses:

-the pressure exerted on the stator 20 by the fluid present in the first
chamber 21;

-the pressure exerted on the stator 20 by the fluid present in the second
chamber 22;

-the force exerted on the stator by the elastic means 23.

There is thus obtained new equilibrium, with which a first operating mode
of the pump 2 is associated.

Conveying the fluid into the first chamber 21 takes place through the first
branch 31.The second thrust chamber 22 exerts an opposite thrust, with
respect to the first chamber 21.

The method further comprises the stage of increasing the pressure of the
fluid in the first thrust chamber 21, this determining a movement of the
stator 20 into a maximum volume configuration. The stage of increasing
the pressure of the fluid in the first chamber 21 comprises the introduction
of additional fluid in the first chamber 21, taking it from the supply line 3
upstream of the filter 40 (through the first branch 31).

This takes place using the regulating means 5, which increases the
pressure in the first thrust chamber 21, thereby moving the stator 20
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towards a maximum volume configuration. Passage from the first to the
second operating mode of the pump 2 is associated with a situation
involving more demanding functioning (for example, but not necessarily,
frequent recourse to the engine brake). Conveniently, passage from the
first to the second operating mode of the pump 2 is determined by a
command coming from an electronic control unit 6 based on the detection
of a predetermined input (for example through sensors or an explicit user
command).

The passage from the first to the second operating mode of the pump 2
determines a movement of the stator 20 accompanied by an increase in
the volume of the pump 2.In said second operating mode of the pump 2,
the pressure in said first chamber 21 is higher than it is in the first
operating mode of the pump 2.

The invention thus conceived makes it possible to achieve multiple
advantages.

First of all, it allows for rapid adaptation of the operation of the pump 2 in
the case in which particularly demanding functioning is required (as one
example, in the case in which the engine brake is activated). In this
manner, the stator 20 can progress towards a position with which the
maximum volume of the pump 2 is associated, thus ensuring a greater
fluid flow rate so as to meet more demanding functioning needs.

Moreover, in this situation in which the second thrust chamber 22 is acting
in opposition to the first thrust chamber 21, the latter can exert greater
pressure with respect to the second thrust chamber. This is a result of the
fact that the first chamber 21 is supplied from a point on the line 3
upstream of the filter, whereas the second chamber 22 is supplied from a
point on the line 3 downstream of the filter. The first chamber 21 is thus
supplied from a point where there is higher pressure, with respect to a
point supplying the second chamber 22.This makes the response of the
system and passage of the stator into the maximum volume configuration

faster, preventing, among other things, vibrations or undesired reactions.
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The invention thus conceived is susceptible to numerous modifications
and variants, all of which falling within the scope of the inventive concept
characterizing the invention. Moreover, all details may be replaced with
other technically equivalent elements. All the materials used, as well as

5 the dimensions, may in practice be of any type, according to needs.
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CLAIMS
1. A control system comprising:
- a variable volume positive displacement rotary pump (2), in turn
comprising:
i) a stator (20) that is movable so as to determine a variation in the volume
of the pump (2);
ii) a first and a second thrust chamber (21, 22) for thrusting the stator (20)
and designed to be filled with a fluid processed by the pump so as to
regulate the movement of the stator (20);
-a supply line (3) for supplying the fluid processed by the pump (2) to a
load;
-an element (4) that defines a localized loss in load, said element (4) being
located along said supply line (3);
characterized in that said first and second thrust chambers (21, 22) are
supplied upstream and downstream of said element (4) that defines a
localized loss in load, respectively.
2.The system according to claim 1, characterized in that said element (4)
that defines a localized loss in load comprises/consists in a filter (40) for
the fluid, said filter being located along said supply line (3).
3. The system according to claim 1 or 2, characterized in that the fluid in
the first thrust chamber (21) exerts a pressure that thrusts the stator (20)
towards a maximum volume configuration.
4. The system according to any one of the preceding claims, characterized
in that it comprises regulating means (5) for regulating the pressure of the
fluid in the first thrust chamber (21).
5. The system according to claim 4, characterized in that in a first
operating mode of the pump (2) the regulating means (5) brings about a
pressure in the first chamber (21) that is capable of balancing the
remaining forces acting upon the stator (20), keeping it in dynamic
equilibrium;

in a second operating mode of the pump (2), the regulating means (5)
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brings about an increase in pressure in the first thrust chamber (21), with
respect to the first operating mode, so as to thrust the stator (20) towards
a maximum volume configuration.

6. The system according to claim 4 or 5, characterized in that the
regulating means (5) comprises a modulating spool valve (510), which is
controlled by an electronic control unit (6); in a predetermined
configuration of the regulating means (5), the modulating spool valve (510)
determines the discharge of the fluid from the first thrust chamber (21).

7. The system according to any one of the preceding claims, characterized
in that it comprises:

- a first branch (31), which supplies said first thrust chamber (21); said first
branch (31) extending starting from said supply line (3) upstream of said
element (4) that determines a localized loss in load;

- a second branch (32), which, downstream of said element (4), connects
the load supply line (3) with the second thrust chamber (22).

8. The system according to any one of the preceding claims, characterized
in that said pump (2) comprises elastic means (23) that exerts an action
jointly with the fluid present in the first thrust chamber (21) so as to
position the stator (20) in the maximum volume configuration.

9. The system according to any one of the preceding claims, characterized
in that the pump (2) comprises a vane rotor (200) rotating within the stator
(20).

10. A method for controlling the operation of a positive displacement rotary
pump comprising a rotor and a stator, there being associated a variation in
the volume of the pump with a movement of the stator, and said method
comprising the stages of:

- conveying a fluid processed by the pump (2) along a supply line (3) for
supplying a load (C) and having said fluid pass at least through one filter
(40);

- positioning the stator (20) of the pump in a position corresponding to an

intermediate volume of the pump between the maximum and the
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minimum, said stage comprising the sub-stages of:

i) collecting part of the fluid in transit along said supply line (3) upstream of
the filter (40) and conveying it into a first thrust chamber (21) for thrusting
the stator (20) of the pump (2);

i) collecting part of the fluid in transit along said supply line (3)
downstream of the filter (40) and conveying it into a second thrust
chamber (22) for thrusting a stator (20) of the pump (2);

- increasing the pressure of the fluid in the first thrust chamber (21), this
determining a movement of the stator (20) into a maximum volume
configuration; the stage of increasing the pressure of the fluid in the first
chamber (21) comprising the introduction of additional fluid in the first
chamber (21), taking it from the supply line (3) upstream of the filter (40).
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